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Abstract
Background Perioperative transfusion of allogeneic blood has been hypothesized to have an immunomodulatory effect and
influence survival in several cancer types. This study evaluates the association between receipt of leucocyte-depleted and
non-depleted allogeneic blood and survival following esophagectomy for cancer.
Methods A retrospective analysis was performed including 291 patients with esophageal cancers who underwent
transthoracic en bloc esophagectomy and extended mediastinal lymphadenectomy. Neoadjuvant chemoradiation was
administered in 152 (52.2%) patients. Perioperative blood transfusions were quantified and the potential prognostic cutoff
for transfused units was calculated according to LeBlanc.
Results The median number of perioperative blood transfusions was 2 (0–24), and 106 patients (36.4%) received no
transfusions. Patients with one or less blood transfusion showed a significantly improved survival compared to patients
receiving more than one unit (p<0.009). In multivariate analysis, blood transfusion categories showed significance
(p<0.015) next to pT, pN, pM category, and residual tumor categories (R-categories). Separate analysis of 183 patients
treated after the mandatory introduction of leukocyte-depleted blood transfusions detected a strong tendency, but no
significant difference in survival for patients getting one or less or more than one transfusion (p=0.056). Receipt of
leukocyte-depleted versus non-depleted units, however, had no influence on survival (p=0.766).
Conclusions The need for perioperative allogeneic blood transfusions is significantly associated with poorer survival
following resection for esophageal cancer by univariate and multivariate analysis. Our data suggest that the reduction of
leukocytes in allogeneic transfusions is not sufficient to overcome the negative influence on survival.

Keywords Esophageal carcinoma . Allogeneic blood
transfusion . Leukocytes-depleted blood transfusion .

Survival

Introduction

Since the 1970s, perioperative blood transfusion has been
thought to have an immunomodulatory effect. Though
beneficial in transplantation surgery, it was postulated to be
associated with decreased survival rates in various tumor
types including esophageal cancer.1

The cause of this phenomenon is still unclear. Some
authors assumed decreased survival with perioperative
blood transfusion to be rather a reflection of circumstances
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necessitating transfusion.2,3 Others demonstrated a signifi-
cantly independent relationship by multivariate analysis.4–6

Studies exploring underlying mechanisms showed a
decreasing number of circulating T lymphocytes with a
decreased ratio of helper-to-suppressor T lymphocytes.
Natural killer cell function was reduced like the interleukin-2
production, whereas the number of suppressor T lympho-
cytes and production of prostaglandin-E was increased. In
summary, allogeneic blood transfusion decreases T-cell-
based immune response, an important mechanism to remove
tumor cells from the body. Furthermore, macrophage
migration was found to be impaired preventing antigen
presentation.1

In animal models, allogeneic blood transfusion was
associated with increased tumor growth and frequency of
metastases.7 These effects could possibly be abolished
through depleting donor blood of leukocytes.8,9 In patients
undergoing colorectal surgery receiving leukocyte-depleted
transfusions, postoperative infections decreased significant-
ly despite impaired natural killer cell function.10

Previous studies dealing with blood transfusion in
esophageal surgery did not deal with leukocyte-depleted
transfusions.2–6,11 After the mandatory introduction in
Germany in 2001, pre-storage leukocyte-depleted products
are used without exception, with an amount of contaminat-
ing leukocytes of less than 1×106/unit according to the
European consensus.12

In this retrospective analysis, we evaluated the prognostic
influence of perioperative allogeneic blood transfusions in
patients with esophagectomy for esophageal cancer. Compar-
isons were made between patients treated with leukocyte-
depleted versus non-depleted units of blood.

Material and Methods

A retrospective study was performed with 305 patients who
underwent esophagectomy between January 1997 and
October 2006 in the Department of Visceral and Vascular
Surgery, University of Cologne, Germany. To exclude the
effects of surgery-related postoperative complications, 14
patients (4.8%) dying within 90 days after the operation
were excluded.

From 291 study patients, there were 234 men (80.4%)
and 57 women (19.6%) with a median age of 62 years
(range, 18.9 to 83.2 years).

Histopathological examination of the resected specimens
revealed squamous cell cancer in 137 patients (47.1%),
adenocarcinoma in 148 cases (50.9%), and other rare
entities in six patients (2.1%).

Because of locally advanced disease, 152 patients
(52.2%) received standardized neoadjuvant chemoradiation
with cisplatin, 5-fluorouracil, and 36 Gy as described in

detail.13 Four to five weeks after completion of chemo-
radiation, transthoracic en bloc esophagectomy with two-
field lymphadenectomy was performed. Relevant clinical
and histopathological data are summarized in Table 1.

To determine the number of perioperative blood trans-
fusions, an observation period of 30 days after operation
was chosen. One unit equals approximately 280-ml (250–
310 ml) suspension of packed red blood cells.

An Edict of the Paul-Ehrlich-Institute allowed only the
use of leukocyte-depleted blood transfusions after October
1, 2001 in Germany. Pre-storage depletion achieves an
amount of contaminating leukocytes of less than 1×106/
unit according to the European consensus.12

Statistical Analysis

The median follow-up was 4.9 years (range, 1.1–11 years).
All living patients had a follow-up of more than 12 months.

Table 1 Patient Characteristics

Parameter Number of patients (%)

Median age, 62.0 years (range, 18.9–83.2 years)
Gender n=291
Male 234 (80.4%)
Female 57 (19.6%)
Histology n=291
Squamous cell cancer 137 (47.1%9
Adenocarcinoma 148 (50.9%)
Others 6 (2.1%)
Neoadjuvant treatment n=291
No 139 (47.8%)
Yes 152 (52.2%)
T category n=291
pT0 27 (9.3%)
pT1 68 (23.4%)
pT2 58 (19.9%)
pT3 136 (46.7%)
pT4 2 (0.7%)
N category n=291
pN0 149 (51.2%)
pN1 142 (48.8%)
M category n=291
cpM0 249 (85.6%)
cpM1 42 (14.4%)
Grading n=291
G1 5 (1.7%)
G2 148 (50.9%)
G3 135 (46.4%)
G4 3 (1%)
R category n=291
R0 276 (94.8%)
R1/2 15 (5.2%)

pT local invasiveness, pN lymph node metastases, c/pM distant
metastases (categories according to UICC), y neoadjuvant therapy, n
number of patients
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We analyzed the best cutoff value for number of blood
transfusions (ec) as a prognostic variable by simulating the
log-rank test for groups defined by (ec < c) and (ec > c) for
observed values of the covariate for the entire data set. This
tree-based method for prognostic stratification was de-
scribed by LeBlanc.14

Kaplan–Meier plots were used to describe survival
distribution.15 The log-rank test was used to evaluate for
survival differences.16 For multiple comparisons, the
Holm–Sidak method was used. In addition, 95% confidence
intervals (95% CI) for the different survival curves were
calculated. Cox regression analysis was applied to identify
independent prognostic variables. The level of significance
was set to p<0.05.

All statistical tests were performed using the Software
Package SPSS forWindows, version 14.0, Chicago, IL, USA.

Results

Transfused Allogeneic Blood Units

Transfusion demand ranged from 0 to 24 U of blood.
Median was 2 U and mean value was 3.5±4.5 U. One
hundred six patients (36.4%) received no allogeneic blood
transfusions, five patients only one unit (1.7%).

There were 108 cases before October 1, 2001, whereas
after introduction of leukocyte-depleted blood, 183 patients
were analyzed. In the first period, 18 patients (16.7%) were
not transfused, and one person received a single unit
(0.9%). In the second period, 88 patients (48.1%) were
operated without allogeneic blood and four patients with a
single unit (2.2%). The median number of blood trans-
fusions decreased significantly from 4 to 1 U (p<0.001).

Survival Analysis

The 5-year survival rate for all patients was 35±3%. A
significant cutoff value was identified between 0–1
and >1 U of transfused blood (Fig. 1). Five-year survival
rates for patients with 0–1 U transfused blood was 46±7%
compared to 29±4% for patients with >1 U [median
survival 3.52 (0.99–6.04) vs. 2.1 years (1.66–2.54), p<
0.009] (Fig. 2).

Currently, 126 patients are alive, 158 died, and seven
patients were lost to follow-up.

In a subgroup analysis of 183 patients treated after the
mandatory introduction of leukocyte-depleted blood trans-
fusions in October 2001, no significant difference in
survival (p=0.056, Fig. 3) was found for patients getting
one or less or more than one transfusion [5-year survival
rates, 39±9% compared to 29±7%; median survival was
3.24 (1.51–4.98) vs. 2.25 (1.66–2.84) years].

The comparison of transfused patients before and after
October 2001 failed to show a significant difference (p=
0.766) between non-depleted units (5-year survival, 30±5%)
versus leukocyte-depleted units (5-year survival, 30±7%) on
survival (Fig. 4) [median survival was 1.96 (1.33–2.60) vs.
2.34 years (1.65–3.03)].

Multivariate Analysis

Cox regression analysis for all patients including pT, pN,
c/pM categories, resection categories, histology, neoadjuvant
therapy, and blood transfusion categories showed sig-
nificance for pT [p<0.002, HR 2.9 (1.5–5.6) (pT3–pT1)],
pN [p<0.0001, HR 2.0 (1.4–3.1)], pM [p<0.011, HR 1.7
(1.1–2.5)], residual tumor categories (R-categories) [p<0.005,
HR 2.4 (1.3–4.5)], and blood transfusion categories
[p<0.015, HR 1.6 (1.1–2.3)].

Discussion

In the present study, patients receiving none or 1 U of
allogeneic blood had a significantly better 5-year survival
rate than patients getting more than 1 U by univariate
analysis. In multivariate analysis, transfusion category
remained independently associated with survival like pT,
pN, c/pM, and resection categories.

In the literature, several studies dealing with blood trans-
fusion and survival in patients with esophageal carcinoma
are published, most of them with mixed histological types.

Langley et al.4 demonstrated transfusion of more than
3 U to be an independent negative predictor for survival by

Figure 1 Analysis of the best cutoff value for number of blood
transfusions (ec) as a prognostic variable by simulating the log-rank
test for groups defined by (ec < c) and (ec > c) for observed values of
the covariate for the entire data set.14
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multivariate analysis. This observation is supported by
Tachibana et al.5 who identified more than 2 U as
independent prognostic factor in squamous cell cancer
patients. As in our study, they excluded all patients dying
within 90 days after the operation to exclude effects of
surgery-related postoperative complications. Dresner et al.6

confirmed transfusion of more than 4 U as independent
factor in esophageal cancer patients.

In contrast, Swisher et al.2 demonstrated blood transfu-
sion of more than 8 U to be associated with decreased long-
term survival by univariate analysis. This, however, was
due to an increased number of postoperative complications
which then eliminated significance in multivariate analysis.
The authors suggest that complications that necessitate
transfusions were responsible for this observation because
no increase in local or distant tumor recurrences were

Figure 3 Kaplan–Meier curves
based on blood transfusions
(≤1 versus >1; cutoff according
to LeBlanc) for the subgroup of
183 patients treated after the
mandatory introduction of
leukocyte-depleted blood trans-
fusions in October 2001. Log-
rank failed level of significance
(p=0.056) for patients getting
more than one transfusion
(5-year survival, 29±7%) versus
≤1 (5-year survival 39±9%).

Figure 2 Kaplan–Meier curves
based on blood transfusions
(≤1 versus >1; cutoff according
to LeBlanc, log-rank, p<0.009).
Overall survival rate at 5 years
for all patients was 35±3%.
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identified. Nozoe et al.3 also found that the occurrence of
postoperative complications was a prognostic factor,
whereas perioperative allogeneic blood transfusions were
not in patients with squamous cell cancer.

Craig et al.11 identified that blood transfusion is only
associated with reduced short-term survival for patients in
advanced stage III. They hypothesized that occult micro-
metastases progressed in this subgroup due to transfusion-
induced immunomodulatory effects.

This is in line with a study by Motoyama et al.17

comparing autologous with allogeneic blood transfusions.
Differences were seen in prolonged disease-free survival for
patients getting autologous blood, but not for recurrence
rates or survival times following recurrence. Takemura et
al.18 demonstrated that patients with nodal involvement and
T3/4 tumors had a significantly improved survival after
autologous compared to allogeneic transfusion.

Because contaminating donor leukocytes could be
responsible for this effect, we sub-analyzed our data for
operations pre- and post-introduction of leukocyte-depleted
blood transfusions (less than 1×106 leukocytes/unit accord-
ing to the European consensus).12 The comparison of
transfused patients failed to show an association between
non-depleted versus leukocyte-depleted units on survival.
The different follow-up time periods for these groups
represent a potential bias, but analysis of Kaplan–Meier
curves showed a similarity within the first years of follow-
up. The shorter follow-up in the population of leukocyte-
depleted blood transfusion might also be the reason for the

strong tendency but missing significance of the amount of
transfused units towards reduced survival.

In colorectal surgery, Jensen et al.19 found after
transfusion with whole blood an increase in postoperative
infectious complications accompanied by elevated IL-2R
and IL-6 levels and decreased lymphocyte proliferation and
CD4/CD8 ratio in leukocyte-depleted blood only slight and
transient changes similar to non-transfused patients. In
comparison between buffy-coat-poor and leukocyte-depleted
blood transfusion, differences in wound infections and
abscesses could be also noticed; however, the mortality rate
was not different,20 even after 7 years of follow-up in
contrast to non-transfused patients.21

Also, in colorectal cancer, Houbiers et al.22 found no
difference in disease-free survival, cancer recurrence rate,
or overall infections between patients receiving buffy-coat-
poor or leukocyte-depleted blood. In contrast to non-
transfused patients, both groups had a reduced survival
and higher infection rate. The effect of blood transfusion on
survival might therefore not be mediated by allogeneic
leukocytes alone, but also cellular and humoral components
could be able to alter the immune potential.23

In summary, the need for perioperative allogeneic blood
transfusions is associated with poorer survival following
resection by transthoracic en bloc esophagectomy for esoph-
ageal carcinomas by univariate and multivariate analysis. Our
data suggest that either the reduction of leukocytes is not
sufficient or that besides leukocytes other cellular or humoral
elements may also influence survival after blood transfusion.

Figure 4 Kaplan–Meier curves
for patients receiving non-
depleted (5-year survival, 30±
5%) versus leukocyte-depleted
transfusions (5-year survival,
30±7%), log-rank, p=0.766.
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Abstract
Background Crystalloid fluid resuscitation after hemorrhagic shock (HS) that restores/maintains central hemodynamics
often culminates in multi-system organ failure and death due to persistent/progressive splanchnic hypoperfusion and end-
organ damage. Adjunctive direct peritoneal resuscitation (DPR) using peritoneal dialysis solution reverses HS-induced
splanchnic hypoperfusion and improves survival. We examined HS-mediated hepatic perfusion (galactose clearance), tissue
injury (histopathology), and dysfunction (liver enzymes).

Methods Anesthetized rats were randomly assigned (n=8/
group): (1) sham (no HS); (2) HS (40% mean arterial
pressure for 60 min) plus conventional i.v. fluid resuscitation
(CR; shed blood + 2 volumes saline); (3) HS + CR + 30 mL
intraperitoneal (IP) DPR; or (4) HS + CR + 30 mL IP saline.
Hemodynamics and hepatic blood flow were measured for
2 h after CR completion. In duplicate animals, liver and
splanchnic tissues were harvested for histopathology
(blinded, graded), hepatocellular function (liver enzymes),
and tissue edema (wet–dry ratio).
Results Group 2 decreased liver blood flow, caused liver
injuries (focal to submassive necrosis, zones 2 and 3) and
tissue edema, and elevated liver enzymes (alanine amino-
transferase (ALT), 149±28 μg/mL and aspartate amino-
transferase (AST), 234±24 μg/mL; p<0.05) compared to
group 1 (73±9 and 119±10 μg/mL, respectively). Minimal/
no injuries were observed in group 3; enzymes were
normalized (ALT 89±9 μg/mL and AST 150±17 μg/mL),
and tissue edema was similar to sham.
Conclusions CR from HS restored and maintained central
hemodynamics but did not restore or maintain liver
perfusion and was associated with significant hepatocellular
injury and dysfunction. DPR added to conventional
resuscitation (blood and crystalloid) restored and main-
tained liver perfusion, prevented hepatocellular injury and
edema, and preserved liver function.

Keywords Hemorrhagic shock . Direct peritoneal
resuscitation . Liver blood flow . Liver injury
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Introduction

Despite advances in treatment and therapies, hemorrhagic
shock remains a major cause of morbidity and mortality
following trauma.1 Management of hemorrhagic shock
comprises bleeding control and correction of the vascular
volume deficit with intravenous fluid replacement. The
resuscitation process is clinically assessed by the restoration
and maintenance of central hemodynamics. Recent evi-
dence suggests that despite return of central hemodynamics
by aggressive fluid resuscitation, the gut and liver experi-
ence a progressive vasoconstriction and hypoperfusion.2–4

This end-organ tissue hypoperfusion is linked to several
mechanistic factors including endothelial cell dysfunction,
compounding tissue hypoxia, compromised capillary filling
and fluid exchange, deranged electrolyte handling, and the
release of mediators that produce an exaggerated systemic
inflammatory response.2,5–9 These factors result in cellular
and end-organ tissue injury that translate clinically into
organ dysfunction and, potentially, organ failure. The
complexity of the pathogenesis of shock-induced end-organ
tissue damage and multi-system organ failure necessitates a
continued search for treatment modalities to prevent the
course of hemorrhagic shock pathophysiology, alleviate
end-organ damage, and improve survival in trauma patients.

Recent studies have shown that topical exposure on the
small intestine with commercially available peritoneal
dialysis solution during resuscitation from hemorrhagic
shock, termed direct peritoneal resuscitation, can prevent or
reverse the vasoconstriction and hypoperfusion commonly
associated with conventional resuscitation.10 In those
experimental studies, direct peritoneal resuscitation pro-
duced a rapid and sustained vasodilation and hyperperfu-
sion of the gut regardless of the timing of direct peritoneal
resuscitation (i.e., at the time of or delayed for 4 h after
conventional volume replacement).10,11 Other studies have
examined the effects of adjunctive direct peritoneal resus-
citation by analyzing whole-organ blood flow distribution
(colorimetric microsphere technique); the exaggerated
systemic inflammatory cytokine response often associated
with resuscitated hemorrhagic shock (cytokine enzyme-
linked immunosorbent assays) and survival.12,13 Adjunctive
peritoneal resuscitation caused splanchnic hyperperfusion
that was associated with increased lung blood flow (>100%
increase). These changes in organ blood flow distribution
were associated with down-regulation of the systemic
inflammatory response and increased survival compared to
conventional resuscitation therapies.12,13 Hepatic artery
blood flow was constant in those studies, in large part due
to the dual liver blood supply which does not allow for the
measurement of total liver blood flow. Microspheres are
cleared from the arterial circulation via the gastrointestinal
microvasculature, and thus the contribution of portal vein

blood flow from the gastrointestinal circulation cannot be
determined by the microsphere technique. The purpose of
the current study was to focus on the effects of adjunctive
direct peritoneal resuscitation from hemorrhagic shock on
total effective liver blood flow as measured by galactose
clearance, hepatocellular function, histopathology, and
organ edema formation. We hypothesized that direct
peritoneal resuscitation exposure in the peritoneal cavity
would stabilize liver blood flow and prevent liver injury, in
much the same manner that had been previously seen with
direct peritoneal resuscitation-mediated protection of gut
perfusion during resuscitated hemorrhagic shock.

Materials and Methods

Animals were maintained in a facility approved by the
American Association for the Accreditation of Laboratory
Animal Care. The research protocol was approved by the
Institutional Animal Care and Use Committee and Biohaz-
ard Safety Committee at the Louisville Veterans Adminis-
tration Medical Center. Male Sprague–Dawley rats (200–
220 g) were acclimated for 1–2 weeks prior to experimental
use during which time the animals received standard rat
chow (20 g/day) and water ad libitum. Animal weights
were recorded daily to ensure positive weight gain.

Surgery and Animal Preparation All animal and experi-
mental interventions were performed under aseptic con-
ditions. Anesthesia was induced with intraperitoneal
pentobarbital (50 mg/kg), and supplemental subcutaneous
injections (25% of the original dose) were given as needed
to maintain a surgical plane of anesthesia throughout the
experimental protocol. After induction of anesthesia, 2 mL
of normal saline was injected subcutaneously to maintain
body fluid homeostasis during surgery and equilibration.
Body temperature was maintained at 37±1°C with a rectal
probe and a servo-controlled heating pad. Surgery was
carried out after the loss of blink and withdrawal reflexes.
A tracheotomy was performed (Intramedic PE-240 poly-
ethylene tubing, Clay Adams Division of Becton Dickinson
& Company, Parsipanny, NJ, USA), and animals were
allowed to spontaneously breathe room air. The right
femoral artery and vein and the left femoral artery were
cannulated with PE-50 catheters for blood pressure mea-
surement, blood withdrawal, and resuscitation. Animals
were allowed to equilibrate for 45–60 min following the
completion of surgery. Mean arterial pressure (MAP) and
heart rate (HR) were continuously monitored and recorded
every 15 min throughout the experimental protocol (Digi-
Med Signal Analyzers, Louisville, KY, USA). All animals
had repeated baseline MAP and HR values within 10%
prior to initiation of shock protocol.
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After equilibration, animals were randomly assigned to
undergo hemorrhage and resuscitation or sham protocol as
outlined in the experimental groups. The end point for all
groups was 2 h after completion of resuscitation. Two sets
of animals for each experimental group were completed,
one set (n=8/group) for liver blood flow determination by
galactose clearance and a second set (n=6/group) for the
measurement of liver enzymes, histopathology, and tissue
edema. At the 2-h post-resuscitation (RES) time point in the
second set of animals, serum was obtained from arterial
blood samples for liver function tests (i.e., aspartate
aminotransferase (AST) and alanine aminotransferase,
(ALT)) using commercially available kits (Sigma Chemical
Company, St. Louis, MO, USA). Tissue samples of liver,
lung, and abdominal muscle were harvested, immediately
weighed (wet weight), and then dried in an oven at 50°C
until constant weight was obtained (dry weight). Tissue wet
weight to dry weight ratio was calculated to serve as an
index of total tissue water. Separate liver specimens were
collected for histopathological staining (hematoxylin and
eosin (H&E)). Each tissue sample was processed in
triplicate for later blinded analysis.

Hemorrhagic Shock Model The standard model of resusci-
tated hemorrhagic shock we utilized has been previously
described.2 Briefly, hemorrhagic shock was achieved with
blood withdrawal (1 mL/min) from the femoral artery into a
syringe pre-rinsed with heparin until 40% of baseline MAP
was attained. Hypovolemia was maintained for 60 min with
blood withdrawal or return to maintain the 40% MAP. On
average, the hemorrhage volume required to maintain the
target MAP was 6.11 mL. Conventional resuscitation was
initiated with the return of the shed blood via the femoral
vein over 5 min, followed by normal saline infusion of two
times the volume of shed blood over the next 25 min.
Adjunctive direct peritoneal resuscitation was initiated at
the start of intravenous fluid resuscitation with intraperito-
neal injection of 30 mL of 2.5% glucose-based clinical
peritoneal dialysis solution (Delflex®, Fresenius USA, Inc.
Ogden, UT, USA) that contained 5.67 g/L sodium chloride,
3.92 g/L sodium lactate, 0.257 g/L calcium chloride,
0.152 g/L magnesium chloride at a pH of 5.5, and
osmolality of 398 mOsm/L. As a volume control for
adjunctive direct peritoneal resuscitation, 30 mL of normal
saline was injected intraperitoneally immediately following
the initiation of intravenous fluid resuscitation in a separate
group of animals. All peritoneal resuscitation solutions
were pre-warmed to 37°C prior to injection.

Animal Groups As already mentioned, two sets of experi-
ments were performed in each of the following groups:
group 1, sham animals which underwent surgical cannula-
tions but no hemorrhagic shock or resuscitation; group 2,

hemorrhagic shock plus conventional i.v. fluid resuscita-
tion; group 3, hemorrhagic shock plus conventional i.v.
fluid resuscitation and 30 mL of peritoneal dialysis solution
injected intraperitoneally; and group 4, hemorrhagic shock
plus conventional i.v. fluid resuscitation and 30 mL of
normal saline injected intraperitoneally. All animals in
groups 3 and 4 were checked at the end of the experimental
protocol for peritoneal bleeding, which was an exclusion
criterion for the study.

Liver Blood Flow Determination The galactose clearance
method has been used to assess effective hepatic blood flow
in both experimental animals and humans.23 The assump-
tions inherent in this technique are that systemic galactose
is solely metabolized and thus cleared from the plasma by
the liver, and therefore, the steady-state galactose clearance
accurately measures liver blood flow. To measure effective
hepatic blood flow (EHBF), a steady-state galactose
concentration was obtained by the bolus infusion of
galactose (2.6 mg/1 mL/5 min) via the femoral vein catheter
followed by a constant infusion of galactose (13 mg/mL/h).
Steady-state systemic galactose concentration was achieved
in 30–40 min after the initial bolus, verified with two
successive blood samples (0.2 mL each) collected at 40 and
55 min after bolus. When the variation between samples
was less than 10%, the experimental protocol was initiated.
No rats were excluded due to unstable steady-state
galactose concentrations. EHBF was determined every
30 min throughout the protocol by blood galactose
determination in triplicate. EHBF was calculated by
measuring low steady-state galactose concentration (GCss)
at a known infusion rate (I) as described by the equation
EHBF=I/GCss.

Histology Scoring H&E-stained liver specimens were eval-
uated for signs of liver injury according to a predetermined
tissue injury score based on previously published injury
score criteria in blinded fashion.14,15 Specimens with no or
minimal injury were scored 0, focal necrosis scored 1,
centrilobular necrosis (zone 3) scored 2, submassive
necrosis (zone 2 and 3) scored 3, and massive necrosis
scored 4. Each sample was identified only by number such
that the pathologists were blinded to the experimental
protocol and animal groups. Two pathologists (M.E.C. and
J.R.P) evaluated each tissue specimen independently and
scored the tissue using the scoring system.

Statistical Analysis Data are expressed as mean±standard
error of the mean, and differences between groups were
determined by two-way analysis of variance (ANOVA).
The null hypothesis was rejected a priori at P<0.05. When
differences were found using ANOVA, one of the following
post hoc tests was performed (as indicated in the figure
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legends): Tukey–Kramer honestly significant different test,
Bonferroni’s test, or repeated measures ANOVA and
Dunnett’s test.

Results

Figure 1 shows that there were no differences between
groups in mean arterial blood pressure or pulse rate during
the post-resuscitation period. In the hemorrhagic shock
groups, mean arterial pressure was held at 40% of baseline
during the 60-min hypovolemic period per the experimental
protocol. Conventional resuscitation restored and main-
tained mean arterial pressure at baseline levels for all
hemorrhagic shock groups without additional fluid infu-
sion. Heart rate was decreased during in all hemorrhage
groups during hypovolemia, which was completely re-
versed by resuscitation in groups 2–4.

There were no differences between groups in baseline
liver blood flow (Fig. 2). During the period of hypovole-
mia, effective hepatic blood flow was reduced approxi-
mately 40–45% compared to group baseline values in the
three hemorrhage groups: conventional resuscitation (3.39±
0.29 mL/min/100 g; −43%), saline (3.29±0.17; −44%), and

direct peritoneal resuscitation (3.54±0.30, −41%), and
these levels were also significantly lower than sham
animals (5.70±0.29 mL/min/100 g). All resuscitation
protocols restored effective hepatic blood flow to baseline
levels at the completion of resuscitation. However, the
conventional resuscitation (group 2) and IP saline (group 4)
rats displayed a slow, progressive decline in effective
hepatic blood flow that was not observed in the direct
peritoneal resuscitation group (group 3). Direct peritoneal
resuscitation rats had normalized effective hepatic blood
flow throughout the 2-h post-resuscitation period. At the
30-min end point of resuscitation, effective hepatic blood
flow (mL/min/100 g) was 4.35±0.21 in conventional
resuscitation (p<0.05 versus direct peritoneal resuscitation),
4.52±0.30 in IP saline (p<0.05 versus direct peritoneal
resuscitation), 5.74±0.26 in direct peritoneal resuscitation,
and 5.20±0.27 in sham animals.

Histopathologic scoring of the sham (group 1) liver
specimens revealed no/minimal injury. Fifty percent (three
of six) of IP saline (group 4) liver specimens were scored as
having focal or centrilobular necrosis. Similarly, the
conventional resuscitation rats (group 2) had 50% (3/6) of
livers scored as having focal, centrilobular, or submassive
necrosis. The direct peritoneal resuscitation group (group 3)
had a decreased incidence of microscopic liver injury
compared to the other hemorrhagic shock groups. In the
direct peritoneal resuscitation liver specimens, only one in
six was scored as having focal necrosis, the remaining
specimens (5/6) were scored as no/minimal injury. Repre-
sentative liver micrographs are depicted in Fig. 3. As seen
in the micrographs, liver architectural pattern was lost in the
conventional resuscitation and IP saline groups due to near
obliteration of the sinusoids, presumably due to edema in
endothelial cells and hepatocytes. Multiple areas of focal
necrosis (zones 2 and 3) along with stasis and red blood cell
aggregation in central veins were seen in the conventional
resuscitation (group 2) and IP saline (group 4) specimens.

Direct peritoneal resuscitation-mediated histopathologi-
cal changes in conventional resuscitation and IP saline
groups correlated with impaired hepatocellular function as
assessed by liver enzyme assays at 120 min post-RES
(Fig. 4). Conventional resuscitation liver enzyme levels
(μg/mL) were significantly elevated (ALT 149±28 and
AST 234±24) compared to sham rats (73±9 and 119±10,
respectively). Adjunct peritoneal resuscitation restored liver
enzyme levels to near sham control levels (ALT 89±9 and
AST 150±17). However, peritoneal saline installation in
the IP saline rats did not improve liver enzymes (ALT 149±
27 and AST 212±25).

Finally, tissue edema (total tissue water) was assessed by
wet–dry ratios (Fig. 5) at the 120-min resuscitation end
point. Total tissue water of all organs investigated was
significantly greater in the conventional fluid resuscitation

Figure 1 Heart rate and mean arterial pressure. BL baseline; groups:
Sham surgical cannulations but no hemorrhage shock or resuscitation;
HS + CR hemorrhagic shock plus conventional intravenous fluid
resuscitation; HS + CR + DPR hemorrhagic shock and resuscitation
plus 30 mL of clinical peritoneal dialysis solution (Delflex™)
intraperitoneally at the time of resuscitation; HS + CR + IPS
hemorrhagic shock and resuscitation plus 30 mL of normal saline
intraperitoneally at the time of resuscitation. *p<0.01 versus
corresponding baseline by repeated measures ANOVA and Dunnett’s
post-test.
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(group 2) and IP saline (group 4) rats compared to the
peritoneal resuscitation (group 3) or sham control (group 1),
suggesting significant compartmental fluid shifts and total
water sequestration in the conventional resuscitation and IP
saline groups compared to shams, which was prevented in
the direct peritoneal resuscitation rats.

Discussion

Liver dysfunction and failure associated with resuscitated
hemorrhagic shock is a significant clinical problem that is
driven by ischemic stress. This ischemic stress is thought to
be mediated by multiple factors including pro-inflammatory
cytokines and chemokines, reactive oxygen species, and
eicosanoids, which in combination cause hepatic microcir-
culatory dysfunction, leukocyte infiltration, damage to cell
membranes, development of fibrosis, and stasis of biliary
flow. It is proposed that three major pathophysiological
events occur during intravenous volume resuscitated hem-
orrhagic shock: (1) persistent liver and gut vasoconstriction
and hypoperfusion despite restoration of central hemody-
namic variables; (2) a liver- and gut-derived inflammatory
response; and (3) tissue fluid sequestration and failure of
early fluid mobilization within the intestinal fluid compart-
ment. The addition of adjunctive direct peritoneal resusci-
tation with glucose-based peritoneal dialysis solutions to a
volume replacement resuscitation strategy has been shown
to improve or prevent these changes in the gut8–10,17,18 and
perhaps the liver.

Liver injury and dysfunction constitute a driving
component of multi-system organ failure following resus-
citation from hemorrhagic shock. Hepatocellular and
sinusoidal endothelial cell dysfunction occurs early during
hemorrhage and persists despite adequate fluid resuscita-
tion.16–21 The pathogenesis of end-organ damage appears to
be initiated and maintained by a cascade of events

Figure 2 Effective hepatic blood flow. Groups: Sham surgical cannula-
tions but no hemorrhage shock or resuscitation; HS + CR hemorrhagic
shock plus conventional intravenous fluid resuscitation; HS + CR +
DPR hemorrhagic shock and resuscitation plus 30 mL of clinical
peritoneal dialysis solution (Delflex™) intraperitoneally at the time
of resuscitation; HS + CR +IPS hemorrhagic shock and resuscitation
plus 30 mL of normal saline intraperitoneally at the time of
resuscitation. Baseline values in mL/min/100 g body weight were:
Sham, 5.6±0.3; HS + CR, 6.3±0.5; HS + CR + IPS, 5.9±0.4; and
HS + CR + DPR, 6.1±0.4. *p<0.01 versus corresponding baseline by
repeated-measures ANOVA and Dunnett’s post-test. Section sign
p<0.01 versus the HS + CR group by two-way ANOVA and
Bonferroni post-test.

Figure 3 Liver histopathology (blinded scoring). a Sham; b HS + CR;
c HS + CR + IPS; d HS + CR + DPR. HS hemorrhagic shock, CR
conventional intravascular fluid resuscitation, IPS intraperitoneal saline

(30 mL) at time of the fluid resuscitation, DPR adjunct direct peritoneal
resuscitation (30 mL Delflex™ with 2.5% glucose) at the time of the
fluid resuscitation.
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involving multiple mediators and pathways (i.e., pro-
inflammatory cytokines, reactive oxygen radicals, lipoox-
ygenase derivatives, intracellular Ca2+ signaling, and
hypoxia). A central event that could initiate such inter-
actions might be compromised hepatic nutritive blood flow
during hemorrhage and resuscitation. The current study
supports this idea because restoration of hepatic blood flow
by adjunctive direct peritoneal resuscitation was associated

with improved hepatocellular function, tissue edema, and
histopathological tissue injury score. Post-resuscitation
splanchnic hypoperfusion occurs following correction of
the intravascular volume deficit and accounts for the portal
component of the deficit in nutrient hepatic flow.22–26 In
addition, endothelial cell dysfunction appears to play a role
in gut hypoperfusion since protection of endothelial cell
function through pharmacologic means either before or
during resuscitation was associated with normal end-organ
blood flow.22,27–31 Thus, direct peritoneal resuscitation
appears to maintain hepatic nutrient blood flow through
mechanisms that preserve gut perfusion and subsequent
portal flow.

Direct peritoneal resuscitation is a nonpharmacologic
adjunctive resuscitation strategy to reverse splanchnic end-
organ hypoperfusion by endothelium-dependent mecha-
nisms. In the intestinal microvasculature, these mechanisms
are thought to include activation of glibenclamide-sensitive
K+ channels (KATP), adenosine A1 receptor activation, and
nitric oxide release.32 Additional therapeutic benefits of
adjunctive peritoneal resuscitation that would preserve
hepatic perfusion and function include early fluidmobilization
of gut tissue edema, prevention of endothelial cell swelling,
and the down-regulation of the gut-associated systemic
inflammatory response.12,33,34 Of particular significance to
end-organ tissue perfusion and function is hemorrhage-
induced endothelial cell swelling and interstitial edema.33

Endothelial cell swelling appears to occur early during
hemorrhagic shock by activation of amiloride-sensitive

Figure 4 Liver function test. Groups: Sham surgical cannulations but
no hemorrhage shock or resuscitation; HS + CR hemorrhagic shock
plus conventional intravenous fluid resuscitation; HS + CR + DPR
hemorrhagic shock and resuscitation plus 30 mL of clinical peritoneal
dialysis solution (Delflex™) intraperitoneally at the time of resusci-
tation; HS + CR + IPS hemorrhagic shock and resuscitation plus
30 mL of normal saline intraperitoneally at the time of resuscitation.
*p<0.01 versus Sham control by one-way ANOVA and Bonferroni
post-test. Section sign p<0.01 versus the HS + CR group by two-way
ANOVA and Bonferroni post-test.

Figure 5 Total tissue water. AAM anterior abdominal muscle; Groups:
Sham surgical cannulations but no hemorrhage shock or resuscitation;
HS + CR hemorrhagic shock plus conventional intravenous fluid
resuscitation; HS + CR + DPR hemorrhagic shock and resuscitation
plus 30 mL of clinical peritoneal dialysis solution (Delflex™)
intraperitoneally at the time of resuscitation; HS + CR + IPS

hemorrhagic shock and resuscitation plus 30 mL of normal saline
intraperitoneally at the time of resuscitation. *p<0.01 versus Sham
control by one-way ANOVA and Bonferroni post-test. Section sign p<
0.01 versus the HS + CR group by two-way ANOVA and Bonferroni
post-test.
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(Na+/H+ channels) and the rapid exchange of intracellular H+

for extracellular Na+ and water.33,35 The resultant narrowing
of the end-organ tissue capillaries in the gut and presumably
in the sinusoids could physically impede filling and
compromise liver nutritive perfusion.

The mechanism of hepatic injury after hemorrhage and
resuscitation is not fully understood but has been extrapo-
lated from ischemia-reperfusion models.36 It has been
proposed that, during ischemia-reperfusion injury, neutro-
phil hepatotoxicity causes liver injury and dysfunction.37

Neutrophil-mediated injury involves chemokine-mediated
neutrophil extravasation and subsequent interstitial degran-
ulation. Our studies have demonstrated that liver myeloper-
oxidase levels, an index of neutrophil sequestration,
remained low during the first 24 h following resuscitation
from hemorrhagic shock.34 These studies did not address
mechanisms of neutrophil-mediated hepatocellular injury
but suggest that neutrophil hepatotoxicity is not the
predominant mechanism of liver injury in this model of
hemorrhage resuscitation.

The gut and liver have been implicated as the primary
source of cytokines following hemorrhagic shock.38–41 Pro-
inflammatory cytokines (TNF-α, IL-1, IL-6, IFN-γ) are
released following trauma and shock and activate the
cellular immune response, while anti-inflammatory cytokines
(IL-4, IL-10) appear to modulate this pro-inflammatory
response. The degree of activation of the systemic inflam-
matory response syndrome response and subsequent immu-
nocompetence depends on the balance of the two processes
and the pattern of cytokine expression. Direct peritoneal
resuscitation has been shown to down-regulate the pro-
inflammatory response noted in the liver and gut with
volume resuscitation alone by decreasing IL-6 and TNF-α
24 h after hemorrhagic shock.12 At the same time, IL-10
levels were significantly increased with direct peritoneal
resuscitation. In this study, mortality correlated with the
cytokine patterns ranging from 10% to 40% in the
resuscitated groups versus 100% survival in the direct
peritoneal resuscitation animals. The mechanisms behind
the cytokine pattern presumably relate to persistent ische-
mic changes in the gut which lead to loss of mucosal barrier
integrity and the release of pro-inflammatory cytokines.
direct peritoneal resuscitation down-regulates the pro-
inflammatory response as a result of maintaining perfusion
of the liver and gut during resuscitation.

In conclusion, the present data demonstrate that conven-
tional volume resuscitation from hemorrhagic shock that
restores and maintains central hemodynamics does not
restore or maintain effective hepatic blood flow and is
associated with significant hepatocellular injury and dys-
function. Adjunctive direct peritoneal resuscitation initiated
during resuscitation maintains effective hepatic blood flow,
prevents hepatocellular injury, and improves liver function.
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Abstract
Background Chemotherapy is highly effective for metastatic germ cell tumor (GCT), but experience with resection of
hepatic metastases from GCT is limited.
Methods Fifteen patients with GCT metastatic to the liver underwent 16 hepatic operations (1975–2002). Pre-resection
therapy, surgical pathology, and operative outcomes were reviewed. All patients were followed to death or last contact for
survival and disease status.
Results Patients underwent biopsy (three), wedge resection (nine), bisegmentectomy (two), and major lobectomy (two).
Hepatic histology included: necrosis (33%), viable tumor (27%), mature teratoma (13%), and benign histology (27%).
Concomitant resection of extrahepatic disease (14 patients, 93%) found necrosis (53%), mature teratoma (27%), and viable
tumor (13%). Operative mortality was 0% and morbidity was 40%. At 8.2 years (mean) from resection, 11 patients (73%)
were alive: five with no evidence of disease, two with elevated tumor marker only, and four with gross disease. Four
patients (27%) died. The 10-year overall survival was 62% from diagnosis.
Conclusion Resection of post-chemotherapy hepatic disease is safe, even when combined with resection of extrahepatic
residual disease. The varied histologic findings, lack of reliable predictors, and prolonged survival achieved support a
multidisciplinary approach which includes surgical resection of hepatic metastases.

Keywords Germ cell tumor . Hepatic metastases .

Testicular cancer . Liver resection

Introduction

Testicular germ cell tumors (GCTs) constitute the most
common solid organ malignancy afflicting young adult men

with peak incidences ranging between 25 and 35 years of
age. A recent report from the Surveillance, Epidemiology,
and End Results Program revealed that its incidence has
increased by 44% between 1973 and 1998, including a 24%
rise in the incidence of nonseminomas and a 64% rise in
seminomas.1 Fortunately, GCT is highly responsive to
platinum-based chemotherapy and complete remission can
be observed in 70–80% of the patients with advanced
GCT.2

Long-term survival, however, is significantly worse
when patients present with non-pulmonary metastases,
including those in the liver, bone, or brain. According to
the International Germ Cell Cancer Collaborative Group,
“poor-risk” nonseminomas (defined as those with non-
pulmonary metastases, arising from the mediastinum, or are
associated with marked elevation of tumor markers) carry a
5-year overall survival of only 48% when compared to 80–
92% in “good”- to “intermediate”-risk cohorts. Similarly,
seminomas with non-pulmonary metastases carry a 5-year
overall survival of 72% when compared to over 86% for
those without such metastases.3
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While aggressive surgery to resect residual radiographic
disease after systemic chemotherapy has become well
integrated into the multidisciplinary care of patients with
advanced GCT4, 5, the role of surgical resection in patients
with hepatic metastases from GCT remains poorly de-
fined.6, 7 Recent literature reported calculated 5-year
survivals of 62–70%8, 9, suggesting oncologic benefit in
comparison with historical controls. However, reported
experiences are limited and patient selection criteria,
resection extent, and long-term outcomes have not been
established. This current study examines the experience and
outcome of surgical resection of hepatic metastases from
GCT at a single institution. Patients were followed for
prolonged periods for oncologic outcomes.

Methods

After approval by the Mayo Clinic Institutional Review
Board, the Mayo Clinic Rochester Institutional Tumor
Registry was queried for all adult (>16 years old) male
patients diagnosed with GCT. Thirty-six patients had
metastatic disease involving the liver, and 15 underwent
surgical treatment between 1975 and 2002.

Medical records of these patients were retrospectively
reviewed for baseline characteristics, operative indications,
and response to systemic chemotherapy and/or radiation.
Serum tumor markers, including α-fetoprotein (AFP),
human chorionic gonadotropin (HCG), and lactate dehy-
drogenase (LDH) levels were recorded when available.
Both extrahepatic and hepatic disease burdens were
assessed. Disease stage and risk stratification was according
to the joint staging system by the American Joint
Committee on Cancer and the International Union Against
Cancer.10 Treatment response was measured both radio-
graphically and by tumor marker levels.

Operative indications included: (1) residual hepatic lesions
with normalized tumor markers, (2) residual hepatic lesions
with persistent elevation of tumor markers, or progressive
radiographic evidence of disease. Details of the operative
procedures and pathological findings were reviewed.

All patients were followed for 30 days after the
operation for perioperative outcomes. Long-term oncologic
outcomes were measured from the time of diagnosis to the
date of either the last contact or death. Categories at the
time of the last follow-up were: alive with no evidence of
disease, alive with disease, died of disease, died of other
cause, and died of unknown cause. All survival and disease
outcomes obtained from medical record review were cross
verified with those recorded in the Institutional Tumor
Registry and no discrepancy was noted.

All statistical analyses were performed using the SAS
9.1-Enterprise Guide 3.0 software (Cary, NC, USA).

Continuous variables were described by median (range)
and categorical variables, by number (percent, %). Overall
and disease-free survivals were calculated using the
Kaplan–Meier method. A two-sided p value of 0.05
denoted statistical significance.

Results

Patient Characteristics and Presentation

The median age at diagnosis was 30 years (range=16–53).
Twelve patients (80%) had nonseminomas and three had
seminomas, all with anaplastic features. The histology of
the nonseminomas included: mixed histology in eight,
choriocarcinoma in three, and embryonal carcinoma in one.

The site of the primary GCT was the testis in 12 patients
(80%), the retroperitoneum in two (13%), and themediastinum
in one (6.7%). All patients were classified as stage III b or c,
with either poor-risk nonseminoma or intermediate-risk semi-
noma, based on their disease burden and tumor marker levels
at diagnosis (Table 1). Hepatic metastases were present at
diagnosis in 11 patients (73%); another four patients
developed them at a median of 10 months after diagnosis.
The extent of hepatic metastases at diagnosis was single
lesion in five (33%) and multiple lesions in the remainder.

Germ cell tumor was discovered in five asymptomatic
patients (33%) during routine physical examination or
imaging studies for unrelated reasons. In other patients,
presenting symptoms included: abdominal/back pain in
eight, respiratory symptoms in three, testicular mass in
three, and bilateral leg swelling in one.

Prior Therapies and Indications for Hepatic Resection

All patients except one with primary tumor in the
mediastinum underwent radical orchiectomy with retroper-
itoneal lymph node dissection sequentially or concomitantly.
Thirteen patients (86.7%) received induction chemotherapy
with bleomycin, etoposide, and cisplatin. Second-line or
salvage regimens included: vinblastine, ifosfamide, and
cisplatin (n=3), etoposide, ifosfamide, and cisplatin (n=2),
and others (n=4). One patient underwent peripheral bone
marrow transplant for salvage. After the completion of
induction therapy, tumor markers normalized in seven
patients (46.7%).

The operative indications included: (1) persistent radio-
graphic evidence of disease despite normalization of tumor
markers in seven patients (46.7%) and (2) persistent tumor
marker elevation with radiographic evidence of disease in
the remainder. Within the latter group, six patients (40%)
had persistent or new radiographic evidence of disease
despite systemic therapy, and two patients (13.3%) treated
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prior to 1980 had undergone operative resection without
preoperative systemic therapy.

Operative Interventions

Sixteen hepatic procedures were performed in 15 patients,
at a median of 7.5 months (range=0.5–27 months) from
initial diagnosis. The extent of hepatic disease at resection
included single lesion (six patients, 40%), two lesions (two
patients, 13.3%), and multiple (seven patients, 46.7%). A
variety of hepatic procedures were undertaken, including
major hepatectomies (Table 2). Nearly all patients (14,
93.4%) underwent concomitant procedures for disease in
the retroperitoneum, abdomen, or chest cavity (Table 2).

The median length of stay after operative intervention was
8.5 days (range=5–35 days). There was no perioperative
mortality. While six patients (40%) experienced postoperative
complications, none was specific to hepatic resections:
transfusion reaction, air leak, diaphragmatic tear, chyle
ascites, ileus, and small-bowel obstruction in one patient
each. Reoperation was required in two patients (13.3%) to
repair the diaphragmatic tear and to resolve the bowel
obstruction.

Histology of Hepatic and Extrahepatic Tissue

Hepatic tissue revealed necrosis in five patients (33.3%),
mature teratoma in two (13.3%), and benign pathology in
four (26.7%, including benign parenchyma in two, focal
nodular hyperplasia in one, and cavernous hemangioma in
one). Active malignancy was found in four patients (26.7%,

Table 2). Pathologic findings of extrahepatic lesions
included: necrotic tissue in eight patients (53.3%), mature
teratoma in four (26.7%), and viable tumor in two (13.3%,
Table 2). Discordance between hepatic and extrahepatic
histology was demonstrated in six patients (40%, Table 2).

Outcome

Long-term follow-up was complete and averaged 8.6 years
from diagnosis and 7.6 years after hepatic operations. At
the last follow-up, 11 patients (73.3%) were alive: five with
no evidence of disease, two with tumor marker elevation
without radiographic evidence of disease, and four with
radiographically evident disease. Four patients (27%) died
at an average of 3.5 years from diagnosis and 2.1 years
from hepatic operations. The cause of death was progressive
disease in two, gastrointestinal hemorrhage in one, and
unknown in the other. The calculated 5- and 10-year overall
survival was 62% from the time of diagnosis (Fig. 1a). After
excluding the subgroup of patients with benign hepatic
tissue at resection, the calculated 5- and 10-year overall
survival was 65% from diagnosis (Fig. 1b). For the four
patients with active malignancy on hepatic pathology, the
calculated 5-year survival was 33%, with a median survival
of 4.6 years. They appeared to fare worse than other
patients found to have necrotic tissue or mature teratoma
during resection, although the small numbers of patients
preclude a formal statistical comparison (Fig. 2). The
calculated 5-year disease-specific survival for 11 patients
found to have either necrotic tumor, mature teratoma, or
active malignancy at hepatic resection was 50%.

Table 1 Patient Characteristics at Diagnosis

Pt. no. Age (years) Primary tumor Metastases at diagnosis Tumor markers

Histology Origin Retroperitoneal nodes Lung Liver Other AFP HCG LDH

1 22 Choriocarcinoma Testis Y 10.1 10×103 172
2 16 Mixed Testis Y Y Y 1.1×103 n.a. n.a.
3 53 Mixed RP Y 37 <3 n.a.
4 30 Choriocarcinoma RP Y Y n.a. n.a n.a
5 49 Mixed Mediastinum Y Y 2.6 5.7×103 n.a.
6 31 Mixed Testis Y Y Y 0.8 1187×103 699
7 30 Mixed Testis Y Y Mediastinum 6.6×103 4.9×103 n.a.
8 34 Mixed Testis Y Y n.a. n.a n.a.
9 22 Seminoma Testis Y Y 15×103 <1 n.a.
10 18 Embryonal carcinoma Testis Y Y Y 600 637×103 n.a.
11 42 Seminoma Testis Y Y Y 205 552×103 n.a.
12 29 Mixed Testis Y Y 0 30×103 n.a.
13 25 Choriocarcinoma Testis Y Y Y 2 554×103 n.a.
14 24 Mixed Testis Y Y Y Mediastinum 3.5×103 10×103 n.a.
15 32 Seminoma Testis Y Y n.a. n.a. n.a.

RP retroperitoneal; Y yes
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Discussion

Despite the highly effective systemic therapy for GCTs, the
presence of hepatic metastases still portends poor overall
prognosis. Resection of post-chemotherapy residual tumor
masses, including pulmonary metastases, has been advocated
not only to assess the response to systemic therapy but also to
provide potential oncologic benefit.6, 10–12 Experiences with
resection of metastatic disease in the liver, however, have
only been reported in four previous studies.8, 9, 13, 14 The
current study demonstrated that (1) resection of hepatic
metastases from GCT can be performed safely, (2) hepatic
pathology may be discordant with extrahepatic disease and
remain difficult to predict, and (3) long-term overall survival

can be achieved. Thus, the experiences reported herein
support the integration of hepatic metastasectomy into the
multidisciplinary care of patients with metastatic GCT.

Germ cell tumors are unique in that they typically afflict
otherwise healthy young men, with peak incidences ranging
between 25 and 35 years of age.1 This has allowed for
integration of aggressive surgical resection with systemic
chemotherapy. To consider resection of metastatic disease,
the mortality and morbidity of such operations must be
acceptably low. In our study, a variety of hepatic procedures
were undertaken, ranging from wedge resections to major
lobectomies. Almost all were undertaken concurrent with
other major retroperitoneal resections. Nonetheless, the
complication rate was modest at 40% and indeed, none

Table 2 Surgical Procedures and Histologic Findings in Patients with Hepatic Metastases and Extrahepatic Disease

Pt.

no.

Preoperative

tumor markers

Hepatic lesions

(largest

dimension, cm)

Hepatic procedure Hepatic

pathology

Extrahepatic

procedure

Extrahepatic

pathology

Outcome Follow-up

(years from

diagnosis)
AFP HCG

1 7.4 4.6 1 (2.5) Wedge

(segment IV)

Focal nodular

hyperplasia

Wedge, bilateral

lung lesions

Necrosis A, tumor

marker

2.3

2 10.1 1.7 2 (10) Bisegmentectomy

(segments VI, VII)

Mature

teratoma

Resection RP

mass

Mature teratoma A, tumor

marker

9.2

3 48.1 n.a. 1 (2.5) Wedge

(segment V)

Embryonal

carcinoma

Resection

lymphocele

Necrosis D, of disease 4.3

4 3.3 3.9 1 (3.5) Wedge

(segment IV)

Necrosis RPLND, resection

portal and

mesenteric nodes

Necrosis A, no disease 18.3

5 3.8 175 2 (n.a.) Left lateral

sectorectomy

Cavernous

hemangioma

None n.a. D, other cause 3.8

6 3.9 2.1 Multiple Right hepatectomy,

wedge

(segment III)

Necrosis RPLND,

resection mass

Necrosis A, no disease 3.2

7 2 0.5 Multiple Wedge

(segments IV, V)

Benign scar

tissue

Resection RP

mass

Mature teratoma A, no disease 16.9

1 (n.a.) Wedge

(segment V)

Mature

teratoma

Resection

intracaval,

paraspinal mass

Mature teratoma

8 n.a. n.a. 1 (1) Wedge Embryonal

carcinoma

Resection RP

mass

Embryonal

carcinoma

A, no disease 28.3

9 3.9 1.1 Multiple Left hepatectomy,

wedge (right)

Necrosis RPLND Mature teratoma

with necrotic tumor

A, no disease 19.3

10 <2 2.6 Multiple Excisional biopsy Benign

parenchyma

Resection RP

mass

Necrosis A, with disease

(liver lesions)

3.2

11 15.5 110 Multiple Excisional biopsy Necrosis Resection

RP/IVC mass

Necrosis D, of disease 1.2

12 13.2 598 1 (3.0) Wedge resection Mixed GCT Resection RP

mass

Mixed GCT A, with disease

(RP mass)

1.3

13 n.a. <1.1 Multiple Excisional biopsy Necrosis Resection RP

mass, RPLND

Mature teratoma A, with disease

(RP mass)

11.8

14 3.4 1.4 Multiple Wedge resection Mature

teratoma

Excision RP

nodule

Necrosis A, with disease

(paraaortic nodes)

3.4

15 3.5 0.7 1 (2.9) Wedge resection Metastatic

seminoma

Resection RP

mass, RPLND

Necrosis D, unknown

cause

4.6

RP retroperitoneal, RPLND retroperitoneal lymph node dissection, IVC inferior vena cava, A alive, D died
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was directly attributable to the hepatic resections them-
selves. These findings were consistent with previous
reports. Perioperative mortality has been consistently low
at 0–3%.9, 13, 14 Goulet et al. reported a complication rate of
28% among 28 hepatic operations with or without
concomitant resections of extrahepatic disease13, and an
update of the experience showed a consistent 30%
morbidity for 60 hepatic resections.14 Interestingly, chyle
ascites occurred in one patient, and it has been recognized
as a complication after synchronous hepatic resection and
retroperitoneal resection.6 Nonetheless, the consistently low
morbidity associated with hepatic resection for metastatic
GCT favors its practice.

One rationale for resection of residual, extrahepatic
tumor masses after systemic therapy is its diagnostic
value.2, 4, 5, 15–17 A similar rationale may well apply to
the resection of metastatic lesions in the liver. Determining
the exact histology of post-chemotherapy lesions is critical
in assessing response to prior therapy and for guiding future
surveillance and treatment. To date, the histology of
residual retroperitoneal masses cannot be reliably predicted
based on clinical parameters. While lesion size9, tumor
marker levels18, 19, and imaging characteristics have all
been utilized, studies typically report necrosis in 50% of the
resection specimens, teratoma in 35%, and viable tumor in

15%.5 The extrahepatic histology found in our study
showed a remarkably similar distribution: necrosis in
53%, mature teratoma in 27%, and viable tumor in 14%
(Table 2). Likewise, hepatic histology cannot be reliably
predicted preoperatively at present. Previous studies have
found necrosis in 16–67%, teratoma in 12–51%, and viable
cancer in 21–55%.8, 9, 14 In our study, the distribution of
these histologies was 33%, 13%, and 27%, respectively,
with another 27% being benign hepatic lesions. While no
study has specifically examined the role of preoperative
hepatic biopsy and the concordance rate between hepatic
histology found at preoperative biopsy versus at surgical
resection, preoperative hepatic biopsy is only pursued if its
findings would alter patient’s overall treatment plan. In
most patients, hepatic disease co-existed with extrahepatic
disease which warranted resection (14 of 15 patients
underwent other extrahepatic resections). Furthermore, we
report a 40% discordance between hepatic and extrahepatic
pathology, similar to the 41% discordance rate reported by
Hartmann et al.8 Indeed, in a recent review, 25–50%
discordance has been reported for retroperitoneal and non-
retroperitoneal post-chemotherapy residual masses.6 Thus,
it is clear that histology of both extrahepatic and hepatic
lesions cannot be safely predicted based on currently
available clinical tools. While molecular genetic studies
are rapidly emerging20, 21, surgical excision remains
necessary at present for accurate identification of the lesion
histology, as a means of accessing response to prior
treatment and of guiding the selection of future therapies.

In addition to the diagnostic value, resection of hepatic
metastases in GCT may provide oncologic benefit. Im-
proved overall survival and disease progression have been
shown with resection of residual retroperitoneal disease in
nonseminomas.16, 22, 23 Secondly, complete resection of

Figure 1 a Overall survival of entire study cohort of patients with
metastatic germ cell tumor. b Overall survival of patients with
metastatic germ cell tumor, after excluding patients with benign tissue
found at hepatic resection.

Figure 2 Overall survival of patients according to histology found at
hepatic resection.
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pulmonary metastases from GCT can lead to a 5-year
survival rate of 82%.11 Thirdly, resection of hepatic
metastases has proven survival benefit in select patients
with other metastatic malignancies such as colorectal,
neuroendocrine, and others.24–26 In our study, 15 patients
underwent hepatic resections. Our calculated 10-year
overall survival was 62%, or 65% when patients found to
have benign hepatic histology at resection were excluded.
These figures suggest oncologic benefit when compared to
historical survival figures for poor-risk nonseminomas and
intermediate-risk seminomas.3 They also agree with previous
studies; in a series of 57 patients undergoing hepatic
metastasectomy, 69% were alive with 63% without disease
after 2 years.14 Similarly, another report of 37 patients
revealed that 62% were alive without evidence of disease
after 5.5 years of follow-up.9 Finally, the calculated 5-year
survival for the small subset of patients with active tumor at
hepatic resection was 33%, with a median survival of
4.6 years. These figures from the subset of patients with
worse disease refractory to preoperative treatments compare
favorably to the 5-year overall survival rates of 25–40%
typically reported after hepatic metastasectomy for patients
with colorectal, neuroendocrine, and other malignancies.24–26

Taken together, these findings suggest that resection of liver
metastases from GCT may confer survival benefit in select
patients. It should be cautioned, however, that our study is
limited by its retrospective design, small patient number, and
selection bias for hepatic metastasectomy. As more clinical
experience with these patients is accumulated and captured
by prospective patient registries, more valid examination of
oncologic outcomes and comparisons with histological
controls may be made. While a randomized trial with a
non-resection arm would be necessary to definitively
demonstrate oncologic benefit of hepatic metastasectomy,
such a trial would likely not be feasible due to the lack of
clinical equipoise.

Prognostic factors associated with poor survival after
hepatic resection have not been well defined, largely owing
to the rarity of the disease and the limited experiences
reported to date. The presence of pure embryonal carcinoma,
liver metastases measuring >30 mm, the presence of viable
residual disease, and refractoriness to chemotherapy had
been suggested by previous investigators.8, 9 It is thus
noteworthy that, of the three patients who died of disease or
of unknown cause in our study, one had embryonal
carcinoma (patient 5), another had viable tumor at the time
of hepatic resection (patient 15), and the last had persistent
tumor marker elevation despite systemic therapy (patient
11). Unfortunately, the small and heterogeneous cohort in
our study did not allow formal validation of prognostic
factors. An additional limitation of our study was that, due to
the tertiary referral nature of the practice, long-term patient
follow-up often occurred at patient’s home institutions,

where follow-up practices may have varied and may have
led to variable detection of disease recurrence.

Conclusion

Resection of metastatic hepatic disease from GCT after
systemic therapy is safe, even when combined with
resection of extrahepatic diseases. Hepatic histology is
varied and prediction based on currently available clinical
factors remains difficult. Prolonged survival can be
achieved in select patients. The lack of reliable selection
factors, the different hepatic histologies found, and the
prolonged survival achieved support a multidisciplinary
approach for patients with advanced GCT which includes
surgical resection of hepatic metastases.

References

1. McGlynn KA, Devesa SS, Sigurdson AJ, et al. Trends in the
incidence of testicular germ cell tumors in the United States.
Cancer 2003;97:63–70. doi:10.1002/cncr.11054.

2. Bosl GJ, Motzer RJ. Testicular germ-cell cancer. N Engl J Med
1997;337:242–253. doi:10.1056/NEJM199707243370406.

3. International Germ Cell Consensus Classification. A prognostic
factor-based staging system for metastatic germ cell cancers.
International Germ Cell Cancer Collaborative Group. J Clin Oncol
1997;15:594–603.

4. Schmoll HJ, Souchon R, Krege S, et al. European consensus on
diagnosis and treatment of germ cell cancer: a report of the
European Germ Cell Cancer Consensus Group (EGCCCG). Ann
Oncol 2004;15:1377–1399. doi:10.1093/annonc/mdh301.

5. Sim HG, Lange PH, Lin DW. Role of post-chemotherapy surgery
in germ cell tumors. Urol Clin North Am 2007;34:199–217.
abstract ix. doi:10.1016/j.ucl.2007.02.010.

6. Katz MH, McKiernan JM. Management of non-retroperitoneal
residual germ cell tumor masses. Urol Clin North Am
2007;34:235–243. abstract x. doi:10.1016/j.ucl.2007.02.004.

7. Toner GC. The challenge of poor-prognosis germ cell tumors.
Urol Clin North Am 2007;34:187–197. abstract ix. doi:10.1016/j.
ucl.2007.02.016.

8. Hartmann JT, Rick O, Oechsle K, et al. Role of postchemotherapy
surgery in the management of patients with liver metastases from
germ cell tumors. Ann Surg 2005;242:260–266. doi:10.1097/01.
sla.0000171303.32006.a2.

9. Rivoire M, Elias D, De Cian F, et al. Multimodality treatment of
patients with liver metastases from germ cell tumors: the role of
surgery. Cancer 2001;92:578–587. doi:10.1002/1097-0142
(20010801)92:3<578::AID-CNCR1357>3.0.CO;2-C.

10. Practice guidelines in oncology: testicular cancer. National
Comprehensive Cancer Network. In; 2008. www.nccn.org.

11. Liu D, Abolhoda A, Burt ME, et al. Pulmonary metastasectomy
for testicular germ cell tumors: a 28-year experience. Ann Thorac
Surg 1998;66:1709–1714. doi:10.1016/S0003-4975(98)00940-0.

12. Rasco DW, Assikis V, Marshall F. Integrating metastasectomy in
the management of advanced urological malignancies—where are
we in 2005. J Urol 2006;176:1921–1926. doi:10.1016/j.juro.
2006.07.003.

13. Goulet RJ Jr, Hardacre JM, Einhorn LH, et al. Hepatic resection
for disseminated germ cell carcinoma. Ann Surg 1990;212:290–

600 J Gastrointest Surg (2009) 13:595–601

http://dx.doi.org/10.1002/cncr.11054
http://dx.doi.org/10.1056/NEJM199707243370406
http://dx.doi.org/10.1093/annonc/mdh301
http://dx.doi.org/10.1016/j.ucl.2007.02.010
http://dx.doi.org/10.1016/j.ucl.2007.02.004
http://dx.doi.org/10.1016/j.ucl.2007.02.016
http://dx.doi.org/10.1016/j.ucl.2007.02.016
http://dx.doi.org/10.1097/01.sla.0000171303.32006.a2
http://dx.doi.org/10.1097/01.sla.0000171303.32006.a2
http://dx.doi.org/10.1002/1097-0142(20010801)92:3<578::AID-CNCR1357>3.0.CO;2-C
http://dx.doi.org/10.1002/1097-0142(20010801)92:3<578::AID-CNCR1357>3.0.CO;2-C
http://www.nccn.org
http://dx.doi.org/10.1016/S0003-4975(98)00940-0
http://dx.doi.org/10.1016/j.juro.2006.07.003
http://dx.doi.org/10.1016/j.juro.2006.07.003


293. discussion 293–294. doi:10.1097/00000658-199009000-
00007.

14. Hahn TL, Jacobson L, Einhorn LH, Foster R, Goulet RJ Jr. Hepatic
resection of metastatic testicular carcinoma: a further update. Ann
Surg Oncol 1999;6:640–644. doi:10.1007/s10434-999-0640-0.

15. Bajorin DF, Motzer RJ, Bosl GJ. Germ cell tumors. Curr Ther
Endocrinol Metab 1997;6:387–92.

16. Kollmannsberger C, Honecker F, Bokemeyer C. Treatment of
germ cell tumors—update 2006. Ann Oncol 2006;17(Suppl 10):
x31–x35. doi:10.1093/annonc/mdl232.

17. Sheinfeld J. The role of adjunctive postchemotherapy surgery for
nonseminomatous germ-cell tumors: current concepts and contro-
versies. Semin Urol Oncol 2002;20:262–271. doi:10.1053/
suro.2002.36977.

18. Beck SD, Patel MI, Sheinfeld J. Tumor marker levels in post-
chemotherapy cystic masses: clinical implications for patients
with germ cell tumors. J Urol 2004;171:168–171. doi:10.1097/01.
ju.0000099714.16082.78.

19. Albers P, Weissbach L, Krege S, et al. Prediction of necrosis after
chemotherapy of advanced germ cell tumors: results of a prospective
multicenter trial of the German Testicular Cancer Study Group. J Urol
2004;171:1835–1838. doi:10.1097/01.ju.0000119121.36427.09.

20. Cheng L, Zhang S, Wang M, et al. Molecular genetic evidence
supporting the neoplastic nature of stromal cells in ‘fibrosis’ after

chemotherapy for testicular germ cell tumours. J Pathol
2007;213:65–71. doi:10.1002/path.2202.

21. Houldsworth J, Korkola JE, Bosl GJ, Chaganti RS. Biology and
genetics of adult male germ cell tumors. J Clin Oncol
2006;24:5512–5518. doi:10.1200/JCO.2006.08.4285.

22. Carver BS, Serio AM, Bajorin D, et al. Improved clinical outcome
in recent years for men with metastatic nonseminomatous germ
cell tumors. J Clin Oncol 2007;25:5603–5608. doi:10.1200/
JCO.2007.13.6283.

23. Carver BS, Shayegan B, Serio A, et al. Long-term clinical
outcome after postchemotherapy retroperitoneal lymph node
dissection in men with residual teratoma. J Clin Oncol
2007;25:1033–1037. doi:10.1200/JCO.2005.05.4791.

24. Antoniou A, Lovegrove RE, Tilney HS, et al. Meta-analysis of
clinical outcome after first and second liver resection for
colorectal metastases. Surgery 2007;141:9–18. doi:10.1016/j.
surg.2006.07.045.

25. O’Rourke TR, Tekkis P, Yeung S, et al. Long-term results of liver
resection for non-colorectal, non-neuroendocrine metastases. Ann
Surg Oncol 2008;15:207–218. doi:10.1245/s10434-007-9649-4.

26. Rees M, Tekkis PP, Welsh FK, O’Rourke T, John TG. Evaluation
of long-term survival after hepatic resection for metastatic
colorectal cancer: a multifactorial model of 929 patients. Ann
Surg 2008;247:125–135.

J Gastrointest Surg (2009) 13:595–601 601601

http://dx.doi.org/10.1097/00000658-199009000-00007
http://dx.doi.org/10.1097/00000658-199009000-00007
http://dx.doi.org/10.1007/s10434-999-0640-0
http://dx.doi.org/10.1093/annonc/mdl232
http://dx.doi.org/10.1053/suro.2002.36977
http://dx.doi.org/10.1053/suro.2002.36977
http://dx.doi.org/10.1097/01.ju.0000099714.16082.78
http://dx.doi.org/10.1097/01.ju.0000099714.16082.78
http://dx.doi.org/10.1097/01.ju.0000119121.36427.09
http://dx.doi.org/10.1002/path.2202
http://dx.doi.org/10.1200/JCO.2006.08.4285
http://dx.doi.org/10.1200/JCO.2007.13.6283
http://dx.doi.org/10.1200/JCO.2007.13.6283
http://dx.doi.org/10.1200/JCO.2005.05.4791
http://dx.doi.org/10.1016/j.surg.2006.07.045
http://dx.doi.org/10.1016/j.surg.2006.07.045
http://dx.doi.org/10.1245/s10434-007-9649-4


ORIGINAL ARTICLE

Hiatal Hernia, Lower Esophageal Sphincter Incompetence,
and Effectiveness of Nissen Fundoplication in the Spectrum
of Gastroesophageal Reflux Disease

Reginald V. N. Lord & Steven R. DeMeester &

Jeffrey H. Peters & Jeffrey A. Hagen & Dino Elyssnia &

Corinne T. Sheth & Tom R. DeMeester

Received: 3 August 2008 /Accepted: 28 October 2008 /Published online: 3 December 2008
# 2008 The Author(s). This article is published with open access at Springerlink.com

Abstract
Background and Aims Gastroesophageal reflux disease (GERD) is a spectrum of disease that includes nonerosive reflux disease
(NERD), erosive reflux disease (ERD), and Barrett’s esophagus (BE). Treatment outcomes for patients with different stages have
differed in many studies. In particular, acid suppressant medication therapy is reported to be less effective for treating patients
with NERD and Barrett’s esophagus. The aims of this study were to investigate (1) the role of mechanical factors including hiatal
hernia and lower esophageal sphincter (LES) competence in the spectrum of GERD and (2) outcomes of Nissen fundoplication.
Methods From the records of patients who had undergone laparoscopic Nissen fundoplication after an abnormal pH study, we
identified 50 symptomatic consecutive patients with each of the GERD stages: (1) NERD, (2) mild ERD, defined as esophagitis
that was healed with acid suppression therapy, (3) severe ERD, defined as esophagitis that persisted despite medical therapy, and
(4) BE. Exclusion criteria were normal distal esophageal acid exposure, esophageal pH monitoring performed elsewhere,
antireflux surgery less than 1 year previously or previous fundoplication, and a named esophageal motility disorder or distal
esophageal low amplitude hypomotility. Patients who could not be contacted for the study were also excluded. All patients
completed a detailed preoperative questionnaire; underwent preoperative upper gastrointestinal endoscopy, stationary
manometry, and distal esophageal pH monitoring; and were interviewed at least 1 year after operation.
Results One hundred sixty patients meeting the entry criteria were studied. The mean follow-up period was 36.7 months.
The only significant preoperative symptom difference was that patients with BE had more moderately severe or severe
dysphagia compared to patients with NERD. Patients with severe ERD or BE had a significantly higher prevalence of hiatal
hernia, lower LES pressures, and more esophageal acid exposure. Hiatal hernia and hypotensive LES were present in most
patients with severe ERD or BE but in only a minority of patients with NERD or mild ERD. Surgical therapy resulted in
similarly excellent symptom outcomes for patients in all GERD categories.
Conclusions Compared to mild ERD and NERD, severe ERD and BE are associated with significantly greater loss of the
mechanical antireflux barrier as reflected in the presence of hiatal hernia and LES measurements. Restoration of the antireflux
barrier and hernia reduction by laparoscopic Nissen fundoplication provides similarly excellent symptom control in all patients.

Keywords Gastroesophageal reflux disease . Barrett’s
esophagus . Nonerosive reflux disease . Nissen
fundoplication . Antireflux surgery

Introduction

Gastroesophageal reflux disease (GERD) is a spectrum of
disease that extends from nonerosive reflux disease (NERD),
in which there are nomucosal breaks on endoscopy, to erosive
esophagitis or to Barrett’s esophagus (BE).1 It is currently
estimated that between 50% and 70% of patients with GERD
have NERD,2–4 5% to 10% have BE, and the remainder have
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erosive reflux disease (ERD), with either esophageal
erosions or ulcerations.5 As a group, patients with NERD
have symptom and quality of life scores similar to patients
with erosive reflux disease (ERD).4,6 Patients can progress
from NERD to ERD, even on proton-pump inhibitor (PPI)
therapy, but progression from ERD to BE is uncommon and
from NERD to BE is very uncommon.7–9 Labenz et al.
reported on the progression of GERD (ProGERD) study of
3,894 patients with GERD who underwent baseline endos-
copy and repeat endoscopy at 2 years.8 As is characteristic of
a disease spectrum, many patients had progressed or
regressed from one GERD stage to another. Approximately
one quarter of patients with NERD had progressed to mild
ERD and most patients with ERD had regressed to NERD
(treatment was allowed). Patients with severe ERD had the
highest rate (5.8%) of progression to BE.8

Numerous studies have shown that patients with ERD or
BE are effectively treated by antireflux surgery, with safe,
long-term control of reflux symptoms, normalization of
esophageal acid and nonacid exposure, and a significant
improvement in quality of life.10–14 Few data, in contrast,
are available on the results of surgical therapy for all stages
of the GERD spectrum including NERD.13,15 The results of
surgical treatment are especially important for patients with
NERD as medical treatments are widely reported as being
less effective for these patients.16–18 In this study, we
investigated the influence of the endoscopically defined
GERD stage on the outcome of laparoscopic Nissen
fundoplication. We also compared the demographic,
clinical, and physiologic features of patients with different
stages of GERD. In particular, we studied the importance
of hiatal hernia and lower esophageal sphincter compe-
tence, factors which have received less emphasis in other
studies.

Patients and Methods

The clinical and esophageal physiology records of patients
who had been treated by laparoscopic Nissen fundoplication
at the University of Southern California Keck School of
Medicine Department of Foregut Surgery (USC) were
reviewed. All patients had symptoms suggestive of reflux
disease. The mucosal appearance at preoperative endoscopies
was used to identify 50 consecutive patients with NERD, 50
consecutive patients with mild ERD, 50 consecutive patients
with severe ERD, and 50 consecutive patients with BE. The
sample size of 50 patients was selected after a preliminary
review of our database indicated that this was likely the
maximum number of patients with NERD and persistent
esophagitis (severe ERD) available for inclusion in the study
period. Since the statistical power of a study is increased by
only a relatively small and inefficient amount when the sample

sizes are unequal, we did not include all available patients but
aimed to limit the sample size to 50 patients in each group.

Patients were classified as having NERD if they had no
record of esophagitis, with esophagitis defined by the
presence of erosions or ulcerations (modified Savary Miller
classification19) at any endoscopy. Patients who had
received acid suppressant medication therapy prior to their
initial endoscopy were excluded from this group. The acid
suppressant medication history prior to endoscopy at USC
was obtained from the referral letters, USC surgeon’s files
and reports, and from the patients.

Patients with no erosive esophagitis at preoperative
endoscopy but a history of ERD at a previous endoscopy that
had been healed by acid suppressant drug therapy were
classified as having mild (or healed) ERD. Severe ERD was
defined as persistent or nonhealed esophagitis and was
diagnosed when esophagitis was found at the preoperative
endoscopy in patients who had received at least some acid
suppressant therapy. This included PPI therapy in all cases but
we did not include the type or dose of medication received as a
factor or perform a subanalysis of the medical therapy asmany
larger studies have addressed the effectiveness of acid
suppressive medication using more robust methods including
many randomized controlled trials. All patients with ERD thus
had at least two endoscopies. BE was diagnosed by the
presence of microscopic intestinal metaplasia in a macroscop-
ic columnar-lined esophagus of any length.

All patients underwent preoperative endoscopy per-
formed by the authors at this institution. The results of
endoscopies performed elsewhere were obtained from the
medical history and the documents and letters of the
referring physician. In order to ensure that only patients
with definite GERD were studied, only patients with
abnormal distal esophageal acid exposure were included.

Patients were excluded if they had undergone Nissen
fundoplication less than 1 year previously, if they had had
more than one previous antireflux operation, or if they could
not be contacted for this study. Patients who had not had a
preoperative ambulatory pH study at this institution were also
excluded, as were those with a named esophageal motility
disorder or distal esophageal low amplitude hypomotility,
defined as a mean contraction amplitude less than 20 mmHg.
A hiatal hernia was diagnosed when the gastroesophageal
junction was located 2 cm or more proximal to the crural
impression at endoscopy, with the gastroesophageal junction
defined as the proximal extent of the gastric rugal folds.

Symptom Assessment

All patients completed a structured symptom questionnaire
at the time of their esophageal pH examination. The
symptom of heartburn was graded as 0 (none), 1 (mild;
occasional episodes), 2 (moderate; primary reason for

J Gastrointest Surg (2009) 13:602–610 603



medical visit), or 3 (severe; effects daily life). Regurgitation
was graded as 0 (none), 1 (mild; occasional episode after
straining or large meal), 2 (moderate, predictable with
position change or straining), or 3 (severe, effects daily life,
possibly with a history of aspiration). Dysphagia was
graded as 0 (none), 1 (mild; occasionally with coarse
foods; lasting a few seconds), 2 (moderate; requiring
clearing with liquids), or 3 (severe; requiring a semiliquid
diet and with a history of meat impaction). These
descriptors were also used for postoperative symptom
assessment. In order to limit the number of statistical
comparisons and the consequent risk of false positive
findings, the symptom findings were classified as either
“none or mild” or “moderate or severe”.

Manometry

All patients underwent preoperative manometry testing.
Stationary motility was performed after an overnight fast
using a single catheter assembly consisting of five
polyethylene tubes bonded together with five lateral open-
ings placed at 5-cm intervals from the distal end and
oriented radially around the circumference. Using a
pneumohydraulic low compliance pump (Arndorfer Medi-
cal Specialties, Greendale, WI, USA), the catheter was
perfused with distilled water at a constant rate of
0.6 mL/min. A stationary pull through of the lower
esophageal sphincter (LES) and a manual analysis of the
polygraph recordings were performed. LES resting pressure
was measured at the respiratory inversion point, as
described previously.20 The resting pressure, overall length,
and abdominal length of the LES were calculated from the
mean of the five recordings. A structurally defective LES
was defined either by a resting pressure <6 mmHg, overall
length <2 cm, abdominal length <1 cm, or any combination
of these. Assessment of the esophageal body motility was
performed as described previously.20

pH and Bilirubin Monitoring

All the patients underwent 24-h distal esophageal pH
monitoring. Proton-pump inhibitor medications were dis-
continued at least 2 weeks before testing and other reflux
medications were discontinued at least 72 h before testing.
The pH monitoring was performed as previously described,
by positioning a glass pH electrode (Mui Scientific, Toronto,
Ontario, Canada) or an antimony crystal ph electrode
(Synectics Medical, Irving, TX, USA) 5 cm above the
manometrically measured upper border of the LES.21 The
electrode was connected to a digital recording device
(Microdigitrapper, Synectics Medical, Irving, TX, USA)
and pH continually monitored for 24 h. The patients’ diets
were limited to foods having a pH in the range 5–7. The

stored data were transferred to a personal computer and
analyzed using a standard software package (Multigram,
Gastrosoft, Irving, TX, USA). All patients had abnormal
esophageal acid exposure, with an esophageal pH less than 4
for more than 4.4% of the total study period.21

Esophageal exposure to duodenal juice was measured
using a fiberoptic probe designed to detect bilirubin by
spectrophotometry at 453 nm, the specific wavelength for
absorption of bilirubin (Bilitec 2000, Medtronic Synectics,
Shoreview, MN, USA).22 The probe was passed trans-
nasally and positioned at the same level as the pH
electrode. Twenty-four-hour absorbance data were
recorded on a portable optoelectric data logger and
analyzed with a software program (Multigram, Gastrosoft,
Irving, TX, USA). Bilirubin exposure was quantified as
the percentage of time above an absorbance threshold of
0.2. The upper limit of the normal range for bilirubin
exposure was 1.7% of the total time above an absorbance
threshold of 0.2.22 Patient diets were restricted to three
meals per day with no foods with an absorbance similar to
that of bilirubin.

Operative Technique

Laparoscopic Nissen fundoplication was performed as
previously described.23 Important technical elements in-
cluded crural and hiatal dissection, crural closure, and
complete fundic mobilization by division of the short
gastric vessels. A 2-cm loose fundoplication was con-
structed over a 60-Fr bougie by enveloping the distal
esophagus with the anterior and posterior walls of the
gastric fundus so that the anterior and posterior fundic lips
met at the right lateral position on the esophagus.

Statistical Analysis

Fisher’s exact test was used to compare proportions
between two groups and the linear-by-linear chi-square test
was used to compare proportions between more than two
groups. Continuous data were compared using the Mann–
Whitney U test for two groups and the Kruskal–Wallis test
for more than two groups. All P values are two-sided. SPSS
version 10.0.5 software (SPSS Inc., Chicago IL, USA) was
used for all statistical analyses. All values are shown as
median with (interquartile range) or as number of patients
with (percentage).

Results

After excluding patients according to the criteria listed above,
the study population consisted of 160 patients. The number
of patients in each GERD category and demographic data are
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shown in Table 1. There were no significant differences
between the patients in the four GERD categories for either
age (P value for all groups 0.86, chi-square test) or sex (P
value for all groups 0.19, chi-square test). There were also
no significant differences between any two individual groups
for these factors. The mean follow-up period was
36.7 months for all 160 patients (median 30 months, range
12–92 months). The duration of follow-up was significantly
longer for BE patients compared to patients in any of the
other groups but was not significantly different between any
of the other three patient groups (Table 1 legend).

Preoperative Evaluation

Symptoms

Preoperative symptom results are shown in Table 2. The only
significant differences were that a higher proportion of
patients with severe ERD had moderately severe or severe
regurgitation compared to patients with mild ERD (P=0.05),
and moderately severe or severe dysphagia was significantly
more prevalent among patients with BE compared to patients
with NERD (P=0.013, both Fisher’s exact test).

Hiatal Hernia

Hiatal hernia was present in 107 (66.9%) of the 160
patients. As shown in Table 3, hernia was significantly
more prevalent in patients with either severe ERD or BE
compared to those with either mild ERD or NERD.

Stationary Manometry

Patients with either BE or severe ERD had significantly lower
LES resting pressures than patients with NERD or mild ERD
(Table 3). Similarly, a hypotensive LES was more frequently
found in patients with BE (30/44 patients (68.2%)) compared
to patients with either NERD (14/39 (35.9%), P=0.005) or
mild ERD (16/42 (38.1%), P=0.009, both Mann–Whitney
U test). As for BE, most (19/35 (54.3%)) patients with severe
ERD also had a hypotensive LES.

Regardless of group, most patients had a mechanically
defective LESwith one ormore of the factors hypotensive LES,
short total LES length, or short intra-abdominal LES length
being present. A mechanically defective LES was present in a
higher proportion of patients with severe ERD or BE patients
(80.0% and 77.3%, respectively) compared to patients with
NERD or mild ERD (56.4% and 59.5%, respectively, P=0.046
for NERD versus severe ERD, Mann–Whitney U test).

Distal Esophageal pH and Bilirubin Exposure

As required for study entry, all patients had GERD, defined
by abnormally high distal esophageal acid exposure on
ambulatory pH monitoring. Distal esophageal acid expo-
sure, measured as the total percent time the pH was less
than 4 during the study period, was significantly higher in
patients with either severe ERD or BE compared to patients
with either NERD or mild ERD (see Table 3). Furthermore,
all other measures of acid reflux (upright % time, supine %
time, number of reflux episodes, number of reflux episodes
longer than 5 min, duration of longest reflux episode, and
composite (DeMeester) score) were significantly more
abnormal in patients with BE compared to patients with
either NERD or mild ERD (data not shown). Five acid
reflux measures were also more severe in the BE group
compared to the severe ERD group, with only the number
of reflux episodes and duration of longest episode not
significantly different (data not shown). Four of the seven
acid reflux measures were also significantly more abnormal
in patients with severe ERD compared to NERD patients
(data not shown). Only the supine percent time was
significantly different in the NERD and mild ERD groups,
being higher in the mild ERD group (data not shown).

As shown in Table 3, there was a progressive increase in
median DeMeester score with increasing mucosal injury,
from NERD to mild ERD, severe ERD, and BE. The score
was significantly different between all groups except the
NERD and mild ERD groups and in five of the six
comparisons shown in Table 3. The total percent time was
significantly different in four of the six comparisons
(Table 3). These results, although prespecified, have not

Table 1 Demographic Factors

GERD stage NERD Mild ERD Severe ERD Barrett’s esophagus Total

Number of patients 39 42 35 44 160
Male (%) 25 (64) 28 (67) 23 (66) 35 (79) 111 (69)
Agea 49 (22) 48.5 (19.5) 48 (13) 47.5 (12.5) 48 (15.75)
Duration of follow-up in monthsa 25 (21) 25.5 (18.2) 24 (45) 55 (34.7)b 30 (37)

a Values for age and duration of follow-up are median and (interquartile range)
b Duration of follow-up was significantly longer for patients with Barrett’s esophagus compared to other groups (Barrett’s versus NERD patients P
=0.001, Barrett’s versus mild ERD P<0.001, Barrett’s versus severe ERD P=0.029, all Mann–Whitney test). There were no other significant
demographic differences between the patient groups
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been adjusted to take into account multiple comparisons
and therefore need to be validated in further studies.

Bilirubin exposure was measured in 92 (56.8%) patients.
Bile reflux, as measured by the percentage of time that
absorbance at the wavelength of bilirubin was above the 0.2
threshold, was significantly higher in patients with BE
(median 13.1, interquartile range 20.3) than in patients with
either mild ERD (median 0.3 (14.3)) or severe ERD (2.8
(18.7), P=0.013 and 0.021, respectively, Mann–Whitney
test). Abnormally high esophageal bile exposure was present
in a considerably higher proportion of BE patients (23/29
patients (79.3%)) compared to the other groups of patients
(NERD 10/19 patients (52.6%), mild ERD 10/22 patients
(45.5%), severe ERD 10/20 patients (50%)), but this
difference was significant only for the comparison of BE
versus mild ERD patients (P=0.018, Fisher’s exact test).

Postoperative Evaluation

The postoperative results are shown in Table 4. There were
no significant differences in the prevalence of any of the

symptoms heartburn, regurgitation, or dysphagia among
any groups.

Discussion

This study documents the clinical presentation, pathophysio-
logic features, and response to surgical therapy in patients at
different stages of the spectrum of gastroesophageal reflux
disease. We included only patients with abnormal distal
esophageal acid exposure shown on ambulatory pH monitor-
ing, thus reducing the risk of studying patients whose
symptoms were not reflux-related. The patients were classi-
fied using their index endoscopy report and antireflux
medication history. Patients who received acid suppressant
medication therapy prior to index endoscopy showing NERD
were excluded because of the effect of these medications in
healing erosive disease and the consequent inability to
distinguish whether these patients had NERD or healed ERD.

We believe that this study includes patients with true
NERD who had not received antireflux medications prior to

Table 3 Preoperative Hiatal Hernia, LES Pressure, and Esophageal Acid Exposure

GERD
stage

NERD Mild ERD Severe ERD Barrett’s
esophagus

Total NERD
versus
Mild
ERD

NERD
versus
Severe
ERD

NERD
versus
BE

Mild
versus
Severe
ERD

Mild
ERD
versus
BE

Severe
ERD
versus
BE

Factor P values

Herniaa 21 (53.8%) 19 (45.2%) 30 (85.7%) 37 (84.1%) 107 (66.9%) 0.508 0.005 0.004 <0.001 <0.001 1.0
LES resting
pressure
(mmHg)b

8.4 (8.8) 7 (7.1) 5.5 (4.2) 5.2 (5.3) 6.2 (6.15) 0.667 0.004 0.005 0.02 0.025 0.78

Total % time
pH<4b

7.4 (3.33) 7.1 (5.2) 9.0 (5.6) 13.0 (12.4) 8.7 (6.6) 0.698 0.026 <0.001 0.12 <0.001 0.005

DeMeester scoreb 24.8 (13.83) 27.9 (21.5) 36.3 (26.4) 50.6 (52.1) 33 (27.73) 0.395 0.002 <0.001 0.031 <0.001 0.035

a Data shown as number of patients with (percentage). P values calculated using Fisher’s exact test
b Data shown as median with (interquartile range). P values calculated using Mann–Whitney U test

Table 2 Preoperative Symptoms

GERD stage NERD Mild ERD Severe ERD Barrett’s esophagus Total

Heartburn
None or mild 3 (7.7%) 4 (9.5%) 4 (11.4%) 2 (4.5%) 13 (8.1%)
Moderate or severe 36 (92.3%) 38 (90.5%) 31 (88.6%) 42 (95.5%) 147 (91.9%)
Regurgitation
None or mild 14 (35.9%) 18 (42.9%) 7 (20.0%) 11 (25.0%) 50 (31.3%)
Moderate or severe 25 (64.1%) 24 (57.1%) 28 (80.0%) 33 (75.0%) 110 (68.8%)
Dysphagia
None or mild 36 (92.3) 36 (85.7%) 26 (74.3%) 31 (70.5%) 129 (80.6%)
Moderate or severe 3 (7.7%) 6 (14.3) 9 (25.7%) 13 (29.5%) 31 (19.4%)

Data shown are numbers of patients with (percentage)
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endoscopy at USC. The availability of these patients in a
surgery study reflects the probably unusual referral basis of
the USC Foregut Surgery Division in that our patient base
includes some patients with reflux symptoms who are
referred by their family physician directly to this unit rather
than through a gastroenterologist. All patients were con-
tacted, increasing our confidence in their classification, but
we acknowledge it is not possible to be certain about the
pre-endoscopy medication use of all patients because
patients have an imperfect recall of their medication history
and the referral correspondence can be incomplete. Simi-
larly, we acknowledge in this retrospective study that the
patients with persistent esophagitis despite medical therapy
may have received an inadequate dosage or not been fully
compliant, although the significant anatomical and physio-
logical differences between the “healed esophagitis” and
“persistent esophagitis” patient groups (Fig. 1) indicate that
these groups differ in the mechanical properties of their
antireflux barrier rather than merely in the dose of
antireflux medication received.

An important finding of our study was that the
preoperative mechanical factors hiatus hernia, LES resting
pressure, and LES lengths were significantly more impaired
in patients with severe ERD and BE compared to those with
mild ERD and NERD. Esophageal acid and bile reflux also
tended to be worse in the more severe GERD categories. It
is well recognized that hiatal hernia is present in most

patients with BE, and a lower frequency of hernia in
patients with NERD has been reported.4,24,25 In a large case
control study, the presence and size of hernia was strongly
associated with risk of developing high grade dysplasia or
adenocarcinoma in patients with BE.26 Hiatal hernia has
also be identified as an important factor for the develop-
ment of ERD in patients with NERD. In a longitudinal
study of 47 patients with NERD who underwent annual
endoscopy for 5 years, hiatal hernia was a highly significant
risk factor for the development of ERD.27

Our study provides further support for the importance of
the length as well as the resting pressure of the LES in the
etiology of GERD.28 Most of the patients, all of whom had
abnormal esophageal acid exposure, had a mechanically
defective LES because of either a low resting pressure or a
short total or intra-abdominal LES length. The LES tended
to be more frequently and more severely defective, with
significantly lower LES pressures in particular, in patients
with severe ERD or BE compared to those with mild ERD
or NERD. As with hiatal hernia, similarly good outcomes
are provided by fundoplication regardless of GERD
category because the operation recreates a mechanically
competent high pressure zone.

Our findings suggest that the endoscopic extent of
mucosal injury reflects, and is likely to result from, the
extent of mechanical abnormality at the gastroesophageal
barrier and the consequent severity of gastroesophageal

Table 4 Postoperative Symptoms

GERD Stage NERD Mild ERD Severe ERD Barrett’s esophagus Total

Heartburn
None or mild 36 (92.3%) 40 (95.2%) 35 (100%) 42 (95.5%) 153 (95.6%)
Moderate or severe 3 (7.7%) 2 (4.8%) 0 (0%) 2 (4.5%) 7 (4.4%)
Regurgitation
None or mild 39 (100%) 41 (97.6%) 34 (97.1%) 42 (95.5%) 156 (97.5%)
Moderate or severe 0 (0%) 1 (2.4%) 1 (2.9%) 2 (4.5%) 4 (2.5%)
Dysphagia
None or mild 38 (97.4%) 41 (97.6%) 35 (100%) 42 (95.5%) 156 (97.5%)
Moderate or severe 1 (2.6%) 1 (2.4%) 0 (0%) 2 (4.5%) 4 (2.5%)

Data shown are numbers of patients with (percentage)

Preoperative factors:
Hiatal hernia N.S.                           <0.001               N.S.     
LES pressure N.S. 0.02 N.S.
DeMeester score N.S. 0.03                              0.03  

NERD   Mild esophagitis Severe esophagitis Barrett’s esophagus

Postoperative factors:
No/mild symptoms                             N.S.               N.S. N.S. 

Figure 1 The numbers shown are P values for selected preoperative factors and postoperative outcome comparing NERD versus mild ERD, mild
versus severe ERD, and severe ERD versus BE. N.S. not significant.
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reflux. Furthermore, they suggest that progression to severe
GERD usually requires the development of a hiatal hernia
and a defective LES. This hypothesis is supported by a
study from Northwestern University in which regression
analysis was used to model the major risk factors for ERD
in patients with symptomatic GERD. Similar to our
findings, the authors reported that hiatal hernia size and
LES pressure are the dominant determinants of esophagitis
presence and severity.29

Several studies have found similar quality of life and
symptom severity scores for patients with ERD and
NERD.4,24,30,31 Consistent with this, the symptom presen-
tation for patients with NERD was not significantly
different to that for patients with ERD in this study. The
severity of reflux symptoms in patients with NERD
indicates that these patients have significant illness and
the same need for effective treatment as patients with ERD
or BE. Patients with severe ERD or BE tended to have
more severe regurgitation and dysphagia, which corre-
sponds with the worse reflux and higher prevalence of
hernia in these groups. A high prevalence of dysphagia
among patients with BE has been noted previously.32

As expected, patients with BE had the most severe
gastroesophageal reflux. All measures of acid reflux were
significantly more abnormal in patients with BE compared
to either NERD or mild ERD patients. Patients with NERD
tended to have less severe reflux than patients with ERD,
especially those with severe ERD. This correlates with the
observation that the severity of esophagitis correlates with
amount of acid exposure33 and similar findings have been
reported by others.25 The composite (DeMeester) score,
which includes all the acid reflux measures in a weighted
calculation of reflux severity, discriminated most clearly
between the different GERD stages in this and a similar
study.34

We have presented the findings without applying a
correction for multiple comparisons; thus, one explanation
is that they are false positive results due to chance alone.
However, we observed consistent positive findings for
different variables that are known to share an association
(e.g., hernia and pH exposure), reducing the likelihood of
this explanation. Furthermore, the findings are consistent
with those expected from the large number of previous
studies that have examined the influence of mechanical
factors in the etiology of GERD. Even if the most
conservative (Bonferroni) correction is applied to take into
account the multiple (20 comparisons, corrected P<0.0025)
analyses performed in the analysis with the largest number
of comparisons (Table 3), although fewer findings would be
classified as statistically significant, the same principal
conclusions apply.

All patients underwent a circumferential (Nissen) lapa-
roscopic fundoplication and they were all contacted for this

study at least 1 year after operation. We found similarly
excellent symptom control in all patient groups, with no
significant differences in outcome according to the stage of
GERD. In contrast, consistently and significantly worse
outcomes are reported for medical treatment for NERD
compared to erosive disease.16–18 Lind et al., for example,
documented complete symptom resolution in only 46% of
NERD patients using 20 mg omeprazole daily for 4 weeks,
and satisfaction with therapy was reported by only two
thirds of patients.35 In a pooled data study of 2,458 patients
who received differing but standard PPI doses, complete
heartburn resolution was achieved in only 63% of patients
at the end of 4 weeks’ treatment.36

The results for surgery for patients with NERD in this
and other surgery studies15,34,37 are far superior to those for
medical PPI therapy. In a study of 89 patients with NERD
who underwent laparoscopic Nissen fundoplication, the
improvement in quality of life, as measured using the
Gastrointestinal Quality of Life Index tool, was significant-
ly greater in those with NERD compared to patients with
erosive esophagitis because quality of life was more
impaired preoperatively in the NERD group.37 At 5 years
after surgery, quality of life in both NERD and ERD patient
groups was comparable to healthy controls.37

The favorable results for surgical therapy in these and the
current study may be partly explained by the fact that the
patients without erosive esophagitis all had pH study proven
reflux disease.15,34,37 We and others have previously reported
better postfundoplication outcomes in patients with abnormal
distal esophageal acid exposure compared to patients with
normal pH study results,38,39 and the surgeon should be wary
of operating on patients with no mucosal injury and acid
reflux within the normal range. These patients are diagnosed
with GERD by correlating symptoms with reflux events
(positive symptom index)40 or by demonstrating relief of
symptoms with a test course of antacid or acid suppressant
therapy. There is evidence that esophageal visceral hyper-
sensitivity, sustained esophageal contractions, and abnormal
tissue resistance41 may be involved in causing symptoms in
patients with minimal acid reflux, but stress,42 psychologi-
cal,43,44 and psychiatric45 illness may also be factors in the
these patients with “functional heartburn” or the “hypersen-
sitive esophagus”.40,46,47

Several studies have shown that NERD, ERD, and BE
are not separate diseases but part of a spectrum of GERD.1,8

As is typical of a spectrum disease, patients can progress
and regress to and from different endoscopic stages. Our
results suggest that, as well as being a spectrum disease,
GERD can also be usefully regarded as a categorical
disease that includes the two categories mild (NERD and
mild ERD) and severe (severe ERD and BE) GERD. In
support of categorizing GERD as mild and severe disease,
the ProGERD study reported that mild erosive esophagitis
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(Los Angeles classification grade A or B) behaved in a
similar way to NERD.

Conclusions

The spectrum of GERD includes NERD, mild and severe
ERD, and BE. The clinical presentation is similar at different
stages of this spectrum, although patients with severe ERD or
BE may have more severe regurgitation or dysphagia. The
stage of disease correlates well with the mechanical and
anatomic features of the gastroesophageal reflux barrier, with
hiatal hernia and a hypotensive lower esophageal sphincter
significantly more prevalent in patients with severe ERD or
BE. Nissen fundoplication, which reduces the hernia and
augments the lower esophageal high pressure zone, provides
similarly good or excellent results, regardless of the endo-
scopic appearance, in patients with all stages of GERD.

Support None.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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Abstract
Background Different prediction models for operative mortality after esophagectomy have been developed. The aim of this
study is to independently validate prediction models from Philadelphia, Rotterdam, Munich, and the ASA.
Methods The scores were validated using logistic regression models in two cohorts of patients undergoing esophagectomy
for cancer from Switzerland (n=170) and Australia (n=176).
Results All scores except ASA were significantly higher in the Australian cohort. There was no significant difference in
30-day mortality or in-hospital death between groups. The Philadelphia and Rotterdam scores had a significant
predictive value for 30-day mortality (p=0.001) and in-hospital death (p=0.003) in the pooled cohort, but only the
Philadelphia score had a significant prediction value for 30-day mortality in both cohorts. Neither score showed any
predictive value for in-hospital death in Australians but were highly significant in the Swiss cohort. ASA showed only a
significant predictive value for 30-day mortality in the Swiss. For in-hospital death, ASA was a significant predictor in
the pooled and Swiss cohorts. The Munich score did not have any significant predictive value whatsoever.
Conclusion None of the scores can be applied generally. A better overall predictive score or specific prediction scores for
each country should be developed.

Keywords Risk prediction models . Esophagectomy .

In-hospital death . 30-day mortality

Introduction

Surgical resection is the cornerstone of curative treatment for
esophageal cancer. Despite advances in surgical, anesthetic,
and intensive care techniques, hospital mortality is still
substantial, with rates reported to be up to 14%.1 Different
approaches to decrease the perioperative morbidity and
mortality have been used, such as the introduction of
minimally invasive surgical techniques, thoracic epidural
analgesia, standardized perioperative pathways, and preop-
erative selection of patients.2,3 As esophageal cancer usually
occurs in the elderly population and many of these individuals
have significant comorbidities, careful preoperative assess-
ment of fitness and subsequent selection of appropriate
surgical candidates are important steps which can improve
short-term outcomes for individuals undergoing this surgery.

J Gastrointest Surg (2009) 13:611–618
DOI 10.1007/s11605-008-0761-y

No score generally applicable

U. Zingg (*) : C. Langton : B. Addison : B. P. L. Wijnhoven :
D. I. Watson
Flinders University Department of Surgery,
Flinders Medical Center,
Flinders Drive, Bedford Park,
Adelaide 5042 South Australia, Australia
e-mail: uzingg@uhbs.ch

U. Zingg : J. Forberger
Department of Surgery, Triemli Hospital,
Zurich, Switzerland

B. P. L. Wijnhoven
Department of Surgery, Erasmus Medical Center,
Rotterdam, The Netherlands

S. K. Thompson
Discipline of Surgery, University of Adelaide,
Adelaide, South Australia, Australia

A. J. Esterman
School of Nursing and Midwifery, University of South Australia,
Adelaide, South Australia, Australia



A number of studies have investigated risk factors for in-
hospital mortality following esophagectomy. Age, comor-
bidity, and pulmonary status have been identified as
independent risk factors.4,5 Hospital volume has also been
shown to significantly influence mortality rates, with 50%
lower rates in high-volume centers.6 Several risk prediction
models have been developed, but only a minority of them
have been validated in independent cohorts.

The Physiological and Operative Severity Score for the
Enumeration of Mortality and Morbidity (POSSUM) has
been adjusted to accurately predict death from gastric and
esophageal surgery (O-POSSUM).7 Three subsequent
studies evaluated the O-POSSUM and showed a poor
goodness of fit of the model and substantial overprediction
of postoperative death using independent patient cohorts
worldwide.8–10

Other more simplified and practical prediction models
have been proposed. Steyerberg et al.11 from Rotterdam,
the Netherlands, developed a simple score which included
age, comorbidity, hospital volume, and whether the patient
received neoadjuvant treatment. Very similar, but without
using neoadjuvant treatment a as variable, is the recently
described prediction model of Ra et al.12 from Philadelphia.
Siewert’s group13 in Munich proposed a score based on
pulmonary, hepatic, and cardiac function as well as on
general status. The American Society of Anesthesiologists
(ASA) score has also been shown to be a reliable predictor
of mortality.14 All of these models accurately predicted
postoperative hospital death in the initial validation
studies. However, to our knowledge, these models have
not been validated in independent cohorts of esophageal
cancer patients. Hence, the aim of our study was to
investigate the prognostic value of these four prediction
models (Rotterdam, Philadelphia, Munich, ASA; Table 1)
in two geographically different cohorts, as well as in a
pooled cohort of patients undergoing esophagectomy for
cancer.

Patients and Methods

Two cohorts of patients undergoing esophagectomy for
cancer from Switzerland and Australia were used to assess
the validity of four different prediction models. The Swiss
cohort of patients consisted of a consecutive series of 170
patients who underwent esophagectomy at one large
teaching hospital in Zurich from 1990 to 2007. The
Australian cohort consisted of a consecutive series of 176
patients operated in Adelaide, South Australia between
1999 and 2007 at two university hospitals and two private
hospitals. All patients underwent surgery using a transtho-
racic approach, and in all patients the stomach was used as
conduit for reconstruction. The anastomosis was either

performed with a stapled technique or hand-sewn, accord-
ing to the individual surgeon’s preference. In both
countries, patients with advanced tumors (T3 or N+)
usually received neoadjuvant treatment. This usually
entailed two cycles of 5-fluorouracil and cisplatin in
combination with 45 to 50 Gy of radiotherapy. Surgery
was performed 4 to 8 weeks after the completion of any
pretreatment.

For both cohorts, data (demographics, comorbidity,
tumor stage, morbidity, mortality) were retrospectively
retrieved from the case notes for patients undergoing
surgery between 1990 and 1998. From 1999 onwards, data
were prospectively retrieved and stored in databases in both
sites. Both 30-day mortality and in-hospital mortality
outcomes were determined.

For all individual patients, the Rotterdam, Philadelphia,
and ASA scores were calculated, and no data were
missing. The Munich score includes an aminopyrine
breath test to classify hepatic function as either normal,
compromised, or severely compromised. As this test was
not performed in either the Swiss or the Australian cohort,
hepatic status was assessed using routine clinical data such
as liver function tests (alanine aminotransferase, ALT,
aspartate aminotransferase, AST, gamma-glutamyl trans-
ferase, GGT) in preoperative blood samples as well as
radiological findings. ALT was considered to be patho-
logic if serum levels exceeded 50 iU/l, AST if more than
40 iU/l, and GGT if more than 60 iU/l. Routine imaging
with computed tomography was performed for all patients.
Evidence of liver cirrhosis or portal hypertension was also
noted. Patients were classified as having normal hepatic
function when neither blood tests nor imaging showed any
evidence of liver disease. If liver function tests were
elevated or imaging showed evidence of mild cirrhosis
without portal hypertension, hepatic function was consid-
ered to be compromised. No patients with severe cirrhosis
or portal hypertension underwent esophagectomy in either
of these cohorts.

Additionally, the Munich score uses the Karnofsky index
to assess the general status of the patient. This index was
not initially part of the prospective databases, and hence for
this aspect the general physical status was assessed
retrospectively using the clinical notes. Theses results were
then adapted to the Karnofsky score. Obesity was defined
as a body mass index (BMI) above 30 kg/m2.

The study was approved by the responsible clinical
research ethics committees in the two countries.

Statistical Analysis

Comparison of demographic and clinical data between the
two patient cohorts (Swiss and Australia) was undertaken
using Chi-squared tests for categorical data and Student’s t
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tests or Mann–Whitney U tests for continuous data. Since
all four prediction scores were skewed, correlation between
them was assessed by Spearman rank correlation. Logistic
regression was used to calculate whether each score could
predict 30-day mortality, in-hospital mortality, or prolonged
ventilation. The latter was used as a marker of severe
morbidity. Prolonged ventilation was defined as ventilation
required for more than 72 h.

Models were developed for each of the three-outcome
and four-risk-score combinations, i.e., 12 models in
total. For each combination, the initial model included
the score, country, and score–country interaction term. If
the latter was statistically significant, separate models
were developed for each country collection with no
attempt to pool the data across the two countries. The
Hosmer and Lemeshow test was performed to evaluate

Table 1 The Four Validated Prediction Scores

Variable Definition of variable Points

Rotterdam score 11

Age (years) 50 −1
65 0
80 1

Comorbidity Pulmonary 1
Cardiovascular 1
Diabetes 1
Hepatic 1
Renal 1

Neoadjuvant therapy Radiotherapy 1.5
Chemoradiotherapy 1

Hospital volume Low (≤1) 0
Intermediate (1.1-2.5) −0.5
High (≥2.6) −1.5
Very high (≥50) −2

Philadelphia score 12

Age 65−69 0
70−79 1
80+ 2

Hospital volume High 0
Medium 2
Low 2

Charlson score 0 0
1 0
≥2 2

Munich score 13

Pulmonary function (weighting factor 2) Normal (vital capacity >90% and PaO2 >70 mmHg) 1
Compromised (vital capacity <90% or PaO2 <70 mmHg) 2
Severely compromised (vital capacity <90% and PaO2 <70 mmHg) 3

Hepatic function (weighting factor 2) Normal (aminopyrine breath test >0.4) 1
Compromised (aminopyrine breath test <0.4, no cirrhosis) 2
Severely compromised (cirrhosis) 3

Cardiac function based on cardiologists impression
(weighting factor 3)

Normal (normal risk for major surgery) 1
Compromised (increased risk for major surgery) 2
Severely compromised (high risk for major surgery) 3

General status (weighting factor 4) Normal (Karnofsky index >80% and good cooperation) 1
Compromised (Karnofsky index ≤80% or poor cooperation) 2
Severely impaired (Karnofsky index ≤80% and poor cooperation) 3

American Society of Anesthesiologists (ASA) score 14

Normal healthy patient 1
Patient with mild systemic disease 2
Patient with severe systemic disease 3
Patient with severe systemic disease that is a constant threat to life 4
Moribund patient who is not expected to survive without the operation 5
Declared brain-dead patient whose organs are removed for donor purposes 6
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the goodness of fit of each logistic regression model.
Nagelkerke’s R-squared test was used to determine the
percentage of variability in outcome explained by the
model.

Statistical significance for each model was set at
p<0.05. Statistical analyses were performed with SPSS®
version 16 for Windows. For all outcomes, a logistic
regression of a binary response variable (Y) on a
continuous normally distributed variable (X) with a sample
size of 289 observations for in-hospital death, 425
observations for 30-day mortality, and 154 observations
for prolonged ventilation achieved 80% power at a 0.05
significance level. This detected a change in probability
(Y=1) from the value of 0.060 (6% mortality) at the mean
of X to 0.113 when X is increased to one standard
deviation above the mean. This change corresponds to an
odds ratio of 2.000.

Results

The pooled cohort included 346 patients. The two cohorts
from Switzerland (n=170) and Australia (n=176) did not
differ in age or the percentage of obese patients. There
were, however, significant differences in some other patient
or tumor characteristics, as shown in Table 2. All scores
were significantly different between the cohorts, with the
Australian cohort having higher scores except for ASA
(Table 3). There were no significant differences in 30-day
mortality, in-hospital death, or the frequency of prolonged
ventilation between groups (Table 4). There was a good
correlation between the Philadelphia and Rotterdam scores,
whereas no correlation to or in between the other scores
was detected (Table 5).

Pooling was allowed in all scores and outcomes (Table 6).
The Philadelphia and Rotterdam scores had a significant
predictive value for 30-day mortality and in-hospital death in
the pooled cohort. After stratifying into the two countries,
only the Philadelphia score had a significant prediction value
for 30-day mortality in both cohorts. The Rotterdam score
had no significant predictive value for 30-day mortality in
Australians and neither score showed any predictive value
for in-hospital death in Australians. Both scores were highly
significant in the Swiss cohort.

The Munich score did not have any significant predictive
value for operative mortality in the pooled data or in any of
the cohorts. ASA showed only a significant predictive
value for 30-day mortality in the Swiss but not in the
pooled or Australian cohorts. For in-hospital death, ASA
was a significant predictor in the pooled and Swiss cohorts.

Concerning prediction of prolonged ventilation as an
indicator for severe morbidity, the Munich score had a
significant predictive value in the Australians but neither in
the pooled or Swiss cohorts. ASA predicted prolonged
hospitalization only in the pooled cohort but not in the
country subgroups.

Table 2 Basic Descriptives Between the Swiss and Australian
Cohorts

Australians Swiss p value
N=176 N=170

Age (SEM) 62.2 (0.7) 62.5 (0.8) 0.814a

Sex Male 137 (77.8%) 147 (86.5%) 0.036b

Female 39 (22.2%) 23 (13.5%)
Comorbidity Yes 110 (62.5%) 76 (44.7%) 0.001b

No 65 (37.5%) 94 (55.3%)
Obesity Yes 30 (17.0%) 20 (11.8%) 0.163b

No 146 (83.0%) 150 (88.2%)
Neoadjuvant
treatment

Yes 96 (54.5%) 44 (25.9%) <0.001b

No 80 (45.5%) 126 (74.1%)
Type Adeno 134 (76.1%) 125 (73.5%) 0.010b

SCC 29 (16.5%) 42 (24.7%)
Other 13 (7.4%) 3 (1.8%)

SEM standard error of mean
a Students t test
b Chi-squared test

Table 3 Results of the Four Scores in the Two Different Cohorts

Philadelphia score Rotterdam score Munich score ASA score

Australians (n=176) Median 1.00 −0.205 11.0 2.0
Mean rank 184.3 187.3 187.7 162.0
Minimum 0 −2.5 4 1
Maximum 5 3.0 16 3

Swiss (n=170) Median 1.00 −0.500 11.0 2.0
Mean rank 162.4 158.8 158.8 185.4
Minimum 0 −2.5 6 1
Maximum 4 2.5 16 3

p valuea 0.030 0.008 0.003 0.012

ASA American Society of Anesthesiologists
aMonte Carlo Exact Mann–Whitney U test
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Discussion

Analysis of the pooled data in this study demonstrated that
two of the risk prediction scores, Philadelphia and
Rotterdam, correlated with operative mortality following
esophagectomy in this group of esophageal cancer patients.
The predictive value was highly significant for the Swiss
population, whereas the scores were only marginally or not
significant in the Australian cohort. The ASA score only
predicted operative mortality for the Swiss cohort but not
for the Australian cohort. The Munich score had no
significant predictive value in either patient cohort.

The Rotterdam score and the Munich score were
developed using logistic regression analysis in a primary
cohort and then validation in other cohorts. Both scores
showed good agreement between the predicted risks and
the observed risks.11,13 The Philadelphia and ASA scores
were developed again with logistic regression, but these
scores were not validated with other cohorts. Both models
accurately predicted postoperative mortality in initial
reports.12,14 The time period over which the patients
were collected was long for three of the scores (22 years in
the Rotterdam score, 14 years in the Munich score, and
15 years in the ASA score), whereas the data for the
validation of the Philadelphia score were collected over a
6-year period.

There were some significant differences between the two
cohorts of patients we analyzed in our study and this might
explain some of our findings. The Australian cohort had
higher Philadelphia, Rotterdam, and Munich scores but a
lower ASA score. The Rotterdam score includes comor-
bidity and neoadjuvant treatment, both of which were more
prevalent in the Australian cohort, thus explaining the
higher scores. The higher Munich score can be again
explained by the more frequent comorbidity seen in the
Australian cohort. The significant difference in ASA scores
is related to the number of patients with ASA score of 1
(Australia 38 vs. Switzerland 11). The reason for this
difference is unclear. A possible explanation is that the
ASA score is defined by the individual anesthetist, and this
might be influenced by differences in clinical assessment.

The Munich score in this study was not done with an
aminopyrine breath test. However, we did assess the hepatic
function by other means, and it was not difficult to classify
patients as having either a normal or compromised liver
function. Furthermore, no patients with significant liver
disease underwent surgery in either country. It is therefore
likely that all patients were adequately assessed for this
criterion.

Concerning prolonged ventilation as a marker of severe
morbidity, the ASA score was a significant predictor in the
pooled cohort, and the Munich score was also predictive in
the Australian cohort. However, cautious interpretation of
these results is necessary as all scores were primarily
developed to predict hospital mortality. The prediction of
morbidity with the ASA score as demonstrated by Sauvanet
et al.14 is only reproduced in our pooled cohort not in the
subcohorts. This might indicate that a large number of
patients are necessary to reach statistical significance, and
for this reason the true prediction value was not established
in the individual cohorts. Sauvanet et al. evaluated the ASA
score in a group of over 1,000 patients. There were
sufficient patients in our pooled cohort of patients to ensure
sufficient statistical power of the study for valid assessment
of all other risk assessment tools.

Table 5 Spearman Rank Correlation Between Scores Stratified According to Country

Philadelphia score Rotterdam score Munich score ASA score

Australians (n=176) Philadelphia score 1.000 0.822 0.581 0.345
Rotterdam score 0.822 1.000 0.643 0.399
Munich score 0.581 0.643 1.000 0.483
ASA score 0.345 0.399 0.483 1.000

Swiss (n=170) Philadelphia score 1.000 0.815 0.609 0.264
Rotterdam score 0.815 1.000 0.561 0.277
Munich score 0.609 0.561 1.000 0.379
ASA score 0.264 0.277 0.379 1.000

ASA American Society of Anesthesiologists

Table 4 30-day Mortality, In-Hospital Death, and Incidence of
Prolonged Ventilation in the Two Cohorts

Australians
(n=176)

Swiss
(n=170)

p
valuea

30-day mortality Yes 8 (4.5%) 7 (4.1%) 1.000
No 168 (95.5%) 163 (95.9%)

In-hospital
mortality

Yes 14 (8.0%) 8 (4.7%) 0.272
No 162 (92.0%) 162 (95.3%)

Prolonged
ventilation

Yes 20 (11.4%) 26 (15.3%) 0.344
No 156 (88.6%) 144 (84.7%)

a Chi-squared test
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The female-to-male ratio was different in our two
cohorts. To our knowledge, only one study has identified
sex as an independent predictor of death, with women
having an odds ratio of 1.5 for inpatient death.15 The
majority of studies have not shown any influence of sex
on hospital mortality.1,4,12,16–18 However, a difference in
outcome between histological subtypes has been sug-
gested. The percentage of adenocarcinomas was very
similar in both of our groups. One previous study has
shown a higher operative mortality for patients with

squamous cell cancer, but this has not been supported
by other studies.18,19 Many studies, however, do report
long-term survival differences for different histological
subtypes.18–22

Operative mortality and the frequency of prolonged
ventilation were similar in both cohorts and comparable to
other published series.17,18,23,24 A trend towards higher in-
hospital mortality in the Australian cohort was seen,
whereas 30-day mortality rates were similar. In-hospital
mortality may better reflect general comorbidities, as

Table 6 Results of the Logistic Regression Analyses

Australians (n=176) Swiss (n=170) Pooled (n=346)

30-day mortality
Philadelphia score p value 0.045 0.012 0.001

Hosmer and Lemeshow test 0.825 0.248 0.735
Nagelkerke R-squared 0.068 0.125 0.092

Rotterdam score p value 0.269 0.003 0.003
Hosmer and Lemeshow test 0.608 0.465 0.266
Nagelkerke R-squared 0.022 0.207 0.085

Munich score p value 0.959 0.188 0.431
Hosmer and Lemeshow test 0.345 0.989 0.634
Nagelkerke R-squared <0.001 0.033 0.006

ASA score p value 0.661 0.019 0.065
Hosmer and Lemeshow test 0.601 0.867 0.747
Nagelkerke R-squared 0.004 0.135 0.034

In-hospital death
Philadelphia score p value 0.068 0.004 0.001

Hosmer and Lemeshow test 0.924 0.232 0.784
Nagelkerke R-squared 0.042 0.158 0.082

Rotterdam score p value 0.088 0.002 <0.001
Hosmer and Lemeshow test 0.681 0.688 0.064
Nagelkerke R-squared 0.039 0.224 0.098

Munich score p value 0.611 0.090 0.490
Hosmer and Lemeshow test 0.415 0.958 0.035
Nagelkerke R-squared 0.003 0.050 0.004

ASA score p value 0.271 0.008 0.021
Hosmer and Lemeshow test 0.869 0.880 0.270
Nagelkerke R-squared 0.016 0.163 0.043

Prolonged ventilation
Philadelphia score p value 0.500 0.070 0.095

Hosmer and Lemeshow test 0.304 0.771 0.286
Nagelkerke R-squared 0.005 0.032 0.014

Rotterdam score p value 0.535 0.067 0.105
Hosmer and Lemeshow test 0.965 0.016 0.174
Nagelkerke R-squared 0.004 0.034 0.014

Munich score p value 0.029 0.476 0.060
Hosmer and Lemeshow test 0.083 <0.001 <0.001
Nagelkerke R-squared 0.055 0.005 0.019

ASA score p value 0.060 0.060 0.006
Hosmer and Lemeshow test 0.530 0.323 0.024
Nagelkerke R-squared 0.042 0.037 0.041

p value, goodness-of-fit measure, and percentage of variability in outcome explained by the model for 30-day mortality, in-hospital death, and
prolonged ventilation in the two collections and in the pooled data (where pooling was allowed after testing for country interaction). The first
column shows the score used for prediction. The p value refers to the statistical significance of the regression coefficient. A Hosmer and
Lemeshow statistic of p>0.05 demonstrates a good fit
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patients with surgical complications may die earlier,
whereas pulmonary, cardiac, and renal impairment may
lead to a prolonged postoperative course with slow
deterioration and ultimately death after more than 30 days
of hospitalization.

There was a good correlation between the Philadelphia
and Rotterdam risk scores with a correlation coefficient of
over 0.8. This is not surprising as these models used similar
variables. Interestingly, the Philadelphia score does not
include neoadjuvant treatment, yet this variable was not
even evaluated in the primary regression analysis. Whether
neoadjuvant treatment has an influence on perioperative
mortality and morbidity is unclear. A number of studies did
not detect higher operative mortality.25–27 A meta-analysis
of randomized controlled trials showed a trend toward
higher operative mortality in pretreated patients (odds ratio
of 1.72; 0.96, 3.07 95% confidence interval, p=0.07).28

The Rotterdam study demonstrated a significant influence
for neoadjuvant treatment, chemotherapy alone, or radio-
chemotherapy. The Munich score includes only comorbid-
ity and performance status of the patient. As this score was
developed 1998, before the era of wide application of
neoadjuvant treatment, it may be outdated by now. This is
reflected by the poor predictive value in all cohorts,
including the pooled data. ASA score, the simplest and
oldest of the four validated scores, had no correlation to the
other scores at all.

The most surprising finding of this validation study is
that the two most recently developed scores, Philadelphia
and Rotterdam, had different predictive values for operative
mortality in the two country cohorts. Both scores were
excellent outcome predictors for the Swiss cohort but not
for the Australian cohort. This suggests that these scores
cannot be reliably applied to all centers undertaking
esophageal cancer surgery.

The difference in predictive value might be explained by
differences in perioperative management, differences in the
medical systems, and the fact that all Swiss patients were
operated in a single institution whereas the Australian
patients were operated in two university hospitals and two
private hospitals, albeit by members of the same surgical
group. The basic surgical approaches and postoperative
management guidelines in these two cohorts were similar.
In contrast to the Australian medical system, where a
number of consultant surgeons work in different public and
private institutions, the Swiss system has full-time consul-
tant surgeons in one institution only. This might result in
more tightly supervised postoperative management. Hospi-
tal and surgeon volume has been shown to influence
outcome.15,29–31 In our study, all hospitals met previous
definitions of high-volume centers.

The patients in the Swiss cohort were collected over a
time period of 17 years compared to 8 years in the Australian

cohort. This might have influenced the results. However, the
number of surgeons performing esophagectomies in the
Swiss cohort was stable during that period and all procedures
were supervised by the same head of department.

The Munich score had no significant predictive value
and poor goodness of fit for operative mortality in both
cohorts as well as in the pooled data. The main difference
between the Philadelphia and Rotterdam scores and the one
from Munich is the variety of variables used. The Munich
score concentrates on comorbidity and general performance
status whereas the two other scores include variables such
as age, neoadjuvant treatment, and hospital volume. The
range of variables having an impact on hospital mortality
discussed in the literature is very wide and to some extent
controversial. Age, sex, race, hospital volume, neoadjuvant
treatment, comorbidity, cancer stage, smoking, pulmonary
function (FEV 1, FVC), blood loss, and localization of the
tumor have all been shown to significantly influence
hospital death.1,4,11–15,17,18 This diversity of possible factors
might render it difficult to develop a uniformly applicable
score.

The development of risk prediction models in esopha-
geal surgery is important for two reasons: it allows
improvement of outcome by appropriate selection of
patients for surgery and it enables auditing results in
comparison to other institutions, countries, and published
series. The ideal prediction score should be simple to apply,
and it should reproducible across different institutions and
patient cohorts. This generalization has not yet been
achieved with these four scores

Conclusion

The results of this study show that none of the scores can be
applied generally to all institutions undertaking esophagec-
tomy and that a better overall predictive score or specific
prediction scores for each country might need to be
developed.
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Abstract
Introduction Only a few studies have evaluated the impact of clinicopathological variables and cervical lymphadenectomy
on survival in patients with upper thoracic esophageal squamous cell carcinoma (SCC).
Material and Methods From 1960 to 2005, a total of 167 consecutive patients with upper thoracic esophageal SCC
underwent esophagectomy. Of these patients, 108 underwent surgery between 1960 and 1989 and 59 between 1990 and
2005. A total of 65 patients were treated with cervical lymphadenectomy. Univariate and multivariate analyses were
performed to evaluate the impact of clinicopathological variables on surgical outcome and possible predictors for cervical
lymph node metastasis.
Results and Discussion The overall 5-year survival of the later period was significantly better than the former period (43%
vs 13%, p<0.01). Based on Cox’s proportional hazards model, T3/T4 tumors, thoracic or abdominal node metastasis,
venous invasion, residual cancer, absence of cervical lymphadenectomy, and hospital morbidity were independent risk
factors for reduced survival in patients with upper thoracic esophageal SCC. A total of 31 (48%) of 65 patients who
underwent cervical lymphadenectomy showed positive nodes in cervical field.
Conclusion Based on logistic regression analysis, T3/T4 tumors and recurrent nerve node metastasis were possible risk
factors for cervical node metastasis.

Keywords Esophageal cancer . Squamous cell carcinoma .

Upper thoracic esophageal carcinoma . Lymph node .

Prognosis

Abbreviations
SCC squamous cell carcinoma
2FLD two-field lymph node dissection
3FLD three-field lymph node dissection

Introduction

Although upper thoracic tumors frequently spread to
cervical lymph nodes, cervical lymph node metastasis is
regarded as a distant metastasis and classified as stage IV.1

In Japan, three-field lymph node dissection (3FLD),2,3 i.e.,
neck, mediastinal, and abdominal lymphadenectomy, has
been introduced to improve the long-term survival of such
patients through 1980s. Nevertheless, despite improved
surgical techniques4 and adjuvant therapy,5–7 early recur-
rence is still frequently observed in patients with upper
thoracic tumors.8 Because only a few reports have analyzed
the distribution of positive lymph nodes and prognostic
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factors for patients with upper thoracic esophageal carci-
noma,8–10 it is still unclear which patients should be
treated with cervical lymph node dissection. Therefore,
we retrospectively analyzed a consecutive series of 167
patients with primary upper thoracic esophageal SCC in
order to analyze surgical outcome. Then, we focused on
65 patients treated with 3FLD in order to analyze the
risk factors for cervical lymph node metastasis and
survival.

Material and Methods

Patients and Surgical Procedure

Between January 1960 and the end of 2005, 167 patients
were surgically treated for primary upper thoracic esopha-
geal squamous cell carcinoma (SCC) at the Department of
Surgery, Chiba University Hospital (Chiba, Japan). Patients
were classified pathologically according to the pTNM/
UICC classification.1

Before 1980, only paraesophageal lymph node dissec-
tion was performed. After 1980, thoracic lymph node
dissection was performed according to standard procedures
that have been described previously.2,3 This procedure,
called a “D2 lymphadenectomy” according to the Japanese
classification of esophageal carcinoma,11 involves dissect-
ing the non-paraesophageal nodes. The patients who
showed positive finding by neck ultrasonography received
cervical lymphadenectomy. After 1990, cervical lymph
nodes were routinely dissected in patients under 70 years
of age.

A total of 96 patients underwent curative resection (R0),
and a total of 65 patients were treated with 3FLD. Of these
65 patients, 31 (48%) were diagnosed pathologically with
cervical lymph node metastases. After surgery, all patients
underwent clinical examinations and imaging studies on a
regular basis either until death or until the end of 2007. All
clinicopathological data, including disease recurrence and
treatment, were collected and maintained monthly at the
Department of Surgery, Chiba University Hospital (Chiba,
Japan).

Preoperative Staging Techniques

Standard staging techniques before 1980 were limited to
esophagography and an esophagoscope. After 1980, stan-
dard staging techniques included endoscopic ultrasonogra-
phy, computed tomography, and neck ultrasonography.
After 1990, positron emission tomography was introduced
for patients with advanced tumors to screen for distant
metastases or to predict malignant potential. We have not
performed thoracoscopy or laparoscopy.4

Perioperative Adjuvant Therapy

Over the years, both postoperative management and
postoperative adjuvant therapy for esophageal cancer have
gradually improved. Before 1980, preoperative radiation
therapy was usually undertaken for clinical T2–T4
tumors.12 Postoperative adjuvant chemotherapy was admin-
istered to all eligible patients according to the protocols of
the Japan Esophageal Oncology Group, which conducted
three consecutive randomized controlled trials after 1980.5–7

Preoperative adjuvant therapy was administered as follows:
one patient received chemotherapy, 95 patients received
radiation therapy, and 27 patients received chemoradiation
therapy. Postoperative adjuvant therapy was administered
as follows: 19 patients received radiation therapy and 21
patients received chemotherapy. Thus, a total of 49 patients
received perioperative chemotherapy.

Statistical Analysis

Because postoperative care and treatment modalities for
recurrent disease have gradually improved during the time
period of our 40-year retrospective study, the consecutive
series of 167 patients was divided into two groups
according to the time period of surgery: 1960 to 1989 (n=
108) and 1990 to 2005 (n=59). The results of surgical
treatment and several other variables regarding prognosis
were compared between these two time periods to make the
results of this retrospective study as meaningful as possible.
Fisher’s exact probability test was used to determine the
significance of any group differences.

Outcome was evaluated at the end of 2007. Survival
probabilities were calculated using the Kaplan–Meier
product limit method and survival differences between the
two groups were tested using the log-rank test. The
influence of clinicopathological variables on survival was
individually assessed by Cox’s proportional hazards model.
The influence of each clinicopathological variable on the
risk of cervical lymph node metastases was assessed by
logistic regression analysis. All statistical analyses were
carried out using the Stat View 5.0 for Windows (SAS
Institute Inc., Cary, NC, USA); P values were considered to
be statistically significant at the 5% level.

Results

Clinicopathological Features of Patients with Upper
Thoracic Esophageal Squamous Cell Carcinoma According
to the Mode of Lymphadenectomy

Of the 167 patients with upper thoracic esophageal SCC,
150 were men (90%) and 17 women (10%), with a mean
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age of 60 years (range, 35 to 82 years). The mean size of
the tumors was 38 mm (range, 4 to 130 mm). The mean
number of totally dissected lymph nodes and metastatic
lymph nodes per patient was 42 (range, 5 to 118). Overall
hospital morbidity and hospital mortality rates were 57%
and 7.8%, respectively.

Patients treated with 3FLD included those treated more
recently and those with less invasive tumors, more metastatic
lymph nodes, less residual cancer, and more dissected
lymph nodes than seen in patients treated with 2FLD
(Table 1).

Survival of 167 Patients According to Clinicopathological
Factors

The overall 5-year survival rate of the entire group of 167
patients was 38%. A total of 97 patients (58%) developed
recurrent disease by the end of 2007. The overall survival
curves (according to time period of surgery) gradually
increased. The 5-year overall survival rates in each decade
were 7% (1960s), 15% (1970s), 14% (1980s), 36% (1990s),
and 57% (2000s), respectively. The patients treated after
1990 showed significantly better survival than did the other
groups. Cervical lymphadenectomy (Fig. 1a), no lymph
node metastases (Fig. 1c), and no residual cancer (Fig. 1d)
were significant good prognostic factors for survival.
Although the 5-year survival rate of T1 tumors was more
than 60%, the survival rates of T2–T4 tumors were below
30% (Fig. 1b). A total of 12 patients of 108 patients, who
received 2FLD, survived more than 5 years without
recurrent disease, and a total of 17 of 59 patients, who

received 3FLD, survived more than 5 years without
recurrent disease.

Using univariate analysis, ten of the 14 variables
provided a significant estimate of the prognosis for overall
survival in patients (Table 2). The following factors were
identified as significant predictors of poor survival: former
time period of surgery, large tumor, T3/T4 tumor, presence
of lymph node metastasis, presence of venous invasion,
fewer dissected lymph nodes, 2FLD, and presence of
hospital morbidity.

A multivariate analysis using Cox’s proportional hazard
model was performed to re-evaluate the impact of clinico-
pathological variables (Table 2). T3/T4 tumor, abdominal
positive nodes, presence of residual cancer, 2FLD, and
presence of venous invasion were identified as independent
risk factors for reduced survival.

Distribution of Positive Lymph Nodes and the Risk Factors
for Cervical Lymph Node Metastasis

In 65 patients who underwent 3FLD, the overall positive
rates of each lymph node field were 48% in the cervical
field, 38% in the thoracic field, and 11% in the abdominal
field. The most frequent metastasis was observed in the
supraclavicular node (45%) followed by the cervical para-
esophageal node (34%) (Fig. 2).

Because the cervical field was the most frequent
metastatic site, clinicopathological features were compared
according to the status of cervical node metastasis (Table 3).
T3/T4 tumor was significantly associated with cervical
node metastasis (29% of T1/T2 tumors vs 65% of T3/T4

Table 1 Comparison of Clinicopathological Features in 167 Patients with Upper Thoracic Esophageal Squamous Cell Carcinoma According to
the Mode of Lymphadenectomy

Variables (total number of patients) Two-field lymphadenectomy (n=102) Three-field lymphadenectomy (n=65) P valuea

Time period of surgery, before/after 1990 (108/59) 89/13 19/46 <0.01
Gender, male/female (150/17) 90/12 60/5 0.44
Age (years), <60/≥60 (75/92) 47/55 28/37 0.75
Tumor size, <50/≥50 mm (119/48) 69/33 50/15 0.22
Tumor depth, T1T2/T3T4 (62/105) 31/71 31/34 0.03
Lymph node status, N0/N1 (69/98) 45/57 24/41 0.42
Thoracic node metastasis, (−)/(+) (122/45) 82/20 40/25 0.01
Abdominal node metastasis, (−)/(+) (139/28) 83/19 56/9 0.53
Venous invasion, (−)/(+) (75/92) 46/56 29/36 >0.99
Residual cancer, (−)/(+) (96/71) 44/58 52/13 <0.01
Perioperative chemotherapy, (−)/(+) (118/49) 76/32 42/17 0.58
Number of dissected lymph nodes,
<30/≥30 (101/66)

97/5 4/61 <0.01

Hospital morbidity, (+) (95) 53 42 0.11
Hospital mortality, (+) (13) 10 3 0.25

a Two-tailed Fisher’s exact probability
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tumors). Recurrent nerve node metastasis was also
significantly associated with cervical node metastasis
(40% of recurrent nerve node negative tumors vs 71%
of recurrent nerve node positive tumors). Venous inva-
sion was also significantly associated with cervical node
metastasis (31% of non-venous invasion tumors vs 61%

of venous invasion tumors). In a multivariate analysis,
T3/T4 tumor was an independent risk factor for cervical
node metastasis. Although the differences were not
statistically significant, recurrent nerve node metastasis
and venous invasion were also associated with a high
risk of cervical node metastasis.

Table 2 Univariate and Multivariate Analysis for Survival in 167 Patients with Upper Thoracic Esophageal Squamous Cell Carcinoma

Variables (total number patients) Overall 5-year survival rate (%) P valuec Overall survival adjusted
hazard ratio (adjusted 95% CI)

P valuea

Time period of surgery, before/after 1990 13/43 <0.01 NA
Gender male/female 22/23 0.69 1.05 (0.51–1.76) 0.87
Age (years), ≥60/<60 22/22 0.97 1.10 (0.76–1.60) 0.61
Tumor size, ≥50/<50 mm 18/27 <0.01 1.37 (0.92–2.04) 0.12
Tumor depth, T3T4/T1T2 8/44 <0.01 2.80 (1.78–4.37) <0.01
Lymph node status, N1/N0 14/32 <0.01 NA
Thoracic node metastasis, (+)/(−) 18/22 0.40 1.02 (0.66–1.59) 0.91
Abdominal node metastasis, (+)/(−) 6/23 <0.01 1.65 (1.02–2.67) 0.04
Venous invasion, (+)/(−) 12/32 0.02 1.52 (1.02–2.27) 0.04
Residual cancer, (+)/(−) 2/36 <0.01 2.53 (1.63–3.92) <0.01
Perioperative chemotherapy, (−)/(+) 21/21 0.70 1.02 (0.69–1.63) 0.80
2FLD/3FLD 12/35 <0.01 1.60 (1.04–2.44) 0.03
Number of dissected lymph nodes, <30/≥30 12/38 <0.01 NA
Hospital morbidity, (+)/(−) 18/26 0.02 1.55 (1.03–2.32) 0.03

FLD field of lymphadenectomy, NA not applicable
a Log-rank test
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vors. P values were determined
using the log-rank test.
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Overall Survival in 65 Patients who Underwent 3FLD

Univariate analysis in 65 patients who underwent 3FLD, using
clinicopathological variables, are shown in Table 4. A
multivariate analysis showed that T3/T4 tumor, thoracic node
metastasis, and residual cancer were independent risk factors
for poor survival. However, former time period of surgery,
cervical node metastasis, and abdominal node metastasis were
not selected as independent risk factors for poor survival.

Discussion

We retrospectively analyzed clinicopathological factors and
mode of lymphadenectomy of a consecutive series of 167

patients with primary upper thoracic esophageal SCC.
Because preoperative staging guided the type of lympha-
denectomy through 1980s, only 19 of 108 patients
underwent cervical lymphadenectomy. After 1990, cervical
lymph nodes were routinely dissected in patients under
70 years of age.

Examination of our series showed that the long-term
overall survival of patients after surgery significantly
depended on the depth of tumor invasion, status of lymph
node metastasis, status of venous invasion, residual cancer,
mode of lymphadenectomy, and hospital morbidity. Sur-
vival curves according to each clinicopathological variable
were similar to those in previous reports.8 The overall
5-year survival rate of the subgroup with T3/T4 tumors and
venous invasion was only 7%.

Table 3 Clinicopathological Features and Risk of Cervical Lymph Node Metastases in 65 Patients with Upper Thoracic Esophageal Squamous
Cell Carcinoma Treated with Three-Field Lymph Node Dissection

Variables (total number of patients) Cervical LD (+) (n=31) P valuea Adjusted hazard ratio (adjusted 95% CI) P valueb

Gender, female/male (5/60) 3/28 >0.99 5.82 (0.61–55.26) 0.13
Age (years), <60/≥60 (28/37) 14/17 0.81 0.94 (0.30–3.01) 0.92
Tumor size, <50 mm/≥50 mm (50/15) 24/7 >0.99 0.38 (0.10–1.55) 0.18
Tumor depth, T1T2/T3T4 (31/34) 9/22 <0.01 7.75 (2.03–29.58) <0.01
Thoracic node metastasis, (+)/(−) (25/40) 15/16 0.13 NA
Recurrent nerve node metastasis, (+)/(−) (17/48) 12/19 0.04 3.31 (0.80–13.61) 0.09
Abdominal node metastasis, (+)/(−) (9/56) 5/26 0.73 1.04 (0.21–5.14) 0.97
Venous invasion, (+)/(−) (36/29) 22/9 0.02 2.70 (0.81–8.96) 0.11

NA not applicable
a Two-tailed Fisher’s exact probability
b Logistic regression analysis

•Deep cervical LN (11%)

•Cervical paraesophageal LN (34%)

•Supraclavicular LN (45%)

•Recurrent nerve LN (23%)

•Upper paraesophageal LN (10%)

•Tracheobronchial LN (11%)

•Subcarinal LN (5%)

•Main bronchus LN (3%)

•Middle paraesophageal LN (28%)

•Lower paraesophageal LN (3%)

•Cardiac LN (8%)

•Left gastric artery LN (2%)

•Lesser curvature LN (2%)

Cervical LNs (48%)

Thoracic LNs (38%)

Abdominal LNs (11%)

Figure 2 Positive rates of each
lymph node in 65 patients un-
derwent three-field lymph node
dissection.
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Although cervical lymphadenectomy seemed to improve
overall survival in multivariate analysis, mode of lympha-
denectomy itself was not selected as a significant prognos-
tic factor after co-analysis with “time period of surgery”
(data not shown). This was explained partly because all 102
patients who underwent 2FLD were in “former period.”

In terms of adjuvant therapy, neither preoperative
radiation therapy nor chemotherapy demonstrated a surviv-
al benefit in this series (data not shown). However, the
latest randomized trials of the Japan Esophageal Oncology
Group, which included part of our series, surgery plus
postoperative chemotherapy (cisplatinum+5-fluoruracil) im-
proved disease-free survival in node-positive patients.7

Although multivariate analysis did not suppose survival
benefit of perioperative chemotherapy, patients in later time
period more frequently received postoperative chemother-
apy consisting of cisplatinum+5-fluoruracil than patients in
former time period. These differences might partly contrib-
ute to improve survival of patients who received cervical
lymphadenectomy.

The precise extent of positive lymph nodes associated
with upper thoracic esophageal SCC was only seen in
patients who received a 3FLD. A total of 31 patients (48%)
of 65 patients had cervical node metastases. Among them,
30 patients had supraclavicular node metastases and seven
patients had deep cervical node metastases. Although some
part of the cervical paraesophageal node could be dissected
through a thoracic approach by using thoracoscopy, the
supraclavicular and deep cervical nodes were not possible
targets through the thoracic approach. Therefore, cervical
lymphadenectomy through cervical incision might be
essential in these patients. Although hospital morbidity

rates in both groups, 2FLD and 3FLD, were relatively high,
hospital mortality rate in 3FLD group was less than 5%.
However, some of the patients with poor general condition
may be a candidate to omit prophylactic deep cervical node
dissection.

Paratracheal node and/or recurrent nerve node metastasis
were reported to be associatedwith cervical nodemetastasis.14,15

The same tendency was confirmed in the present series of
65 patients who underwent cervical lymphadenectomy.
Cervical lymphadenectomy through cervical incision was
essential in upper thoracic esophageal carcinoma with T3/
T4 tumors and/or recurrent nerve node metastasis. Among
ten patients with T3/T4 tumors with recurrent nerve node
metastases, nine patients had cervical node metastases.
Although T1/T2 tumors and/or thoracic node-negative
tumors were less likely to have cervical node metastasis
than the other advanced tumors, six (30%) of 20 patients
with T1 tumors without thoracic node metastases still had
cervical node metastases. Therefore, so far, it has been
difficult to define exactly a subgroup of patients among
those with upper thoracic esophageal SCC who should be
treated with cervical lymphadenectomy.

In conclusion, the outcome for upper thoracic esophageal
cancer has significantly improved after 1990, partly depen-
dent on the introduction of cervical lymphadenectomy. T3/
T4 tumors, large tumor size, and venous invasion are still
unfavorable factors for survival even after 3FLD. Because
the supraclavicular and/or cervical paraesophageal nodes
were the ones most frequently affected by metastases,
cervical lymphadenectomy might be important in upper
thoracic esophageal SCC. However, further study is still
required to confirm this in a prospective randomized fashion.

Table 4 Univariate and Multivariate Analysis for Survival in 65 Patients with Upper Thoracic Esophageal Squamous Cell Carcinoma After
Three-Field Lymph Node Dissection

Variables (total number patients) Overall 5-year survival rate (%) P valuea Overall survival adjusted hazard
ratio (adjusted 95% CI)

P valuea

Time period of surgery, before/after 1990 13/49 <0.01 2.14 (0.85–5.34) 0.10
Gender male/female 35/65 0.16 3.49 (0.34–36.11) 0.23
Age (years) ≥60/<60 33/41 0.54 1.37 (0.65–2.89) 0.42
Tumor size, ≥50/<50 mm 11/42 0.02 1.02 (0.38–2.76) 0.96
Tumor depth, T3T4/T1T2 8/70 <0.01 4.65 (1.72–12.82) <0.01
Lymph node status, N1/N0 28/51 <0.01 NA
Cervical node metastasis, (+)/(−) 25/45 0.04 1.56 (0.58–4.21) 0.38
Thoracic node metastasis, (+)/(−) 21/44 0.01 2.82 (1.19–6.67) 0.02
Abdominal node metastasis, (+)/(−) 22/40 0.31 1.11 (0.41–3.02) 0.83
Venous invasion, (+)/(−) 23/52 0.06 1.12 (0.43–2.90) 0.79
Residual cancer, (+)/(−) 0/46 <0.01 3.80 (1.35–10.75) <0.01
Perioperative chemotherapy, (−)/(+) 32/54 0.02 0.99 (0.42–2.30) 0.98
Number of dissected lymph nodes, <30/≥30 0/37 0.51 1.19 (0.31–5.62) 0.82
Hospital morbidity, (+)/(−) 39/53 0.06 1.08 (0.41–2.87) 0.88

a Log-rank test
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Increased Fat Content and Body Shape Have Little Effect
on the Accuracy of Lymph Node Retrieval and Blood Loss
in Laparoscopic Distal Gastrectomy for Gastric Cancer
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Abstract
Background Fat volume and large abdominal shape are known to disrupt the procedures of lymph node retrieval used in
gastric cancer surgery. The present study examined the effect of increasing fat content on surgical outcomes, including
estimated blood loss and the number of lymph nodes retrieved during gastrectomy.
Methods Of 154 patients, 50 underwent the conventional open procedure (OPEN) and 104 underwent laparoscopy-assisted
distal gastrectomy (LADG). The BMI-related factors of total fat, subcutaneous fat, and visceral fat area, as well as the
peritoneum–celiac axis distance were calculated by computed tomography. Regression analysis was used to determine the
effects of BMI-related factors that obstruct the surgical procedures on the specific outcomes of estimated blood loss and
the number of lymph nodes retrieved.
Results In the OPEN, but not in the LADG, increases in all BMI-related factors were related to increases in estimated blood
loss. The increases in BMI, subcutaneous fat, and the peritoneum-celiac axis distances were related to decreased numbers of
retrieved lymph nodes only in the OPEN. Only the factor of visceral fat at the celiac level was modestly associated with a
decreased number of dissected lymph node in both groups.
Conclusions The present study demonstrated that increased fat content and large body shape have little effect on the number
of lymph nodes retrieved and blood loss in LADG. However, for patients undergoing conventional open distal gastrectomy,
increased fat content and large body shape do impact on the amount of blood lost and the number of lymph nodes retrieved.

Keywords Obesity . Abdominal shape . Gastric cancer .

Lymph-node dissection . Laparoscopy . Open approach

Introduction

The technical difficulties associated with conventional open
distal gastrectomy with D2 lymph node dissection of gastric
cancer are increased in patients with high body mass index
(BMI) values, since the N2 regional lymph nodes lie deep
within the fatty tissues around the major abdominal vessels,
which may be associated with hemorrhage.1 Multivariate
logistic regression analysis of a large number of patients who
underwent gastrectomy with D2 and D3 lymph node
dissection has revealed that obesity is one of major predictors
of serious surgical complications,2,3 and several studies have
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demonstrated increased postoperative morbidity and mortal-
ity after gastrectomy in obese patients.4–7,2

A person who is twice the ideal weight or who has a
BMI value >40 kg/m2 is considered to be obese.4 The
excess intraperitoneal fat tissue in obese patients often
results in a reduced field of view and difficulty in
controlling intraoperative blood loss during surgery. In
addition, both the fat volume and abdominal shape of
gastric cancer patients influence their short-term surgical
outcomes after distal gastrectomy with D2 lymph node
dissection.8 However, little is known about the individual
factors (e.g., intra-abdominal fat, subcutaneous fat, and
abdominal shape) that make lymph node dissection
difficult.

Laparoscopy-assisted distal gastrectomy (LADG), which is
increasingly used for gastric cancer surgery,9,10 is a safe and
useful technique when performed by a skilled surgeon.11

Several studies have reported lower intraoperative blood
loss9,12–14 and similar accuracy of lymph node dissection15,14

for LADG compared with conventional open distal gastrec-
tomy. Accurate lymph node dissection requires a clear
operative field without massive bleeding. Laparoscopy pro-
vides a good field of vision even in the depths of the
abdominal cavity, which facilitates lymph node dissection.
However, few studies have examined the feasibility of LADG
in obese patients.16,17

In the present study, we evaluate the influence of fat
volume such as subcutaneous fat, and visceral fat as the
respective fatty areas, and body size assessed by the
distance between the peritoneum and root of celiac axis
measured by multidetector row computed tomography
(MDCT) when performing a distal gastrectomy for gastric
cancer. Additionally, we examine these factors when the
operation is laparoscopy assisted (LADG).

Materials and Methods

Patient Characteristics

Between March 2005 and June 2006, 154 patients with
early gastric cancer underwent distal gastrectomy with
modified D2 lymph node dissection at the Department of
Gastrointestinal Surgery of the Cancer Institute, Tokyo,
Japan. The indication for LADG is limited to clinically
diagnosed early gastric cancer, which is an extra-indication
for endoscopic submucosal dissection (ESD). Of these
patients, 50 underwent distal gastrectomy with the conven-
tional open procedure (OPEN) and 104 underwent LADG
(LADG). Although the number of LADG procedures
performed in Japan is increasing gradually, LADG is not
standard therapy for early gastric cancer. Further, the
Japanese Research Society for Gastric Cancer (JRSGC)

has defined LADG as a therapeutic approach for use in
clinical trials.19 Therefore, we ask patients preoperatively
whether they are willing to undergo LADG or would prefer
the conventional open method. In the present study, the
greater number of LADG procedures was due to patient
requests. In addition, the two gastric cancer specialists
recruited to the study have extensive experience with
LADG, having performed more than 300 such procedures.
All data were collected retrospectively and the collection of
patients’ individual data was approved by an institutional
review board. The patients’ backgrounds and clinicopath-
ologic characteristics were analyzed retrospectively.

Histologically, all of the tumors were classified as
adenocarcinomas that had invaded the mucosa or submu-
cosa of the stomach without lymph node metastasis (cT1,
cN0). Clinical classification of tumor depth (cT) and nodal
involvement (cN) was evaluated preoperatively and intra-
operatively by barium radiography, upper gastrointestinal
tract endoscopy, abdominal ultrasonography, computed
tomography (CT), and endoscopic ultrasonography. The
indication for these surgical procedures was intramucosal or
submucosal carcinoma without lymph node metastasis
(cT1, cN0). Gender, age, BMI, preoperative complications,
and clinical staging were documented for all the patients.

Exclusion Criteria

Patients were excluded if they had cardiac (higher than
grade II in the New York Heart Association scale),
pulmonary (higher than grade II in the Hugh–Jones scale),
hepatic (Child classes B and C) or renal insufficiency.

Lymphadenectomy for Gastric Cancer

For patients in the OPEN and the LADG groups, the scope
of lymph node dissection was as described previously.18

The lymph node stations correspond to the specific lymph
node tiers designated by the Japanese Research Society for
Gastric Cancer (JRSGC).19 Lymphadenectomy of the
modified D2 dissection (D1+beta) was performed for all
patients who were diagnosed preoperatively as having
mucosal or submucosal gastric cancer. We used the recently
revised definition of second-tier nodes by the JRSGC,19

which includes the hepatoduodenal ligament (station 12a)
and the root of the superior mesenteric vein (station 14 v), in
addition to the criteria of the American Joint Committee on
Cancer (AJCC; 1987).20 Complete D2 dissection is defined
by the JRSGC as including all of the above stations. The
dissection of first-tier nodes as well as preferential lymph
nodes along the left gastric (station 7), common hepatic
(station 8a) and celiac (station 9) arteries is defined as a
modified D2 dissection, and these four stations are defined as
selective second-tier stations.
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Reconstruction

Pylorus-preserving gastrectomy (PPG) was indicated if the
cancer was located in the distal stomach, at least 5 cm proximal
to the pyloric ring. The application of PPG was restricted to
patients with cancer in the gastric body, so as to maintain a safe
distal margin (2 cm) from the lesion. The distal part of the
stomach was resected while retaining a 3-cm pyloric cuff.
LADG with Billroth I (B-I) anastomosis was indicated if the
cancer was located in the distal stomach less than 5 cm
proximal to the pyloric ring. In this instance, B-I reconstruc-
tion was performed using end-to-end anastomosis (EEA) with
a mechanical stapling device (Tyco Healthcare, Japan). All
anastomotic procedures were established extracorporealy;
therefore, this operation is not purely laparoscopic distal
gastrectomy but laparoscopic-assisted distal gastrectomy.

Clinical Data

The following parameters were recorded: operation time,
estimated blood loss, degree of lymph node dissection, and
intraoperative complications. All resected stomachs were
opened immediately after surgery, and the dissected lymph
nodes were categorized and counted by pathologist according
to the anatomic distribution and numbering of the regional
lymph nodes, based on the JRSGC classification system.19

Lymph nodes were retained for comparison of the procedures
with respect to the quality of the lymph node dissection.
Sections cut from formalin-fixed specimens were stained with
hematoxylin–eosin. Histologic determinations were made of
the depth of wall invasion, number of harvested lymph
nodes, and presence or absence of lymph node metastasis.

The following postoperative data were recorded: gastric
fullness (for cases of upper abdominal distention, remnant
stomach fullness on X-ray, and starvation longer than 24 h),
anastomotic problems (leakage, stenosis, bleeding ulcer),
ileus, early-dumping syndrome, pancreatitis and pancreatic
juice leakage, total amount of analgesic drugs up to and
including postoperative Day 3, time to first flatus, time to
first oral intake, and postoperative hospital stay.

Evaluation of Factors Related to High BMI

To estimate the BMI-related factors, subcutaneous fat, and
visceral fat were calculated from the respective fat area at
the celiac axis using MDCT with a fat area evaluation
program (Slim Vision; KGT Inc., Japan). In addition, the
distance between the peritoneum and root of the celiac axis
were measured using the Slim Vision software.

All the CT scans were performed in the 4-week period
before surgery. CT scans were performed using a four-
channel MDCT (LightSpeed QX/i; GEYMS, Japan) using
the following parameters: 120 kVp, 200 mAs, 10.0-mm

beam collimation, 0.75 beam pitch, 2.5-mm slice thickness,
prone position for 60 s after contrast medium (Iopamiron-
370 syringe or iopamidol; Nihon Schering, Japan) injection.

Influences of Fat Volume and Body Shape on Operation
Time, Estimated Blood Loss, and Numbers of Excised
Lymph Nodes

To evaluate the influences of fat volume and abdominal
shape on operation time, estimated blood loss, and numbers
of excised lymph nodes, we fitted separate regression
models with different slopes and different intercepts
corresponding to OPEN and LADG. The individual influ-
ences of OPEN and LADG were tested by the t test for the
regression coefficients of the slopes. The differences
between the influences of OPEN and LADG were tested
by the F test for the comparison of the two regression
coefficients of the slopes.

Statistical Analysis

All data are presented as means±SE. The results were
compared for patients undergoing OPEN and LADG.
Statistical analysis was performed using Welch’s t test to
examine the differences between the means of variables,
and the Fisher’s exact test was used to test the level of
independence between the two groups. The hypotheses
were tested with a significance level (P value) of 0.05.

Results

Clinicopathologic Characteristics of the Patients

The clinical histories were similar for all the patients
(Table 1), as were their concurrent illnesses. There were no
significant differences between the groups in terms of age,
BMI or clinical staging, although the number of females
was significantly higher in the LADG group.

The mean operation time for the OPEN procedure was
more than 45 min shorter than that for the LADG procedure
(176±6 min vs. 227±5 min; P<0.001).The mean estimated
blood loss volume for the OPEN procedure was more than
four times greater than that for the LADG procedure (167±
15 mL vs. 38±3 mL; P<0.001). The mean number of
dissected lymph nodes in the LADG group was higher than
that in the OPEN group (34±1 vs. 29±1; P<0.002).

Comparison of BMI Values, Fat Volumes, and Abdominal
Shapes between LADG and OPEN

The BMI values and BMI-related factors are summarized in
Table 2. There were no significant differences between the
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groups in terms of BMI and subcutaneous fat area. The
visceral fat areas at the celiac axis (P=0.020) were
significantly larger in the OPEN group, and the peritoneum
to root of the celiac axis distance was significantly longer in
the OPEN group (P=0.015).

Influences of Fat Volume and Abdominal Shape
on Operation Times of LADG and OPEN

The influences of fat volume and abdominal shape on
operation time were evaluated as regression coefficients.
No significant positive regression coefficients for operation
time were found for either the OPEN or LADG procedure
with respect to BMI, subcutaneous fat at the celiac level,
visceral fat at celiac level, and distance between the
peritoneum and celiac axis. A comparison of the two
regression coefficients of operation time between the
LADG and OPEN procedures did not show any significant
differences for any of the factors.

Influences of Fat Volume and Abdominal Shape
on Estimated Blood Losses during LADG
and OPEN

For the OPEN procedure, significant increased regression
coefficients were found for all factors related to fat volume
and abdominal shape, including BMI (P<0.001; Fig. 1A),
subcutaneous fat at the celiac level (P=0.029; Fig. 1B),
visceral fat at the celiac level (P<0.001; Fig. 1C) and
distance between the peritoneum and celiac axis (P<0.001;
Fig. 1D). The increases in all these factors were signifi-
cantly related to increases in estimated blood loss in the
OPEN procedure. On the other hand, no significant
increases in the regression coefficients for factors related
to fat volume and abdominal shape, including BMI (P=
0.167; Fig. 1A), subcutaneous fat at the celiac level (P=
0.573; Fig. 1B), visceral fat at the celiac level (P=0.068;
Fig. 1C), and distance between the peritoneum and celiac
axis (P=0.122; Fig. 1D), were found for estimated blood

Table 2 Fat Volumes and Body Shapes of Patients Undergoing Conventional Open Distal Gastrectomy (OPEN) and Laparoscopy-assisted Distal
Gastrectomy (LADG)

OPEN (N=50) LADG (N=104) P value

BMI (kg/m2) 22.7±3.8 22.4±0.4 0.657
Subcutaneous fat (celiac level) (m2) 55±31 59±3 0.448
Visceral fat (celiac level) (m2) 87±10 63±5 0.020*
Peritoneum–celiac axis distance (mm) 107±3 99±2 0.015*

Data are presented as means±SE. BMI body weight/height2 (kg/m2 ). An unpaired t test was used to test the equality between the two means of
the variables. *P<0.05 was considered statistically significant

Table 1 Characteristics of Patients Undergoing Conventional Open Distal Gastrectomy (OPEN) or Laparoscopy-assisted Distal Gastrectomy
(LADG)

OPEN LADG P value

N 50 104
Sex Male/female 34/16 49/55 0.024*
Age Average (year) 60±1 60±1 0.600

Range (year) 35–79 34–86
Preoperative complication
Diabetes 2 (4%) 3 (3%) 0.828
Ischemic heart disease 1 (2%) 1 (1%) 0.588
Hypertension 5 (10%) 8 (8%) 0.911
Clinical staging
IA 44 (88%) 94 (90%) 0.863
IB 4 (8%) 8 (8%) 0.799
II 2 (4%) 1 (1%) 0.513
IIIA 0 (0%) 1 (1%) 0.707
Mean operation time (min) 176±6 227±5 <0.001*
Mean estimated blood loss (mL) 167±15 38±3 <0.001*
Mean number of retrieved lymph nodes 29±1 34±1 <0.002*

Data are presented as means±SE. An unpaired t test was used to test the equality between the two means of the variables. The Fisher exact test or
χ2 test was used to test the independence between the two groups. *P=0.050 was considered statistically significant
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loss in the LADG procedure. Comparison of the regression
coefficients for estimated blood loss between the LADG
and OPEN procedures showed significant differences,
albeit not for the factor of subcutaneous fat (P=0.125).

Influences of Fat Volume and Abdominal Shape
on Numbers of Dissected Lymph Nodes of LADG
and OPEN

For the OPEN procedure, negative regression coefficients
for the numbers of dissected lymph nodes were found for
BMI (P=0.010; Fig. 2A), subcutaneous fat at the celiac
level (P=0.018; Fig. 2B), and distance between the
peritoneum and celiac axis (P<0.001; Fig. 2D). The factor
of visceral fat at the celiac level (P=0.133; Fig. 2C) showed
only modest influence on the numbers of dissected lymph
nodes for the OPEN procedure. In contrast to the data
obtained for the OPEN procedure, no negative regression
coefficients were found for any of the factors in the LADG
group. However, the factor of visceral fat at the celiac level
(P=0.142; Fig. 2C) showed modest influence on the
numbers of dissected lymph nodes. Comparison of the

regression coefficients for numbers of dissected lymph
nodes between the LADG and OPEN procedures showed
significant differences for BMI (P=0.050), subcutaneous
fat at the celiac level (P=0.049), and distance between the
peritoneum and celiac axis (P<0.001).

Discussion

Since 1996, the use of LADG has increased rapidly in Japan,21

and many retrospective22–24,13 and prospective9,25 studies
have shown the safety, efficacy, and feasibility of laparosco-
py-assisted gastrectomy. However, LADG with extended
lymph node dissection for gastric cancer is generally
considered to be more complicated than the conventional
open procedure, owing to the complexity of lymph node
dissection.26,25 Additional technical difficulties, including
high conversion or extension of incisions and prolonged
operation time, have been noted for LADG in heavier
patients.16 Open gastric surgery also shows higher rates of
postoperative complications, longer operation times, greater
estimated blood loss volumes, and lower numbers of

Figure 1 Influence of fat
volume and abdominal shape
on estimated blood loss. To
evaluate the influences of fat
volume and abdominal shape on
estimated blood loss, separate
regression models were fitted
with different slopes and
different intercepts
corresponding to OPEN and
LADG. Data are presented as
the regression coefficients and
corresponding P values. The
individual influences of OPEN
and LADG are tested by the
t test for their regression
coefficients of the slopes. The
differences in the influences of
OPEN and LADG are tested by
the F test for the comparison of
two regression coefficients of
the slopes. BMI Body weight/
height2. P values<0.05 are
considered to indicate statistical
significance. Effects on
estimated blood loss of: a BMI,
b subcutaneous fat volume at
the celiac level, c visceral fat
volume at the celiac level; and
d distance between the
peritoneum and celiac axis on
estimated blood loss.
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dissected lymph nodes in obese patients than in non-obese
patients.5–7 However, in several studies of laparoscopic
cholecystectomy27,28 and LADG,17 no significant differences
have been found between obese and non-obese patients in
terms of operating time, conversion rate to open surgery,
postoperative complication rate or length of hospital stay.
Therefore, we propose that LADG can be used to treat obese
patients if the surgeon is skilled.

Early operative outcomes are assessed using the param-
eters of operation time, estimated blood loss volume, and
number of dissected lymph nodes.15,12 Although some
studies have demonstrated significantly higher numbers of
dissected lymph node in OPEN procedures compared to
LADG procedures,14,12,29 we have previously demonstrated
that the quality of lymph node dissection in LADG is
comparable to that in OPEN procedures15 if the surgeon is
skilled and experienced. In the present study, there was less
blood loss and more lymph nodes dissected in the LADG
group compared with the OPEN group. Both of these
outcomes can be explained by the better accessibility of the
laparoscopic view in deep lesions in the abdominal cavity
afforded by LADG and better control of bleeding because
of the improved view, even in abundant adipose tissues.

The proportion of males was higher in the OPEN group
than in the LADG group. Visceral fat and larger abdominal
shape are recognized more often in male patients than in
female patients with same BMI. The analysis of BMI-
related factors revealed different body compositions, such
as significantly more visceral fat and longer peritoneum to
celiac axis distance, in the OPEN group. These factors
might disrupt the operative procedures, resulting in poor
surgical outcomes in the OPEN group, such as greater
blood loss and fewer dissected lymph nodes.

To reveal the BMI-related factors that disrupt the
operative procedure and give poorer operative outcomes
in the OPEN group, regression analysis was performed to
evaluate the influences of these BMI-related factors on the
operative outcomes as continuous variables. The operative
time in both groups was not extended without affecting the
degree of obesity and large abdominal shape. The effect on
estimated blood loss was significantly different between the
two procedures. Although BMI-related factors affected
blood loss in the OPEN group, none of the BMI-related
factors were associated with blood loss in the LADG group.
Further multivariate analysis identified a strong association
between peritoneum to celiac distance and increased

Figure 2 Influence of fat
volume and abdominal shape
on numbers of excised lymph
nodes. To evaluate the
influences of fat volume and
abdominal shapes on the
numbers of excised lymph
nodes, separate regression
models were fitted with the
different slopes and different
intercepts corresponding to
OPEN and LADG. Data are
presented as the regression
coefficients and corresponding
P values. The individual
influences of OPEN and LADG
are tested by the t test for their
regression coefficients of the
slopes. The differences in the
influences of OPEN and LADG
are tested by the F test for the
comparison of two regression
coefficients of the slopes. BMI
weight/height2. P values<0.05
are considered to indicate
statistical significance. Effects
on numbers of excised
lymph nodes of: a BMI,
b subcutaneous fat volume at
the celiac level, c visceral fat
volume at the celiac level, and
d distance between the
peritoneum and celiac axis.
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estimated blood loss during the OPEN procedure (data not
shown). Among all the BMI-related factors, factors related
to abdominal shape were the most disruptive for the OPEN
procedure. The advantages of LADG for obese and large-
bodied patients, i.e., ensuring accessibility and reducing
bleeding, may account for the reduced blood loss during
LADG, as compared to the OPEN procedure.

For the OPEN procedure, BMI, subcutaneous fat, and
distance between the peritoneum and celiac axis were
associated with a decreased number of dissected lymph nodes.
On the other hand, there were no influences of these BMI-
related factors on lymph node dissection in the LADG
procedure. Only the factor of visceral fat at the celiac level
was modestly associated with a decreased number of dissected
lymph node in both groups. These data suggest that lymph
node dissection in obese and large-bodied patients is more
disrupted by the OPEN procedure than by the LADG
procedure. However, it should be noted that intra-abdominal
obesity may disturb lymph node dissection even in the LADG.

Several studies have pointed out that for patients who are
undergoing OPEN gastrectomy, being overweight increases
the risk of surgical complications.2,3,5,6,8 In the present
study, no influence of BMI-related factors on complication
rate was detected for either group (data not shown). As this
was a single institutional trial with a limited number of
patients, the overall complication rate was not as high as
that seen in other studies with high numbers of patients.

In conclusion, the present study clearly demonstrates that
increasing fat content and body size have little effect on
bleeding and lymph nodes retrieved in LADG, whereas
increasing fat content and body size disturbs the precise lymph
nodes dissection and increase the blood loss in purely
conventional open distal gastrectomy probably due to the high
level of accessibility and clear view of the operative field
conferred by the laparoscope and laparoscopic grasper forceps.
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Abstract
Background Expression and function of hexose transporters vary diurnally in rat small intestine; however, this subject
remains unexplored in mice.
Aim The aim of the study was to investigate the diurnal expression and function of hexose transporters SGLT1, GLUT2,
and GLUT5 in mouse small bowel.
Methods Twenty-four c57bl6 mice maintained in a 12-h light/dark room (6 AM–6 PM) were sacrificed at 9 AM, 3 PM, 9 PM,
and 3 AM (n=6 each). In duodenal, jejunal, and ileal mucosa, total cellular mRNA and protein levels were quantitated by
real-time PCR and semiquantitative Western blotting, respectively. The everted sleeve technique measured transporter-
mediated glucose uptake at 9 AM and 9 PM.
Results mRNA expression of SGLT1, GLUT2, and GLUT5 varied diurnally in all three intestinal segments (p≤0.03).
SGLT1, GLUT2, and GLUT5 protein levels varied diurnally in duodenum and jejunum (p<0.05) but not in ileum.
Transporter-mediated glucose uptake was greater at 9 PM than 9 AM (p≤0.04) in all three segments. Vmax was greater in
duodenum (10 vs 6 nmol/cm/s) and jejunum (8 vs 5 nmol/cm/s) at 9 PM compared to 9 AM (p=0.01); Km remained
unchanged.
Summary mRNA levels of intestinal hexose transporters varied diurnally. Protein levels peaked 6–12 h later during dark
cycle when >70% of food intake occurred; glucose transport followed a similar pattern with increased uptake at 9 PM.
Conclusion Hexose transporter expression and function vary diurnally with nocturnal feeding patterns of mice.

Keywords Hexose transporters . Diurnal rhythm .Mice .

Small intestine . Sugar absorption
Introduction

Sodium glucose co-transporter 1 (SGLT1), glucose trans-
porter 2 (GLUT2), and glucose transporter 5 (GLUT5) are
the primary hexose transporters present in rodent small
intestine.1,2 Expression of these transporters is regulated by
luminal substrates, hormonal regulation, neural regulation,
ontogenic programmed expression, and by diurnal rhythm
possibly via clock genes.1,3–8 Expression of mRNA and
protein of these transporters vary diurnally and in a
temporally coordinated, segmental manner throughout rat
small intestine.1,7–10 Elucidating the interaction between
regulatory mechanisms of these transporters may help
develop novel treatments for patients with malabsorptive
disorders and diabetes.

Virtually all the previous work on diurnal variation in
glucose transporters has been limited to the rat mod-
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el.1,7,8,10,11 Uncovering the molecular mechanisms regulat-
ing this periodicity would be more feasible in the mouse
model where the genome is more readily exploited;11

however, this diurnal variation has not been characterized
in mice.

It is important to understand both the mechanisms
regulating the expression of nutrient absorptive proteins as
well as the presence or absence of a diurnal variation in
their expression and activities at a segmental level to better
understand neural and/or hormonal control of this regula-
tion. We hypothesized that the expression and function of
the hexose transport proteins SGLT1, GLUT2, and GLUT5
follow a coordinated diurnal rhythm throughout the mouse
small intestine.

Methods

Animal handling and care was conducted in conformity
with the NIH guidelines on the humane use and care of
laboratory animals after approval from our Institutional
Animal Care and Use Committee.

Design

To determine the presence or absence of diurnal rhythmic-
ity, relative levels of total cellular hexose transporter
mRNA and protein levels for mucosal hexose transporters
from six mice at each of four time points (9 AM, 3 PM, 9 PM,
and 3 AM) were determined from mucosal scrapings of
duodenum, jejunum, and ileum. In addition, transporter-
mediated glucose uptake was determined using the everted
sleeve technique at 9 PM and 9 AM (n=6 at each time point,
corresponding with presumed peak and trough levels of
protein expression, respectively).12

Procedure

Adult male, c57bl6 mice (Harlan, Indianapolis, IN, USA)
weighing 20–25 g were maintained in an alternating 12-h,
light–dark cycle (6 AM–6 PM, respectively) with free access
to chow (Lab Diet 5001, Brentwood, MO, USA) and water.
Mice were acclimated to this facility at least 1 week prior to
study. Food consumption was monitored every 12 h (6 AM–
6 PM) for 1 week separately in six mice.

Mice were anesthetized using inhaled 2% isoflurane
(Abbott Laboratories, North Chicago, IL, USA) for induc-
tion and intraperitoneal pentobarbital (40 mg/kg; Ampro-
Pharmacy, Arcadia, CA, USA) for maintenance of
anesthesia. After a midline celiotomy, the proximal duode-
num was cannulated, and the entire small intestine was
flushed with cold (4°C), iso-osmotic phosphate-buffered
solution (PBS) to remove intraluminal content. Care was

taken to prevent disruption of blood supply to the bowel
during this procedure. Duodenal, jejunal, and ileal segments
were placed immediately in PBS at 4°C. Harvested
duodenal segments were 4 cm in length, extending from
the pylorus to the ligament of Treitz, jejunal specimens
were 8 cm in length with the proximal limit as ligament of
Treitz, and ileal samples were 10–12 cm in length
extending proximally from the cecum. Mucosa was
obtained from each of these segments by scraping the
opened segment with a glass slide. Part of the mucosal
sample was placed in RNA stabilization buffer (RNALater,
Qiagen, Valenica, CA, USA), and the remainder in cold
PBS with protease inhibitor (Complete tablets, Roche
Diagnostics, Indianapolis, IN, USA) for protein studies.
All samples were snap-frozen in liquid nitrogen immedi-
ately after sample acquisition and kept at −80°C until
analysis.

RNA

Total RNA was isolated using the RNeasy Midi Kit
(Qiagen) according to the manufacturer’s recommenda-
tions. RNA concentrations in each sample were then
determined using a spectrophotometer (DU 650, Beckman,
Fullerton, CA, USA). Then, 2 μg of RNA from each
sample was incubated for 15 min with 2 μl of DNase
enzyme (amplification grade) in DNAse buffer (Invitro-
gen, Carlsbad, CA, USA) to digest any residual DNA.
Next, each sample was reverse-transcribed using the
SuperScriptIII kit (Invitrogen) with random hexamer
priming. To eliminate variability, all samples from each
segment were reverse-transcribed simultaneously. cDNA
was kept at −20°C until further analysis.

Real-time PCR analysis was performed using Taqman
assays (Applied Biosystems, Foster City, CA, USA). Each
reaction consisted of 2 μl of standard, control, or unknown
sample combined with 23 μl of a standard master mix
(Applied Biosystems). Plasmids containing the cDNA
transcripts for SGLT1, GLUT2, and GLUT5 were pur-
chased from Open Biosystems (Huntsville, AL, USA).
Serial dilutions of plasmids with known copy numbers were
used to generate a standard curve during each real-time
PCR run. The cycle threshold for unknown samples was
then compared to the standard curve to determine the copy
numbers present for each transcript in each sample. DNase-
free water was used as negative control. Each sample was
run in duplicate, and all samples to be compared were run
together on the same analysis to avoid variability between
runs of real-time PCR analysis. Expression levels of each
transporter were expressed as a ratio to glyceraldehyde 6-
phosphate dehydrogenase (GAPDH), a housekeeping gene
whose mRNA and protein levels are expressed in stable
amounts in intestinal mucosal cells.
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Protein

The intestinal mucosal samples in PBS buffer containing
protease inhibitors were thawed on ice and homogenized in
RIPA lysis buffer also containing the protease inhibitors
using a Kontes Pellet Pestle (Fischer Scientific, Pittsburg,
PA, USA).6 Cellular debris was removed by centrifugation
at 10,000 rpm for 15 min at 4°C, and total protein was
collected in the supernatant. Protein concentrations were
then determined using the bichinchonink acid method
(Pierce, Rockford, IL, USA) and protein plate reader
(Microplate Manager III, BioRad, Hercules, CA, USA) at
a wavelength of 570 nm. Next, 200 μg of protein from each
sample was resolved on a 10% polyacrylamide gel
(BioRad). Precision Plus protein standards (BioRad) were
used for identification of molecular weights. Proteins were
then transferred onto a PVDF membrane (Millipore, Bed-
ford, MA, USA) using a semidry technique and blocked
with 5%, nonfat milk (BioRad) in Tris-buffered saline in
Tween (TBS-T). Membranes were then incubated overnight
in primary antibody against SGLT1 (1:3,000 dilution,
Chemicon International, Tenecula, CA, USA), GLUT2
(1:500 dilution, Chemicon International), GLUT5 (1:25
dilution, CoCalico Biologicals, Reamstown, PA, USA), or
GAPDH (1:500 dilution, US Biological, Swampscott, MA,
USA). Subsequently, membranes were washed three times
in TBS-T and blocked in 5% milk for 10 min prior to
incubation in the secondary antibodies (1:10,000 dilution,
antirabbit IgG for SGLT1, GLUT2, and GLUT5; and
1:10,000 dilution of antimouse IgG for GAPDH; Sigma-
Aldrich, St. Louis, MO, USA) at room temperature for 1 h.
Membranes were washed three times in TBS-T and once in
TBS alone. Colorimetric reaction was then performed using
Opti-4CN (BioRad) substrate for 10 min. Amplified Opti-
4CN substrate kit (BioRad) was used to enhance the
SGLT1 band. Immunoreactive bands produced by this
method were identified at about 70 kDa for SGLT1,
65 kDa for GLUT2, 55 kDa for GLUT5, and 35 kDa for
GAPDH. Membranes were scanned, and densitometric
analysis of the bands was performed using Scion Image
(Scion Corporation, Frederick, MD, USA). All samples
were run in duplicate; values were expressed as a ratio of
the transporter to GAPDH levels in each sample.

GLUT5 Primary Antibody Production

Due to the unavailability of commercially prepared
GLUT5 primary antibody, we developed an antibody
using a GLUT5 epitope (the last 15 amino acids at the
C-terminal of GLUT5 protein according to the NCBI
sequence—EEKELNDLPPATREQ). The epitope was
used by CoCalico Biologicals to induce production of
antibody to the GLUT5 epitope in rabbits. After several

boosts, serum from the production bleed was obtained.
Western blot was performed using this unpurified
antibody, and a band was identified as expected at
55 kDa. To validate that the antibody was indeed against
GLUT5, we repeated our experiment by incubating
GLUT5 primary antibody with the epitope peptide for
1 h; the band at 55 kDa disappeared, supporting the
specificity of this antibody.

Transporter-Mediated Glucose Uptake

Transporter-mediated glucose uptake was measured using
the everted sleeve technique,12 whereby the harvested
intestine was everted to expose the mucosal surface
externally. One-centimeter, everted segments of duodenum,
jejunum, and ileum were then mounted on steel rods and
secured with 5-0 silk ties in preformed grooves, leaving the
mucosal surface exposed to the bath solutions. These
everted sleeves were kept in chilled (4°C) mammalian
Ringers solution (in millimolar: 128 NaCl, 4.7 KCl, 2.5
CaCl2, 1.2 KH2PO4, 1.2 MgSO4, 20 NaHCO3; pH 7.3–7.4;
290 mOsm) bubbled with 95% O2/5% CO2 until studied.
Prior to transport studies, the everted sleeves were then
preincubated in 8 ml of 38°C mammalian Ringers solution
bubbled with 95% O2/5% CO2 for 5 min. After preincuba-
tion, the segments were immersed in an 8-ml incubation
bath maintained at 38°C containing Ringers solution with
iso-osmotic replacement of NaCl with either 1, 20, or
50 mM D-glucose and stirred at 1,200 rpm. 14C-D-Glucose
was used as the marker of transporter-mediated uptake,
while 3H-L-glucose (which is not absorbed via carrier-
mediated facilitated transport) was used to correct for
passive diffusion and adherent fluid. After a 1-min
incubation, tissues were rinsed in 30 ml of chilled Ringers
solution stirred at 1,200 rpm for 20 s and placed in glass
scintillation vials. One half milliliters of tissue solubilizer
(Solvable™, PerkinElmer, Boston, MA, USA) was used to
solubilize the segments over a 3-h period in a 50°C water
bath. After complete solubilization, 10 ml of scintillation
counting cocktail (Opti-Fluor®, PerkinElmer) was added,
and disintegrations per minute (DPM) were obtained using
liquid scintillation counting. Radioactivity was measured
using dual-isotope counting on a Beckman liquid scintilla-
tion counter. A standard quench curve was constructed, and
corrections were performed to account for spillover. All
counts were then expressed as DPM. Uptake was calculated
using the following equation:11

J ¼ P � R�Mð Þ=H � t � m

where P is the DPM of 14Ctiss, M is the DPM of 3Hinc, R is
the DPM 14Cinc/DPM

3Hinc, H is the DPM 14Cinc/nmol
glucoseinc, t is time, m is length, tiss is the tissue, and inc is
the incubation fluid.
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Lineweaver Burke plots were constructed to calculate
Vmax and Km values.

Statistical Analysis

Ratio of total cellular mRNA and protein expression for
each transporter is expressed as a ratio of the transporter to
the housekeeping gene GAPDH and is reported as the
median value with interquartile ranges. Kruskal–Wallace
and Wilcoxon rank sum tests were used to analyze the
variation between the four time points and within each
group at different anatomic regions (duodenum, jejunum,
ileum). Fold changes in mRNA and protein were calculated
as the maximal levels divided by minimum levels. Glucose
uptake values are reported as the mean and standard error
of the mean (x� SEM). ANOVA and Student’s t tests were
used to compare transport data across segments and within
each segment, respectively. p value of <0.05 after Bonfer-
roni corrections was considered significant; n values are
number of mice.

Results

Feeding Pattern

Mice followed a nocturnal-based feeding pattern. Greater
than 70% of chow intake occurred between 6 PM and 6 AM

(data not shown).

Segmental Diurnal Variation in Expression of mRNA
and Protein

All three intestinal segments showed a diurnal variation in
expression of hexose transporter mRNA; total cellular
protein levels showed a similar diurnal variation in
duodenum and jejunum but with a delay of 12–18 h in time.

Duodenum mRNA levels of the three hexose transporters
SGLT1, GLUT2, and GLUT5 peaked at 3 PM in
duodenum (p<0.05 in all; Fig. 1). The relative fold
changes (peak over minimum level) were twofold for
SGLT1, threefold for GLUT2, and ninefold for GLUT5.
Protein levels peaked at 9 AM, 18 h after mRNA levels for
all three transporters (p<0.02 each for all three trans-
porters; Fig. 1a). The relative fold change was twofold for
all the three transporters.

In about half of the duodenal samples, we were unable to
measure any protein for the hexose transporters or for
GAPDH. This inability to identify and thus quantify protein
tended to occur at 9 PM and 3 AM, requiring us to harvest
tissues from additional mice at these time points to obtain
an n of at least six mice at each time point.

Jejunum SGLT1 mRNA levels peaked at 9 PM (p≤0.04;
Fig. 1b). GLUT2 and GLUT5 mRNA levels peaked at 3 PM

(p≤0.03 each). Relative fold changes were threefold for
SGLT1 and GLUT2 and 24-fold for GLUT5. Peaks in
protein expression followed with a delay of 6–12 h for all
three transporters; protein levels of SGLT1, GLUT2, and
GLUT5 were greatest at 3 AM (p<0.05 each; Fig. 1b).
GLUT2 levels remained high at 9 AM, while the other two
transporter levels declined. Relative fold changes were
twofold for SGLT1 and 1.5-fold for GLUT2 and GLUT5.
Representative Western blots for jejunal protein levels are
shown in Fig. 2.

Ileum mRNA levels of all three hexose transporters peaked
at 9 PM (p<0.03 for all; Fig. 1c). Relative fold changes were
threefold for SGLT1, tenfold for GLUT2, and eightfold for
GLUT5. In contrast to duodenum and jejunum, protein
levels of all three hexose transporters did not vary diurnally
in ileum (p≥0.5 each).

Transporter-Mediated Glucose Uptake

Uptake in all three segments demonstrated saturation
kinetics consistent with transporter-mediated uptake. Glu-
cose uptake in duodenum was greater at 9 PM compared to
9 AM for all three glucose concentrations (Fig. 3a). A
similar pattern of increased uptake at 9 PM compared to
9 AM was also seen in jejunum and ileum, but only at 1 and
20 mM glucose concentrations (Fig. 3b and c). Uptake in
ileum was much less than in duodenum and jejunum.
Calculated Vmax increased at 9 PM compared to 9 AM in
duodenum and jejunum, but remained unchanged in ileum
(Fig. 4a). Km did not differ amongst the segments at 9 AM

vs the 9 PM group (Fig. 4b).

Discussion

Many groups have studied the regulatory mechanisms of
expression of hexose transporter mRNA and protein in the
rat small intestine, all demonstrating a diurnal rhythm in the
expression of SGLT1, GLUT2, and GLUT5.1,2,7,9 Peak
levels of mRNA occur in an anticipatory fashion just before
or just after the onset of the dark cycle before the majority
of feeding takes place, while total cellular protein levels
peak 6–12 h later, coinciding with maximal chow
intake.10,13 All these investigations have been conducted
in rats, and because of the relative inability to genetically
alter the rat genome, the ability to further define the
molecular-based mechanisms of underlying signaling path-
ways and other cellular mechanisms that might contribute
to these regulatory changes is complicated. We believed
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that it would be important to establish the existence of a
similar, diurnal rhythm in the mouse to broaden genetic
investigation into the regulation of hexose transport. To the
best of our knowledge, there have been no such comprehen-
sive reports of a diurnal expression of hexose transporters in
mouse small intestine nor a correlation of the expression of
these transporters with their actual absorptive function.

We demonstrated that when mice had free access to food
and water, like rats, most of their food intake (>70%)
occurred during the dark cycle between 6 PM and 6 AM.
This diurnal feeding cycle correlated with the total cellular
expression of mRNA and protein of the hexose transporters
SGLT1, GLUT2, and GLUT5, as well as the timing of
maximal transporter function, as measured by the everted
sleeve technique. The levels of mRNA of the transporters in

the duodenum and jejunum peaked in an anticipatory
fashion during the late hours of the light cycle and just
before the onset of the dark cycle when feedings occurred;
this increased transcription appeared to occur in preparation
for translation into the transport proteins to coincide with
maximal feeding during the dark cycle. Indeed, the protein
levels for SGLT1, GLUT2, and GLUT5 displayed a
diurnally varying pattern of expression in the jejunum with
greatest expression at 3 AM. This finding was supported by
the demonstration of maximal transporter-mediated uptake
by the small intestine during the dark cycle when food
intake was greatest. Also, associated with this increased
uptake was a 1.6-fold increase in Vmax (a function of the
number of transporters) from 9 AM to 9 PM, while Km, a
function of the receptor’s transporter affinity for its
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Figure 1 Variations in mRNA and protein expression levels of
SGLT1, GLUT2, and GLUT5 transporters at four time points during
the day in a duodenum, b jejunum, and c ileum; mRNA expression

relative to expression of the housekeeper GAPDH demonstrated
diurnal variation in all three segments of the small intestine. Total
cellular protein levels varied diurnally in duodenum and jejunum only.
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substrate, remained unchanged in the jejunum, reinforcing
the concept that the increased protein expression is not a
result of a change in type of transporter or conformation
rather an increase in the number of transporters expressed.

In the duodenum, transporter function (transport of
glucose) showed a similar trend as in the jejunum, with a
1.8-fold increase in the Vmax from 9 AM to 9 PM and no
change in Km; protein expression also had a diurnal trend;
however, the peak expression occurred at 9 AM (during the
early part of light cycle), at least as measured by our
technique of isolation and semiquantitative Western blot.
This relative peak in protein expression in mouse duode-
num did not correlate with the timing of mRNA expression,
transport activity as measured by the everted sleeve
technique, maximal food intake, or the peak expression of
protein in the rat duodenum.6,10 We suggest that this
apparent discrepancy, as measured by our technique of
harvest and Western blot assay, may be an artifact related to
the high activity of proteases expected to be present in the
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duodenal lumen at 9 PM and 3 AM during feeding, which
may have led to degradation of these membrane transport
proteins during tissue harvest. Western blot analysis
requires cell lysis to allow the protein transporters to be
recognized by the antibodies. Because the proteins are in
solution, should any active proteases be present, degrada-
tion may occur. Despite the addition of protease inhibitors
to the media, it is possible that high activities of proteases
in the duodenal lumen during the nocturnal eating would
affect the apparent levels of proteins (both transporters and
the housekeeping gene GAPDH), making the measure-
ments less reliable. Evidence for the latter is that in about
50% of mice, we were unable to measure any protein
expression of the transporters or even the housekeeping
gene GAPDH, suggesting a nonselective degradation of
protein in the duodenal samples. These findings question
the reliability of the measurements by Western blots of
duodenal protein by this technique. The functional uptake
studies of membrane-bound hexose transporters may not be
as susceptible to these changes, explaining the increase in
uptake at 9 PM.

Ileal mRNA levels of all three transporters in mice
peaked during the early part of the dark cycle with a delay
of 6 h from the peak times in the duodenum and jejunum,
consistent with findings in the rat.10 This temporal delay
may be a function of the time needed for ingested food to
reach the ileum, yet remaining consistent with the antici-
pation of food for all three transporters. Unlike in the

duodenum and jejunum, however, the total cellular protein
levels measured by Western blot analyses showed no
variation with the time of the day. In large animals, most
carbohydrate absorption occurs during transit through the
duodenum and jejunum, with minimal intraluminal carbo-
hydrate remaining for absorption in the ileum. Whether this
occurs in the mouse is unknown, but this observation might
explain the lack of a change in total cellular protein levels
or number of transporters as depicted by function (Vmax) in
the ileal segment from 9 AM to 9 PM. This absence of a
diurnal rhythm of total cellular protein expression and
hexose transport in the ileum of mice also occurs in the
rat.10

In contrast to total cellular levels of protein expression in
the ileum, glucose uptake measured by the everted sleeve
technique was increased at 9 PM compared to 9 AM with a
similar trend as in duodenum and jejunum. The explanation
of this increase in hexose transporter function cannot be
further delineated by our study; however, several potential
explanations are possible. Our techniques of measuring
total cellular mRNA and protein levels do not necessarily
reflect membrane expression or function. Indeed, consider-
able evidence suggests that there are cytoplasmic pools of
preformed SGLT1 and GLUT2 protein that can be trans-
located rapidly to the apical membrane to increase
functional uptake of luminal hexoses.14,15 Evidence is
strongest for GLUT2 translocation.16–19 Such translocation
of preformed cytoplasmic transporter protein(s) to the
apical membrane would not be recognized by our techni-
ques for measuring total cellular protein levels but would
explain our findings. Further experiments will be necessary
to elucidate the mechanisms of this diurnal variation in
function of hexose transporters.

An interesting finding from our experiment was an
apparent difference in the measured Km of hexose transport
in the ileum compared to the duodenum and jejunum. This
difference in Km was small and of questionable importance
but does raise the question of whether there may be a
different type or conformational change of the transporter
present in the ileum, with a higher affinity for these sugars
to allow more efficient absorption of any nutrients that
remained in the lumen. This difference could be attributed
to differences in the ratio of SGLT1 and GLUT2 expressed
at the apical membrane as a result of lesser quantities of
glucose in the ileal content, secondary to a change in
conformation of the transporter(s) within the membrane, or
possibly due to expression of a splice variant of transporters
not recognized by our real-time PCR and Western blot
assays. Further experiments will be required to differentiate
these possibilities.

In summary, our study demonstrates that the mouse,
similar to the rat, ingests food primarily at night during the
dark cycle, and the expression and function of the hexose
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transport proteins SGLT1, GLUT2, and GLUT5 follow a
diurnal pattern. Expression of mRNA is anticipatory to
feeding, while protein levels, at least in the jejunum, are
increased during the time of maximal feeding. The peaks in
both protein expression and transport function increase by
1.5- to twofold compared to the trough levels. Demonstra-
tion of this diurnal variation should facilitate investigation
of molecular mechanisms regulating the expression of the
transport proteins.
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Abstract
Background It is commonly thought that colon cancer metastases to the lungs without involvement of the liver are rare.
Methods We performed a retrospective review of all patients with colorectal cancer diagnosed between December 2003 and
August 2007 in Singapore. Isolated lung metastases were determined as (1) Definite if there was confirmed histology or
cytology of the lung lesion(s) in the absence of liver lesions on CT scan, and (2) Probable if there were only radiological
evidence suggestive of lung metastases rather than lung primary also in the absence of liver lesions on CT scan.
Results There were 196 patients with rectal and 558 patients with colon cancer (369 left-sided and 189 right-sided). There
were 13 definite isolated lung metastases, and the remaining 43 were probable. Twenty-three (12%) patients with rectal
cancer and 33 (6%) patients with colon cancer had isolated lung metastases (OR 2.11, 95% CI 1.21–3.70). Patients with
≥pT3 lesions (OR 1.92, 95% CI 0.75–4.93) and ≥pN1 (OR 1.56, 95% CI 0.86– 2.83) were more likely to have isolated lung
metastases.
Conclusion The true incidence of isolated lung without liver metastases in colorectal cancer is likely to lie between 1.7%
and 7.2%. While the incidence of isolated lung metastases is twice as common in patients with rectal cancer, it is still
significant in patients with colon cancer. The absence of liver involvement should not preclude a search for lung metastases.

Keywords Skipped metastases . Lungmetastases .

Colorectal cancer . Isolated

Introduction

The incidence of colorectal cancers is rising worldwide.
Surgical resection is the primary treatment modality for
colorectal cancers, and its outcome is most closely related
to the extent of disease at presentation. However, metasta-

ses are present in up to 30% of patients with colorectal
cancers at the time of presentation.1 The commonest sites of
involvement are the regional lymph nodes, liver, lungs, and
peritoneum.2 Most deaths from cancer are still due to
metastases.2

As the venous drainage of the colon is via the portal
system, the first site of hematogenous spread of malignancy
has always been regarded as the liver. But metastases
bypassing the liver have been mentioned in several reports
over the years, including to the lungs and thyroid.3–6

Lung metastases are seen in about 10–15% of all
colorectal cancer metastases, but only 10% of these are
isolated in the absence of liver metastases.3,4 The higher
incidence of this isolated lung metastases in rectal com-
pared to colonic carcinoma was attributed to the direct
hematogenous spread into the systemic circulation via the
inferior and middle rectal veins, bypassing the portal
venous system.3,7

However, colon cancer with isolated metastases not
involving the liver is considered very rare with only a few
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reports mentioning the existence of such an entity.3,4 Our
study aims to review the incidence of isolated lung
metastases in all patients with colorectal cancers and to
identify clinical factors that could be associated with this
phenomenon.

Methods

Study Population

Tan Tock Seng Hospital is a single 1,300-bed hospital, the
second largest in Singapore and provides secondary and
tertiary medical care for about 1.5 million people. A
retrospective review of the records of all patients diagnosed
with colorectal cancers in our institution between December
2003 and August 2007 was performed. Data for this study
was derived from a database of de-identified patient
information.

Definition of Isolated Lung Metastases and Colon
and Rectal Cancers

All patients with evidence of lung metastases without liver
involvement were included in the review. Isolated lung
metastases were determined as (1) Definite if there was
confirmed histology or cytology of the lung lesion(s) in the
absence of liver lesions on CT scan, and (2) Probable if
there were only radiological evidence suggestive of lung
metastases rather than lung primary also in the absence of
liver lesions on CT scan. The findings on the CT scans were
agreed upon by two independent radiologists. All scans
were performed with intravenous contrast using a Siemens
SOMATOM Sensation 64-slice CT scanner (Siemens AG,
Wittelsbacherplatz, Muenchen, Germany) for the past
3 years.

Our institution’s routine follow-up protocol for any
patient with resected colorectal malignancy includes three
monthly follow-up with CEA levels for the first 2 years and
six monthly follow-up with CEA levels for the next 3 years
with surveillance colonoscopy done 1 year after the surgery.
CT scans of the abdomen and pelvis, and definitely thorax,
is not routine and is only usually performed if there’s a high
index of suspicion or for monitoring of response of
metastatic disease undergoing adjuvant therapy. Some of
the histological features of the lung lesions that were
suggestive of colorectal primary would include the presence
of histological immunological markers such as Cytokeratin
20 (CK-20) and Villin, and in the absence of CK-7 and
thyroid transcription factor 1 (TTF-1). Synchronous lung
metastases were described as lesions arising within
6 months of the diagnosis of the primary, while metachro-
nous metastases were lesions arising after 6 months.

We defined patients with rectal cancer in our study group
as those located up to 15 cm from the anal verge excluding
the rectosigmoid region. The location of the primary lesion
in the colon cancer group commenced from the cecum until
the rectosigmoid junction. These patients were also further
subdivided into right- and left-sided lesions. Right-sided
cancers were regarded if the primary was located from the
cecum until the transverse colon, while left-sided cancers was
located from the splenic flexure till the rectosigmoid junction.

Exclusion Criteria

Patients were excluded if there were any liver lesions
suggestive of metastases within 6 months of diagnosis of
the isolated lung metastases, but patients with liver
metastases after 6 months from diagnosis of isolated lung
metastases were included as it would indicate the progres-
sion of the dissemination of the malignancy. Patients were
also excluded if the lung lesion(s) did not grow in the
absence of adjuvant chemotherapy, indicating a higher
probability that they were of infective or scar origins.

Statistical Analysis

For all the colorectal cancer patients reviewed for possible
isolated lung metastases, differences in the age, gender,
ethnic differences, and site of primary malignancy were
tested using Chi square. Other association between the
presence of isolated lung metastases and the tumor staging,
nodal status of the resected specimens and the location of
primary colonic lesions were also tested using Chi square.
All results were presented with their Odds ratios (OR) and
their 95% confidence interval (CI). All analyses were
performed using the SPSS 13.0 statistical package (Chicago,
IL, USA).

Results

There were 754 patients diagnosed with colorectal cancers
in our institution from December 2003 until August 2007.
Their mean age was 67.8 [standard deviation (SD) 12.6]
years. A total of 196 (26.0%) patients had rectal cancers,
while 558 (74.0%) had colon cancers, with 189 (25.1%)
right-sided lesions and 369 (48.9%) left-sided ones. Table 1
illustrates the characteristics of all the 754 patients who had
colorectal cancers.

Surgery was performed in 730 (96.8%) patients. The
remaining 24 (3.2%) patients declined surgery. Emergency
operation was performed in 181 patients (24.0%), and their
indications were intestinal obstruction (133, 17.4%), bleed-
ing (25, 3.3%), and perforation (25, 3.3). Details of the
histology of the resected specimens are shown in Table 2.
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From the resected specimens, majority of the specimen
showed an advanced T staging (T3/T4) in 83.6%, and
positive nodal involvement (≥N1) in 54.8%, with a median
of 17 (1–99) lymph nodes harvested. An overwhelming
proportion of the malignancy were of moderate differenti-
ation (n=679, 92.3%). Distant metastases was already
present in 168 (22.3%) patients at presentation, with liver
the most common organ involved in 15.0% (n=113). The
median follow-up for all the patients was 21 (6–40) months.

There were a total of 56 patients with isolated lung
metastases, 33 (59%) in patients with colon primary, and 23
(41%) in patients with rectal cancers. Of these 56 lung

metastases, 13 (23.2%) were definite, (seven in colon
cancers, six in rectal cancers) with the remaining 43
(76.8%) probable (26 in colon cancers, 17 in rectal
cancers). Thirty (53.6%) patients had synchronous isolated
lung metastases while the remaining 26 (46.4%) had
metachronous lesions. The median time taken for isolated
lung metastases to be diagnosed was 17 (4–36) months
after diagnosis of the primary. Carcinoembryonic antigen
(CEA levels) was only raised in 18 (32.1%) during follow-
up. Table 3 shows the characteristics and details of the
group of patients with isolated lung metastases.

Table 2 Histology of Resected Specimens

Tumor staging
T1 33 (4.6%)
T2 84 (11.8%)
T3 405 (56.8%)
T4 191 (26.8%)
Median number of lymph nodes removed 17 (1–99 lymph nodes)
Nodal staging
N0 322 (45.2%)
N1 214 (30.0%)
N2 177 (24.8%)
Grading of tumor specimen
Well differentiated 26 (3.5%)
Moderately differentiated 679 (92.3%)
Poorly differentiated 31 (4.2%)
AJCC’s classification staging
I 79 (10.5%)
II 193 (25.6%)
III 289 (38.3%)
IV 168 (22.8%)
Number of patients with >1 metastases
at diagnosis

32 (4.2%)

Table 1 Characteristics of All 754 Patients who were Diagnosed with
Colorectal Cancers

Characteristics Results

Mean age (years) 67.8 (SD 12.6)
Gender
Male 398 (52.8%)
Female 356 (47.2%)
Location of malignancy
Right colon 189 (25.1%)
Caecum 41 (5.4%)
Ascending colon 54 (7.2%)
Hepatic flexure 36 (4.8%)
Transverse colon 58 (7.7%)
Left colon 369 (48.9%)
Splenic flexure 22 (2.9%)
Descending colon 59 (7.8%)
Sigmoid and rectosigmoid 288 (38.2%)
Rectum 196 (26.0%)

Table 3 Characteristics of the 56 Patients with Isolated Lung
Metastases

Characteristics Results

Median age (years) 65 (23–88)
Gender
Male 28 (50.0%)
Female 28 (50.0%)
Location of colorectal malignancy
Colon 33 (58.9%)
Right-sided 8 (14.3%)
Left-sided 25 (44.6%)
Rectum 23 (41.1%)
Tumor staging of resected specimen
T1 0 (0.0%)
T2 5 (8.9%)
T3 29 (51.8%)
T4 18 (32.1%)
Nodal status of resected specimen
N0 18 (32.1%)
N1 23 (41.1%)
N2 11 (19.6%)
Diagnosis of isolated lung metastases
Definite 13 (23.2%)
Colon 7 (12.5%)
Rectum 6 (10.7%)
Probable 43 (76.8%)
Colon 26 (46.4%)
Rectum 17 (30.4%)
CEA levels of patients performed when
isolated lung metastases was diagnosed:
When isolated lung metastases was
diagnosed at presentation

20 (35.7%)

Raised 15 (26.8%)
Normal 5 (8.9%)
When isolated lung metastases was
diagnosed during follow up

36 (64.3%)

Raised 18 (32.1%)
Normal 18 (32.1%)
Timing of isolated lung metastases
Synchronous lesions 30 (53.6%)
Metachronous lesions 26 (46.4%)
Median time for diagnosis of isolated lung
metastases after diagnosis of the primary (months)

17 (4–36)
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In the 13 patients with definite diagnosis, eight had
cytological confirmation, while five had histological evi-
dence, of which four underwent wedge resection of their
lung metastases, while one had a core biopsy of the lesion.
In these 13 patients, details of the immunohistochemistry
were present in seven, for which all were positive for CK-
20 and Villin and negative for CK-7 and TTF-1. Of all the
patients who underwent chest X-ray preoperatively or
during follow-up, only eight (14.3%) patients had features
suggestive of lung metastases, and all underwent CT scans
of the thorax subsequently. In the group of patients with
probable lung metastases, 27 had bilateral lung lesions,
while 16 had unilateral nodules. Figure 1 summarised the
above findings.

In the 33 patients with colonic primary, 13 had adjuvant
chemotherapy, whereas in the 23 patients with rectal
primary, four had neoadjuvant chemoradiation therapy, four
had adjuvant radiotherapy, while nine have adjuvant
chemotherapy.

Patients with rectal cancers were strongly associated
with the presence of isolated lung metastases (OR 2.11,
95% CI 1.21–3.70, p=0.011) compared to colon cancer
patients (Table 4). Analysis of the subgroup of patients with
colonic primary showed that isolated lung metastases were
slightly more commonly seen in left-sided colon cancers
compared to right sided ones (OR 1.64, 95% CI 0.73–3.72,
p=0.260; Table 5), though not statistically significant. More
advanced T-staging, ≥T3 lesions (OR 2.44, 95% CI 0.57–
10.43, p=0.291) seems to be associated with isolated lung
metastases in colon cancers. Whereas in rectal cancers, the
presence of nodal disease (OR 3.03, 95% CI 0.97–9.48, p=
0.055) appears to be more strongly associated with isolated
lung metastases (Table 6).

Discussion

Reports decades ago showed that pulmonary parenchyma
metastases happened in about 10–15% of all colorectal
cancers with an approximately 10% of these cases being

isolated to the lung.3,4 It has been reported that the lungs
could be the only site of metastasis when the primary tumor
is in the rectum, with incidence of up to 12%.4,8,9 The high
incidence of systemic recurrence in rectal carcinoma was
attributed to direct spread into the systemic circulation via
the inferior and middle rectal veins.3,7,10

The present series supports this hypothesis as those
patients with rectal cancers were shown to have a much
higher incidence of isolated pulmonary metastases than
those with colon cancers: 12% vs. 6%, respectively. This
sizeable percentage rate of isolated lung metastases in rectal
cancers has a rather serious implication in its management.
CT scans of the thorax should be routinely carried out for
patients with rectal cancers for staging and surveillance
since around half of these lesions in the present series
occurred at diagnosis or within 6 months of presentation.
This is especially so as reports have shown favorable long-
term results even after repeated surgical resection for lung
metastases from colorectal primaries.11,12

However, there has never been any postulation for the
rationale associating colon cancer with isolated lung
metastases, unlike that of rectal cancer. As the venous
drainage of the colon is via the portal system, the first site
of hematogenous spread of malignancy has always been
regarded as the liver. But metastases bypassing the liver
have been mentioned in several reports over the years,
involving the lungs and/or thyroid only.3–7 The incidence of
isolated lung without liver metastases in colon cancer
patients ranged from 1% to 3.8% and was only mentioned
in a few reports over the decades3,4 compared to 5.9% in
the present series.

The precise mechanism accounting for this phenomenon
of skip metastasis bypassing the first draining solid organ or
the sentinel node through the hematogenous and lymphatics
route is unclear. Various reports cite nonanatomic spread to
any draining lymph node or solid organ and nonsequential
spread within the lymphatic bed or hematogenous sites as
possible explanations. These features could be related to the
differences in tumor biology among various patients, tumor
types, or even within a given tumor,13–15 supporting the
“seed and soil” hypothesis.

The authors feel that the increased presence of isolated
lung metastases in patients with advanced T and N disease
is not surprising and has been highlighted in other
reports,16–19 even though the result was statistically not
significant. This tendency may perhaps reflect the increased
likelihood of skipped metastases through nonanatomical,
nonsequential channels after surgery for locally advanced
tumors, for which further studies would be required. But
isolated lung metastases also occurred in a significant
proportion of patients with T2 and N0 disease. These
features reinforced a heightened awareness at all times in
detecting metastatic disease during the management of all

754 patients with Colorectal Cancers

196 (26.0%) with rectal cancers 558 (74.0%) with colon cancers

23 (11.7%) with isolated 
lung metastases 

33 (5.9%) with isolated 
lung metastases 

26 (41.1%) 
probable 

17 (30.4%) 
probable 

6 (10.7%) 
definite

7 (12.5%) 
definite 

698 (92.6%) without 
isolated lung 
metastases

Figure 1 Flowchart describing the outcome of the 754 patients with
reference to isolated lung metastases.
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patients with colorectal malignancy regardless of the stage
of their primary cancers.

CEA has not been used as a screening test for detecting
primary colorectal malignancy due to its insufficient
specificity or sensitivity.20 But its utilization as a tool to
detect recurrent disease in patients following curative
resection of colorectal cancers has been well docu-
mented.21–24 However, in this current series, only half of
the patients with isolated lung metastases were found to
have elevated CEA levels during follow-up after initial
curative surgery. This was not surprising, as CEA levels
were shown to be especially useful in the detection of
recurrent disease in the liver with sensitivity of up to 80%,

while CEA was much less reliable at predicting recurrent
disease in other locations.23,25,26

Recent reports have recommended the regime of annual
CT scan for the first 3 years after resection for AJCC stage

Table 4 Comparing Colon Ca Against Rectal Ca in Association with
Isolated Lung Metastases

Variables Absence of
Isolated Lung
Metastases

Presence of
Isolated Lung
Metastases

OR
(95% CI)
p value

Site of primary malignancy
Colon 525 33 1.00
Rectal 173 23 2.11

(1.21 – 3.70)*
p: 0.011

*p=0.011

Table 6 Analysis of Variables for Isolated Lung Metastases in the
Patients with Rectal Primary

Variables Absence of
Isolated Lung
Metastases

Presence of
Isolated Lung
Metastases

OR
(95% CI)

Age group
≤65 83 11 1.00
≥66 90 12 1.01 (0.42–2.40)

p=1.00
Gender
Male 102 13 1.00
Female 71 10 1.11 (0.46 – 2.66)

p=0.825
Tumor staging of resected specimen
T1/T2 44 3 1.00
T3/T4 117 16 2.01 (0.56–7.22)

p=0.409
Nodal status of resected specimen
N0 69 4 1.00
N1/N2 91 16 3.03 (0.97–9.48)

p=0.055

Table 5 Analysis of Variables
for Isolated Lung Metastases
in the Patients with Colonic
Primary

Variables Absence of Isolated
Lung Metastases

Presence of Isolated
Lung Metastases

OR (95% CI)
p value

Age group
≤65 197 16 1.00
≥66 328 17 0.64 (0.32–1.29)

p=0.267
Gender
Male 268 15 1.00
Female 257 18 1.25 (0.62–2.54)

p=0.592
Location of malignancy in the colon
Right Colon 181 8 1.00
Left Colon 344 25 1.64 (0.73–3.72)

p=0.260
Comparing malignancy in the sigmoid colon versus rest of colon
Sigmoid Colon 254 16 1.00
Rest of Colon 271 17 1.00 (0.49–2.01)

p=1.00
Tumor staging of resected specimen
T1/T2 68 2 1.00
T3/T4 432 31 2.44 (0.57–10.43)

p=0.291
Nodal status of resected specimen
N0 234 15 1.00
N1/N2 265 19 1.12 (0.56–2.25)

p=0.859
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II and III disease.27,28 But neither the role of CT scan nor
CEA can be used alone. Evaluation of each patient must
include a thorough clinical evaluation, colonoscopy, CEA,
and the necessary imaging modalities.29,30

All the above points brought out an important message
in the current practice. As we tend to focus only on patients
with stage III or high risk stage II disease during the follow-
up with the aid of CEA levels, we may have already missed
several patients with resectable metastatic disease. In view of
the unpredictability of metastatic potential in each colorectal
malignancy in every patient, the authors feel that the role of
tumor genetic profiling may help to predict the outcome and
hopefully prognosticate the disease in the future.

In our series, only four patients (7.1%) with isolated lung
metastasis underwent metastasectomy, for which two are
still alive currently (>3 years since the lung surgery), while
the other two have passed away since. It has been shown in
the literature that early diagnosis of colorectal pulmonary
metastases is of paramount importance, as several reports
have highlighted the survival benefits of pulmonary
metastasectomy.31–34 If the metastases could be completely
removed, the cumulative 5- and 10-year (total) survival
could be as high as 44% and 22%, respectively.

The majority of patients with isolated lung metastasis in
our series were not suitable for resection due to several
reasons. These included bilateral and multiple lung lesions,
control of primary disease, inadequate pulmonary reserve
after the planned resection, comorbid conditions, and
patients’ decisions. These are similar to the criteria
mentioned in the literature of suitability for resection of
pulmonary metastases.31–34 After resection, improved sur-
vival was shown to be related to various factors such as
smaller number and sizes of metastases, lower intrapulmo-
nary tumor load, long disease-free interval, normal serum
CEA level, and the absence of concomitant liver metastases
and mediastinal lymph node spread. Pulmonary metasta-
sectomy can even be performed effectively in patients with
recurrent disease after prior hepatic resection for colorectal
metastases, and prolonged survival can still be achieved.

As with most studies, there were several limitations in
the present study. This series of patients was enrolled from
a single institution, and the data was retrospectively
reviewed. The small number of patients with isolated lung
metastases may also mask several other important factors
that could be accountable. Another significant point was
that not all diagnosed lung metastases in this series were
diagnosed through confirmed histology or cytology of the
lung lesion(s). As such, some of the cases included may
have had lung primaries or just post-infective lung scarring.
We also do not use PET scan routinely, so some cases
classified as isolated lung metastases may actually have
other occult metastases as well. The fact that CT scan of the
thorax was also not routinely performed for all patients was

very significant, as it is possible that other patients with
isolated lung metastases may be missed as a consequence,
especially since rise in CEA was not present in half of the
patients with isolated lung metastases during follow-up.
Considering these limitations, the true incidence of isolated
lung metastases may range from 3.1% to 11.7% in patients
with rectal cancers, and from 1.3% to 5.9% in patients with
colon cancers.

Although these limitations are significant, this study
remains important in highlighting the presence and extent
of isolated lung metastases in colorectal malignancy. It also
attempted to identify factors that could aid in the detection
of patients with isolated lung metastases earlier and perhaps
allow proper interventions to be instituted.

Conclusion

The true incidence of isolated lung without liver metastases
in colorectal cancer could lie between 1.7% and 7.2%.
While the incidence of isolated lung metastases is twice as
common in patients with rectal cancer, it is still significant
in patients with colon cancer. Search for lung metastases
should be included in the staging and surveillance of all
patients with rectal cancer. The absence of liver involve-
ment should not preclude a search for lung metastases.
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Abstract
Background The evaluation of the usefulness of gum chewing for postoperative ileus has given inconclusive results. We
evaluated the efficacy of gum chewing in the treatment of ileus after elective colorectal surgery.
Materials and Methods We performed a meta-analysis of randomized clinical trials comparing the effect of gum chewing+
standard treatment vs. standard treatment on ileus after colorectal surgery. MEDLINE, EMBASE, the Cochrane Controlled
Trial Register, and the Cochrane Database of Systematic Reviews were searched until August 2008. Primary outcomes were
time to first flatus, time to first passage of feces, and length of hospital stay. The mean difference (MD) in hours was
calculated with the random effects model to assess the effect of gum chewing on the outcomes.
Results Six trials including 244 patients were analyzed. Time to first flatus was significantly reduced with gum chewing+
standard treatment compared to standard treatment alone (MD −14 h, 95% confidence interval [95%CI] −23.5 to −4.6).
Time to first passage of feces was significantly reduced (MD −25 h, 95%CI −42.3 to −7.7), but the length of hospital stay
was only marginally reduced (MD −26.2 h, 95%CI −57.5 to 5.2) with gum chewing.
Conclusion In patients with ileus after colonic surgery, gum chewing in addition to standard treatment significantly reduces
the time to first flatus and the time to first passage of feces when compared to standard treatment alone. There is also a trend
to reduce the length of hospital stay. Gum chewing should be added to the standard treatment of these patients.

Keywords Gum chewing . Ileus . Colorectal surgery .

Randomized clinical trials .Meta-analysis

Introduction

Postoperative ileus is a major health care problem and an
important cause of prolonged hospital stay.1–3 It is known

that the most prolonged ileus occurs in colonic surgery,
especially when this is open.1–5

Normal bowel motility depends on several physiologic
mechanisms, which include the autonomous nervous
system, gastrointestinal hormones, and inflammatory medi-
ators.4,5 The surgical procedure and the use of some drugs
may alter some of these mechanisms.1–5

Multimodal approaches to treat postoperative ileus in
colorectal surgery include early feeding, avoidance of unnec-
essary use of nasogastric tube, thoracic epidural analgesia,
unspecific pharmacologic agents such as water-soluble contrast
(gastrografin),6 specific agents such as alvimopan, a selective
μ receptor opioid antagonist, and lately, gum chewing.1–7

Gum chewing is a form of sham feeding which
stimulates the cephalic phase of digestion. This produces
the release of neurohormonal mediators and the increase of
gastrointestinal motility and glandular secretion (salivary,
gastric, biliopancreatic). These events may clinically trans-
late into a faster recovery of gas and feces transit, as well as
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a better tolerance to oral ingestion and a shortening of the
length of hospital stay.1,4,5

Recently, several randomized clinical trials with limited
number of patients reported contradictory clinical outcomes of
gum chewing in the management of postoperative colonic
ileus.8–13 Lately, Chan and Law14 and Purkayastha et al.15

published nearly identical meta-analyses of five of these
trials, including 158 patients, and concluded that gum
chewing reduces postoperative ileus after colorectal surgery.

We performed an updated systematic review and a meta-
analysis of randomized clinical trials that investigated the
effects of gum chewing on ileus after elective colonic
surgery.

Materials and Methods

Identification of Trials

We searched MEDLINE (January 1966 through August 1,
2008), EMBASE (1974 through August 1, 2008), the
Cochrane Controlled Trials Register, and the Cochrane
Database of Systematic Reviews (Cochrane Library, Issue
1, 2008) for randomized trials dealing with gum chewing
for ileus after colorectal surgery. All searches used the key
words colon or colonic surgery, ileus, and gum chewing in
conjunction with each of the following words: postoperative,
postsurgery, postsurgical, randomised controlled trials, and
randomised clinical trials. We reviewed the bibliographies
of relevant studies (trials and nontrials) to search for
additional eligible randomized trials. We also searched for
abstracts of randomized trials from conference proceedings
available in major surgery journals in the last 10 years.
Only data accessible in peer-reviewed journals were
included, and we were not masked with regard to authors
or journal.

Inclusion and Exclusion Criteria

Inclusion criteria were: prospective, parallel group, phase
III clinical trials with random assignment to either gum
chewing±standard treatment or standard treatment/placebo,
patients with postoperative ileus after colonic or colorectal
cancer or other type of colorectal disease (e.g., diverticu-
litis), and patients with elective open or laparoscopy-
assisted surgery, which included right hemicolectomy,
transverse colectomy, left hemicolectomy, sigmoidectomy,
anterior resection, and/or abdominoperianal resection. We
included main clinical trial reports or trial abstracts with
complete information, written in the English language, and
with patients older than 15 years. Trials with time to first
flatus as primary outcome were included. Other outcomes
were time to first passage of feces and/or length of hospital

stay. There was no restriction about the number of patients
included or the treatment duration. We excluded non-
randomized studies, surgery other than colonic, and other
types of treatment or interventions other than gum chewing.

Data Extraction

One author (WV) screened the titles and abstracts to
exclude nonhuman studies, retrieved potentially relevant
manuscripts for detailed evaluation, and selected publica-
tions compliant with the inclusion and exclusion criteria.
Jointly with another author (AVH), both researchers
reassessed the inclusion and exclusion criteria. Clinical
trial quality was evaluated with respect to four strictly
predefined criteria: allocation concealment, blinding, inten-
tion to treat analysis, and completeness of follow-up (http://
www.consort-statement.org). Each of these criteria was
judged as good or unknown. Differences in judgement of
the criteria were resolved by discussion until a consensus
was reached. We were not masked to authors or journals,
and some bias may have been introduced.

If all the necessary data to perform a meta-analysis (e.g.,
standard deviations of outcomes) were not specified within
the articles, authors were contacted. The primary author of
the study was contacted and asked for the additional data.
We only needed to contact one lead author and he provided
the requested information.

Statistical Analysis

Primary outcomes of the study were time to first flatus,
time to first passage of feces and length of hospital stay.
The mean difference (MD) and its 95% confidence interval
(95%CI) were calculated as a measure of effect size
because outcome measurements in all trials were made in
the same scale (i.e., hours). MD is the simple mean
difference between the mean time to first flatus with gum
chewing±standard treatment and the mean time to first
flatus with standard treatment/placebo.16 MD was calculat-
ed using the inverse variance method and the random
effects model, which was described by DerSimonian and
Laird.17 The data were analyzed using the Cochrane
Review Manager 5 software. To test heterogeneity across
trials, we used the chi-square test with a p value <0.1
required to determine significant statistical heterogeneity.
To test the overall effect of gum chewing on the time of
flatus, we used the conventional Z test. To assess the risk of
publication bias, we built a funnel plot by graphically
showing the relation between effect size and statistical
weight for each trial. A symmetric and funnel-shaped plot
supports the lack of significant publication bias, whereas a
strongly asymmetric plot suggests the underlying presence
of publication bias. Publication bias, if not recognized and
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acknowledged, can lead to meta-analyses with biased and
overly optimistic findings and should thus be actively
investigated and appraise.16 Using time to first flatus as
outcome, subgroup analyses per type of colorectal disease
(cancer vs. cancer+nonmalignant disease) and type of
elective surgery (open vs. laparoscopic) were also per-
formed. Subgroup analyses were exploratory in nature and
underpowered to detect true subgroup effects.

Results

The initial search identified 59 potential studies on gum
chewing and colon surgery (Fig. 1). Hand searching of
retrieved articles yielded no additional clinical trials.

Included Studies

The systematic review revealed six randomized clinical
trials (Table 1),8–13 involving 244 patients, published

between 2002 and 2006. Four trials showed a significant
reduction in the time to first flatus.8,10,11,13 In contrast, only
two trials showed a significant reduction in the time to first
passage of feces,8,11 and in the length of hospital stay.10,13

Gum was sugar-free in five trials,8–12 but no reasons were
given about this selection. Gum chewing was consistently
given three times a day from the first postoperative morning
until first passage of flatus or bowel movements starts
again. Each chewing lasted between 5 and 60 min.9,12

Passage of flatus was used as time to start feeding in all
trials. The perioperative standard care of patients included
thoracic epidural analgesia, early drinking of water, and
early deambulation. Two studies only performed surgery of
the left colon and rectum.9,10

Asao et al.8 reported in 2002 a trial evaluating gum
chewing in patients with colorectal cancer who underwent
laparoscopic surgery. Besides a significant shortening of the
time to first flatus by 1 day, they also showed that the time
to first passage of feces was significantly reduced by 65 h
(74 vs. 139 h). However, they we not able to demonstrate a
significant reduction of length of hospital stay. The same
group published 4 years later another trial in patients with
colorectal cancer who underwent open surgery.11 The time
to first flatus was significantly reduced by 35 h, and the
time to first passage of feces was significantly reduced by
52 h (85 vs. 136 h).

In 2006, Quah et al.9 studied patients with cancer of the
left colon and rectum. These patients did not benefit from
gum chewing: the time to first flatus was about 60 h in both
groups and the length of hospital stay was about 10 days in
both groups. Interestingly, the group of patients who
chewed gum had a better sensation of well-being in
comparison to the standard treatment group. Another study
dealing with patients who underwent left colonic surgery
was published in the same year.10 However, these inves-

Potentially relevant 
abstracts retrieved and  

screened 
(n=59) 

Articles retrieved for 
detailed information 

(n=19) 

Articles suitable for 
meta-analysis 

(n=6) 

Abstracts excluded 
because of failure to 
deal with ileus after 

colon surgery 
(n=40) 

Articles excluded 
because of failure to 

meet inclusión 
criteria
(n=13)  

Figure 1 Identification of randomized clinical trials available for
analysis.

Table 1 General Characteristics of Randomized Clinical Trials Included in the Meta-Analysis

Author/Yearref. N per arm (gum±standard/
standard–placebo)

Outcomes Colorectal pathology Type of colorectal
surgery

Asao/20028 10/9 Time to flatus, time to feces,
length of stay

Cancer Laparoscopic

Quah/20069 19/19 Time to flatus, time to feces,
length of stay

Cancer Open

Schuster/200610 17/17 Time to flatus, time to first bowel movement,
time to hunger, length of stay

Cancer and nonmalignant
conditions

Open

Hirayama/200611 11/11 Time to flatus, time to feces Cancer Open
Matros/200612 22/21 Time to flatus, time to first bowel movement,

time ready for discharge, length of stay
Cancer and nonmalignant
conditions

Open

McCormick/200513 18/19 Time to flatus, time to first bowel
movement, length of stay

Cancer and nonmalignant
conditions

Open

35/16 Time to flatus, time to first bowel movement,
length of stay

Cancer and nonmalignant
conditions

Laparoscopic
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tigators also included patients with recidivant diverticulitis.
Gum chewing significantly reduced the time to first flatus
by 25 h (65 vs. 80 h), the time to first bowel movement by
26 h (63 vs. 89 h), and the length of hospital stay by 60 h
(103 vs. 163 h).

Matros et al.,12 in 2006, compared three arms in cancer
and nonmalignant disease patients: gum chewing+standard
treatment, standard treatment, and placebo (acupressure wrist
bracelet). There was no significant reduction in the time to
first flatus among these three groups (60 vs. 67 vs. 72 h,
respectively). The length of hospital stay was not signifi-
cantly reduced either (105 vs. 102 vs. 98 h, respectively).

In a multicenter trial, McCormick et al.13 compared gum
chewing for 15 min QID vs. swallowing of a small amount
of water (sips of water) in patients in immediate postoper-
ative care due to elective colorectal surgery. The authors
studied patients with both open and laparoscopic surgery.
They showed that gum chewing in contrast to control
treatment shortened the postoperative ileus period (2.6 vs.
3.3 days, p=0.0047) and hospital stay (4.0 vs. 5.3, p=
0.029) in patients with laparoscopic colectomy, but not in
patients with open surgery.

Most of the trials were not of good quality. Allocation
concealment was good in three trials.9,10,12 It was not
known from three trials whether they performed allocation
concealment.8,11,13 Blinding was good in two trials,9,12 but

the other four did not specify if this was performed or if it
was not possible. Intention to treat analysis was used in two
trials only.9,12 Completeness of follow-up was reported in
four trials.8–10,12

Meta-Analysis

Time to first flatus was significantly reduced with gum
chewing and standard treatment compared to the standard
treatment alone (MD −14 h, 95%CI −23.5 to −4.6; p=
0.001) (Fig. 2). Six trials were suitable for this analysis (n=
244), and they were heterogeneous with respect to this
outcome (p=0.01).

The time to first passage of feces was significantly reduced
with gum chewing and standard treatment compared to the
standard treatment alone (MD −25 h, 95%CI −42.3 to −7.7;
p=0.01) (Fig. 3). Four trials were used for this analysis (n=
167),8,9,11,13 and they were also heterogeneous with respect
to this outcome (p=0.05).

The length of hospital stay was reduced with gum
chewing and standard treatment compared to the
standard treatment alone, although the difference was
not significant (MD −26.2 h, 95%CI −57.5 to 5.2; p=
0.1) (Fig. 4) with strong evidence of heterogeneity across
trials (p<0.0001). Five trials were used for this analysis
(n=222).8–10,12,13

Study or Subgroup

Asao 2002
Hirayama 2006
Matros 2006
Mc Cormick A 2005
Mc Cormick B 2005
Quah 2006
Schuster 2006

Total (95% CI)

Heterogeneity: Tau² = 99.23; Chi² = 15.90, df = 6 (P = 0.01); I² = 62%
Test for overall effect: Z = 2.90 (P = 0.004)

Mean

50.4
55.3

66
69.6
52.8
57.6
65.4

SD

12
15.1

22
28.8
21.6

24
14.8

Total

10
11
22
18
35
19
17

132

Mean

76.8
90
72

67.2
57.6
64.8
80.2

SD

21.6
18

28.3
38.4
31.2

24
19.1

Total

9
11
21
19
16
19
17

112

Weight

14.1%
15.6%
14.6%
10.4%
13.4%
14.5%
17.4%

100.0%

IV, Random, 95% CI

-26.40 [-42.35, -10.45]
-34.70 [-48.58, -20.82]

-6.00 [-21.20, 9.20]
2.40 [-19.40, 24.20]

-4.80 [-21.68, 12.08]
-7.20 [-22.46, 8.06]

-14.80 [-26.29, -3.31]

-14.00 [-23.45, -4.55]

Gum chewing/Standard Standard/Control Mean Difference Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours experimental Favours control

Figure 2 MD and 95%CI of difference in time to first flatus between
gum chewing±standard treatment and standard–placebo treatment
groups. The size of the data markers (squares) is approximately

proportional to the statistical weight of each trial. McCormick A refers
to the open colectomy patients and McCormick B refers to the
laparoscopic colectomy patients.

Study or Subgroup

Asao 2002
Hirayama 2006
Mc Cormick A 2005
Mc Cormick B 2005
Quah 2006

Total (95% CI)

Heterogeneity: Tau² = 212.46; Chi² = 9.51, df = 4 (P = 0.05); I² = 58%
Test for overall effect: Z = 2.83 (P = 0.005)

Mean

74.4
84.5
86.4
62.4
76.8

SD

26.4
37.8
26.4

24
36

Total

10
11
18
35
19

93

Mean

139.2
136
93.6
79.2
93.6

SD

52.8
56.8
33.6
31.2

36

Total

9
11
19
16
19

74

Weight

13.2%
12.3%
25.2%
27.0%
22.4%

100.0%

IV, Random, 95% CI

-64.80 [-102.98, -26.62]
-51.50 [-91.82, -11.18]

-7.20 [-26.62, 12.22]
-16.80 [-34.03, 0.43]
-16.80 [-39.69, 6.09]

-24.99 [-42.31, -7.66]

Gum chewing/Standard Standard/Placebo Mean Difference Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours experimental Favours control

Figure 3 MD and 95%CI of difference in time to first passage of feces between gum chewing±standard treatment and standard–placebo
treatment groups. The size of the data markers (squares) is approximately proportional to the statistical weight of each trial.
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The funnel plot showed no evidence of publication bias
for the analysis of the time to first flatus (Fig. 5). No
evidence of publication bias was found for the time to first
passage of feces or length of hospital stay.

Subgroup Analysis

Time to first flatus was consistently reduced across different
types of colorectal disease, and this reduction was signif-
icantly larger in trials which included cancer patients8,9,11

than in trials which included cancer and nonmalignant
disease patients (p=0.01) (Fig. 6). Time to first flatus was
also reduced in patients with both open and laparoscopic
surgery, but the effect was only significant in the open
surgery subgroup (Fig. 7). However, no differences in gum
chewing effects were observed between the open and
laparoscopic surgery subgroups (p=0.8).

Discussion

This meta-analysis demonstrates that, in patients who
underwent elective colorectal surgery, gum chewing signif-

icantly improved postoperative ileus by reducing the time
to first flatus by 14 h, the time to first feces by 25 h, and the
length of hospital stay by 26 h in comparison with standard
treatment. Reductions of the time to first flatus were also
observed in subgroups defined by type of colorectal disease
and type of surgery.

Postoperative ileus is the delay of the resumption of
normal gastrointestinal motility after surgical stress. The
clinical expression includes the absence of flatus and feces
transit, abdominal distension, nausea, and vomiting. Each
segment of the digestive tube resumes its motility after
surgery at different times. The small intestine has the
shortest time of ileus (between 8 and 12 h). The stomach
has a longer ileus (between 1 and 2 days), and the colon has
the longest time of ileus (between 3 and 5 days).18–20

Postoperative ileus is a consequence of the interaction of
several factors. Probably the most important factor is the
sympathetic hyperstimulation, which inhibits gastrointesti-
nal motility. Some neurohormones of the enteric nervous
system such as substance P, vasoactive intestinal peptide,
and nitric oxide can also contribute to the duration of
ileus.5,19,20 Moreover, surgical aggression may stimulate
the inflammatory cascade with liberation of interleukins
(IL-6, IL-1b) and chemokines (MCP-1, ICAM-1), which
further inhibit gastrointestinal motility.19,20 Some drugs
may also contribute to postoperative ileus. For instance,
anesthetic drugs such as atropine, halothane, and enflurane
may have a transitory effect, while opioid analgesics used
during surgery and in the postoperative period may have a
more prolonged effect.21–23

After surgery the myoelectric activity of the gastrointes-
tinal tract is disorganized and this is translated into lack of
propulsion. The electrical activity of the colon is the last to
recover. Colon motility is diminished or absent until
approximately the third postoperative day. At the fourth
day, the colonic electrical activity consists of disorganized
bursts, and later, a coordinated motor response is able to
propagate. This allows the passage of flatus, the first
indicator of the ileus resolution process. The passage of
feces occurs within 1 or 2 days after the first flatus, and it
does not necessarily mean the final resolution of the ileus.

Study or Subgroup

Asao 2002
Matros 2006
Mc Cormick A 2005
Mc Cormick B 2005
Quah 2006
Schuster 2006

Total (95% CI)

Heterogeneity: Tau² = 1027.02; Chi² = 26.70, df = 5 (P < 0.0001); I² = 81%
Test for overall effect: Z = 1.64 (P = 0.10)

Mean

324
124

134.4
96

225.6
103.2

SD

72
38

33.6
28.8

60
10.32

Total

10
22
18
35
19
17

121

Mean

348
137

127.2
127.2
266.4
163.2

SD

146.4
72

28.8
64.8

175.2
33.12

Total

9
21
19
16
19
17

101

Weight

6.5%
19.1%
22.6%
19.5%

9.0%
23.3%

100.0%

IV, Random, 95% CI

-24.00 [-129.54, 81.54]
-13.00 [-47.65, 21.65]

7.20 [-13.01, 27.41]
-31.20 [-64.35, 1.95]

-40.80 [-124.07, 42.47]
-60.00 [-76.49, -43.51]

-26.17 [-57.51, 5.18]

Gum chewing/Standard Standard/Placebo Mean Difference Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours experimental Favours control

Figure 4 MD and 95%CI of difference in length of hospital stay between gum chewing±standard treatment and standard–placebo treatment
groups. The size of the data markers (squares) is approximately proportional to the statistical weight of each trial.

-50 -25 0 25 50

0

4

8

12

16

20
MD

SE(MD)

Figure 5 Funnel plot of the six trials included in the meta-analysis.
The standard error of MD of each trial was plotted against the MD for
time to first flatus (primary outcome for all trials). No skewed
distribution was observed, suggesting no publication bias.
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The passage of feces depends on the type of surgical
procedure, the condition and content of the intestine prior to
surgery, dietetic factors, and the usual intestinal frequency
of the patient.5,20,21

Shortening of hospital stay by almost 26 h with gum
chewing in comparison to standard care is translated into
better well-being of patients, early return to the preoperative
functional status, and especially, reduction of hospital
costs.24–26 To our knowledge, there are no specific studies
evaluating the reduction of costs by using gum chewing in
patients undergoing colorectal surgery. Additional advan-
tages of gum chewing include stimulation of appetite and
sensation of well-being during the postoperative period.

Two decades ago, it was described that replication of the
cephalic phase of digestion through sham feeding stimulated

the electrical, motor, and secretory activities of the gastroin-
testinal tract through neurohormonal and vagal pathways. In
humans, sham feeding produces a significant increase of
gastrin and neurotensin release and a partial alteration of the
myoelectrical pattern of the gastrointestinal tract during
fasting, also known as interdigestivemigratingmotor complex.
Gum chewing is a type of sham feeding and was lately
proposed as an activator of these various mechanisms.27,28

An open colorectal surgery has a more prolonged
postoperative ileus than a laparoscopic-assisted colorectal
surgery, probably due to a longer visceral manipulation and
environmental exposure and higher use of analgesic drugs
to control postoperative pain.29–31 We found that gum
chewing especially benefited patients who underwent open
surgery. Gum chewing can also extend the benefits of the

Study or Subgroup
4.1.1 Cancer trials

Asao 2002
Hirayama 2006
Quah 2006
Subtotal (95% CI)

Heterogeneity: Tau² = 146.86; Chi² = 7.01, df = 2 (P = 0.03); I² = 71%
Test for overall effect: Z = 2.77 (P = 0.006)

4.1.2 Cancer + Non-malignant trials

Matros 2006
Mc Cormick A 2005
Mc Cormick B 2005
Schuster 2006
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 2.40, df = 3 (P = 0.49); I² = 0%
Test for overall effect: Z = 2.22 (P = 0.03)

Total (95% CI)

Heterogeneity: Tau² = 99.23; Chi² = 15.90, df = 6 (P = 0.01); I² = 62%
Test for overall effect: Z = 2.90 (P = 0.004)
Test for subgroup differences: Chi² = 6.48, df = 1 (P = 0.01), I² = 84.6%

Mean

50.4
55.3
57.6

66
69.6
52.8
65.4

SD

12
15.1

24

22
28.8
21.6
14.8

Total

10
11
19
40

22
18
35
17
92

132

Mean

76.8
90

64.8

72
67.2
57.6
80.2

SD

21.6
18
24

28.3
38.4
31.2
19.1

Total

9
11
19
39

21
19
16
17
73

112

Weight

14.1%
15.6%
14.5%
44.2%

14.6%
10.4%
13.4%
17.4%
55.8%

100.0%

IV, Random, 95% CI

-26.40 [-42.35, -10.45]
-34.70 [-48.58, -20.82]

-7.20 [-22.46, 8.06]
-22.94 [-39.17, -6.72]

-6.00 [-21.20, 9.20]
2.40 [-19.40, 24.20]

-4.80 [-21.68, 12.08]
-14.80 [-26.29, -3.31]
-8.56 [-16.11, -1.00]

-14.00 [-23.45, -4.55]

Gum chewing/Standard Standard/Placebo Mean Difference Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours experimental Favours control

Figure 6 Subgroup analysis of the difference in time to first flatus by type of colorectal disease.

Study or Subgroup

4.2.1 Open surgery trials

Hirayama 2006

Matros 2006

Mc Cormick A 2005

Quah 2006

Schuster 2006
Subtotal (95% CI)

Heterogeneity: Tau² = 122.34; Chi² = 12.52, df = 4 (P = 0.01); I² = 68%

Test for overall effect: Z = 2.17 (P = 0.03)

4.2.2 Laparoscopic surgery trials

Asao 2002

Mc Cormick B 2005
Subtotal (95% CI)

Heterogeneity: Tau² = 163.07; Chi² = 3.32, df = 1 (P = 0.07); I² = 70%

Test for overall effect: Z = 1.46 (P = 0.14)

Total (95% CI)

Heterogeneity: Tau² = 99.23; Chi² = 15.90, df = 6 (P = 0.01); I² = 62%

Test for overall effect: Z = 2.90 (P = 0.004)

Test for subgroup differences: Chi² = 0.05, df = 1 (P = 0.82), I² = 0%

Mean

55.3

66

69.6

57.6

65.4

50.4

52.8

SD

15.1

22

28.8

24

14.8

12

21.6

Total

11

22

18

19

17
87

10

35
45

132

Mean

90

72

67.2

64.8

80.2

76.8

57.6

SD

18

28.3

38.4

24

19.1

21.6

31.2

Total

11

21

19

19

17
87

9

16
25

112

Weight

15.6%

14.6%

10.4%

14.5%

17.4%
72.5%

14.1%

13.4%
27.5%

100.0%

IV, Random, 95% CI

-34.70 [-48.58, -20.82]

-6.00 [-21.20, 9.20]

2.40 [-19.40, 24.20]

-7.20 [-22.46, 8.06]

-14.80 [-26.29, -3.31]
-13.17 [-25.06, -1.28]

-26.40 [-42.35, -10.45]

-4.80 [-21.68, 12.08]
-15.78 [-36.95, 5.38]

-14.00 [-23.45, -4.55]

Gum chewing/Standard Standard/Placebo Mean Difference Mean Difference

IV, Random, 95% CI

-50 -25 0 25 50
Favours experimental Favours control

Figure 7 Subgroup analysis of the difference in time to first flatus by type of surgery.
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minimally invasive laparoscopic surgery.8 Moreover, the
larger benefit of gum chewing in the subgroup that included
patients with colorectal cancer alone can be important,
given that these patients usually have a moderate to bad
nutritional state and a shorter hospitalization can avoid in-
hospital complications.32,33

Our meta-analysis is different than two recently published
meta-analyses14,15 in several ways. Our meta-analysis
included six trials with 244 patients, 50% more patients
than the other studies (five trials, n=158). We did not restrict
the language of the studies; one of the other studies focused
on English language studies.14 The period of our systematic
review was until August 2008, longer than the other periods
(January 200714 and July 200615). Finally, we focused on
randomized controlled trials, not on nonrandomized com-
parative studies.14

Multimodal fast-track perioperative care programs in
colorectal surgery are oriented to a fast recovery of patients,
as well as to a shortened hospital stay. These programs
include: adequate patient information about specific proce-
dures, no bowel preparation, no sedative premedication,
intake of small quantities of carbohydrate-enriched liquids
within 2 h before surgery, epidural thoracic analgesia and
short half-life anesthetics, restriction of intravenous peri-
operative fluids, use of minimally invasive surgery, use of
nonopioid systemic analgesic drugs, avoidance of the
routine use of drainages or nasogastric tube, early with-
drawal of urinary probe, early intake of small quantities of
liquid, and early deambulation. All these measures have
demonstrated favorable results such as shorter hospitaliza-
tion, better patient comfort, reduction of in-hospital
mortality, and reduction of postoperative costs.1–3,34 Gum
chewing should become part of the multimodal fast-track
perioperative care program in colorectal surgery.

It is not known whether gum chewing also has a
favorable effect in postoperative ileus in abdominopelvic
surgery, such as transperitoneal aortic surgery,35 cesarean
section, hysterectomy with abdominal access,36 and radical
cystectomy.37,38

Our study has some limitations. First, the total number of
patients (n=244) included in the meta-analysis was rela-
tively small. However, this meta-analysis is the largest
available meta-analysis that adds about 90 patients more
than recently published meta-analyses.14,15 We performed a
formal systematic review of all clinical trials published until
August 1, 2008 and our analysis did not show evidence of
publication bias. Second, we did not have access to original
source data (i.e., individual patient data) for any of these
clinical trials. Thus, we based the analysis on available data
from published studies or directly from authors. Third,
clinical trials included in the meta-analysis can be regarded
as poorly controlled as far as use of opiates and other
analgesics, postoperative feeding, epidural analgesia, fast-

track, or other standard and nonstandard protocols. How-
ever, those controls reflected what authors considered their
current clinical practice. We expect that a tightly controlled
randomized trial will show a smaller clinical effect. Fourth,
a meta-analysis may be considered less convincing than a
large prospective trial designed to assess the outcome of
interest. However, given the lack of an appropriately sized
clinical trial evaluating gum chewing for postoperative ileus
in colorectal surgery, a well-designed and well-performed
meta-analysis is the best option available to answer this
clinical question.

Conclusion

Gum chewing is a cheap, physiological, and secure
intervention that significantly improves ileus after elective
colorectal surgery. This intervention should be included in
the multimodal approach of postoperative colorectal ileus.
A tightly controlled, multicenter randomized clinical trial
with a substantial number of patients is necessary to
confirm the efficacy of gum chewing in patients with
elective colorectal surgery.
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Abstract
Background Postoperative morbidity remains a significant clinical problem and may alter long-term outcome particularly
after neoadjuvant chemoradiation in patients with locally advanced low rectal cancer. The aim of the present study was to
identify a potential long-term effect of postoperative morbidity.
Methods Analysis of prospectively collected data of 90 consecutive patients who underwent neoadjuvant chemoradiation
and curative mesorectal excision for locally advanced (cT3/4, Nx, M0/1) adenocarcinoma of the mid and lower third of the
rectum during a 7-year period (1996–2002).
Results Major postoperative complications occurred in 17.8% and minor complications in 26.6% of patients. Hospital
mortality and 30-day mortality was 0%. Infectious complications were seen in 34.5%. The leading causes of infectious
complications were anastomotic leakage and perineal wound infection. Postoperative morbidity was statistically
significantly associated with gender (P<0.05), pre-therapeutic haemoglobin level (P<0.05), ASA score (P<0.05),
hospitalisation (P<0.001) and clinical long-time course (P<0.01). Moreover, early postoperative morbidity was proven as
an independent prognostic factor concerning disease-free (P<0.05) and overall survival (P<0.05).
Conclusion Early postoperative morbidity in patients with preoperative chemoradiation due to locally advanced low rectal
cancer is demonstrated as an independent prognosticator. Gender, pre-therapeutic haemoglobin level and ASA score
indicate patients at risk for early postoperative complications and may therefore serve as predictive features.

Keywords Postoperative morbidity .

Preoperative chemoradiation .

Locally advanced rectal cancer . Survival

Introduction

Progress in the treatment of locally advanced rectal cancer was
mainly contributed by the development of new surgical
procedures (i.e. total mesorectal excision; TME1,2), better
stagingmethods (i.e. MRI3), the regular use of radiotherapy4–6

and new chemotherapeutic agents.7–10 In Europe, preopera-
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tive treatment either as short-course radiation5 or as
combined chemoradiation followed by surgery is the current
standard of treatment in patients with locally advanced rectal
cancer.4,6,11 Patients responding to combined chemoradiation
as seen by histopathologic downstaging are those who
benefit most.12–16

It is well known that these extensive therapeutic strategies
in rectal cancer result in an increase of postoperative
complication rates, which remain a severe clinical problem.
Usually, rectal cancer surgery is associated with a higher risk
for anastomotic leakage, delayed perineal wound closure and
other (e.g. pelvic sepsis, intra-abdominal abscess formation)
postoperative infectious complications.17–24 Furthermore, it
is assumed that postoperative complications are associated
with a significant increase in loco-regional recurrence and
worse long-term survival rates.17–19 The risks of any wound
complications, either major perineal or pelvic sepsis, are
reported to be doubled25,26 in patients with preoperative
chemoradiation. These infectious complications could be
due to a significant reduction on collagen accumulation and
an impaired leukocyte production.27 Also, an impaired
immune system status following major surgical procedures
and/or pre-treatment may have a relevant influence on
postoperative surgical infections.28 Furthermore, one may
speculate that postoperative morbidity is linked to the
primary condition of the patient. Nevertheless, several
studies showed that pre-treatment of locally advanced rectal
cancer did not influence postoperative complications, but
improved outcome with a higher number of complete
resections and sphincter-preserving operative procedures
and enhanced local tumour control.29,30

This study was performed to identify a potential long-
term effect of early postoperative morbidity with a focus on
infectious complications in patients with locally advanced
low rectal cancer and neoadjuvant chemoradiation. Various
clinico-pathological features were analysed regarding their
influence on the postoperative clinical course. In addition,
disease-free, cancer-specific and overall survival was
determined for groups of patients with and without
postoperative morbidity.

Patients and Methods

Patient Population

Ninety consecutive patients (male 57, female 33) with a
mean age of 60.5 years (from 34 to 80 years) who
underwent curative treatment between 1996 and 2002 at
the Department of Surgery, Innsbruck Medical University,
due to locally advanced and histological confirmed adeno-
carcinoma of the mid and lower third of the rectum were
included in this study. Patients’ characteristics and clinico-

pathological data are given in Table 1. All data regarding
date and cause of death were confirmed by the “Tumorregister
Tirol”, a cancer register maintained by the Tyrolean govern-
ment. Additionally, patients were followed every 3 months for
the first 3 years, biannual for up to 5 years, every 12 months
thereafter or until death. Follow-up evaluations included
outpatient visit, blood chemistry/CEA test, abdominal ultra-
sound, CT scan of the thorax and abdomen and colonoscopy/
rectoscopy according to a predetermined plan. The post-
treatment surveillance period ranged from at least 5 to at most
125 months, giving a mean follow-up of 59 months. Only six
patients were lost to follow-up.

Preoperative staging comprised colonoscopy to assess
the distance of the distal edge of the tumour from the
dentate line, length and circumferential involvement of the
cancer and to examine the entire colon. Endorectal
ultrasound for determination of the depth of the tumour
infiltration was performed in all patients. Moreover, 25.6%
of patients underwent additional MRI examination of the
pelvic region for the same purpose.31 Rectal digital
examination was performed in all patients, but was not
the basis for staging the tumour. Only cT3 or cT4 tumours
regardless of their lymph node status were considered for
pre-treatment. CT scan of the thorax and abdomen was used
to rule out or to localise distant metastasis.

Preoperative combined chemoradiation according to the
study protocol #01 of the “Tyrolean Oncology Working
Group”, as described elsewhere,32 was used in all patients.
Pre-treatment consisted in a total radiation dose of 45 Gray
(Gy) in fractionated doses—1.8 Gy per day—or 2×1.1 Gy
per day hyper-fractionated for 5 weeks. Radiation fields in a
three-field technique included the rectal canal when APE
was considered and was not included when the sphincter was
planned to be preserved. 5-Fluorouracil (350 mg/m2 body
surface per day) in continuous infusion during 120 h within
5 weeks was administered. Patients were scheduled for
surgery in the third week after completion of pre-treatment.

Surgical procedures consisted of a low anterior resection
(LAR) with a colo-anal or colo-rectal pouch anastomosis
(double stapled technique), abdominal perineal excision
(APE) or Hartmann’s procedure, respectively. Total meso-
rectal excision (TME) was performed in all patients. In
LAR, a diversion stoma (loop ileostomy 45.5%, colostomy
9%) or a tube caecostomy (45,5%) was carried out in all but
one patient. Stoma closing was performed within 63 days
(from 8 to 482 days) in all except one patient who died
prior to the scheduled intervention. Over the given period
of time, none of the patients were treated with laparoscopic
approach and unexceptionally preoperative mechanical
bowel preparation was carried out. Mean hospitalisation
was 20.3 days (from 4 to 73 days).

Prophylactic antibiotic treatment was administered im-
mediately before anaesthesia induction and consisted of a
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beta-lactam substance in combination with either metroni-
dazol or clindamycin for anaerobic organisms. Antibiotic
prophylaxis was used in all patients for an average of
2.59 days (from 0 to 13 days), single shot antibiotic
prophylaxis was carried out in 47.7% (N=43) of patients.

Early postoperative complications were defined as any
deviation from the normal postoperative course, as defined
and classified by Dindo et al.,33 requiring medical treat-
ment, surgical, endoscopic or radiological interventions
during the hospital stay of the patient or at least within
30 days after surgery. Major infectious complications were
defined as anastomotic leakage, intra-abdominal abscess(es)
or wound infections requiring drainage and/or re-operation
and delayed wound healing (>1 month). Minor infectious
complications comprised urinary tract infections, pneumo-
nia, wound and perineal infections with healing within
1 month and central venous line sepsis.

Statistical Analysis

All data were prospectively collected in the context of the
study protocol and entered in an audit capable database
(ChiBASE). Categorical data are reported as absolute
numbers and percentage; continuous data are summarised
as the sample mean, 95% confidence interval and/or
minimum and maximum values, respectively. Accordingly,
chi-squared test or one-way analysis of variance was used
for analytical statistics. Survival rates were calculated using
the Kaplan–Meier method and respective groups were
compared with the log rank test. Cox regression model
was calculated to determine in a backward stepwise manner
independent prognostic factors. Statistical significance was
defined as P<0.05. SPSS for Macintosh 16.0 software
(Chicago, IL, USA) was used for all statistical analyses.

Table 1 Patients (N=90) Characteristics and Clinico-pathological
Features

Mean Min–max N %

Age (years) 60.5 34–80
Gender
Female 33 37
Male 57 63
ASA scorea

1 4 5
2 44 49
3 39 43
4 3 3
5 0 0
Distance from the dentate
line (cm)

5.9 0–16

Pre-therapeutic
haemoglobin (g/dl)

12.8 5.8–16.9

Pre-therapeutic anaemia
(<11 g/dl)

17 19

Operative procedure
LAR 56 62
APE 33 37
Hartmann’s procedureb 1 1
Cumulative 5FU dose
(mg/m2)

7,483 3,800–13,300

Cumulative RT dose (Gy) 43.4 38.3–45.4
Hospitalisation (days) 20.3 4–73
Tumour stage
ypT0 9 10
1 5 6
2 28 31
3 42 46
4 6 7
ypN0 59 66
1 19 21
2 12 13
M0 88 98
1 2 2
UICC-stage 0 9 10
I 25 28
II 22 24
III 32 36
IV 2 2

R stage
R0 85 95
R1 5 5
Tumour differentiation
G1–2 80 89
G3–4 10 11
Response
pCR 9 10
Downstagingc 45 50
Clinical course
Uneventful 57 63
Poord 33 37
Loco-regional failure 3 3
Distant metastases 22 24
Loco-regional failure and
distant metastases

8 9

Table 1 (continued)

Mean Min–max N %

Death during follow-up 28 31
Lost during follow-up 6 7
Overall observation time
(months)

59 5–125

min–max lowest and highest value, LAR low anterior resection, incl.
inter-sphincteric resection (N=1), APE abdomino-perineal excision,
5FU 5-fluorouracil, RT radiotherapy, pCR pathological complete
response, Gy Gray
aASA American Society of Anesthesiology, http://www.asahq.org/
clinical/physicalstatus.htm
b In one male patient, cardiac arrest during surgical procedure due to
anaphylactic reaction following intraoperative resuscitation necessitated
change in the surgical plan and Hartmann’s procedure was carried out
c cT4→ypT0–3; cT3→ypT0–2
d Poor clinical course—development of loco-regional and/or distant
relapse
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Results

A total of 61 postoperative complications were seen in 40
(44.4%) patients. Out of these patients, 21 had more than
one deviation from regular postoperative course. The
majority of patients with postoperative morbidity showed
infectious secondary disease (seen in 31 patients; 34.4% out
of all patients; see Table 2), followed by postoperative
prolonged urinary retention (N=9; 10%). Additional anti-
biotic treatment was used postoperatively in 34.4% (N=31)
due to bacterial infections. The spectrum of pathogens
isolated is shown in Table 3. Detailed description of all

non-infectious postoperative complications is given in
Table 4. Twenty-four (26.7%) patients developed merely
infectious complications; in seven (7.8%) patients, infectious
and non-infectious secondary disease and in nine (10%)
patients, solely non-infectious morbidity was noticed. The
leading and at the same time most severe cause of infectious
complications was anastomotic dehiscence (N=7; 12.5% of
all patients in whom LAR was performed) with or without
pelvic sepsis and/or intra-abdominal abscess(es) formation
(N=10; 11%). Patients with APE showed wound healing
problems in the perineal region (N=5; 15%) with delayed
wound closure. Postoperative hospital mortality was 0%.
Classification of complications according to the proposal of

Table 2 Infectious Complications Following Surgery of Low Rectal
Cancer with Pre-treatment in 31 Patients

Grade I–II Grade IIIa–IVb

Fever of unknown origin 2 –
Thrombophlebitis 1 –
Erysipelas 1 –
Central venous line sepsis 3 –
Pneumonia 3 –
Urinary tract infection 7 –
Wound infection
Abdominal 5 –
Perineala 4 1
Intra-abdominal infection
Abscess – 4
Pelvic sepsis – 6
Anastomotic leakage – 7
Total 26 18

a After APE

Table 3 Isolated Pathogens with Regard to their Infectious Site

Isolated pathogens Abdominal
wound

Perineal
wound

Intra-
abdominal

Pelvic Urinary
tract

Respiratory
tract

Central venous
line

E. coli 4 2 6 1 3 1 0
Enterococci 1 0 7 2 3 0 0
Enterobactericae 2 0 0 1 3 0 1
Pseudomonas 1 0 1 1 2 0 0
Citrobacter 0 0 0 0 1 0 0
Acinetobacter 0 0 2 0 0 0 0
MRSA 1 0 2 1 0 1 1
Staphylococcus aureus 0 0 2 1 0 0 2
Klebsiella 1 0 3 1 1 0 0
CNS 1 1 3 1 0 0 2
Proteus 1 0 1 0 0 1 0
Bacteroides 1 0 3 0 0 0 0
Corynebacterium 0 0 1 0 0 0 0
Candida 0 0 1 0 0 2 0
Total 13 3 42 9 13 5 6

MRSA methicillin-resistant Staphylococcus aureus, CNS coagulase-negative Staphylococcus

Table 4 Non-infectious Complications in 16 Patients

Grade I–II Grade IIIa–IVb

Haematological
Leucopenia 11 –
Respiratory system
Pleural effusion – 2
Respiratory insufficiency 1 –
Urinary tract
Urinary retention 9 –
Surgical
Bleedinga – 1
Central nervous system
Cerebral apoplexy 1 –
Transitory psychotic syndrome 1 –
Acute hearing loss 1 –
Total 14 3

a After APE
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Table 5 Relationship Between Postoperative Complications and Various Clinico-pathological Parameters

Complications Grade III–IV

No Yes P No Yes P

Age (years) 58.8 (56.1–61.5) 62.6 (58.9–66.3) n.s. 59.9 (57.5–62.3) 63.3 (57.1–69.5) n.s.
Gender
Male 37 20 <0.05 49 8 n.s.
Female 13 20 25 8
ASA Score
1 2 2 <0.05 3 1 n.s.
2 31 13 40 4
3 16 23 29 10
4 1 2 2 1
Distance of the distal edge
from the dentate line (cm)

6.1 (5.0–7.1) 5.7 (4.7–6.8) n.s. 5.9 (5.1–6.7) 6.3 (4.3–8.3) n.s.

Pre-therapeutic haemoglobin
(g/dl)

13.27 (12.7–13.8) 12.28 (11.6–12.9) <0.05 13.1 (12.6–13.5) 11.7 (10.6–12.8) <0.01

Pre-therapeutic anaemia
No 43 30 n.s. 63 10 <0.05
Yes (<11 g/dl) 7 10 11 6
Operative procedure
LAR 33 23 n.s. 46 10 n.s.
APE 16 17 27 6
Hartmann’s procedurea 1 0 1 0
Cumulative 5FU dose
(mg/m2)

7,780 (7,281–8,279) 7,128 (6,756–7,500) n.s. 7,564 (7,187–7,943) 7,119 (6,596–7,641) n.s.

Cumulative RT dose (Gy) 43.4 (42.8–44.1) 43.2 (42.6–43.9) n.s. 43.4 (43.0–43.9) 42.9 (41.8–44.0) n.s.
Hospitalisation (days) 15.3 (14.0–16.7) 26.6 (22.1–31.0) <0.001 17.6 (15.7–19.5) 33.0 (34.8–41.2) <0.001
Single shot antibiotic prophylaxis
No 25 22 n.s. 37 10 n.s.
Yes 25 18 37 6
Tumour stage
ypT0 5 4 n.s. 7 2 <0.05
1 4 1 5 0
2 17 11 26 2
3 23 19 34 8
4 1 5 2 4
ypN0 34 25 n.s. 49 10 n.s.
1 10 9 15 4
2 6 6 10 2
M0 48 40 n.s. 72 16 n.s.
1 2 0 2 0
UICC-stage 0 5 4 n.s. 7 2 n.s.
I 16 9 23 2
II 11 11 16 6
III 16 16 26 6
IV 2 0 2 0
R stage
R0 49 36 n.s. 72 13 <0.05
R1 1 4 2 3
Tumour differentiation
G1–2 44 36 n.s. 67 13 n.s.
G3–4 6 4 7 3
Response
pCR
No 5 4 n.s. 7 2 n.s.
Yes 45 36 44 37
Downstagingb
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Dindo et al. showed nine (22.5% out of 40 patients with
postoperative complications) grade I, 15 (37.5%) grade II,
four (10%) grade IIIa, seven (17.5%) grade IIIb, four (10%)
Grade IVa and one (2.5%) grade IVb cases.

In female patients, postoperative complications occurred
statistically significantly (χ2=4.3; df=1, P<0.05) more often
(58%) than in male patients (35%). Development and
severity of complications (grade III–IV) were statistically
significantly associated with the pre-therapeutic haemoglobin
level (see Table 5). Patients who developed postoperative
complication had statistically significantly (F=4,8; df=1,
P<0.05) lower pre-therapeutic haemoglobin counts (mean=
12.28; 95% CI=11.64–12.94) when compared with patients
with an uneventful postoperative course whilst on hospital-
isation (mean=13.27; 95% CI=12.70–13.76). Furthermore,
postoperative complications were statistically significantly
associated with the ASA score (χ2=7.9; df=3, P<0.05) and
with length of hospital stay (F=28,7; df=1, P<0.001).
Patients with complications showed a prolonged hospital-
isation of an average of 26.6 days (95% CI=22.13–31.04),
whereas patients without complications stayed 15.3 days
(95% CI=14.04–16.71) days in the hospital. Additionally,
patients with complication were statistically significantly
(χ2=8.7; df=1, P<0.01) at higher risk for tumour relapse
(54% vs. 23.5%) or death (46% vs. 20%, χ2=7.3; df=1,
P<0.01) during long-term follow-up. With regard to severity
of postoperative complications (grade III–IV), a statistically

significant relationship between ypT stage (χ2=13.2; df=4,
P<0.05), downstaging of the tumour (χ2=4.9; df=1,
P<0.05), pre-therapeutic anaemia (χ2=4.4; df=1, P<0.05)
or haemoglobin levels (F=6,7; df=1, P<0.01), hospital-
isation (F=33,0; df=1, P<0.001) and R classification
(χ2=6.5; df=1, P<0.05) was found. All data are summarised
in Table 5.

Univariate survival analysis concerning disease-free
(DFS), cancer-specific (CSS) and overall survival (OS)
showed that development of postoperative complications
has a strong effect on survival (see Table 6). Patients with
postoperative complications showed statistically signifi-
cantly shorter survival rates at 5 years (DFS=44% vs.
76%; CSS=65% vs. 81%; OS=61% vs. 79%) and 10 years
(DFS=42% vs. 76%; CSS=55% vs. 79%; OS=43% vs. 77%)
when compared with patients with an uneventful immediate
postoperative course (Fig. 1). Additional statistically signif-
icant prognosticators concerning clinico-pathological fea-
tures are given in Table 6.

In multivariate survival analysis, downstaging of the
tumour, tumour differentiation and development of
postoperative complications were demonstrated as inde-
pendent prognostic factors. Patients with postoperative
complications had a 2.2-fold (95% CI=1.08–4.56) higher
risk of developing progressive disease and a 2.7-fold
(95% CI=1.06–7.00) higher relative risk of dying (see
Table 7).

Table 5 (continued)

Complications Grade III–IV

No Yes P No Yes P

No 28 17 n.s. 41 4 <0.05
Yes 22 23 33 12

Clinical long-time course
Uneventful 38 19 <0.01 49 8 n.s.
Poorc 12 21 25 8
Loco-regional failure
No 48 31 <0.01 66 13 n.s.
Yes 2 9 8 3
Distant metastases
No 38 22 <0.05 51 9 n.s.
Yes 12 18 23 7
Death during follow-up
No 41 21 <0.01 54 8 n.s.
Yes 9 19 20 8

Overall observation time
(months)

77.4 (67.6–87.2) 59.7 (49.0–70.3) <0.05 71.6 (63.5–79.7) 59.8 (42.0–77.7) n.s.

Continuous data are given as mean values with respective 95% CI in parentheses; nominal data are given as absolute counts
ASA American Society of Anesthesiology, LAR low anterior resection, incl. inter-sphincteric resection (N=1), APE abdomino-perineal excision,
5FU 5-fluorouracil, RT radiotherapy, pCR pathological complete response, Gy Gray
a In one male patient, cardiac arrest during surgical procedure due to anaphylactic reaction following intraoperative resuscitation necessitated
change in the surgical plan and Hartmann’s procedure was carried out
b cT4→ypT0–3; cT3→ypT0–2
c Poor clinical course—development of loco-regional and/or distant relapse

662 J Gastrointest Surg (2009) 13:657–667



Discussion

Our study shows in a very distinct group of patients,
namely in patients with locally advanced stages (i.e. cT3 or
cT4) determined unexceptionally by endorectal ultrasound
and in one quarter of patients additionally by MRI, that
postoperative morbidity is frequent while nearly half of

patients (44.4%) are affected. The proportion of postoper-
ative complications in our series is slightly higher when
compared with published data6,17,18 and remains a serious
clinical problem in patients with preoperative chemoradia-
tion and consecutive surgery. Out of all postoperative
complications, 18% (16 out of all patients) were classified
as severe (i.e. grade IIIa to IVb according to the proposal of

Table 6 Univariate Survival Analysis of Various Clinico-pathological Features and Postoperative Complications

DFS CCS OS

χ2 P χ2 P χ2 P

Age (years)
Continuous 2.2 n.s. 1.7 n.s. 2.3 n.s.
≤60 years vs. >60 years 1.5 0.8 n.s. 1.1 n.s.
Gender
Female vs. male 0.1 n.s. 0 n.s. 0.3 n.s.
ASA score
1 vs. 2 vs. 3 vs. 4 10.7 <0.05 6.9 n.s. 5.7 n.s.
Distance from the dentate line (cm)
Continuous 0.3 n.s. 0.4 n.s. 0.5 n.s.
≤4 cm vs. >4 cm 0.2 n.s. 0.1 n.s. 0.5 n.s.
Pre-therapeutic haemoglobin (g/dl)
Continuous 0.5 n.s. 1.7 n.s. 3.8 <0.05
≤11 g/dl vs. >11 g/dl 1.3 n.s. 1.5 n.s. 1.8 n.s.
Operative procedure
LAR vs. APE 12.7 n.s. 12.7 n.s. 11.4 n.s.
Cumulative 5FU dose (mg/m2) 0.1 n.s. 0.1 n.s. 0.7 n.s.
Cumulative RT dose (Gy) 0.1 n.s. 0.7 n.s. 2.2 n.s.
Hospitalisation (days)
Continuous 8.8 <0.01 2.6 n.s. 1.3 n.s.
≤14 days vs. >14 days 6.5 <0.05 4.1 <0.05 7.5 <0.01
Tumour stage
ypT0 vs. 1 vs. 2 vs. 3 vs. 4 16 <0.01 10.2 <0.05 12.2 <0.05
ypN0 vs. 1 vs. 2 11.4 <0.01 11.8 <0.01 8.3 <0.05
M0 vs. M1 0.1 n.s. 0.4 n.s. 0.6 n.s.
UICC-stage
0 vs. I vs. II vs. III vs. IV 14.4 <0.01 11.5 <0.05 13.1 <0.05
R stage
R0 vs. R1 14.9 <0.05 111.4 <0.01 19 <0.01
Tumour differentiation
G1–2 vs. G3–4 128.9 <0.001 114.6 <0.001 111.9 <0.01
Response
pCR
No vs. yes 2.4 n.s. 3.6 0.05 3.8 0.05
Downstaginga

No vs. yes 16.1 <0.001 11.1 <0.01 11.3 <0.01
Postoperative complications
No vs. yes 9.2 <0.01 4.3 <0.05 9.4 <0.01
No vs. grade I vs. II vs. III vs. IV 16.8 <0.01 4.3 n.s. 9.8 <0.05
Severe (Grade III–IV) no vs. yes 1.9 n.s. 1.3 n.s. 3.5 n.s.
Infectious no vs. yes 4.5 <0.05 2.1 n.s. 4.9 <0.05

ASA American Society of Anesthesiology, LAR low anterior resection, incl. inter-sphincteric resection (N=1), APE abdomino-perineal excision,
incl. Hartmann’s procedure (N=1), 5FU 5-fluorouracil, RT radiotherapy, pCR pathological complete response, Gy Gray, DFS disease-free
survival, CSS cancer-specific survival, OS overall survival
a cT4→ypT0–3; cT3→ypT0–2
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Dindo et al.) requiring intervention in general anaesthesia
or were life threatening. Nevertheless, none of the patients
died during hospital stay.

The majority (77.5%; 31 out of 40 patients with
complications) of postoperative complications were infec-
tious secondary disease. Unsurprisingly, the spectrum of
pathogens comprised mainly those of the large bowel. The
leading cause of infectious complications was anastomotic
dehiscence (12.5%; seven out of 56 LAR) or delayed
perineal wound healing when APE was performed (15%;
five out of 33 APE). Although wound healing problems
were overall easily manageable, in one case, a perineal
wound infection after APE led to severe clinical problems
with renal failure and the need of re-operation. An
anastomotic leakage, which is in contrary one of the most
feared complications, occurred in 12.5% of all sphincter-
preserving resections, which is in the range reported so
far.6,34,35 In this situation, diversion stoma at primary
operation turned out to be extremely helpful in managing
this life-threatening condition. In five out of the seven
patients with anastomotic dehiscence, only tube caecos-
tomy had been performed and in all but one patient re-
laparotomy with resection of the anastomosis following
terminal colostomy had to be carried out. The remaining
two patients had a diversion stoma. In these patients and in
additional three, in whom an abscess in the sacral cavity
was evident and a minor leakage has to be assumed, solely
interventional drainage of the abscess had to be carried out
to control morbidity. Due to this observation, which is in
contrary to our findings in non-pre-treated patients,36 from
the beginning of the year 2000, protective loop ileostomy
was declared as the mandatory routine procedure at our
department in pre-treated patients with low anterior or inter-
sphincteric resection.

Possible explanations for increased rates of postoperative
complications after preoperative chemoradiation and the
negative influence of postoperative morbidity on disease-
free and overall survival may be found in an impaired
immune system regarding both anti-infectious and anti-
tumour immunity. Prall et al. demonstrated a negative
impact on anti-tumour immunity with impaired effects on
CD4 (T-helper cells), CD8 (cytotoxic T-cells), CD83
(mature dendritic cells) and CD57 (natural killer cells).37

Moreover, a limited immune system function may last at
least over the entire preoperative treatment period of
5 weeks and the treatment-free interval might be too short
for adequate recovery. Another important factor seems to be
the abnormal tumour vascularisation itself and the extra-
cellular matrix effects following preoperative radiation
responsible for delayed wound healing.38 The impact of
postoperative complications, especially anastomotic leakage
on immediate postoperative mortality and local recurrence,
is well recognised.39,40,17,28,41 Its impact on long-term
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Figure 1 Kaplan–Meier curves for a disease-free, b cancer-specific
and c overall survival in patients with preoperative chemoradiation:
correlation with postoperative morbidity (continuous line) patients
without postoperative complications; (dotted line) patients with
postoperative complications. Percentages indicate survival rates at 5
and 10 years + . . . patients at risk.
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outcome is still a matter of debate due to the fact that, in
most studies, the number of patients is too small to draw
binding conclusions39,40 and/or the effect on postoperative
mortality cannot be ruled out.42,43 In our series, none of the
patients died postoperatively during hospitalisation or at
least 30 days after surgery, resulting in a possible stronger
effect of early postoperative morbidity on survival. We
could clearly show that patients with postoperative compli-
cations showed statistically significantly shorter survival
rates (P<0.01) and higher proportions of tumour recurrence
with regard to both loco-regional failure (P<0.01) and
distant metastasis (P<0.01). However, severity of compli-
cations were not related with the clinical course. The
mechanism by which postoperative complications, espe-
cially anastomotic leakage, adversely affect survival
remains to be elucidated. In our opinion, local implantation
of viable tumour cells by anastomotic leakage that leads to
loco-regional recurrence cannot entirely explain the phe-
nomenon. The biological behaviour of occult hepatic
metastases at the time of potentially curative resection that
determines the likelihood of dying from metastatic disease
may be influenced by inflammatory response as already
discussed before. Raised concentrations of C-reactive
protein and also reduced levels of interleukin 6, tumour
necrosis factor alpha (TNF-alpha) and interferon gamma
(IF-gamma) are reported.28,44 Release of pro-inflammatory
cytokines and growth factors in case of intra-abdominal
sepsis together with the associated immunosuppression also
may have a direct effect on the growth of residual tumour
cells.17,37,45,44,41 It might therefore be hypothesised that
patients who subsequently develop postoperative infectious
secondary disease have either more residual tumour or
inflammatory response may influence the behaviour of
occult tumour cells. An altered disease-free survival at 2 or
3 years after curative resection may therefore theoretically
support this assumption. In accordance with this hypothe-
sis, we were actually able to demonstrate that the presence
of postoperative infectious complications predicts disease-
free survival. On the other hand, our working group clearly

showed a significant correlation between disseminated
tumour cells in the peripheral blood and response to pre-
treatment.32 A re-evaluation regarding the correlation of
secondary disease, which was not carried out in the original
work, underlines our speculation, showing that, in two out
of three patients with anastomotic dehiscence, disseminated
tumour cells in the peripheral blood during the perioper-
ative course could be demonstrated directly (proofed by
both CEA mRNA and CK20 mRNA) and indirectly
(detection of free DNA).46

In our study, early postoperative complications were also
statistically significantly (P<0.05) associated with the pre-
therapeutic haemoglobin level. Moreover, red blood counts,
gender and ASA scores turned out to be clinical feature
capable of predicting postoperative complications. As
described recently by our working group,47 pre-therapeutic
anaemia is an additional independent prognosticator in
gastrointestinal malignancies, too. In our opinion, pre-
therapeutic haemoglobin levels have to be interpreted as a
mirror of the general condition of the oncologic patient and
therefore associated with the clinical long-time course. It
remains speculative to what extent pre-therapeutic transfu-
sion or the administration of growth hormones together
with surgical techniques that are known to reduce blood
loss like laparoscopic approach with TME48,49 is able to
prevent postoperative complications.

Urinary retention (22.5% out of all complications) was
recognised as the most common non-infectious problem.
All of them were temporary and were manageable with
means of replacement of urinary catheter and in men
additionally by administration of alpha-1a antagonists. Due
to the fact that urinary retention lasts for only a limited
period of time, we assume that the reversible damage of the
nerves was more due to pre-treatment than by operative
procedure, which was moreover carried out by nerve-
preserving technique with respect to the principles of the
so-called TME. Due to the design of the study concerning
the immediate postoperative course, we could not assess
further two important postoperative complications, namely

Table 7 Multivariate Survival Analysis Regarding DFS and OS

DFS CSS OS

RHR (95% CI) P RHR (95% CI) P RHR (95% CI) P

Tumour differentiation
G3–4 vs. G1–2 14.24 (1.92–9.39) <0.000 3.03 (1.16–7.91) <0.05 2.49 (1.00–6.29) 0.05
Postoperative complications
Yes vs. no 2.20 (1.08–4.56) <0.05 1.46 (0.56–3.85 n.s. 2.73 (1.06–7.00) <0.05
Downstaging
No vs. yes 3.19 (1.34–7.57) <0.01 2.27 (0.51–10.15) n.s. 2.10 (0.56–7.92) n.s.

DFS disease-free survival, CSS cancer-specific survival, OS overall survival, RHR relative hazard ratio, CI confidence interval
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sexual dysfunction and anal incontinence. On the strength
of our past experience, faecal incontinence after closure of
the diversion stoma continues to exist for at least half a year
and is coped in almost all patients within 1 year.50,51

In conclusion, we could demonstrate that postoperative
complications are important factors influencing clinical
outcome and long-term survival in patients with locally
advanced cancer of the mid and lower rectum in whom
preoperative combined chemoradiation was carried out.
Especially in infectious complications, which are mainly
due to anastomotic leakage in LAR and delayed perineal
wound healing in APE, the results are consistent with the
hypothesis that the inflammatory response might play a
significant role in altering the behaviour of occult residual
tumour cells. Pre-therapeutic haemoglobin levels, gender
and ASA scores were highlighted as predictors of postop-
erative complications. Urinary retention is the most com-
mon non-infectious complication and is due to its
reversibility of inferior clinical relevance.
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Abstract
Introduction Appendiceal tumors represent a subset of colonic neoplasms that frequently defy early diagnosis only to
present at advanced stage with peritoneal metastasis. Data on early detection by colonoscopy is limited to case reports or
series. The aim of this study is to determine the diagnostic yield of colonoscopy in detecting appendiceal lesions in patients
with appendiceal adenocarcinoma and pseudomyxoma peritonei.
Methods We reviewed clinicopathologic data on 121 consecutive patients with histologically confirmed appendiceal
adenocarcinoma with pseudomyxoma peritonei presenting to our institution for intraperitoneal hyperthermic chemotherapy
(IPHC) and cytoreductive surgery between February, 1993 and August, 2007, focusing on the colonoscopy findings.
Results Preoperative colonoscopic data were available on 64 patients (average age=51; 52 for IPHC patients). Abnormal
findings included seven patients with appendiceal lesions (11%), 12 patients with cecal abnormalities (19%), and 28 patients
with polyps (44%). Twenty-three patients (36%) had a normal colonoscopy. Malignancy was documented in two of the 64
(3.1%) patients on preoperative colonoscopy biopsies.
Conclusions Appendiceal abnormalities are infrequently seen on colonoscopy and rarely yield a diagnostic biopsy in
patients with appendiceal carcinoma. We found that nearly 42% of patients with carcinoma of the appendix have
synchronous colonic polyps, a much higher prevalence than would be expected, supporting a role for a perioperative
colonoscopy.

Keywords Appendiceal adenocarcinoma .

Pseudomyxoma . Colonoscopy .

Intraperitoneal hyperthermic chemotherapy

Introduction

Appendiceal adenocarcinoma is a rare lesion, which is,
unfortunately, seldom diagnosed early. Presenting symp-
toms can include right lower quadrant pain, appendicitis,
early satiety, and changes in bowel habits or abdominal
distention. It is not unusual for these lesions to be detected
incidentally at surgery or by cross-sectional imaging. In the
USA, there are 561,000 appendectomies performed annu-
ally with approximately 250,000 cases of appendicitis per
year.1 Mucinous distention of the appendix, or mucocele, is
present in 0.2–0.3% of appendectomy specimens and may
be a premalignant lesion if associated with adenomatous
changes. The incidence of appendiceal adenocarcinoma
ranges from 0.11–0.80% in appendectomy specimens.2–5

According to the surveillance, epidemiology and end-
results program, the incidence of appendiceal malignancies
in the USA is 0.12 cases per 1,000,000 people per year,
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with adenocarcinoma accounting for the largest subset at
37% of total cases.6 Histologic type predicts extent of
disease,7 with signet-ring cell carcinoma of the appendix
having metastases at time of diagnosis in 93% of cases,
mucinous adenocarcinoma having metastases at time of
diagnosis in 71% of cases, and colonic type adenocarcino-
ma having metastases at time of diagnosis in 83% of cases.6

Pseudomyxoma peritonei is a distinct clinical entity
characterized by gelatinous ascites originating from a
mucinous appendiceal adenoma or adenocarcinoma. Ronnett
et al. found that at least 87% of cases of pseudomyxoma
peritonei or mucinous adenocarcinoma with peritoneal
involvement were of appendiceal origin.8 Additionally,
Misdraji et al. found that 64% of cases of appendiceal
mucinous neoplasms showed evidence of appendiceal
rupture and peritoneal spread.9 We have found that pseudo-
myxoma is rarely caused by nonappendiceal tumors.

Endoscopic detection of appendiceal adenoma and
adenocarcinoma has been reported as case reports and
limited case series in the medical literature.10–20 Ponsky
first described the detection of appendiceal mucocele by
colonoscopy in 1976 as a yellowish, submucosal, lipoma-
like mass.21 In the largest series to date, Zanati et al.
described seven patients with mucinous cystadenoma of the
appendix detected on colonoscopy over a 14-year period at
a single institution.16 Lee et al. first described their
abnormal colonoscopy findings in a patient with pseudo-
myxoma peritonei.22 We are unaware of a large series that
adequately describes the preoperative colonoscopic findings
in patients presenting with appendiceal adenocarcinoma
with pseudomyxoma peritonei. Thus, the aim of this study
was to determine the diagnostic yield of colonoscopy in
detecting previously diagnosed appendiceal adenocarcino-
ma with pseudomyxoma peritonei and to characterize the
mucosal abnormalities associated with appendiceal adeno-
carcinoma with pseudomyxoma peritonei.

Methods and Materials

We retrospectively reviewed our experience in 191 patients,
from 1993 to 2006, with pseudomyxoma peritonei related
to primary appendiceal tumors, who were treated with
cytoreductive surgery (CS) and intraperitoneal hyperther-
mic chemotherapy (IPHC); complete records were available
in 121 patients and made up our cohort. Sixty-four patients
had a complete colonoscopy either prior to surgery. The
initial history and physical, colonoscopy reports, surgical
pathology reports, and clinic notes were reviewed for
record of colonoscopy performed prior to CS. Reference
to prior colonoscopy as normal was deemed to have no
appendiceal lesion and no colonic polyps. A total of 64
patients were selected for final review. Colonoscopy report

findings of appendiceal lesions, cecal lesions, colonic
polyps, and any other mucosal or submucosal defect were
compiled. This study was approved by our institutional
review board.

Results

Colonoscopy Findings

There were a total of 68 colonoscopies performed on 64
patients prior to IPHC/CS. The indications are summarized
in Table 1. The leading indications for performing colono-
scopy were new diagnosis of appendiceal adenocarcinoma
with pseudomyxoma peritonei (26.6%), cancer of unknown
primary source (15.6%), abdominal pain (14.1%), and
abdominal mass (10.9%). There were two patients with
colonoscopy performed for screening purposes only (3.1%).
Indication for colonoscopy was not available in three of the
64 (4.7%) patients.

Patients were defined as having normal colonoscopies if
a normal endoscopy report was available and/or if the initial
history and physical within our medical record reported on
a normal colonoscopy. Colonoscopy reports were available
on 54 of the 64 patients (84%) and the initial history and
physical was used to report “normal” findings in the
remaining ten patients (16%). The average age at time of
endoscopy was 51 (range 26–74 years), the average age at
time of diagnosis was 50 (range 26–74 years), and the
average age at time of IPHC C/S treatment was 52 (range
26–74 years). There were 36 males and 28 females.
Colonoscopy was performed for an average of 182 days

Table 1 Indications for Colonoscopy in Patients Presenting for
Treatment of Appendiceal Adenocarcinoma with Pseudomyxoma
Peritonei

Indication for colonoscopy Number of
cases (%)

Appendiceal adenocarcinoma with
pseudomyxoma peritonei

17 (26.6)

Cancer of unknown primary 10 (15.6)
Abdominal pain 9 (14.1)
Abdominal mass 7 (10.9)
Preoperative for IPHC C/S 4 (6.3)
Anemia/rectal bleeding 4 (6.3)
Ascites 3 (4.7)
Unknown indication 3 (4.7)
Weight loss/change in bowel habits 2 (3.1)
Diverticulosis 2 (3.1)
Screening colonoscopy 2 (3.1)
Ulcerative colitis 1 (1.6)

CS cytoreductive surgery, IPHC intraperitoneal hyperthermic
chemotherapy
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(range 1–1447 days, median 79 days) prior to CS/IPHC.
Table 2 summarizes colonoscopic findings. In 23 patients,
the colonoscopy was entirely normal (36%). Appendiceal
lesions were detected in seven patients (11%). Abnormal
findings of the cecum, usually a mass effect, were present
in 12 patients (19%). Lesions of the appendix and/or cecum
were present in 16 patients (25%). Overall, a malignant
diagnosis was made on two of the 64 (3.1%) patients on the
preoperative colonoscopic biopsies. Table 3 summarizes the
clinicopathological findings of patients with abnormalities
at the cecum or appendix. Disseminated adenomucinosis of
the appendix is classified as a low grade malignant lesion.7

Colonic polyps were present in 27 patients (42%); only
nonhyperplastic polyps were considered significant both
within and outside of the cecum. An extrinsic mass in the
midascending colon ulcerating through the bowel wall into
the lumen was detected concomitantly in one patient (2%).
One patient had extensive pancolonic polyps suggestive of
familial polyposis (2%).

Surgical Treatments Prior to Colonoscopy

Because many patients presenting for IPHC have prior
surgical therapy, we investigated the effect of prior surgery
on likelihood of abnormalities being detected with colono-
scopy. Prior surgery is defined on a scale of 0–3. Prior
surgical score (PSS) of 0 is defined as biopsy only or
laparoscopy plus biopsy. PSS of 1 is defined as previous
exploratory laparotomy. PSS of 2 is defined as exploratory
laparotomy with some resection, usually greater omentec-
tomy or greater omentectomy plus right colectomy. PSS of
3 is defined as extensive surgery with an attempt at
complete cytoreduction. PSS was unknown in six patients.
There were 16 patients (25%) with PSS of 0, 23 (40%)
patients had PSS of 1, 16 (25%) patients had PSS of 2, and
three patients had PSS of 3 (5%). The three patients with
extensive cytoreduction had normal colonoscopies. Thirty-
three of the 64 patients (52%) with colonoscopy prior to
IPHC had prior appendectomy.

Forty-four percent of the subset of 16 patients with
abnormal findings of the appendiceal orifice and/or cecum

had appendectomy prior to colonoscopy. Five of these 16
had PSS of zero, six patients had PSS of 1, and four
patients had PSS of 2. PSS was unknown on a single
patient.

Discussion

We describe the colonoscopic findings of patients presenting
to our institution for treatment of appendiceal adenocarcino-
ma with pseudomyxoma peritonei with intraperitoneal
hyperthermic chemotherapy and cytoreductive surgery. This
constitutes the single, largest cohort of patients with
appendiceal carcinoma in which preoperative colonoscopic
data exist. Our series is limited by the inherent limitations
and weaknesses seen in retrospective database studies.
Specifically, the time between colonoscopy and surgery
(either CS or conventional) varied between a few days and
4 years. Further, the clinical impressions of the endoscopists
beyond that included in their report were not queried. In
addition, our analysis is limited by a highly selected subset
of patients with appendiceal carcinoma associated with
pseudomyxoma and not just appendiceal adenocarcinomas
and as such is not generalizable. However, it is clear that
colonoscopy rarely identifies cancer of the appendix, even
when it is in an advanced stage.

Standard colonoscopy continues to be the gold-standard
study to evaluate colonic mucosa for abnormalities;
however, the predilection of appendiceal adenocarcinoma
to spread to the peritoneum limits detection of endoluminal
disease with colonoscopy. The general consensus of centers
caring for patients with appendiceal adenocarcinoma with
pseudomyxoma peritonei is that a colonoscopy is inconse-
quential in these individuals as they typically have stage IV
disease. We found that a colonoscopy alone is poor at
definitively diagnosing advanced appendiceal adenocarcino-
ma with peritoneal spread with only 10% of cases showing
an appendiceal abnormality and virtually no masses noted
intraluminally. Thus, a normal colonoscopy does not predict
the absence of an appendiceal adenocarcinoma.

However, we found a high incidence of synchronous
colonic polyps, with no synchronous colon cancer. Wolff
and Ahmed reported metachronous colonic neoplasm
present in 21.4% in patients with benign lesions of the
appendix and a single case (4.8%) of metachronous colonic
neoplasm in patients with adenocarcinoma of the appen-
dix.23,24 Colonoscopy is useful in detecting synchronous
colonic polyps that may have a higher risk for malignant
transformation in this patient population as synchronous
colonic neoplasms have been reported in the literature.
Nonetheless, the increased incidence of colonic polyps in
our cohort (44%) compared to those noted in the age-
matched screening population in which adenomas should

Table 2 Colonoscopy Results for Patients with Appendiceal Adeno-
carcinoma with Pseudomyxoma Peritonei

Colonoscopic findings Number of cases (%)

Normal colonoscopy 23 (36)
Colonic polyps 27 (42)
Appendiceal lesions 7 (11)
Cecal lesions 12 (19)
Invasive ulcerated mass 1 (2)
Pancolonic polyposis 1 (2)

670 J Gastrointest Surg (2009) 13:668–675
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be detected in ≥25% of men and ≥15% women suggests
that these patients are most likely at a higher risk for
developing colonic neoplasia.25 Thus, the value of the
colonoscopy is not so much in identifying an appendiceal
carcinoma, but, moreover, in detecting colonic neoplasia.
Although finding polyps in patients with stage IV disease
typically has no effect on long-term survival, most patients
with peritoneal dissemination from low-grade appendiceal
tumors treated with cytoreductive surgery and IPHC have
median survival beyond 5 years. Therefore, colonoscopy
and polypectomy may be of value in selected patients being
evaluated for surgery.

Conclusion

We examined the yield of colonoscopy in detecting
appendiceal adenocarcinoma in a cohort of patients with
advanced disease and pseudomyxoma peritonei. There was
a low detection rate of 11% for appendiceal abnormalities
and 19% for cecal abnormalities. Despite a priori knowl-
edge of the patient’s appendiceal carcinoma diagnosis, the
endoscopist was able to document malignancy in only 3%
of patients on preoperative colonic biopsies. This data
represents the largest series of colonoscopic examinations
in the literature. We confirm that the likelihood of finding
early lesions of the appendix is rare using endoscopic
evaluation. Indeed, a negative colonoscopy was commonly
present in our cohort with advanced disease, indicating that
a negative colonoscopy does not rule out appendiceal
primary tumor. There was a higher than expected rate of
synchronous colon polyps in our cohort. Colonoscopy
should be performed in selected patients diagnosed with
appendiceal adenocarcinoma with pseudomyxoma peritonei
to evaluate for synchronous premalignant lesions. Endo-
scopists should be aware that colonoscopy is unlikely to
detect advanced appendiceal adenocarcinoma. However,
findings of a smooth, submucosal lesion in the cecum near
the appendiceal orifice or free-flowing mucin from the
appendiceal orifice should raise concern for appendiceal
adenocarcinoma.
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Abstract
Background For patients with acute colitis, the decision when and how to operate is difficult in most cases. It was the aim of
this systematic review to analyze early mortality and morbidity of colectomy for severe acute colitis in order to identify
opportunities to improve perioperative treatment and outcome.
Methods A systematic review of the available literature in the Medline and PubMed databases from 1975 to 2007 was
performed. All articles were assessed methodologically; the articles of poor methodological quality were excluded. Articles
on laparoscopic colectomy for acute colitis were analyzed separately.
Results In total, 29 studies met the criteria for the systematic review, describing a total of 2,714 patients, 1,257 of whom
were operated on in an acute setting, i.e., urgent or emergency colectomy. Reported in-hospital mortality was 8.0%; the
30-day mortality was 5.2%. Morbidity was 50.8%. The majority of complications were of infectious and thromboembolic
nature. Over the last three decades, there was a shift in indications from toxic megacolon, from 71.1% in 1975–1984 to
21.6% in 1995–2005, to severe acute colitis not responding to conservative treatment, from 16.5% in 1975–1984 to
58.1% in 1995–2007. Mortality decreased from 10.0% to 1.8%. Morbidity remained high, exceeding 40% in the last
decade. Mortality after laparoscopic surgery was 0.6%. Complication rate varies from 16–37%.
Conclusion Colectomy for acute colitis is complicated by considerable morbidity. The incidence of adverse outcome has
substantially decreased over the last three decades, but further improvements are still required. The retrospective nature of
the included studies allows for a considerable degree of selection bias that limits robust and clinically sound conclusions
about both conventional and laparoscopic surgery.

Keywords Abdominal surgery . Colectomy .

Inflammatory bowel disease . Ulcerative colitis .

Crohn’s disease . Treatment outcome

Introduction

About 25% of patients with inflammatory bowel disease
(IBD) complicated by an acute colitis will undergo an acute
colectomy either as an emergency or an urgent procedure.
Emergency colectomy is indicated in case of life-threatening
complications as toxic megacolon, perforation, or severe
hemorrhage. Ongoing acute colitis despite optimal medical
therapy requires urgent colectomy, to prevent further
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deterioration. In these urgent cases, the optimal timing of
surgery remains difficult. Conservative treatment may save
the colon. However, prolonged unsuccessful medical treat-
ment may harm the patient: Delayed surgery may increase
the risk of postoperative complications in these seriously ill,
immunocompromised, malnourished, and deteriorating
patients.1–5 Conversely, early surgery will expose too many
patients to risky emergency surgery.6–11 It was the aim of
this systematic review to analyze the causes of early
mortality and morbidity after colectomy for acute colitis
in order to identify opportunities to improve the results of
treatment. Because of the changes in the long period of time
studied, results were stratified for the time era in periods of
10 years.

Since laparoscopy is gaining territory in colorectal
surgery, a subgroup analysis was made in order to analyze
outcome after laparoscopic subtotal colectomy with the
construction of an ileostomy for severe acute colitis.
Primary outcome measures were mortality and morbidity
and secondary outcome measures were hospital stay,
readmission rate, and subsequent restorative procedures.

Methods

Identification of Studies

A systematic review was undertaken with searches performed
in Medline and PubMed databases for the period 1975 to
2007, using the following keywords (MESH terms): inflam-
matory bowel disease, ulcerative colitis, Crohn’s, toxic
megacolon, surgery, colectomy, treatment outcome,morbidity,
mortality, and complications. Studies with data on patients
undergoing emergency and urgent (procto-) colectomy for
inflammatory bowel disease were included. Language was
limited to English, German, Dutch, French, and Italian.

The PubMed database was searched to identify articles on
outcome of laparoscopic colectomy for severe acute colitis. The
used terms were laparoscop*, colitis, and colectomy. Criteria of
exclusion were studies in children only, construction of an
ileoanal pouch, surgery for carcinoma in inflammatory bowel
disease, long-term outcome only, case reports, and reviews.

Eligibility of Studies

To assess methodological quality, each article was subjected
to the methodological index for nonrandomized studies
(MINORS) according to Slim et al.12 Independently, two
authors (PT and MS) scored all publications. The results
were discussed with two senior authors (AB and RB) if no
consensus about the score was reached. Definite scores
were established when consensus was reached between all
authors. Since data on short-term follow-up and specified

early mortality and morbidity are of main importance
regarding the aim of our study, accurate specification of
short-term outcome was mandatory for selection. A
maximum of 17 points could be obtained. To be selected,
publications had to score at least one point on each item,
reflecting an overall fair methodological quality and
homogeneity. The three most relevant publications were
selected to search for related articles, which were evaluated
in an identical way (Table 1).

Data Extraction

After the initial assessment of the studies for eligibility, two
authors (PT and MS) independently extracted the following
data: number and demographic data of patients, pre- and
postoperative diagnosis, type of surgery, indications for
surgery, mortality, and morbidity. Morbidity contained
several items: small bowel obstruction/ileus, peritonitis,
intra-abdominal abscess, wound infection, fascia dehiscence,
rectal stump blowout, hemorrhage, stoma complications,
perforation, wound infection, pneumonia, deep venous

Table 1 Modified Methodological Index for Nonrandomized Studies

Criteria

1. A clearly stated aim Not reported 0
Partially reported, no clear aim 1
Clear aim 2

2. Inclusion of consecutive
patients

Not reported 0
Patients in a certain time period 1
Consecutive patients +
characteristics

2

3. Methods Not reported 0
Incomplete 1
Reported clearly, appropriate to aim 2

4. Evaluation criteria for
endpoints

Not reported 0
No clear description 1
Clear explanation of chosen
endpoints

2

5. Eligibility of endpoints Not reported 0
Mortality and/or morbidity 1
Specified mortality and morbidity 2
As previous + adequate statistical
analysis

3

6. Short-term follow-up Not reported 0
Several days 1
30 day/in-hospital 2

7. Loss to follow-up Not reported 0
Incomplete 1
Clear 2

8. Overall judgment Lack of comprehension 0
Little argumentation 1
Adequate argumentation and
discussion

2

Total 17
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thrombosis, pulmonary embolism, renal insufficiency, adre-
nal insufficiency, esophagitis, sepsis, pericarditis, myocardi-
al infarction, urinary tract infection/retention, coagulopathy,
nerve damage/compression, and iatrogenic damage. For
complications requiring surgical intervention, the number
of reoperations was scored.

Operations were classified as either elective or acute
(i.e., urgent or emergency), in accordance with the
description in the individual articles. Only results on acute
operations were extracted. Main outcome measures were
30-day mortality, in-hospital mortality, and morbidity.
Colectomy and proctocolectomy, the two main types of
operative procedure, were evaluated separately regarding
morbidity and mortality. All items were classified accord-
ing to the original authors’ definitions. The desired
homogeneity in representation of the adverse events was
obtained by grouping complications in general categories
as specified in the Tables 2, 3, and 4.

Analysis

The incidence of each item scored was calculated from the
pooled patients data. For each specified item, only those
articles were used that present accurately described details
on the specific item. For each item, the total number of
patients described in these articles is reported. The articles
were divided into three decades according to the year of
publication. The main outcome measures were specified for
each decade separately.

Statistical assessment was performed using Fisher’s exact
test to calculate significance. In order to detect significant
trends, the chi-square test was used for linear trend.

Results

The literature search resulted in a total of 414 articles from
the PubMed search and 235 articles from Medline search.
From the 649 abstracts studied, 13 met the inclusion criteria
for this review. The related article search added 612 studies
to be evaluated, leading to the inclusion of another 24.
Exclusion of articles with MINORS score less than 1 point
in any of the items left 29 studies to be included in this
systematic review (Fig. 1).

The median MINORS score of these 29 studies was 12
(range 9–15) of 17. The total number included amounted
2,714 patients. Colectomy in the acute phase, the subject of
this article, was performed in 1,257 patients. Preoperative
diagnosis, mentioned in 942 of these cases, was ulcerative
colitis (UC) in 76.9%, Crohn’s disease (CD) in 17.2%,
indeterminate colitis (IC) in 2.3%, and 3.6% had other
preoperative diagnosis. Postoperative diagnoses, mentioned
in 226, were similarly distributed: UC in 80.5%, CD in

15.0%, IC in 3.1%, and 1.3% other diagnoses. Indications
for surgery were failure of medical therapy/acute colitis in
44.2% (95% confidence interval (CI) 41.0–47.5%), toxic
megacolon in 42.2% (95% CI 39.0–45.5%), hemorrhage in
7.7% (95% CI 5.9–9.8%), perforation in 7.0% (95% CI
5.3–8.9%), and other in 2.3% (95% CI 1.4–3.4%). Over
time, the incidence of indications for surgery changed. The
incidence of toxic megacolon decreased from 71.1% (95%
CI 65.3–76.4%) in the first decade to 21.6% (95% CI 17.3–
21.3%) in the third decade. Success of conservative
treatment causes a fall of acute life-threatening complica-
tions like toxic megacolon or hemorrhage. The remaining
category of acute colitis not responding to conservative
treatment to such extent that it warrants acute surgery
therefore increased from 16.5% (95% CI 12.2–21.5%) in
the first decade to 58.1% (95% CI 52.2–63.7%) in the last
(Table 2). Both shifts were found to be significant (chi-
square; p<0.001).

Studies that report 30-day mortality included 634
patients. Of these, 5.2% (95% CI 3.6–7.2%; Table 2) died
within 30 day after operation. Reports on in-hospital
mortality included 1,112 patients, 8.0% of whom died in
the hospital after operation. Mortality decreased signifi-
cantly over time (chi-square test; p<0.001) from 10.0 in the
first decade to 1.8% in the last.

Two different surgical procedures have been used:
subtotal colectomy (STC) or proctocolectomy (PC), both
with construction of an ileostomy. In the pooled data,
outcome measures were specified for STC in 411 patients
and for PC in 265 patients. Mortality within 30 days after
STC was 9.0%. After PC, mortality was 8.3%. Overall
mortality was 11.1% and 9.8%, respectively (Table 4). Since
1995, no articles have been published reporting on PC.

Overall morbidity was 50.8% (Table 2). Morbidity
significantly decreased over the three-decade time span
(chi-square test; p<0.001) from 62.3% in the first decade to
40.1% in the last. Complications are listed in Table 3. Most
frequent surgical complications were wound infection/
dehiscence (18.4%), intra-abdominal abscess (9.2%), small
bowel obstruction (6.2%), ileostomy-related complications
(5.5%), and hemorrhage (4.6%). Specified iatrogenic
injuries were found in 3.4%: ureter (n=2), vagina (n=2),
and pelvic nerves (n=2). Splenectomy due to iatrogenic
damage was mentioned in one case. Reoperation was
inadequately documented in most studies. Medical compli-
cations comprised infectious and thromboembolic inci-
dents. Twenty-five out of 139 (18.0%) cases developed
septicemia. Pneumonia was reported in 11.2% of the cases
and urinary tract infection in 4.3%. Thromboembolic
complications comprised deep venous thrombosis (7.2%)
and pulmonary embolism (7.0%). Other thromboembolic
complications (3.4%) were arterial embolism (n=1) and
portal vein thrombosis (n=1). In six cases, thromboembo-
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lism was not specified. No reliable data could be retrieved
on renal insufficiency and myocardial infarction.

Morbidity specified for STC and PC is listed in
Table 4. Overall morbidity for STC was 56.3% and for PC
67.2%. Abscesses were found after 13 (17.8%) out of 73
subtotal colectomies and after six (11.3%) out of 53

proctocolectomies. The number of wound infections after
STC was 13 (18.6%) out of 79 and after PC was 14
(23.7%) out of 59. Hemorrhage occurred in zero (0%) out
of 16 and three (14.3%) out of 21 cases, respectively. A
rectal stump blow out was reported in 11 (6.7%) out of
163 (sub-) total colectomies.

Table 2 Indications, 30-Day Mortality, and Morbidity for Acute Colectomy in Colitis Specified for Time Span and Overall Results

Study No. of
patients

Toxic
megacolon

Hemorrhage Perforation Acute colitis Other 30-day
mortality

Morbidity

Binder et al.6 1975 80 16 5 14 45 0 5 52
Koudahl and
Kristensen13

1975 19 19 0 0 0 0 – –

Koudahl and
Kristensen14

1976 36 – – – – – – –

Mungas et al.15 1976 25 25 – 4 0 0 0 11
Strauss et al.11 1976 28 28 – – 0 0 6 28
Patel and Stone16 1977 40 40 – 2 0 0 – 14
Roys et al.9 1977 10 10 – 3 0 0 – 9
Soyer and Aldrete17 1980 12 12 – – 0 0 1 –
Beauchamp and
Beliveau18

1981 25 10 7 8 0 0 5 –

Muscroft et al.19 1981 14 14 – – 0 0 – –
Jamart et al.20 1983 20 20 0 0 0 0 – –

Subtotal
(1975–1984)

194/273
(71.1%)

12/144
(8.3%)

31/219
(14.2%)

45/273
(16.5%)

0/273
(0%)

17/170
(10.0%)

114/183
(62.3%)

95% CI 65.3–76.4 4.4–14.1 9.8–19.6 12.2–21.5 0.0–1.3 5.9–15.6 54.7–69.4
Greenstein et al.21 1985 59 59 – – 0 0 – –
Jones et al.22 1987 19 5 0 0 14 0 – –
Frykholm et al.23 1989 78 – – – – – 8 –
Leijonmarck et al.24 1989 185 50 11 0 124 0 – –
Robert et al.25 1990 11 4 11 0 0 0 0 8
Leenen et al.26 1991 8 8 0 3 0 0 – 6
Kyle et al.27 1992 31 11 0 2 20 0 1 –
Mikkola and Jarvinen28 1992 33 18 3 2 7 3 2 19
Ng et al.29 1992 32 5 2 2 28 0 0 7
Chevalier et al.30 1994 18 0 0 0 16 2 – –
Melville et al.31 1994 106 – – – – – – –

Subtotal
(1985–1994)

160/396
(40.4%)

27/337
(8.0%)

9/337
(2.7%)

209/396
(52.8%)

5/396
(1.3%)

11/185
(5.9%)

40/84
(47.6%)

95% CI 35.4–45.4 5.3–11.5 1.2–5.0 47.7–57.8 0.4–2.9 3.0–10.4 36.6–58.9
Fleshner et al.32 1995 14 – – – – – 0 8
Wojdemann et al.33 1995 147 41 3 4 84 15 5 –
Almogy et al.34 2001 42 11 0 5 26 0 – –
Hyde et al.35 2001 44 6 – – – – 0 29
Alves et al.36 2003 40 17 17 6 0 0 – 15
Elton et al.37 2003 7 – – – – – – –
Hyman et al.8 2005 74 0 1 5 66 2 0 17

Subtotal
(1995–2007)

75/347 (21.6%) 21/303
(6.9%)

20/303
(6.6%)

176/303
(58.1%)

17/303
(5.6%)

5/279
(1.8%)

69/172
(40.1%)

95% CI 17.3–21.3 4.3–10.4 4.1–10.0 52.2–63.7 3.3–8.8 0.6–4.1 32.6–48.0

Total 1,257 429/1,016
(42.2%)

60/784
(7.7%)

60/859
(7.0%)

430/972
(44.2%)

22/972
(2.3%)

33/634
(5.2%)

223/439
(50.8%)

95% CI 39.0–45.5 5.9–9.8 5.3–8.9 41.0–47.5 1.4–3.4 3.6–7.2 45.9–55.7
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Seven reports on laparoscopic colectomy for severe
acute colitis met the criteria for inclusion in this review.
Mean operation time was 253 min. Six out of 174 (3.4%)
laparoscopic procedures were converted to laparotomy. The
main reasons for conversion were adhesions, complicated
colitis, or the necessity of peritoneal lavage. One patient out
of 174 (0.6%) died as a result of a fatal stroke. Morbidity
varied from 16–37%. Main complications were small bowel

obstruction (8.9%), surgical site infections (6.3%), high
output ileostomy (5.7%), and other stoma-related compli-
cations (4.4%). Hospital stay was expressed in median as in
mean values (Table 5). Readmission rate was only
mentioned in two studies, being seven out of 36 (19.4%).
A later subsequent restorative procedure (mostly construc-
tion of an ileoanal pouch) could be performed in 116 out of
137 patients (85%). Due to insufficient data available, no

Table 3 Surgical and Medical Complications After Colectomy for Acute Colitis

Morbidity Number % (95% CI) Reoperation % (95% CI)

Surgical complications
Small bowel obstruction/ileus 36/580 6.2 (4.4–8.5) 5/18 27.8 (9.7–53.6)
Wound dehiscence 10/175 5.7 (2.8–10.3) 1/1 100 (2.5–100.0)
Fascia dehiscence – – – –
Anastomotic leakage 2/147 1.4 (0.2–4.8) 2/2 100 (15.8–100.0)
Hemorrhage 22/476 4.6 (2.9–6.9) 8/10 80.0 (44.3–97.5)

2/8a 25.0 (3.2–65.1)
Stoma complication 15/273 5.5 (3.1–8.9) 6/14 42.9 (17.7–71.2)
Perforation 3/79 3.8 (0.8–10.7) 3/3 100 (29.2–100.0)
Peritonitis 8/191 4.2 (1.8–8.1) 5/5 100 (47.8–100.0)
Abscess 46/532 8.6 (6.4–11.4) 6/10 60.0 (26.2–87.8)

3/6b 50.0 (11.8–88.2)
Wound infection 73/575 12.7 (10.0–15.8) – –
Iatrogenic injury 7/185 3.8 (1.5–7.7) – –
Medical complications
Pneumonia 13/116 11.2 (6.1–18.4)
Urinary tract infection/retention 7/161 4.3 (1.8–8.8)
Septicemia 25/139 18.0 (12.0–25.5)
Thromboembolic complications
Deep venous thrombosis 12/166 7.2 (3.8–12.3)
Pulmonary embolism 3/43 7.0 (1.5–19.1)
Other thromboembolism 8/232 3.4 (1.5–6.7)

a Conservative treatment with packed cells
b Radiological drainage

Table 4 Indications, Mortality,
and Morbidity for Acute
Subtotal Colectomy and
Proctocolectomy

STC % PC %

Toxic megacolon 141/248 56.9 66/176 37.5
Hemorrhage 18/171 10.5 15/137 10.9
Perforation 14/166 8.4 11/77 14.3
Acute colitis 87/228 38.2 86/171 50.3
Reported mortality 45/405 11.1 26/265 9.8
30-day mortality 13/144 9.0 15/181 8.3
Overall morbidity 54/96 56.3 41/61 67.2
Small bowel obstruction/ileus 2/10 20.0 – –
Peritonitis 0/26 0 1/15 6.7
Abscess 13/73 17.8 6/53 11.3
Wound infection 13/70 18.6 14/59 23.7
Burst abdomen – – – –
Hemorrhage 0/16 0 3/21 14.3
Stoma complications 1/16 6.3 2/22 9.1
Septicemia 1/11 9.1 2/7 28.6
Pelvic nerve damage – – 2/15 13.3
Rectal stump blow out 11/163 6.7 – –
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comparison between conventional and laparoscopic pro-
cedures could be made.

Discussion

Morbidity of colectomy in patients with acute colitis is
high. Half of the patients develop one or more complica-
tions. Morbidity and mortality decreased considerably
during the last three decades. In the earlier days, toxic
megacolon was the most frequent indication for nonelective
surgery. Over time, acute colitis not responding immuno-
suppressive therapy took over this role.

This review is mainly based on retrospective studies,
with their generally known limitations. Mostly, definitions
of indications and complications are not specified and,
probably, not uniform. Performing subgroup analysis for
ulcerative colitis and Crohn’s disease is not possible. Pre-
and postoperative diagnosis vary a lot and crossover,
pathologic examination may not be uniform and complica-
tions are not reported related to diagnosis. The difference
between urgent and emergency colectomy is not described
in the reviewed literature. Therefore, it is impossible to
define the difference in outcome between emergency and
urgent colectomy. Inevitably, this causes heterogeneity in
patient group composition in the various articles. Moreover,
the retrospective literature may incorporate publication bias.
However, in the absence of randomized prospective studies,
this review represents the best level of evidence available.

After colectomy in the acute phase, the vast majority of
complications are caused by surgical technical problems,
infections, or thromboembolic sequelae. Efforts to improve

the standard of care should therefore deal with these three
major threats.

Surgical Complications

The frequency of most surgical complications as prolonged
ileus (6.2%), wound dehiscence (5.7%), and anastomotic
leakage (4.6%) is similar as in patients undergoing elective
colectomy for other diagnosis. Iatrogenic bowel perforation
is a feared complication in patients with toxic megacolon.
Accidental perforations were observed in 3.8% of patients
but insufficient data are available to determine whether
this complication occurs more frequent as in patients
undergoing acute abdominal surgery.

Blow out of the rectal stump was found in 6.7% after
STC. According to some authors, the incidence of stump
blow out is highest in patients with a short stump. Trickett
et al. report an incidence of 33% of pelvic sepsis if a short
intrapelvic stump is created, 6–12% in patients with an
intraperitoneal stump, and in 3–4% of patients with a
mucous fistula. Specification of the rectal stump length is
lacking in all reviewed studies. The consequences of the
reported cases of rectal stump blowout or preventive
measures were not described. A minority of colorectal
surgeons prefer to leave a rectal tube in the rectal stump,
but there is no literature available to support or reject this
practice.45–48

Since a subtotal colectomy with the construction of an
ileostomy is the operation of choice, anastomotic leakage is
only a relevant issue in ileorectal and ileoanal anastomosis.
Most surgeons are reluctant to perform anastomosis
because all patients with acute colitis receive high-dose
corticosteroids, which is associated with an increased
risk of anastomotic dehiscence. Moreover, most patients
are malnourished and in a bad clinical condition. Primary
anastomosis was reported in overall 147 patients. The
anastomotic leakage rate was very low (1.4%; 95% CI
0.2–4.8) which may be a consequence of a selection
bias.

Infectious Complications

Postoperative infections are the main cause of postoperative
complications. Surgical site infections such as wound
infections and intra-abdominal sepsis are found in 24% of
patients. Distant infections such as pneumonia, urinary tract
infections, and sepsis occurred in 32%. The causes of
infectious complications and preventive measures, e.g.,
antibiotic prophylaxis, are not documented in the reviewed
studies to the extent that conclusions can be drawn. Hence,
optimal perioperative care must be based on extrapolation
of data in related conditions. Several factors may contribute
to the high infection rate.

MedLine, Pubmed,
Related articles

1261

Exclusion:

Case reports, reviews: 372
Laparoscopic surgery, other than colectomy:
277
Language: 166
Non-IBD, children, pregnancy: 106
Outcome other than short-term mortality and
morbidity: 60
Other: 193

 37
MINORS < 9: 8

29

Figure 1 Algorithm article selection.
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In general, surgical site infections account for 15–25%
of complications in patients with peritonitis. Prevention
of perforation by well-timed surgery and proper surgical
technique in handling the weakened colon may therefore
contribute to diminish septic complications.

Wound infection is a frequent complication after
abdominal surgery and occurred in 17.5% of patients,
which is similar to patients undergoing abdominal surgery
under clean contaminated and contaminated conditions. A
major cause is peroperative contamination which may result
from iatrogenic perforation or translocation of bacteria from
the diseased and weakened colon. Moreover, standard
antibiotic prophylaxis is likely to be inadequate. Motility
disturbances of the gastrointestinal tract and treatment with
antibiotics causes a change in the intestinal flora in patients
with acute colitis.49–51 Possibly, better results can be obtained
with antibiotic prophylaxis directed against the altered
intestinal flora, including antibiotics against hospital acquired

bacteria.50,52 Antibiotic profylaxis was not mentioned in the
reviewed articles.

It is important to realize that the immune response in
these seriously ill patients is compromised due to their
general condition and the intensive use of immunomodulat-
ing agents. Patients with acute colitis are often in a poor
condition due to hospitalization, nutritional deprivation, and
extensive losses, e.g., diarrhea. Furthermore, the integrity of
the colonic wall deteriorates in colitis. Diminished colonic
wall integrity may lead to bacterial translocation, which
increases the risk of infection. Medical therapy of acute
colitis is focused on the suppression of the inflammatory
response by high-dose corticosteroids and cyclosporine that
are known to be detrimental to the patients’ immune
response to microorganisms. On the other hand, changes
in medication contribute to a shift in presentation for acute
surgery away from toxic megacolon and toward less severe
conditions. Again, it should be noted that nomenclature in

Table 5 Studies on Laparoscopic Colectomy for Severe Acute Colitis

Dunker
et al.38

Marcello
et al.39

Seshadri
et al.40

Bell and
Seymour41

Ouaïssi
et al.42

Fowkes
et al.43

Marceau
et al.44

Publication year 2000 2001 2001 2002 2006 2007 2007

Study design Retrospective Case-control Retrospective Retrospective Prospective Prospective Case-control

Patients 10 19 37 18 18 32 40
Diagnosis
CU 8 16 20 18 15 26
CD 2 3 6 0 2 13
IC 0 1 1
Other 11
Duration (min) 271 210 270 244–270 253 145 253
Conversion 0 0 3 0 0 1 2
Mortality 0 0 1 0 0 0 0
Morbidity (%) 30 16 25 33 28 37 35
Surgical
Wound infection 2 0 1 3 0
Abscess 1 1 3
Hemorrhage 1 1 1
Stoma related 1 1 1
Bowel obstruction 1 3 1 5 3
High ileostomy output 0 3 2
Other 3
Medical
Cardiopulmonary 0 3 2
Urinary tract 1 1
Thromboembolic 1 1 1
Perioperative transfusion 1 4 7
Other medical 1 3
Hospital stay (days) 15a 4b 6b 5a 8a 7b 9a

Readmission 6 1
Subsequent IPAA 6 13 17 18 26 36

Absolute numbers unless indicated otherwise
aMean
bMedian
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the reviewed studies is probably not uniform. However, the
changes in medical therapy might be an explanation for the
improved outcome over the three decades studied, as found
in the cited literature. Response rates after high dose
intravenous corticosteroid therapy are 47–75% within 5 to
7 days.53,54 Yet, 63% of these patients underwent a
colectomy within 3 months. After 7 to 10 days, continua-
tion of corticosteroid therapy in nonresponders has no
benefit for the patient. Instead, it may cause harm to the
patient by compromising the immune system, thus increas-
ing the risk of complications after surgery.53,55,56 In steroid
failures, early decision about the next step is mandatory
being either cyclosporine or surgery. Cyclosporine is a T-
cell inhibitor with a rapid onset of action, not suppressing
the activity of other stem cells or bone marrow.53,57 The
initial response rate is as high as 70–80%. However, in the
longer term, a high rate of colectomies is reported in up to
70–88% of patients and no effect on survival has been
documented.58–62 New biological treatments such as cyto-
kines or monoclonal antibodies against cytokines are still
subject of study. In the development of newer additional
medical therapies, the risk of an increase of perioperative
morbidity must be taken into account, although in a recent
review, no adverse effects on the outcome of surgery could
be demonstrated of cyclosporine, methorexate, azathio-
prine, 6-mercaptopurine, and antitumor necrosis factor
treatment in patients with inflammatory bowel disease.63

Still prolonged ineffective medical treatment may worsen
the condition of the patient and surgical outcome while
postponing surgery for a short period only.

Thromboembolic Complications

Thromboembolic events are a cause of postoperative
complications in 18% of the patients, most frequently deep
venous thrombosis and pulmonary embolism. This is within
the range of the incidence of thromboembolic events after
colorectal surgery found in the literature which is 7–
30%.64,65 The understanding of the tendency of IBD
patients to form arterial and venous clots is limited.66 The
reported incidence stresses the fact that thromboembolic
prevention deserves scrutinous attention. In the literature
evaluated, no information is given about preventive
measures against thromboembolic complications in non-
elective colectomy. Hence, optimal perioperative care must
be based on extrapolation of data in related conditions.
Based on the criteria of the American College for Chest
Physicians, patients with inflammatory bowel diseases have
a threefold increased risk in developing deep venous
thrombosis or a pulmonary embolism.67,68 Since acute
medical illness and surgical intervention both are indepen-
dent risk factors for venous thromboembolism, patients
with severe acute colitis can be categorized in the highest

risk level.69 Recommendations for preventive measures
have to be based on reliable data that are only available
for patient populations with diagnoses other than acute
colitis.

Subtotal Colectomy vs. Proctocolectomy

Subtotal colectomy and proctocolectomy are the procedures
of choice in patients with acute colitis. Sixteen studies
clearly reported mortality and/or morbidity specified in
relation to the operation that was performed. All of these
reports were published before 1995. This reflects a clinical
practice from which urgent or emergency proctocolectomy
virtually disappeared. Studies in 1995–2007 reported lower
mortality and morbidity rates but did not specify for the
type of operation. Data about the preoperative condition of
the patients were not available. It is reasonable to assume
that PC has been reserved for patients in a better condition.
Therefore, a proper comparison between the two proce-
dures from these retrospective studies is impossible. If a
STC is performed, a long intraperitoneal stump is the best
option because it has the lowest risk of stump leakage,
proctectomy by laparotomy is more simple to perform, and
the functional results of ileorectal anastomosis with a long
rectal stump are superior to those with a short stump.70

However, a long stump has the disadvantage that a
proctectomy cannot be performed by a perineal approach
alone as opposed to a very short stump. It appears to be safe
to leave a closed rectal stump intraperitoneally or buried
subcutaneously.27,29,33,46,48 Elective proctectomy is per-
formed in 57.6% of patients after STC. Morbidity of
proctectomy comprises delayed wound healing in 20–
60%, pelvic abscesses and perineal sinuses in 25–55%,
urinary dysfunction in 25%, and sexual dysfunction in
15%.71,72,74,75 No adequate data are available to outweigh
the cumulative risk of one stage proctocolectomy against a
two stage procedure.

A comparison between conventional open colectomy
and laparoscopic colectomy is impossible because insuffi-
cient data are available to characterize both groups.
Laparoscopic colectomy seems to be safe and feasible in
inflammatory bowel disease. Possible advantages compared
to open surgery are a reduced incidence of surgical site
infections, incisional hernias, and an improved cosmesis.
Laparoscopy is thought to be a less traumatic procedure,
probably resulting in fewer adhesions and subsequent small
bowel obstruction. Later, restorative procedures are not
jeopardized by laparoscopic surgery. However, a couple of
comments merit consideration. First, the population de-
scribed in the studied articles is probably not uniform.
Where Marcello and colleagues excluded patients with
tachycardia, fever, marked leucocytosis, and peritonitis,
Bell included patients with systemic manifestations of
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inflammatory bowel disease. Furthermore, only Marceau et
al.44 described criteria for colectomy in detail. The decision
to operate was based on clinical, laboratory, and colono-
scopic findings. Finally, laparoscopic colectomy in IBD is
technically demanding. The mesentery tends to be hyper-
vascular, very friable and retroperitoneal planes may be
difficult to divide. Cassilas and Delaney73 state that it is
justified to continue the development of laparoscopic
surgery for IBD, but it should be performed by experi-
enced surgeons only. Independent from the development
of laparoscopy as a promising technique to treat these
patients, it is important to realize that timing of surgery
remains a key issue in order to further reduce unfavorable
outcome.

Conclusion

In conclusion, the morbidity of acute colectomy for
inflammatory bowel disease is relatively high. Surgical site
infections, distant infections, and thromboembolic compli-
cations are the main opportunities to improve morbidity and
mortality. If mortality and morbidity are lower in laparo-
scopic colectomy, then conventional open surgery remains
unclear.
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Abstract
Purpose Various generic and disease-specific quality of life instruments are available to assess outcome following surgery.
However, they may not be sensitive to changes in outcome in the early postoperative period, which is important when
assessing changes in surgical technique and perioperative care. The Abdominal Surgery Impact Scale (ASIS) is a validated
instrument designed to assess short-term outcome following surgery. Thus, the aims of this study were to assess the impact
of surgery on patients undergoing ileal pouch anal anastomosis (IPAA), assess factors which might impact on outcome, and
lastly, further evaluate the reliability and internal consistency of the ASIS.
Methods Patients over the age of 18 who had an IPAA between March 2005 and October 2007 completed the ASIS on
postoperative day 3 and at the time of discharge. The ASIS contains 18 items within six domains with possible scores
ranging from 18 to 126. Demographic, clinical and surgical data, postoperative complications, and length of stay were also
recorded. Internal reliability of the ASIS was measured using Cronbach’s alpha coefficient.
Results Ninety-two patients (36 female, 56 male, mean age=36.8±10.8) completed the ASIS at two time intervals (mean
3 days and mean 7 days postoperatively). Forty-seven patients had an IPAA performed with an ileostomy; 11 patients had
the IPAA performed laparoscopically. The mean hospital stay was 10.8 days. The overall mean ASIS score significantly
increased over the two time periods (mean 56.9±18.3 vs. 81.8±17.3, p<0.001). Patients who had an ileostomy had a
significantly lower mean score at discharge (77.32 vs. 86.82), secondary to lower scores on the physical limitations,
functional impairment, and visceral function domains. Seven (7.8%) patients had ileo-anal anastomotic leaks, and seven
(7.8%) patients had small bowel obstructions. These patients had an increased length of stay, whereas patients having
laparoscopic surgery had a significantly shorter length of stay (8.8 days vs. 11.1 days), but there was no significant
difference in mean ASIS scores. Cronbach’s alpha coefficient was 0.94 overall and ranged from 0.69 to 0.91 for subscales
indicating internal reliability.
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Conclusions ASIS is a valid instrument for measuring quality of life in the postoperative period and is responsive to
changes over time. Although quality of life increases postoperatively during hospital stay, at discharge, patients with IPAA
still have decreased quality of life. Patients with ileostomies have further decreased scores.

Keywords Quality of life . Restorative proctocolectomy .

IPAA . Abdominal surgery impact scale

Introduction

Restorative proctocolectomy or ileal pouch anal anastomosis
was first described in 1978.1 This procedure is a technically
challenging operation, and as a result, both the complica-
tion and failure rates were high in early reported series.2,3

However, due to modifications in technique and greater
experience with the procedure, both the reported early
complication rate and long-term results are now excellent in
most patients. As a result, IPAA has become the procedure
of choice for most patients requiring surgery for ulcerative
colitis and a surgical option for patients with familial
polyposis.4–8 Multiple studies have also documented that
quality of life in most patients is also excellent in the long
term.9,10

On the other hand, little is known about quality of life of
patients in the early perioperative period. Assessing
changes in patients’ health status and quality of life during
this period may be important in order to determine the
benefit of different surgical techniques and perioperative
care as they are introduced and adopted into practice. The
Abdominal Surgery Impact Scale was developed by Urbach
and colleagues to assess early outcome of patients after
abdominal surgery and has been shown to be valid and
sensitive to change in this cohort.11

Thus, the objectives of this study were to assess the
impact of surgery on quality of life of patients undergoing
IPAA, to assess factors which might affect quality of life,
and finally, to further evaluate the reliability and internal
consistency of The Abdominal Surgery Impact Scale
(ASIS).

Patients and Methods

Study Population

All patients over the age of 18 who underwent IPAA for
ulcerative colitis between March 2005 and October 2007 at
the Mount Sinai Hospital were asked to participate in the
study. Those patients who signed a consent form were then
asked to complete the Abdominal Surgery Impact Scale on
postoperative day 2 or 3 and again at the time of discharge.
In addition, demographic information, perioperative steroid

usage, and whether the patient had had a subtotal colectomy
previously were collected. Information regarding surgical
technique was collected including whether the procedure
was performed open or laparoscopically, whether the ileo-
anal anastomosis (IAA) was stapled or hand-sewn, and
whether a defunctioning ileostomy was performed. Informa-
tion regarding postoperative complications was collected.
Patients were considered to have an anastomotic leak if they
had clinical symptoms plus radiological confirmation. A
small bowel obstruction was defined as inability to ingest
oral intake and lack of passage of stool or flatus by day 10 as
well as abdominal radiographic findings compatible with a
small bowel obstruction. Postoperative stay was defined as
the number of days in hospital from the time of surgery.

Abdominal Surgery Impact Scale

The ASIS is an instrument specifically designed to measure
health-related quality of life after abdominal surgery.11 The
instrument has six domains including physical limitations,
functional impairment, pain, visceral function, sleep, and
psychological function. Each domain has three items
resulting in a total of 18 items (Appendix 1). Each item is
scored on a seven-point Likert scale ranging from 1 to 7.
The possible total score may range from 18 to 126 with
higher scores indicating improved quality of life. The ASIS
was previously tested in a Canadian population undergoing
abdominal surgery.11

Surgical Technique

All patients underwent surgery in two stages. Some
patients underwent a first stage subtotal colectomy with
end ileostomy followed by a proctectomy, construction
of a pouch and ileal pouch-anal anastomosis (IPAA)
with no diverting ileostomy. Others underwent a total
proctocolectomy, pouch creation, and IPAA with a divert-
ing ileostomy followed by a subsequent closure ileostomy.
Only the hospital stay where the IPAA was constructed is
considered in this study.

Statistical Analysis

All data were entered into the Mount Sinai Hospital
Inflammatory Bowel Disease database. The statistical
analysis was performed using Microsoft® Excel and
SAS® version 9.1 software (SAS Institute Inc., Cary, NC,
USA). Differences in ASIS scores over the two time-points

688 J Gastrointest Surg (2009) 13:687–694



were examined across levels of patient and surgical
characteristics (sex, steroids, anastomosis, ileostomy,
anastomatic leak, laparoscopy, and bowel obstruction)
using linear mixed models to account for within patient
variation. Nonparametric Spearman’s correlation was per-
formed to examine the simple association between the
ASIS score at two time intervals with length of stay. Each
of the six ASIS domains were also assessed with length of
stay in this manner. Multivariate regression analysis was
performed examining the effect of ASIS scores on length of
stay while controlling for gender, age, steroids, hand-sewn
versus stapled anastomosis, ileostomy, and laparoscopic
versus open procedures. Length of stay was highly skewed;
therefore, robust linear regression using Huber’s M estima-
tion was used to limit the influence of outliers in length of
stay during the modeling process.12,13 Adequacy of the
model was verified by normal probability plots. P values
less than 0.05 were considered statistically significant.
Internal reliability of the ASIS was measured using
Cronbach’s alpha coefficients. This value will increase as
the correlation between items increases indicating consis-
tency. In contrast, if items are more heterogeneous,
Cronbach’s alpha coefficients will be lower. All means are
expressed as mean (standard deviation).

Research Ethics

This study was conducted with the approval of the
Research Ethics Board at Mount Sinai Hospital.

Results

Ninety-two of a possible 100 patients agreed to participate
in the study and completed the ASIS on two occasions. The
average age of the participants was 36.8 (SD:10.8) years.
There were 56 males and 36 females. Eighteen patients
(20%) received perioperative steroid coverage. Forty-five
(49%) patients had had a previous subtotal colectomy,
whereas for 47 (51%) patients, this was the first procedure.
All of the latter patients had a diverting ileostomy. None of
the patients who previously had a subtotal colectomy were
defunctioned with an ileostomy. A stapled IAA was
performed in 85 (92%) patients, whereas seven patients
had a hand-sewn IAA. Eleven (12%) patients had the
procedure performed laparoscopically (Table 1).

Seven (7.8%) patients developed an anastomotic leak
postoperatively. None of these patients required reoperation.
Treatment included percutaneous drainage of abscesses,
antibiotics, and bowel rest. Another seven (7.8%) patients
developed a bowel obstruction postoperatively. None of
these patients required reoperation. Other complications

included intra-abdominal sepsis, wound infection, dehydra-
tion, and portal vein thrombosis. In total, 22 (23.9%) patients
had complications. There were no postoperative deaths, and
no patient required reoperation during the hospital stay. The
mean length of the hospital stay was 10.8 days (SD 5.8;
range 6 to 47).

The first ASIS questionnaire was completed on mean
day 3 postoperatively (range 1 to 8), and the second
questionnaire was completed on mean day 7 (range 3 to
17). The mean score at time 1 was 56.9 (SD 18.3) and
increased to 81.8 (SD 17.3) at time 2 (p<0.001). As shown
in Table 2, the mean score in females (51.7; SD 16.8) was
significantly lower than in males (60.3; SD 18.6) at time 1,
but at time 2, there was no significant difference (82.6; SD
15.4 vs. 81.6; SD 18.5, respectively). In patients with
ileostomies, the initial mean ASIS score was similar to the
mean score of those who did not have an ileostomy (55.9;
SD 15.7 vs. 58.5; SD 20.8, respectively, p=0.905), but the
mean score at time 2 was significantly lower in this group
(77.3; SD 15.7 vs. 86.8; SD 17.3, p=0.008). The lower
ASIS scores in patients with ileostomies were secondary to
lower physical limitation, functional impairment, and
visceral functional subscale scores.

Length of Stay

Patients who had surgery performed laparoscopically had a
significantly shorter hospital stay compared to those in
whom it was performed open (8.8; SD 2.9 days vs. 11.1;
SD 5.8 days, p=0.050), whereas the mean length of stay
was not significantly different between males and females
(11.5; SD 6.8 vs. 9.8; SD 2.3 days, p=0.0920). Mean
length of stay was longer in patients who had a small bowel
obstruction (16.7; SD 13.7 vs. 10.3; SD 4.1 days, p=
0.003). Patients who had an anastomotic leak had a longer
hospital stay, but the difference was not significant (12.6;
SD 7.9 vs. 10.6; SD 5.4 days, p=0.380). As well, age of the

Table 1 Demographic Data and Anastomotic Leaks in the Cohort
Population

Number (N) (%)

Overall 92 (100)
Age—mean (SD) 36.8 (10.8)
Male: female 56:46 (62.2/57.8)
Perioperative steroids 18 (18.9)
Stapled anastomosis 85 (93.3)
Ileostomy at time of IPAA 47 (51.1)
Laparoscopic-assisted IPAA 11 (12.2)
IPAA leaks 7 (7.8)
Small bowel obstruction 7 (7.8)
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patient, steroid usage, type of anastomosis, ileostomy vs. no
ileostomy did not affect hospital length of stay (Table 3).
ASIS score at time 1 and time 2 were not associated with
length of stay.

Reliability of the ASIS

The reliability coefficient for the overall ASIS scores was
0.940. The reliability coefficients were good for five of six
subscales with Cronbach’s alpha ranging form 0.761 (pain)

to 0.911 (functional impairment). The visceral function
subscale had a lower coefficient at 0.691 (Table 4).

Discussion

Over the past 15 to 20 years, there have been a number of
changes made to the surgical technique and perioperative
care in patients undergoing abdominal surgery aimed at
decreasing pain, improving mobilization, and decreasing the
time to resolution of ileus postoperatively with an expecta-
tion that both patient quality of life and satisfaction may be
improved and hospital stay shortened. Some of the most
noteworthy are the introduction of laparoscopy, promotion
of concepts under the tutelage of “fast track surgery” and
improved methods for controlling postoperative pain.

Ileal pouch–anal anastomosis is a complex operation
which has undergone a number of modifications over the

Table 2 Mean ASIS Scores as a Function of Time and Covariates

Time 1 ASIS score; mean (SD) Time 2 ASIS score; mean (SD) p Value for time ×
covariate interactiona

Overall 56.93 (18.30) 81.83 (17.27)
Sex Male (n=56) 60.29 (18.60) 81.36 (18.52) 0.003

Female (n=36) 51.72 (16.78) 82.56 (15.35)
Steroidsb Yes (n=17) 56.24 (14.84) 79.18 (22.09) 0.598

No (n=74) 57.37 (19.07) 82.54 (16.19)
Anastomosisb Hand-sewn (n=6) 61.0 (19.98) 80.00 (18.29) 0.354

Stapled (n=85) 56.88 (18.26) 82.05 (17.39)
Ileostomyb Yes (n=47) 55.92 (15.67) 77.32 (16.93) 0.034

No (n=44) 58.48 (20.83) 86.82 (16.60)
Anastomotic leak Yes (n=7) 56.14 (17.58) 78.6 (17.69) 0.665

No (n=85) 57.00 (18.46) 82.09 (17.32)
Laparoscopic vs. open IPAA Lap (n=11) 60.82 (18.61) 87.55 (15.48) 0.680

Open (n=81) 56.41 (18.32) 81.05 (17.45)
Obstruction Yes (n=7) 64.71 (29.29) 85.29 (23.69) 0.449

No (n=85) 56.29 (17.21) 81.54 (16.79)

a Significance indicates the change in ASIS scores over time varies by level of the covariate examined
b Total n does not sum to 92 due to missing data (2% or less)

Table 3 Mean Length of Stay as a Function of Covariates

Length of stay;
mean (SD)

p Value

Overall 10.78 (5.57)
Sex Male (n=56) 11.45 (6.84) 0.092

Female (n=36) 9.75 (2.32)
Steroids Yes (n=18) 11.71 (5.31) 0.450

No (n=72) 10.60 (5.68)
Anastomosis Hand-sewn (n=6) 10.00 (3.10) 0.167

Stapled (n=85) 10.86 (5.74)
Ileostomy Yes (n=47) 10.32 (4.02) 0.398

No (n=44) 11.32 (6.92)
Anastomotic leaks Yes (n=7) 12.57 (7.87) 0.380

No (n=85) 10.64 (5.38)
Laparoscopic vs.
open IPAA

Lap (n=11) 8.82 (2.89) 0.050
Open (n=81) 11.05 (5.80)

Bowel obstruction Yes (n=7) 16.71 (13.68) 0.003
No (n=85) 10.29 (4.13)

Table 4 Reliability Analysis of ASIS Score and Subscale Scores

Subscale Item Mean SD Cronbach’s alpha

Physical limitation 11.98 4.81 0.834
Functional impairment 7.71 3.30 0.909
Pain 11.61 4.32 0.775
Visceral function 11.43 4.28 0.675
Sleep 9.49 3.90 0.849
Psychological function 13.95 4.47 0.880
Overall score 69.60 21.73 0.940
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years, so long-term outcome in most patients is good, and it
has thus become the procedure of choice for most patients
requiring surgery for ulcerative colitis.14 Quality of life has
been defined as the “gap between a person’s expectations
and achievements,” and this definition appropriately
describes quality of life as a personal trait that differs
among people.15 Multiple studies have shown that long-
term quality of life is excellent in these patients.9,10,16–19

On the other hand, there have been no studies that have
looked at quality of life or measured patient satisfaction
using validated instruments while patients are still in the
hospital despite considerable changes in surgical technique.
These modifications include stapling rather than hand-
sewing the ileo-anal anastomosis, differences in pouch
construction, as well as omission of an ileostomy in some
or all patients. In addition, the IPAA procedure is being
performed laparoscopically in selected patients in some
centers. Laparoscopy has been adopted by surgeons
because it is less invasive and thus may lead to less
postoperative pain, earlier return of gastrointestinal func-
tion, as well as improved cosmesis and body image.
Although many studies have demonstrated a modest
decrease in hospital stay, the advantage of a laparoscopic
approach with regard to quality of life in the short term has
not been evident20. Similarly, it is unknown whether other
aspects of the surgical technique might affect patient
recovery or quality of life in the early postoperative course,
and it is for this reason that we undertook this study. We
hypothesized that quality of life would improve over time
following surgery and that those having a laparoscopic
pouch procedure would have improved quality of life,
while those who developed complications would have a
worsened quality of life.

In this study, mean ASIS scores improved from 56.9 to
81.8 over the two time periods demonstrating that as
patients recover from surgery, their scores improved.
However, while the mean scores improved, the mean score
still was only 81.8 out of a possible 126 at discharge which
is again in keeping with what would be expected given that
the average time of discharge was 10 days following
surgery. The ASIS questionnaires were not administered
beyond discharge since this instrument was specifically
developed for assessing quality of life in the immediate
postoperative period. However, one would expect that
quality of life would continue to improve as has been
shown by others. Muir and colleagues assessed preopera-
tive and long-term postoperative quality of life using the
Short-Form 36 instrument. They were able to demonstrate
improvement in quality of life at 1 month follow-up.10

This study did not demonstrate that patients who had
laparoscopic IPAA had better mean ASIS scores. In
retrospect, the time 2 administration of the ASIS instrument

should have been at a fixed date rather than at discharge, as
we may have been able to detect differences which were
not present at discharge since patients in the laparoscopic
group were discharged on average 3 days earlier than those
in the open group. This may be one reason that a difference
was not detected. However, there was also no significant
difference in the mean scores between the open and
laparoscopic groups at time 1 (60.8 vs., 56.4), and one
might predict that if there were a difference in quality of
life, it would have been greater in the earlier postoperative
time period. A second possible reason for there being no
difference detected is that there were relatively few patients
who had surgery performed laparoscopically. However, the
difference between the two groups was minimal and likely
would not have been significant even with more patients
included. A previous study by Dunker et al. compared
quality of life in 16 patients who had a laparoscopic-
assisted IPAA to 19 patients who had an open IPAA.21

They noted no difference in overall quality of life using the
Short Form 36 Health Survey and the Gastrointestinal
Quality of Life Index, although they did detect a difference
in the cosmetic result using the Body Image Question-
naire.21 The COST trial used the self-reported Symptoms
Distress Scale and the Quality of Life Index as an
assessment of global quality of life. Although the COST
trial demonstrated a decrease in length of stay and
postoperative analgesic requirements in patients who
underwent laparoscopic colectomies, it also failed to detect
differences in health-related quality of life between patients
undergoing laparoscopic or open colectomy for cancer.20

Although others have argued that the quality of life
instruments used in the COST trial were unresponsive to
changes in quality of life,22 our results also did not
demonstrate a significant difference in laparoscopic vs.
open groups.

In this study, there was a significant difference between
mean ASIS scores at discharge between the cohort with
ileostomies compared to those without (55.9 vs. 77.3). The
lower mean ASIS score in the ileostomy group was
attributable to lower scores in the physical limitation,
functional impairment, and visceral function subscales
scores. The functional impairment includes questions
regarding appearance, self care, leisure activities, and daily
activities. It is not surprising that the ileostomy group had
lower scores. Muir et al. noted that the greatest improve-
ment in quality of life occurred after closure of the
ileostomy.10 Similarly, Camilleri-Brennan et al. evaluated
19 patients who have IPAA and compared them to age- and
sex-matched patients who had had a panproctocolectomy
and permanent ileostomy using the Short-Form 36 version
2 questionnaire, the Inflammatory Bowel Disease Ques-
tionnaire and specific body image questions.23 They
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demonstrated that although the overall mean quality of life
scores were similar in the two groups, patients with
permanent ileostomies had poorer body image scores.23

Another possible reason for the difference in the mean
scores in the present study may be due to the fact that it is
our policy to perform an ileostomy if we do a colectomy
and pouch procedure as a one-stage procedure, whereas if
a patient has had a subtotal colectomy and ileostomy
previously, then a proctectomy and pouch procedure is
performed without a covering ileostomy. Thus, in this study,
all patients who had an ileostomy had a colectomy and
pouch procedure performed at surgery, whereas all patients
in the “no ileostomy” group had only a proctectomy and
pouch procedure. Thus, the differences in the mean ASIS
scores may have been due, in part, to the extent of the
operation rather than due to the ileostomy per se. Further-
more, patients in the “ileostomy group”may have had poorer
scores preoperatively than those in the “no ileostomy” group,
since this was their first operation for ulcerative colitis.
However, this is only a speculation, since the ASIS was not
administered preoperatively. Subsequent studies would
benefit from preoperative administration of the ASIS.

The mean ASIS score at time 1 was also significantly
higher in males than females, but by time 2, there was no
significant difference in the mean scores. There is no
obvious reason for the difference in the initial mean scores.
Previous studies have not shown differences in quality of
life between males and females in long-term quality of life
studies.3,16,24

In this study, 8% of patients developed an anastomotic
leak, and another 8% had a small bowel obstruction while
in the hospital. Surprisingly in these two subgroups, there
was no significant difference in the mean ASIS scores at
either time 1 or 2. Both groups had longer hospital stays,
and the mean time when the second ASIS questionnaires
were completed was 6.4 (6–8) and 9.8 (6–15) days,
respectively, compared to mean day 7 for the entire cohort.
Thus, again if the ASIS questionnaires had been adminis-
tered at a fixed time postoperatively, it might have shown
differences in the scores, whereas by the time of dis-
charged, the groups had recovered equally so that the mean
scores were similar.

This study also showed that the ASIS instrument is
responsive to changes in quality of life postoperatively.
This confirms the findings of Urbach and colleagues.11

However, while it was responsive to change over time we
were not able to detect significant differences in outcome
according to differences in surgical technique or presence
of complications. We were also able to confirm that it is
feasible to self-administer the ASIS to patients in the early
postoperative period. Finally, the reliability of the ASIS and
its subscales is high with scores ranging from 0.69 to 0.91. A

p
p
en
d
ix

1

A
bd

om
in
al

S
ur
ge
ry

Im
pa
ct

S
ca
le

(A
S
IS
)

I
ca
n
n
ot

cl
im

b
a
fl
ig
ht

of
st
ai
rs

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
am

n
ot

ab
le

to
m
ov

e
ea
si
ly

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
am

n
ot

ab
le

to
st
an
d
co
m
fo
rt
ab
ly

fo
r
fi
ve

m
in
ut
es

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

It
is
di
ff
ic
ul
t
fo
r
m
e
to

ge
t
dr
es
se
d

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
am

un
ab
le

to
ca
re

fo
r
m
ys
el
f

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
fe
el

de
pe
nd

en
t
on

ot
he
rs

to
ca
re

fo
r
m
e

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
am

af
ra
id

to
m
ov

e
be
ca
us
e
it
m
ig
ht

ca
us
e
pa
in

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
ha
ve

se
ve
re

pa
in

in
an
d
ar
ou

nd
m
y
ab
do

m
en

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

M
y
in
ci
si
on

(s
)
is
/a
re

ca
us
in
g
m
e
pa
in

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

692 J Gastrointest Surg (2009) 13:687–694



References

1. Parks AG, Nicholls RJ. Proctocolectomy without ileostomy for
ulcerative colitis. BMJ 1978;2(6130):85–88.

2. Fazio VW, Ziv Y, Church JM, Oakley JR, Lavery IC, Milsom JW,
Schroeder TK. Ileal pouch–anal anastomoses complications and
function in 1005 patients. Ann Surg 1995;222(2):120–127.
doi:10.1097/00000658-199508000-00003.

3. Meagher AP, Farouk R, Dozois RR, Kelly KA, Pemberton JH. J
ileal pouch–anal anastomosis for chronic ulcerative colitis:
complications and long-term outcome in 1310 patients. Br J Surg
1998;85(6):800–803. doi:10.1046/j.1365-2168.1998.00689.x.

4. McMullen K, Hicks T, Ray J, Gathright JB, Timmcke AE.
Complications associated with ileal pouch–anal anastomosis.
World J Surg 1991;15:763–766. doi:10.1007/BF01665312.

5. Oresland T, Fasth S, Nordgren S, Hulten L. The clinical and
functional outcome after restorative proctocolectomy. A pro-
spective study in 100 patients. Int J Colorectal Dis 1989;4(1):
50–56.

6. Pemberton JH, Kelly KA, Beart RW Jr, Dozois RR, Wolff BG,
Ilstrup DM. Ileal pouch–anal anastomosis for chronic ulcerative
colitis. Long-term results. Ann Surg 1987;206(4):504–513.
doi:10.1097/00000658-198710000-00011.

7. Poppen B, Svenberg T, Bark T, Sjogren B, Rubio C, Drakenberg
B, Slezak P. Colectomy–proctomucosectomy with S-pouch:
operative procedures, complications, and functional outcome in
69 consecutive patients. Dis Colon Rectum 1992;35:40–47.
doi:10.1007/BF02053337.

8. Skarsgard ED, Atkinson KG, Bell GA, Pezim ME, Seal AM,
Sharp FR. Function and quality of life results after ileal pouch
surgery for chronic ulcerative colitis and familial polyposis.
Am J Surg 1989;157:467–471. doi:10.1016/0002-9610(89)
90636-3.

9. Delaney CP, Fazio VW, Remzi FH, Hammel J, Church JM, Hull
TL, Senagore AJ, Strong SA, Lavery IC. Prospective, age-related
analysis of surgical results, functional outcome, and quality of life
after ileal pouch–anal anastomosis. Ann Surg 2003;238(2):221–
228.

10. Muir AJ, Edwards LJ, Sanders LL, Bollinger RR, Koruda MJ,
Bachwich DR, Provenzale D. A prospective evaluation of health-
related quality of life after ileal pouch anal anastomosis for
ulcerative colitis. Am J Gastroenterol 2001;96(5):1480–1485.
doi:10.1111/j.1572-0241.2001.03801.x.

11. Urbach DR, Harnish JL, McIlroy JH, Streiner DL. A measure of
quality of life after abdominal surgery. Qual Life Res 2006;15
(6):1053–1061. doi:10.1007/s11136-006-0047-3.

12. Huber PJ. Robust regression: asymptotics, conjectures and Monte
Carlo. Ann Stat 1973;1(5):1799–1821.

13. Lee AH, Gracey M, Wang K, Yau KK. A robustified modeling
approach to analyze pediatric length of stay. Ann Epidemiol
2005;15(9):673–677. doi:10.1016/j.annepidem.2004.10.001.

14. Becker JM. Surgical therapy for ulcerative colitis and Crohn’s
disease. Gastroenterol Clin North Am 1999;28(2):371–90. viii–ix
doi:10.1016/S0889-8553(05)70061-3.

15. Calman KC. Quality of life in cancer patients—a hypothesis. J
Med Ethics. 1984;10(3):124–127. doi:10.1136/jme.10.3.124.

16. Berndtsson I, Lindholm E, Oresland T, Borjesson L. Long-term
outcome after ileal pouch–anal anastomosis: function and health-
related quality of life. Dis Colon Rectum 2007;50(10):1545–1552.
doi:10.1007/s10350-007-0278-6.

17. Berndtsson I, Oresland T. Quality of life before and after procto-
colectomy and IPAA in patients with ulcerative proctocolitis—a
prospective study. Colorectal Dis. 2003;5(2):173–179. doi:10.1046/
j.1463-1318.2003.00455.x.I

am
n
ot

ab
le

to
m
ov

e
m
y
bo

w
el
s
no

rm
al
ly

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
am

un
co
m
fo
rt
ab
le

be
ca
us
e
I
am

th
ir
st
y

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
do

n
ot

ha
ve

a
go

od
ap
pe
tit
e

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
w
ak
e
up

fe
el
in
g
th
at

sl
ee
p
ha
s
no

t
re
fr
es
he
d
m
e

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
ha
ve

tr
ou

bl
e
fa
lli
ng

as
le
ep

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
w
ak
e
up

a
lo
t
in

th
e
ni
gh

t
S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
ha
ve

di
ff
ic
ul
ty

co
nc
en
tr
at
in
g
on

w
ha
t
I
am

do
in
g

(c
on

ve
rs
at
io
n,

w
at
ch
in
g
T
V
,
or

re
ad
in
g)

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
fe
el

he
lp
le
ss

S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

I
fe
el

an
xi
ou

s
S
tr
on

gl
y
ag
re
e

A
gr
ee

S
om

ew
ha
t
ag
re
e

N
ei
th
er

ag
re
e
no

r
di
sa
gr
ee

S
om

ew
ha
t
di
sa
gr
ee

D
is
ag
re
e

S
tr
on

gl
y
di
sa
gr
ee

T
hi
s
qu
es
tio

nn
ai
re

co
nt
ai
ns

a
nu
m
be
r
of

st
at
em

en
ts
th
at
de
sc
ri
be

w
ay
s
in

w
hi
ch

yo
ur

ab
do
m
in
al
su
rg
er
y
m
ig
ht

ha
ve

af
fe
ct
ed

yo
u.

P
le
as
e
ci
rc
le
th
e
m
os
t
ap
pr
op
ri
at
e
nu
m
be
r
to

in
di
ca
te
th
e

de
gr
ee

to
w
hi
ch

yo
u
ag
re
e
or

di
sa
gr
ee

w
ith

ea
ch

st
at
em

en
t.
If
yo
u
ar
e
un
su
re

ab
ou
t
ho
w
to

an
sw

er
a
st
at
em

en
t,
pl
ea
se

gi
ve

th
e
be
st
an
sw

er
yo
u
ca
n.

W
he
n
an
sw

er
in
g
ea
ch

qu
es
tio

n,
pl
ea
se

th
in
k
ab
ou
t
ho
w

yo
u
ha
ve

be
en

fe
el
in
g
ov
er

th
e
p
as
t
d
ay

(2
4
ho
ur
s)
.

J Gastrointest Surg (2009) 13:687–694 693693

dx.doi.org/10.1097/00000658-199508000-00003
dx.doi.org/10.1046/j.1365-2168.1998.00689.x
dx.doi.org/10.1007/BF01665312
dx.doi.org/10.1097/00000658-198710000-00011
dx.doi.org/10.1007/BF02053337
dx.doi.org/10.1016/0002-9610(89)90636-3
dx.doi.org/10.1016/0002-9610(89)90636-3
dx.doi.org/10.1111/j.1572-0241.2001.03801.x
dx.doi.org/10.1007/s11136-006-0047-3
dx.doi.org/10.1016/j.annepidem.2004.10.001
dx.doi.org/10.1016/S0889-8553(05)70061-3
dx.doi.org/10.1136/jme.10.3.124
dx.doi.org/10.1007/s10350-007-0278-6
dx.doi.org/10.1046/j.1463-1318.2003.00455.x
dx.doi.org/10.1046/j.1463-1318.2003.00455.x


18. Thirlby RC, Sobrino MA, Randall JB. The long-term benefit of
surgery on health-related quality of life in patients with inflam-
matory bowel disease. Arch Surg. 2001;136(5):521–527.
doi:10.1001/archsurg.136.5.521.

19. Tiainen J, Matikainen M. Health-related quality of life after ileal J-
pouch–anal anastomosis for ulcerative colitis: long-term results.
Scand J Gastroenterol. 1999;34(6):601–605. doi:10.1080/
003655299750026065.

20. Weeks JC, Nelson H, Gelber S, Sargent D, Schroeder G. Short-
term quality-of-life outcomes following laparoscopic-assisted
colectomy vs open colectomy for colon cancer: a randomized
trial. JAMA 2002;287(3):321–328. doi:10.1001/jama.287.3.321.

21. Dunker MS, Bemelman WA, Slors JF, van Duijvendijk P, Gouma
DJ. Functional outcome, quality of life, body image, and cosmesis

in patients after laparoscopic-assisted and conventional restorative
proctocolectomy: a comparative study. Dis Colon Rectum
2001;44(12):1800–18007. doi:10.1007/BF02234458.

22. Urbach DR. Laparoscopic-assisted surgery for colon cancer. JAMA
2002;287(15):1938. author reply 1939 doi:10.1001/jama.287.
15.1938.

23. Camilleri-Brennan J, Munro A, Steele RJ. Does an ileoanal pouch
offer a better quality of life than a permanent ileostomy for
patients with ulcerative colitis? J Gastrointest Surg 2003;7
(6):814–819. doi:10.1016/S1091-255X(03)00103-3.

24. Farouk R, Pemberton JH, Wolff BG, Dozois RR, Browning S,
Larson D. Functional outcomes after ileal pouch-anal anastomosis
for chronic ulcerative colitis. Ann Surg 2000;231(6):919–926.
doi:10.1097/00000658-200006000-00017.

694 J Gastrointest Surg (2009) 13:687–694

dx.doi.org/10.1001/archsurg.136.5.521
dx.doi.org/10.1080/003655299750026065
dx.doi.org/10.1080/003655299750026065
dx.doi.org/10.1001/jama.287.3.321
dx.doi.org/10.1007/BF02234458
dx.doi.org/10.1001/jama.287.15.1938
dx.doi.org/10.1001/jama.287.15.1938
dx.doi.org/10.1016/S1091-255X(03)00103-3
dx.doi.org/10.1097/00000658-200006000-00017


ORIGINAL ARTICLE

Hepatectomy for Hepatocellular Carcinoma in Elderly
Patients Aged 75 Years or More

Koichi Oishi & Toshiyuki Itamoto & Tsuyoshi Kobayashi &
Akihiko Oshita & Hironobu Amano & Hideki Ohdan &

Hirotaka Tashiro & Toshimasa Asahara

Received: 18 July 2008 /Accepted: 12 November 2008 /Published online: 3 December 2008
# 2008 The Society for Surgery of the Alimentary Tract

Abstract
Background The aim of this study was to clarify the characteristics of elderly hepatocellular carcinoma (HCC) patients aged
75 years or more who underwent hepatectomy and to clarify whether elderly patients with HCC benefit from hepatectomy.
Methods Between January 1990 and December 2006, 570 patients underwent curative hepatectomy for HCC. Elderly
patients were defined as those aged 75 years or more. Clinicopathological data and outcomes after hepatectomy for 64
elderly and 502 younger patients were prospectively collected and compared.
Results The proportion of elderly patients with chronic viral infection was less than that of younger patients (p<0.001).
Cirrhotic patients in the elderly group were less than those in the younger group (p=0.03). The elderly patients had better
liver function than did the younger patients (p=0.007) but had more advanced HCC with microscopic vascular invasion
than did the younger patients (p=0.04). There was no operative mortality in the elderly patients and there was no significant
difference in postoperative complication rates and long-term survival after hepatectomy between the two groups.
Conclusions Hepatectomy for elderly patients with resectable HCC is safe and feasible. Selected elderly patients with HCC
might benefit from hepatectomy.

Keywords Hepatocellular carcinoma . Hepatectomy .

Elderly

Introduction

The average life expectancy at birth has been increasing in
many countries. Japan had the highest life expectancy

worldwide in 2006. The average life expectancy in Japan is
the longest in the world, life expectancy at birth for males
being 79 years and that for females being 86 years.1 The
number of patients with hepatocellular carcinoma (HCC)
has been increasing,2 and elderly HCC patients have been
getting older.3 With the increase in average lifetime, the age
at which a person is considered elderly is rising. Clarifica-
tion of the optimal treatment strategy for extremely elderly
patients with HCC has thus become an urgent necessity.
With advances in surgical treatment for HCC, hepatectomy
for elderly HCC patients has become safer. There have been
many reports on hepatectomies for elderly HCC patients.4–11

However, most studies were for patients aged 70 years or
more. There have been few reports on the safety and
feasibility of hepatectomy for HCC patients aged 75 years
or more and whether HCC patients aged 75 years or more
benefit from hepatectomy. The aim of this study was to
identify the characteristics of elderly HCC patients aged 75
years or more who underwent hepatectomy in comparison
with those of younger HCC patients and to clarify whether
HCC patients aged 75 years or more benefit from
hepatectomy.
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Methods

Patients’ data were collected prospectively from 1986 in our
program. Between January 1990 and December 2006, 570
consecutive HCC patients underwent curative hepatectomy in
Hiroshima University Hospital. Curative hepatectomy was
defined as the removal of all recognizable tumors. Data for
four patients whose outcomes during the follow-up period
were uncertain were excluded from the analysis. Data for the
remaining 566 HCC patients were included in the analysis.

The patients included 429 men (76%) and 137 women
(24%). The mean age at operation was 63.5 years (range,
23 to 86 years). In this study, elderly patients were defined
as those aged 75 years or more. Sixty-four patients were in
the elderly group and 502 patients were younger than
75 years of age (younger group). The mean age of patients
in the elderly group was 77.5±2.4 years (range, 75 to
86 years) and that of the younger patients was 61.7±8.7 years
(range, 23 to 74 years).

Only elderly patients whose general condition fulfilled
the American Society of Anesthesiologists’ Physical Status
Score class I or class II were considered for hepatectomy.12

The indication and procedure for hepatectomy were the
same as those described previously.13,14 Briefly, Child–
Pugh class Cwas regarded as contraindication for hepatectomy.
The selection of type of hepatectomy was made on the basis of
liver function and tumor extent. Liver function was assessed by
Child–Pugh classification and the indocyanine green retention
rate at 15 min (ICGR15). In patients without ascites and with a
normal bilirubin level, ICGR15 became the main determinant
of resectability. For example, right hemihepatectomy could be
tolerated if ICGR15 was in the normal range. One third of the
liver parenchyma could be resected for patients with ICGR15
of 10% to 19%, segmentectomy was possible with ICGR15 of
20% to 29%, and limited resection was possible with ICGR15
of 30% or more.15 Hepatectomy was indicated when it was
judged by preoperative imaging studies that all tumors could
be resected with sufficient hepatic functional reserve. How-
ever, when the HCC tumors were hypovascular, suggesting
that the tumors were well-differentiated HCC, and were 2 cm
or less in size and the number of tumors was three or less,
percutaneous ablation therapies were preferable despite
hepatectomy also being feasible, depending on the tumor
location in the liver, irrespective of the patient’s age.16 There
was no difference between the indication for hepatectomy for
younger patients and that for hepatectomy for elderly patients
throughout the period of the present study. Resections of two
segments or more according to Couinaud’s segmentation were
defined as major hepatectomy. For patients undergoing
multiple resections, the most important procedure was
considered to be the main type of hepatectomy. There is a
tendency to select limited resection in cases of severe cirrhosis
or tumors located on the surface of the liver.

Clinicopathological findings were recorded according to
the criteria of the Liver Cancer Study Group in Japan.17

Liver cirrhosis was confirmed by histological examination of a
resected specimen. Amodification of the Clavien classification
was used to grade the severity of postoperative complica-
tions.18 Grade I complications were defined as deviation from
the normal postoperative course without the need for
pharmacological treatment or surgical, endoscopic, and
radiological interventions. This grade also includes wound
infections opened at the bedside. Grade II complications were
defined as those requiring pharmacological treatments with
drugs. Blood transfusions and total parenteral nutrition are
also included. Grade III complications were defined as those
requiring surgical, endoscopic, or radiological intervention.
Grade IV complications were life-threatening complications
requiring intermediate care/intensive care unit management.
Grade V complications were those that resulted in death of a
patient. Operative mortality was defined as death within 30
days after surgery. In-hospital mortality was defined as death
occurring within the period of hospitalization.

Follow-up evaluation after the operation consisted of
clinical physical examinations, blood chemistry tests, and
measurements of levels of tumor markers, including alpha-
fetoprotein and des-gamma-carboxy prothrombin, every
month for 2 years. After 2 years, the patients were assessed
every 3 months. Patients were examined by abdominal
ultrasonography every 3 months and by computed tomog-
raphy every 6 months during the follow-up periods. Our
follow-up protocol included evaluation by hepatologists of
not only cancer recurrence but also progress of chronic
hepatitis or liver cirrhosis. When recurrence was indicated
by any of these examinations, patients underwent hepatic
angiography (Fig. 1). The patients were regularly followed
up until June 30, 2007 and every patient was followed up
for at least 6 months.

Statistical analyses were performed using the unpaired
Student’s t test and the chi-square test with Fisher’s exact

Clinical physical examinations 
Blood chemistry tests
Tumor markers

After two years

every 3 months

Ultrasonography (US)
every 3 months

Computed Tomography (CT)

every 6 months

Recurrence would be suspected

every month for 2 years

alpha-fetoprotein (AFP) 
des-gamma-carboxy prothrombin

CT during hepatic arteriography (CTA)
CT during arterial portography (CTAP)

Figure 1 Follow-up evaluation after hepatectomy for hepatocellular
carcinoma patients by surgeons and/or hepatologists.
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test. Survival and disease-free survival rates were calculated
using the Kaplan–Meier method and compared using the
log-rank test. Disease-free survival was calculated by
considering any death or recurrence as an event. A p value
of less than 0.05 was considered to be statistically
significant. Statistical analysis was carried out using the
software of StatView for Windows (Version 5.0; SAS
Institute, Cary, NC, USA).

Results

The mean follow-up period for all survivors was 4.4±
3.4 years (range, 0.5 to 17.0 years). Operative mortality and
in-hospital mortality rates in all patients were 0.4% (n=2)
and 0.7% (n=4), respectively. Characteristics of patients in
the two groups are shown in Table 1. One (2%) of the 64
patients in the elderly group had positive hepatitis B surface
antigen (HBsAg), whereas 119 (24%) of the 502 patients in
the younger group had positive HBsAg (p<0.001). The
numbers of patients without either hepatitis B virus (HBV)
or hepatitis C virus (HCV) infections in the elderly group
and the younger group were 17 (27%) and 51 (10%),
respectively (p<0.001). The incidence of cirrhosis in the
elderly group was 31%, whereas that in the younger group
was 52% (p=0.03). Preoperative laboratory tests showed
that the elderly group had better liver function than did the
younger group as assessed by prothrombin time (PT)
(p=0.007), aspartate aminotransferase (AST) (p=0.02),
and alanine aminotransferase (ALT) (p<0.001).

Tumor characteristics and intra- or postoperative results
in both groups are shown in Table 2. Tumors in the elderly
group tended to be larger than those in the younger group
(p=0.057). The incidence of microscopic vascular invasion
in the elderly group was significantly higher than that in the
younger group (p=0.04). Major hepatectomies were per-
formed more frequently in the elderly group than in the
younger group (p=0.008). Blood loss during the operation,
perioperative blood transfusion rate, operative mortality rate,
in-hospital mortality rate, and postoperative complication rate
were not significantly different between the two groups. The
incidences of complications that occurred after hepatectomy
according to grade were comparable. The 14 complications
that occurred in the elderly group were categorized as grade I
in seven patients, grade II in four patients, grade III in one
patient, and grade IV in two patients.

Overall survival rates after hepatectomy in the elderly
group at 3, 5, and 10 years were 77%, 58%, and 32%,
respectively, whereas those in the younger group were 81%,
64%, and 33%, respectively (Fig. 2). Disease-free survival
rates in the elderly group at 3, 5, and 10 years were 43%,
30%, and 0%, respectively, whereas those in the younger
group were 46%, 28%, and 14%, respectively (Fig. 3). There
were no significant differences between the two groups in
overall survival rates and disease-free survival rates.

The patterns of cancer recurrence and the details of
treatments for the recurrences in both groups are shown in
Table 3. Thirty-three (49%) of the patients in the elderly
group and 304 (61%) of the patients in younger group had
HCC recurrences after hepatectomy. The patterns of

Table 1 Backgrounds in Both Groups

Group p value

Characteristics Younger (n=502) Elderly (n=64)

Age at operation (years) 61.7±8.7 77.5±2.4 <0.001
Sex: male (%) 381 (76) 48 (75) N.S.
HBsAg: positive (%) 119 (24) 1 (2) <0.001
Anti-HCVAb: positive (%) 330 (66) 45 (70) N.S.
Non-B and non-C (%)a 51 (10) 17 (27) <0.001
Liver cirrhosis (%) 261 (52) 20 (31) 0.03
Child–Pugh grade A (%) 427 (85) 59 (92) N.S.
Platelet count (/μL) 13.7±13.5 13.7±6.1 N.S.
Prothrombin time (%) 85±20 93±19 0.007
Total bilirubin (mg/dL) 0.8±0.3 0.8±0.3 N.S.
Aspartate aminotransferase (IU/L) 50±28 41±18 0.02
Alanine aminotransferase (IU/L) 52±33 39±22 <0.001
Serum albumin (g/dL) 3.8±0.5 3.7±0.5 N.S.
ICG-R15 (%) 17.7±9.6 18.7±10.8 N.S.
Serum AFP (ng/mL) >400 (%) 94 (19) 15 (23) N.S.

Data are expressed as the means±standard deviations or as the number of patients (percentage of total patients)
HBsAg hepatitis B surface antigen, Anti-HCVAb anti-HCV antibody, AFP alpha-fetoprotein, ICGR15 indocyanine green retention rate at 15 min,
N.S. not significant
a Patients negative for HBsAg and anti-HCVAb
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recurrence, the proportions of patients who could receive
treatment for recurrence, and the modalities of treatments
used were not different in the two groups.

The causes of death in both groups are shown in Table 4.
There was no significant difference in the distribution of
causes of death between the two groups. Deaths unrelated
to cirrhosis or HCC in the elderly group included death
from cardiovascular disease in five patients and death from
malignant diseases other than HCC in two patients.

Discussion

The present study showed a difference in etiology of HCC
in elderly patients and that in younger patients. The positive
rate for HBsAg was significantly lower in the elderly
group. The proportion of patients negative for HBsAg and
anti-HCV antibody was clearly larger in the elderly group.
These findings agree with the results of previous studies.19–21

HBV-related chronic liver disease results from a vertical
transmission during the perinatal period or a horizontal
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Figure 2 Survival rates after hepatectomy in elderly patients and
younger patients. Data for the elderly patients (n=64) are shown by a
thick line and data for the younger patients (n=502) are shown by a
dotted line. There was no significant difference between the two
groups in survival rate.
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Figure 3 Disease-free survival rates after hepatectomy in elderly
patients and younger patients. Data for the elderly patients (n=64) are
shown by a thick line and data for the younger patients (n=502) are
shown by a dotted line. There was no significant difference between
the two groups in disease-free survival rate.

Table 2 Tumor Characteristics and Intra- or Postoperative Results in Both Groups

Tumor characteristics and results Group p value

Younger (n=502) Elderly (n=64)

Mean tumor size (cm)a 3.3±2.2 3.9±2.3 0.057
Number of tumors: multiple (%) 155 (31) 12 (19) N.S.
Tumor stage: I, II/III, IV 370/132 48/16 N.S.
Tumor differentiation: mod. or por. (%) 398 (85) 54 (89) N.S.
Capsule formation: positive (%) 403 (81) 54 (84) N.S.
Microscopic vascular invasion: positive (%) 145 (29) 27 (42) 0.04
Operative procedure: major hepatectomy (%) 79 (15) 19 (30) 0.008
Blood loss (mL)a 430±438 356±381 N.S.
Blood transfusion: yes (%) 27 (5) 5 (8) N.S.
Operative mortality: yes (%) 2 (0.4) 0 (0) N.S.
Hospital mortality: yes (%) 5 (1) 1 (2) N.S.
Postoperative complicationsb: yes (%) 97 (19) 14 (22) N.S.
Grade I 35 (7) 7 (11) N.S.
Grade II 36 (7) 4 (6)
Grade III 16 (3) 1 (2)
Grade IV 8 (2) 2 (3)
Grade V 2 (0.3) 0 (0)

N.S. not significant, mod. moderately differentiated, por. poorly differentiated
a Values are presented as the means±standard deviations
b Postoperative complication was defined as any event satisfying the criteria advocated by Dindo et al.17
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transmission during early childhood in most patients.22

Hepatitis B vaccination was started in 1986 in Japan.
Although the numbers of HBV-infected newborns and
infants have decreased dramatically since then, no adult
population has yet benefited from hepatitis B vaccination.
Most HBV-related HCCs develop in patients in their early
fifties. This might be the reason why there are few elderly
HCC patients with HBV infection. Factors other than
hepatitis virus infection such as alcohol or genetic distur-
bance may contribute to the development of HCC in some
elderly patients.

Although there was no difference in the distribution of
Child–Pugh grades between the two groups, elderly patients
showed higher values of prothrombin activity, indicating that
liver function was better preserved. Elderly patients also
showed lower levels of AST and ALT, indicating that
inflammation of the liver was less active. Furthermore, HCC
was less frequently associated with cirrhosis in the elderly
patients than in the younger patients. Several studies have
shown that elderly patients with HCC had good liver function
and that only a small percentage of elderly patients with HCC
had liver cirrhosis.19,23 It is possible that a large proportion of

patients with cirrhosis and HCC die before reaching the age
of 70 years that those who survive have well-preserved
hepatic function.20 Although indications for hepatectomy in
the elderly patients were similar to those in the younger
patients in our program according not only to tumor stage but
also to hepatic functional reserve, there might have been a bias
for selecting patients with good liver function when elderly
patients were referred to our surgical department.

HCC tumors in the elderly group tended to be larger than
those in the younger group. Moreover, microscopic vascular
invasion occurred more frequently in the elderly group than in
the younger group. Approximately 30% of the patients in the
elderly group in the present study had neither HBV nor HCV
infection, and these patients had not received regular
examination as high-risk patients for HCC. Therefore, HCC
could not be detected in some elderly patients at an early stage.

Elderly HCC patients who underwent hepatectomy had a
comorbid illness more often than did younger patients and
were considered to be a high-risk group for hepatectomy.4,24

However, recent studies have shown the safety and
feasibility of hepatectomy for HCC patients older than
70 years of age.8–10 The present study showed the same
good results even for patients aged 75 years or more. There
was no operative death and few serious postoperative
complications even in patients who underwent major
hepatectomy. The incidence of deaths unrelated to cirrhosis
or HCC during the follow-up periods was equal to that in
the younger group. These results might indicate that
preoperative evaluations for the elderly with comorbid
illness and patient selection were adequate in our program.
Therefore, selected elderly patients have no disadvantage
for receiving even major hepatectomy with regard to
tolerance to hepatectomy.

The present study for the elderly (75 years of age or
more) revealed that the overall 5-year survival rate and
5-year disease-free survival rate were 58% and 30%,

Table 3 Cancer Recurrence After Hepatectomy and Treatments for Recurrent HCC

Younger (n=502) Elderly (n=64) p value

Cancer recurrencea: yes 304 (61) 33 (49) N.S
Pattern of recurrenceb Remnant liver 256 (84) 25 (76) N.S.

Distant organ 12 (4) 4 (12)
Remnant liver+distant organ 36 (12) 4 (12)

Treatments for recurrenceb: yes 257 (85) 25 (76) N.S.
Main treatment for recurrenceb Repeat hepatectomy 77 (30) 4 (16) N.S.

Liver transplantation 9 (4) 0
PAT 85 (33) 12 (48)
TACE 72 (28) 9 (36)
Others 14 (5) 0

N.S. not significant, PAT percutaneous ablation therapy, TACE transarterial chemoembolization
a Data are expressed as the number of patients (percentage of total patients)
b Data are expressed as the number of patients (percentage of patients who had a recurrence)

Table 4 Causes of Death in Both Groups

Group

Younger
(n=235)

Elderly
(n=26)

Cancer death (%) 148 (63) 16 (62)
Liver failure or rupture of EV (%) 42 (18) 3 (12)
Death unrelated to liver cirrhosis or HCC (%) 39 (17) 7 (27)
Unknown causes (%) 4 (2) 0
Operative mortality (%) 2 (1) 0

EV esophageal varices, HCC hepatocellular carcinoma
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respectively, similar to the results of recent studies for
elderly HCC patients (70 years of age or more). The
prognosis of elderly HCC patients after hepatectomy was
equal to that of younger HCC patients despite the fact that
the elderly patients had more advanced HCC than did the
younger patients and required major hepatectomy more
frequently than did the younger patients. These disadvan-
tages of the elderly group for prognosis after hepatectomy
might be diminished by the better hepatic function of this
group. In Japan, 75-year-old males and females have
average life expectancies of 11.3 years and 15.0 years,
respectively.25 Selected elderly patients aged 75 years or
more might benefit from hepatectomy by avoiding early
death from HCC.

Recently, radiofrequency ablation (RFA) has been
developed as a new alternative therapy for early-stage
HCCs. Not only younger patients but also elderly patients
with early-stage HCC might benefit from this modality,
which is less invasive than hepatectomy. Our policy for the
treatment of early-stage HCC has been that, when the HCC
tumors were 2 cm or less in size and the number of tumors
was three or less, percutaneous ablation therapies were
indicative despite hepatectomy also being feasible, depending
on the tumor location in the liver, irrespective of the patient’s
age. However, not only long-term outcomes of RFA for
elderly patients with HCCs but also the safety and feasibility
of RFA for the elderly remain unclear and should be
confirmed by a prospective study.

Conclusion

HCC patients aged 75 years or more who underwent
hepatectomy had better liver function but had more
advanced tumors than did the younger HCC patients.
However, hepatectomy for HCC patients with preserved
liver function was feasible and safe, and the prognosis after
hepatectomy for the elderly patients was comparable to that
for the younger patients. Selected elderly patients with
HCC might benefit from hepatectomy.
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Abstract
Introduction The incidence of hepatic artery thrombosis (HAT) after liver transplantation (LTx) is up to 9% in adult
recipients.
Material and Methods To minimize HAT, we developed an algorithm that we have routinely applied since 2001. The
algorithm is a cascade of potentially necessary procedures to improve hepatic artery blood flow before proceeding with LTx
when arterial blood flow is impaired. Incidence, outcome, and possible therapeutic approaches of HAT were analyzed in
prospectively non-controlled collected data during a 5-year period. There were 335 LTx in 299 adults (199 male, 100
female) with a median age of 49.7 years.
Results HAT was defined as early and late HAT (diagnosis within or after 30 days following LTx). After a mean follow-up
of 17 months, nine HATwere documented (2.7%; five early and four late HAT). Treatment consisted of thrombolysis (n=1),
surgical thrombectomy (n=4), and re-transplantation (n=4). Five HAT patients died during follow-up.
Discussion Complex arterial reconstruction was associated with HAT compared to branch-patch anastomoses (P=0.0193).
Median arterial intraoperative blood flow was no risk factor for HAT. One-year patient survival after HAT was 31%. Once
HAT occurs, complication rates are high and long-term results are devastating.
Conclusion Therefore, we have implemented the presented algorithm, which showed an acceptable HAT rate.

Keywords Arterial complication . Algorithm .

Liver transplantation . Hepatic artery thrombosis
Introduction

Liver transplantation (LTx) is considered to be the
treatment of choice for patients with end-stage liver disease,
acute irreversible liver failure, and hepatic malignancies in
selected cases.1,2 Improvements in surgical techniques,
anesthetic protocols, medical management, and the intro-
duction of new immunosuppressive regimens have in-
creased patient survival after LTx, resulting in 1-year
survival rates of more than 80%.3,4 A number of studies
have reported that vascular complications are a major
source of morbidity and mortality.5–7 The most common
vascular complication after liver transplantation is hepatic
artery thrombosis (HAT), which can lead to allograft loss
and patient death. The incidence of HAT following liver
transplantation varies widely, with a reported frequency of
2.5–9% in adult recipients and 9–15% in the pediatric
population.6–12 Significantly more patients die when HAT
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develops in the early post-transplant period, and up to 50%
of affected patients die without re-transplantation.8 Early
diagnosis and prompt revascularization, or re-transplantation
has been considered to be the only chance to rescue patients
with HAT.6,13 However, re-transplantation is limited by both
organ availability and the patient’s condition. Urgent
revascularization with thrombectomy or a combination of
thrombectomy and revision of the anastomosis has been
successful in some patients with early detected HAT.14,15

HAT is most commonly diagnosed within 1 month after LTx.
Therefore, the occurrence of HAT is generally divided into
early (<30 days post-transplant) and late (>30 days post-
transplant).16 Previous studies showed that routine measure-
ment of blood flow during LTx can be helpful, as flow
determinations can alert the surgeon to an unrecognized
intraoperative HAT or to an abnormally low flow, which can
prompt immediate corrective measures.17 Different authors
described an association between intraoperative low hepatic
artery blood flow (<400 mL/min) and an increased incidence
of HAT.18,19

From 1996 to 2001, an incidence of HAT of 6.8% was
observed at our institution. After reviewing the literature for
HAT, all liver transplant surgeons designed and have
strictly followed the algorithm since 2001 to minimize its
incidence and to guarantee surgical standardization (Fig. 1).
The aim of this prospective study was to assess feasibility
and effectiveness of the presented algorithm in reducing
HAT rate and to define the treatment modalities, risk
factors, morbidity, mortality, and outcome of patients with
HAT after LTx at our transplantation center during a 5-year
period.

Materials and Methods

Patients and Organs

Between December 2001 and December 2006, 335 consec-
utive full size liver transplantations were performed in 299
adult patients (age >18 years) at our institution. We included
299 primary grafts and 36 re-transplants in this study. There
were 199 male and 100 female patients with a median age of
49.7 years. Indications for liver transplantation and re-
transplantation are summarized in Tables 1 and 2. Degree
of cirrhosis was categorized as mild (A), moderate (B), or
severe (C) according to Child–Pugh’s classification. During
our study period, livers were allocated by the Child–Pugh
classification and not by the model of end-stage liver
disease score system, which was first introduced in January
2007 in the Eurotransplant community. Almost 50% of all
patients presented with Child–Pugh class C cirrhosis.
Donor demographics, preoperative, and intraoperative
details were compared between patients with and without

HAT. Donor organs were either recovered by surgeons
from our transplant center or were forwarded from other
institutions according to the guidelines of the “Deutsche
Stiftung für Organtransplantation (DSO).” Allografts
were either preserved with histidine tryptophan ketoglu-
tarat solution (HTK, Bretschneider solution, Dr. Franz
Koehler Chemie GmbH Alsbach-Haenlein, Germany) or
with University of Wisconsin solution (Du Pont Pharma
GmbH, Germany). At the end of the back table
procedure, the graft were flushed via the hepatic artery
with 1 L of cold HTK solution with an arterial pressure
of 150 mmHg (Fig. 2).

Technique

All grafts were transplanted using a modified piggy-back
technique first described by Belghiti et al.20 with a side-to-
side cavocaval anastomosis. Reconstruction of the portal
vein was performed with an end-to-end veno-venous
anastomosis. Reperfusion of the graft was generally
performed following completion of the caval and portal
venous anastomoses.

At our department, the arterial anastomosis is routinely
fashioned with a running 7-0 polypropylene (Prolene
suture; Ethicon Inc., Johnson & Johnson Co., Somerville,
NJ) as a gastroduodenal branch-patch using the bifurcation
between the gastroduodenal and the proper hepatic artery in
both the donor and the recipient (Fig. 3a). Accessory right
hepatic arteries from the superior mesenteric artery were
anastomosed end-to-end to the gastroduodenal artery of the
donor during the back table preparation. Afterwards,
arterial anastomosis was performed end-to-end from the
common hepatic artery of the donor to the bifurcation
between the gastroduodenal and the proper hepatic artery of
the recipient (Fig. 3b). Large left accessory arteries were
preserved in continuity with the left gastric artery, and the
arterial anastomosis was performed end-to-end between the
bifurcation of the common hepatic artery and the left gastric
artery of the donor and the bifurcation of the gastroduode-
nal and the proper hepatic artery of the recipient. If the left
accessory artery could not be maintained on the left gastric
artery during organ recovery, it was anastomosed end-to-
end on the gastroduodenal artery of the donor, and the
arterial anastomosis was done end-to-end between the
common hepatic artery of the donor to the bifurcation
between the gastroduodenal and the proper hepatic artery of
the recipient. After sufficient reperfusion, intraoperative
electromagnetic blood flow measurements of both the
hepatic artery and the portal vein were recorded prior to
the biliary anastomosis using a flowmeter (CardioMed
Flowmeter CM 1005, Medi-Stim A/S, Oslo, Norway). To
define our arterial flow rate cut-off value of 150 mL/min, we
investigated all arterial flows measured during LTx from 1996
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to 2001 and found that only 5% had a flow greater than
400 mL/min (no incidence of HAT), 49% had an arterial flow
between 200 and 400 mL/min (three cases of HAT), and 38%
had an arterial flow between 150 and 200 mL/min (five cases
of HAT). The remaining 8% had an arterial flow of less than
150 mL/min and showed a significant increased incidence of
HAT (nine cases of HAT).

In case of an arterial flow of less than 150 mL/min, we
proceeded according to the presented algorithm (Tables 1
and 2). Biliary reconstruction was performed last with an
end-to-end choledocho-choledochostomy, or where indicat-
ed with a Roux en-Y choledocho-jejunostomy.

Postoperative Treatment and Monitoring

Postoperatively, patients were transferred to the intensive
care unit and maintained on ventilation support until
normothermic and hemodynamically stable. If the post-

transplant hemoglobin levels were between 6 and 8 g/dL,
the patients without cardiac problems were not adminis-
tered red blood cell units. In elderly recipients or patients
with coronary artery disease, the post-transplant hemoglo-
bin level was kept at around 10 g/dL. The immunosup-
pressive protocol consists of steroids and cyclosporine or
the combination of steroids and tacrolimus. During hospi-
talization, complete laboratory tests and cyclosporine level
measurements were performed daily. Vascular patency was
checked on a daily basis by duplex ultrasound during the
first 5 days after LTx by a radiologist of our interdisciplin-
ary team on the intensive care unit or after unexpected
increase of liver enzymes or increase of international
normalized ratio.21 If indicated, assessment of the arterial
tree was performed either by angiography, angio-computed
tomography (angio-CT), or magnetic resonance (MR)
imaging. HAT was defined as the complete disruption of
arterial blood flow to the allograft.

Figure 1 Heidelberger algorithm
to decrease HAT rate.
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Follow-up

All patients were followed up at our center routinely at 1,
3, 6, and 12 months and then every 6 months after LTx,
which included blood tests and duplex ultrasound of the
transplanted organ. In between, patients were monitored
by local hepatologists or experienced general practi-
tioners. When arterial thrombosis was suspected, patients
were transferred to our center for further diagnostic
workup.

Statistical Analysis

Statistical analysis was performed using SAS software
(Release 9.1, SAS Institute, Inc., Cary, NC). Non-parametric
analyses were performed using the chi-square/χ2-test,
Wilcoxon test, or Fisher exact test as appropriate; parametric
analyses were performed using t test. Survival curves were
generated using the Kaplan–Meier method. Results were
reported as the median ± range, and significance levels were
set at p<0.05.
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Figure 2 The patient survival
rates at 1 and 3 years after liver
transplantation. HAT was asso-
ciated with a significant nega-
tive impact on patient survival
after LTx (p=0.0133).

Table 1 Primary Diagnoses and Child–Pugh Classification of 299 Liver Transplant Patients

Indications of first LTx No. of cases Percent Child

A B C

Alcoholic cirrhosis 72 24.0 4 24 44
Hepatocellular carcinoma 58 19.5 26 24 8
Hepatitis C cirrhosis 51 17.5 8 14 29
Metabolic disorders 23 7.5 7 4 12
Primary sclerosing cirrhosis 18 6.0 6 4 8
Acute liver failure 17 5.5 0 0 17
Hepatitis B cirrhosis 16 5.5 2 5 9
Cryptogenic cirrhosis 14 4.5 2 4 8
Autoimmune cirrhosis 10 3.5 0 2 8
Primary/secondary biliary cirrhosis 5 1.5 0 4 1
Cancer 4 1.5 3 1 0
Budd Chiari 3 1.0 0 0 3
Others 8 2.5 6 0 2
Total 299 100 64 86 149

21.4% 28.7% 49.9%
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Results

The most common indication for liver transplantation was
alcoholic cirrhosis (24.1%), followed by hepatocellular
carcinoma (19.4%), and hepatitis C virus-related cirrhosis
(17.0%). Metabolic disorders included Wilson’s disease
(nine patients), hemochromatosis (four patients), and alpha-
1 antitrypsin deficiency (three patients). Diagnoses and
Child–Pugh classifications of the whole patient cohort are
depicted in Tables 1 and 2. In nine of the 335 liver
transplantations, HAT (2.7%) occurred during the study
period (Table 3). The interval between liver transplantation
and the detection of HAT ranged from 2 to 318 days
(mean, 66.6 days). Interestingly, all HATs occurred after
primary transplantation (9/299; 3%) and none after re-
transplantation. Demographics and intraoperative parame-

ters of all patients with and without HAT are listed in
Table 4. Beside the arterial reconstruction technique (p=
0.0193) and number of anastomosis (p=0.0022), there
were no significant differences between the groups with
and without HAT (Table 4).

Intraoperatively, we stepwise intervened to improve
arterial flow in case of insufficient flow rates (<150 mL/
min) according to the presented algorithm. We first
performed intra-arterial injection of a vasodilatative drug
(Verapamil 5 mg in 20 cc saline) in the recipient hepatic
artery (n=26). Generally, an increase of at least 50% of the
first determined value was accepted, but a minimal flow of
150 mL/min was strictly needed to continue LTx. If arterial
flow remained low, further steps in the cascade of our
algorithm were undertaken. If arterial flow increased by at
least 50% after clamping the portal vein for 30–60 s, thus

Figure 3 a The so-called branch-patch technique uses a splayed
anastomosis between the bifurcation of the gastroduodenal and proper
hepatic arteries in both the donor and the recipient. HA hepatic artery,
RHA right hepatic artery, LHA left hepatic artery, CHA common
hepatic artery, PHA proper hepatic artery. b For large accessory right
hepatic arteries, our current method is to perform an end-to-end

anastomosis using the recipient gastroduodenal artery stump following
a branch-patch anastomosis using the bifurcation between the
gastroduodenal and the proper hepatic artery. PHA proper hepatic
artery, A accessory artery. c Arterial conduits that use donor iliac
arteries represent a reliable technique for graft revascularization in LTx
for specific indications. HA hepatic artery, RA renal artery.
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defining the hepatic artery buffer response, we ligated the
splenic artery to decrease splanchnic circulation (n=5).22

The hepatic arterial buffer response is an intrinsic regula-
tory mechanism of the hepatic artery that compensates for
reductions in portal venous blood flow by hepatic vasodi-
latation. In small grafts that are accompanied by an
excessive portal inflow (>250 mL/min/100 g graft weight),
perioperative ligation of the splenic artery may improve
arterial flow.23 Experimental data have shown that the
immunological function of the spleen is preserved after
ligating the splenic artery.24 If the flow still remained below
150 mL/min, we resected the arcuate ligament (n=13). If
the inflow remained inadequate, we perform an arterial
conduit to the aorta (Fig. 3c; n=5).

Regarding the technique of arterial anastomosis, the
gastroduodenal branch-patch method has been the tech-

nique of choice and was used in 92.2% of cases. In 4.0%,
an additional arterial anastomosis was carried out due to
accessory hepatic arteries. Vascular conduits from the iliac
artery or aorta and other reconstructive techniques, e.g.,
supraceliac anastomosis, were rarely necessary. The type of
arterial reconstruction (complex arterial reconstruction
techniques versus gastroduodenal branch patch) was found
to be significantly associated with the complication rate
(p=0.0193; Table 4). In all five patients with splenic artery
ligation, no splenic infarction, pancreatitis, post-stenotic
aneurysm, or other related complications were observed.
During the follow-up period, no incidence of graft edema
due to impaired venous outflow or the occurrence of silent
HAT were observed in our study population. Arterial
stenoses, a well-known precursor of HAT, occurred in six
patients. The clinical symptoms of liver artery stenoses

Table 2 Primary Diagnoses and Child–Pugh Classification of 36 Patients Needing Re-transplantation Due to Organ Failure

Primary diagnoses of 1st LTx No. of cases Percent Child

A B C

Hepatitis C cirrhosis 9 25.7 0 1 8
Hepatocellular carcinoma 7 20 1 3 3
Alcoholic cirrhosis 5 14.3 0 1 4
Primary/secondary biliary cirrhosis 4 11.4 0 1 3
Metabolic disorders 2 5.7 0 1 1
Cryptogenic cirrhosis 3 8.6 0 1 2
Autoimmune cirrhosis 2 5.7 0 1 1
Others 3 8.6 0 1 2
Total 36 100 1 10 24

Table 3 Demographics of Patients with HAT and of all 299 Patients

HAT Age Sex Primary diagnosis Child 1st/ReTx Early HATa Late HATa

n=9
1 25 m Wilson’s Disease C 14 1st 2
2 56 m Hepatocellular carcinoma A 6 1st 16
3 43 m Hepatitis B C 12 1st 9
4 51 m Hepatitis C B 8 1st 8
5 39 w Acute liver failure C 11 1st 20
6 62 m Hepatitis C C 12 1st 318
7 59 m Hepatitis C B 9 1st 53
8 47 m Alpha-1 antitrypsin deficiency C 12 1st 138
9 51 m Alcohol B 8 1st 35

m=8
w=1

Median range 48.1 (25–62) 11 (2–20) 136 (35–138)
n=299
Median 49.7 m=199 See Tables 1 and 2 A=64 1st=299
Range (18–68) f=100 B=86 ReTx=36

C=149

Eight of nine patients developed HAT following the first liver transplantation and only one after re-transplantation
1st first transplantation, ReTx Re-transplantation, HAT hepatic artery thrombosis
a Days to diagnosis
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appeared immediately after transplantation and developed
in all six cases within the first 6 months. Two stenoses were
successfully managed by balloon dilatation, and two
patients were under observation without abnormalities in
liver function. Stenoses with concomitant thrombosis were
treated by re-transplantation due to acute primary non-
function of the liver (patient 6 and 8). In patients with HAT,
treatment consisted of surgical revision of the arterial
anastomosis (n=4) and local lysis (n=1) in the early HAT
group. In the late HAT group, re-transplantation was
required in all four patients.

Early HAT

Early HAT occurred in five (1.5%) patients with a median
age of 42.8 (25–56) years. HAT was diagnosed on the
median postoperative day 11 (range, 2–20 days). Two of

the patients underwent transplantation for viral cirrhosis,
one for hepatocellular carcinoma, one Wilson’s disease, and
one for fulminant liver failure of unknown origin. The
technique of the anastomosis, hepatic arterial flow during
surgery, the site of HAT, and the management are
summarized in Table 5. Three patients with early HAT had
branch-patch anastomosis. One patient had an arterial
interposition, and one had a supraceliac aortic anastomosis.
The last-mentioned patient’s anastomosis was performed in a
young patient presented with acute decompensated Wilson’s
disease. A possible reversible acute pancreatitis was ob-
served leading to extreme difficulties in preparing the celiac
trunc arteries. Therefore, an interposition jump graft was
placed from the supraceliac aorta utilizing the donor’s
common iliac artery to maintain hepatic arterial inflow.

The median intraoperative arterial flow rate in patients
with early HAT was 246 mL/min (range, 80–340 mL/min).

Table 4 Differences in Demographics and Intraoperative Variables Analyzed Between the HAT and Non-HAT Groups

HAT Range Non-HAT Range p value

Age 51 25–62 51 18–68 0.6623
Sex, m/f 8:1 89%:11% 191:99 66:34% 0.2806
Red blood cell units 3.4 0–20 3.0 0–33 0.3491
Fresh frozen plasma (units) 17 0–70 12 0–64 0.8228
Platelets (units) 1.1 0–4 1.2 0–6 0.5175
Blood loss (mL) 1,935 250–8,000 1,670 200–20,000 0.4023
Duration of surgical procedure (h) 05:18 03:15–09:25 05:18 02:20–11:40 0.3309
Cold ischemia time (h) 09:22 05:10–16:00 09:05 01:00–17:00 0.3997
Median portal vein flow (mL/min) 1,750 1,400–2,000 1,410 400–3,300 0.2176
Median arterial flow rate (mL/min) 274.5 80–350 321 35–1,300 0.9261
Number of arterial reconstruction 4 44% 18 6% 0.0022
Branch patch technique 6 67% 273 92.2% 0.0193

Values are given as median with range

Table 5 Type of Arterial Anastomosis, Hepatic Arterial Flow During Surgery, the Site of HAT, and its Management in Early and Late HATAfter
Liver Transplantation

Patient number Technique of anastomosis HA flow (mL/min) Site of HAT Management Death

b-p a i o >400 200–400 <200

Early HAT, n=5
1 1 1 Right HA S Yes
2 1 1 Anastomosis S yes
3 1 1 Left HA S No
4 1 1 Anastomosis S Yes
5 1 1 Anastomosis L No
Late HAT, n=4
6 1 1 Anastomosis ReTx Yes
7 1 1 Right HA ReTx No
8 1 1 Anastomosis ReTx Yes
9 1 1 Donor HA ReTx No

HAT hepatic artery thrombosis, S surgery, L lysis, Re-Tx Re-transplantation, b-p branch-patch, a accessory anastomosis, i interposition, o other
techniques, HA flow, hepatic artery flow

708 J Gastrointest Surg (2009) 13:702–712



The mean portal vein flow rate was 1,420 ml/min (range,
1,250–1,630 mL/min). In one patient, HAT occurred in the
left hepatic artery, in one in the right hepatic artery, in two
patients at the anastomosic site, and in one at the proximal
hepatic artery of the recipient. Four patients with early
thrombosis were treated by surgical revascularization
(thrombectomy with a Fogarty-catheter and refashioning
of the arterial anastomosis). Successful catheter-directed
thrombolysis therapy with urokinase (100,000 units/h) was
performed in one patient with systemic therapeutic anti-
coagulation with heparin. Three of the five patients died
during the follow-up due to acute right heart failure
(day 12), fulminant pancreatitis (day 39), and aspergillosis
and subsequent multi-organ failure (day 138). The fifth
patient is in a good general condition but is listed for re-
transplantation due to intrahepatic cholangitic abscesses. It
should be mentioned that in the Eurotransplant liver
allocation program, it is only possible to be listed as “high
urgent” for the first 14 days after transplantation in the
event of primary non-function of the graft. This accounts
for the high mortality rate in the early HAT group, as the
accessibility to donor livers is limited and surgical
intervention is the only option for treatment.

Late HAT

Late HAT occurred in four (1.2%) patients with a median
age of 54.7 years (range, 47–62); median HAT was
diagnosed on postoperative day 136 (range, 35–318). Two
patients underwent transplantation for viral cirrhosis, one
for alcoholic cirrhosis, and one for alpha-1 antitrypsin
deficiency. Three patients had branch-patch anastomoses
and one had an additional accessory anastomosis (Table 5).
The mean intraoperative arterial flow rate during surgery
was 288 mL/min (range, 180–351 mL/min). The median
portal vein flow rate was 1,490 ml/min (range, 1,400–
1,850 mL/min). Three patients had a clotted main hepatic
artery and one an isolated thrombosis of the right hepatic
artery. All patients subsequently presented with sepsis due
to biliary complications and/or graft dysfunction. All four
patients underwent re-transplantation after 39 days,
6 months, 10 months, and 20 months, respectively. Two
of four patients died due to fulminant pancreatitis of
unknown origin (day 33) and multi-organ failure (day 369).

Survival

The mean follow-up was 18 months (4–33 months). Five of
nine patients (55.5%) with HAT died during long-term
follow-up (Fig. 2). Three of five (60%) died in the early
HAT group and two of four (50%) in the late HAT group.
HAT was associated with a significant negative impact on
patient survival after LTx (p=0.0133) with a 1-year patient

survival rate of only 31%. Overall long-term survival rates
after LTx were recently published by our group showing 1-
and 3-year patient survival rates of 79% and 74%,
respectively.23

Discussion

Various risk factors, both surgical and non-surgical, have
been implicated in the development of HAT in liver
transplant recipients.25–27 It has been shown that imbalance
of the procoagulative and anticoagulative factors synthesized
by the liver favors a hypercoagulable state in the first few days
following liver transplantation.28 Other nonsurgical factors
for HAT include among others AB0-incompatibility,29

cigarette smoking,30 and cytomegalovirus infection.31 Other
studies showed that an increased operation time, prolonged
cold, and warm ischemia times are risk factors for early
HAT.32–34 Also compression of the celiac artery by the
median arcuate ligament, which in turn decreases blood flow
in the celiac artery and across the arterial anastomosis, has
been suggested as a risk factor for HAT.35 We reported four
unexplainable non-anastomotic HAT events, which were
likely due to donor or surgical factors. Important factors that
may cause these HAT events include arterial allograft
rejection.36,37

Due to our own experience with HAT, we introduced an
algorithm to minimize its incidence and its unfavorable
outcome following liver transplantation in 2001. Preoper-
ative imaging with MR-angiography or CT-angiography,
and duplex sonography of all hepatic vessels are the
standard of reference and can reveal altered vascular
anatomy and flow dynamics.38 A general principle of liver
transplant surgery has been to reconstruct all donor
accessory hepatic arteries while attempting to keep the
number of arterial anastomoses low. However, only about
10% of accessory left hepatic arteries have to be recon-
structed.39 Anatomical variants of the donor or recipient’s
hepatic arteries are important findings. Proposito et al.40

and Meroin et al.41 noted that variant hepatic artery
anatomy in a liver transplant recipient had little impact on
post-transplantation hepatic artery complications as long as
the native artery had an appropriate size and flow. Normal
anatomy is found in only 51–76% of patients. The most
common variants are accessory left or right hepatic arteries,
which occur in 5–18% and 11–21% respectively, a
combination of both in up to 4% or a hepatic artery arising
directly from the aorta in up to 6%.38 Particular consid-
erations for reconstructed arteries include the avoidance of
twisting and kinking caused by excessive length and angled
attachments. While vessel diameter should be maximized,
excessively small hepatic arteries (diameter, <1 mm) can
usually be ligated if there is sufficient back flow in arterial
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vessels at the time when the hepatic artery is flushed on the
back table.42

Quinones-Baldrich et al.43 first described the gastrodu-
odenal branch-patch technique using the bifurcation be-
tween the gastroduodenal and the proper hepatic artery in
both the donor and the recipient. This technique is
associated with a significant reduction in thrombosis and
stenosis compared with the classical end-to-end anastomo-
sis.39,43,44 Therefore, this technique is preferred in our
institution and was performed in more than 90% of all LTx.
We confirm that this technique is associated with a
significant reduction (p=0.0193) in thrombosis compared
with other arterial anastomoses. Complex hepatic artery
reconstruction was defined as any revascularization requir-
ing additional anastomosis or the use of a donor iliac artery
interposition graft (aortic conduit). The number of accesso-
ry arterial anastomoses in our series was 14 (4.0%). Donor
iliac artery interposition grafts was used in seven patients
(2.2%).

There were no cases of splenic infarction, pancreatitis, or
other related complications reported in the associated
literature of this technique,45,46 though one case of splenic
infarction was reported following paediatric liver transplan-
tation and ligation of the splenic artery.47 In small grafts
that are accompanied by an excessive portal inflow
(>250 mL/min/100 g graft weight), perioperative ligation
of the splenic artery may improve arterial flow.23 Experi-
mental data have shown that the immunological function of
the spleen is preserved after the ligature of the splenic
artery.24

Drazan et al.48 attributed inadequate blood flow in the
recipient hepatic artery as the cause of post-transplantation
HAT in nine of 11 patients. In our center, a low arterial flow
limit of 150 mL/min was defined. After correcting arterial
vasospasm and patients’ hemodynamic factors, Abbasoglu
et al.18 reported that patients with hepatic arterial flows less
than 400 mL/min were more than five times as likely to
develop hepatic artery stenoses and thromboses and
recommended to revising the hepatic artery reconstruction
if a flow <200 mL/min was obtained. Lin et al. reported
that the risk of HAT was increased by a factor of six if the
intraoperative hepatic artery flow rate was less than
200 mL/min during the first 2 months postoperatively.19 It
should be noted that more than 80% of all 300 LTx at our
institution had an intraoperative flow of less than 400 mL/
min and even 20% with a flow less than 200 mL/min
without developing a HAT.

Inflow problems caused by the arcuate ligament are
treated by dissection of the ligament. With significant
arcuate compression, these techniques result in a doubling
of the arterial flow rate.35 To detect a compressive arcuate
ligament preoperatively, it is recommended to perform a CT
or arteriography in both inspiratory and exspiratory phases.

Goldstein et al.49 improved 22 patients with technical
difficulties or inadequate blood flow using donor iliac
arteries to construct aortohepatic or iliohepatic conduits
placed ante- or retropancreatically. Intraoperative hemody-
namics and postoperative liver function of patients with a
vascular conduit are similar to those patients with the
classical reconstructions.50,51 There were two cases of
arterial thrombosis in the conduit group and in the standard
group. Two major infections were encountered: both
pancreatic abscesses and both in conduits placed retro-
pancreatically. Thus, the antepancreatic approach is our
preferred technique performing aortohepatic conduits.49

Although a high hematocrit and hemoglobin level is
associated with an increased risk of HAT, it was not a
significant factor in our series. According to the guidelines
of the American Society of Anesthesiologists, perioperative
blood transfusion to a patient without any organ dysfunc-
tion is indicated if the hemoglobin level is lower than 6 g/
dL.52 This critical value is based on experiences with low
hemoglobin levels during operations on Jehovah’s Wit-
ness’. Organ dysfunction will develop at a hemoglobin
level lower than 5 g/dL. Experimental investigations about
hemodilution showed that a hemoglobin level of 6 g/dL
provides a sufficient oxygen supply to the liver. Tisone et
al.53 reported an increased incidence of HAT if the
hematocrit was higher than 44%.54

In our study cohort, no coronary artery events or low
hemoglobin associated renal dysfunction were observed in
the post-transplant period.

Limitations

There are limitations of our study. The results of the
application of this algorithm were not compared with a
control group. We designed this algorithm based on the
knowledge of our long-lasting experience with liver
transplantation and literature pertaining to arterial inflow.
Nevertheless, we believe that this algorithm can be helpful
in the management of impaired arterial flow during LTx.

Conclusion

Due to its effectiveness, we adhere to the presented algorithm
in the presence of an insufficient arterial blood supply to the
graft resulting in lower rates of early and late HAT.
Prevention of HAT is of vital importance due to unsatisfac-
tory therapeutical options and its unfavourable outcome with
poor graft and patient survival. Therefore, careful pre- and
intraoperative monitoring and management is mandatory.
Due to many possible factors that may negatively influence
the outcome, it is crucial to plan LTx individually.
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Abstract
Introduction Fibroinflammatory biliary stricture (FIBS) is a rare benign tumor-like process of the extrahepatic bile duct that
masquerades as cholangiocarcinoma.
Methods In order to distinguish this unusual entity from cancer, we performed a systematic analysis of 11 patients with
FIBS. All patients presented with jaundice; six patients had coexisting autoimmune disease. Preoperative evaluation
included computed tomography scan and endoscopic retrograde cholangiopancreatography with benign brush cytology.
Surgical treatment included nine bile duct resections with five concurrent liver resections and two incisional biopsies. Light
microscopy demonstrated fibrous lesions admixed with chronic inflammation.
Results and discussion Immunohistochemistry demonstrated smooth muscle actin expression in all lesions except one; five
tumors exhibited IgG4 positive plasma cells. The lesions were negative for cytokeratin, ALK1, CD21, S100, Ki67, and p53.
Six patients received postoperative immunosuppression. At 41 month median follow-up (range 15–58 months), there was
no evidence of recurrent FIBS in ten patients, while one was lost to follow-up.
Conclusion FIBS is a rare myofibroblastic lesion with an immunohistochemical profile distinct from other epithelial and
stromal neoplasms of the extrahepatic bile duct. A subset of these cases appear to represent IgG4-related sclerosing
cholangitis. Because preoperative cytology is not diagnostic of FIBS, surgical resection remains the mainstay of diagnosis
and treatment, while immunosuppression may reduce the risk of recurrence.
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Introduction

Fibroinflammatory biliary strictures (FIBS) are rare benign
lesions of the extrahepatic bile duct that can masquerade as
cholangiocarcinoma. Because histopathologic examination
is currently required to distinguish between benign and
malignant lesions of the bile duct, resection has become the
method for diagnosis as well as treatment of extrahepatic
biliary strictures. Emerging technologies like endoscopical-
ly directed forceps biopsy (Spyglass™)1, 2-fluoro-2-deoxy-
D-glucose-positron emission tomography,2 contrast-enhanced
MRI,3 and molecular analysis of cytologic specimens4 may
soon have sufficient sensitivity and specificity to identify
benign bile duct lesions nonoperatively. Clinical application
of these technologies requires uniform classification of
benign lesions of the bile duct as well as an understanding
of their natural history, unique pathology, and response to
treatment.

The term “malignant masquerade” was first used by
Hadjis in 1985 to describe the clinical and radiographic
similarities between benign and malignant lesions of the
bile duct.5 Although once thought to be rare, recent data
suggest that benign tumors of the extrahepatic bile duct
cause 8–13.4% of all biliary strictures.6 Verbeek and
Corvera reported unsuspected focal fibrotic strictures
instead of cholangiocarcinoma in 11 of 82 (13.4%) and 22
of 275 (8%) patients, respectively.6,7 Similarly, Wetter
reported eight patients (8%) with benign strictures in a
series of 98 cases of suspected bile duct cancer, including
three cases labeled “idiopathic benign focal stenosis.”8

Published descriptions of benign bile duct tumors6,8,9

include disparate diseases like lymphoplasmacytic scleros-
ing cholangitis associated with autoimmune pancreatitis,10

idiopathic benign focal stenosis,8 periductal fibrosis,11

cholangitis glandularis proliferans,12,13 and inflammatory
pseudotumor.14 Although these reports do not provide a
uniform classification of the underlying bile duct pathology,
the bile duct lesions consistently demonstrate an infiltrating,
non-neoplastic mass associated with chronic inflammation
and fibrosis.

The term “inflammatory pseudotumor” loosely
describes a diverse group of fibroinflammatory diseases
characterized by the growth of an inflammatory mass
which displaces surrounding structures and causes organ
dysfunction related to compression. These inflammatory
lesions were first described in the lung but also have been
reported in the spleen, liver, lymph nodes, and common
bile duct.15,16 The descriptive name arises from the
discrepancy between the macroscopic appearance of the
biliary lesion, suggesting a mass lesion infiltrating the bile
duct, and its histological appearance of inflammation and
fibrosis. Fibroinflammatory disorders are a heterogeneous
group of clinical conditions of unclear etiology including

retroperitoneal fibrosis, sclerosing cholangitis, sclerosing
mesenteritis, and Reidel’s thyroiditis. The pathogenesis of
these lesions has recently been linked to autoimmune
diseases like collagen vascular disease and IgG4- related
sclerosing diseases.17

We selected patients undergoing surgery for suspected
bile duct cancer at the University of Pittsburgh Medical
Center and excluded those with confirmed cancer, classic
intrahepatic primary sclerosing cholangitis, autoimmune
pancreatitis, anastomotic strictures from prior biliary sur-
gery, and choledocholithiasis. We chose the term FIBS to
encompass the remaining group of benign biliary lesions of
the extrapancreatic bile duct, and we summarized the
clinical, radiographic, pathologic, and immunohistochemi-
cal features of this rare entity in 11 patients.

Materials and Methods

Study procedures were approved by the Institutional
Review Board of the University of Pittsburgh. De-
identified medical records were reviewed for demograph-
ics, symptoms, and coexisting medical conditions, results
of radiographic and laboratory evaluations, operative
findings, pathologic diagnosis, medical management, and
postoperative follow-up. Potential cases of FIBS were
screened by two pathologists (AK and JD) using hema-
toxylin and eosin-stained tissue sections. Classic intra-
hepatic primary sclerosing cholangitis, preexisting bile
duct injury or surgery, intrapancreatic duct involvement
by autoimmune pancreatitis, choledocholithiasis, or the
unexpected finding of cholangiocarcinoma precluded a
diagnosis of FIBS. The radiographs and endoscopic
retrograde cholangiograms (ERC) of patients with con-
firmed FIBS were reviewed (M.E.T.) for common diag-
nostic features. Operative reports and frozen section
results were assessed to identify findings unique to this
type of bile duct lesion.

Archived pathology specimens were retrieved to perform
immunohistochemical analysis. Additional formalin-fixed,
paraffin-embedded 4-μm thick sections were cut from avail-
able tissue blocks and processed using the Ventana Benchmark
XT automated platform (Ventana Medical Systems, Inc.,
Tucson, AZ, USA) with established positive and negative
controls. Sections were incubated for 28 min at 37°C with a
panel of primary antibodies (Table 1). Antibody binding was
visualized using the Ventana iVIEW™ detection system
(Ventana Medical Systems, Inc.). Because the frequency of
IgG4-positive cells is not firmly established for IgG4-related
biliary tract disease, we selected a minimum of ten IgG4-
positive plasma cells per hpf consistent with diagnostic
criteria for autoimmune pancreatitis.18 Serum IgG levels were
not measured in our series.
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Results

Clinical and Radiographic Features

Eleven patients were treated for FIBS of the extrahepatic
bile duct between 1998 and 2007. The median age of the
patients was 53 years (range 29–68) with seven females and
four males (Table 2). All patients presented with vague
abdominal pain, jaundice, light-colored stools, and dark urine.
Four patients had coexisting autoimmune diseases at the time
of diagnosis, while two patients were diagnosed with an
autoimmune disease postoperatively. The presenting serum
CEA values were all within normal limits (0.4–2.0 ng/ml),
whereas Ca 19-9 was elevated (>37 U/ml) in three patients
and ranged from 6 to 1,085 (median=33 U/ml).

Computed tomography (CT) was performed in all
patients; radiographic features of bile duct cancer were

seen in eight patients (Table 3, Fig. 1). Four patients had a
definable mass associated with the extrapancreatic bile
duct, while four patients had soft tissue infiltrating the porta
hepatis, five had abnormal-appearing hilar lymph nodes,
and two had vascular encasement or occlusion of the
hepatic artery and/or portal vein. Only one patient had
gallstones; however, five patients had undergone prior
cholecystectomy. Among the five patients with prior
cholecystectomy, no relationship was established with timing
of presentation or location of hemoclips. No additional clips
were noted at surgical exploration which might have indicated
an anatomically challenging prior procedure nor were any
clips noted to be in close proximity to the presenting stricture.
The preoperative CT scans showed residual biliary ductal
dilatation following stenting in eight patients. The sensitivity
and specificity of these CT findings may have been
compromised by prior endoscopic manipulation of the

Table 1 Immunohistochemical Reagents and their Pathologic Significance

Antibody Clone Company Diagnostic significance

Smooth muscle actin (SMA) IA4 Dako, Carpinteria, CA, USA Myofibroblast differentiation
CD34 IOM34 AMAC, Inc., Westbrook, ME, USA Solitary fibrous tumor and stromal tumors
Ki67 (MIB-1) Ki-S5 Dako, Carpinteria, CA, USA Marker of cell proliferation
Pan-cytokeratin Polyclonal Dako, Carpinteria, CA, USA Marker for epithelial differentiation
ALK 1 ALK-01 Ventana Medical Systems, Tuscon, AZ, USA Inflammatory myofibroblastic tumor
CD21 1F8 Dako, Carpinteria, CA, USA Dendritic cell sarcoma
S100 Polyclonal Dako, Carpinteria, CA, USA Neural tumors (schwannomas)
p53 DO7 Dako, Carpinteria, CA, USA Tumor suppressor gene
IgG4 HP6025 Zymed, San Francisco, CA, USA IgG4-positive plasma cells

Table 2 Clinical Presentation and Outcome of Patients with Fibroinflammatory Biliary Stricture

Patient Age (years
old)/Gender

Autoimmune
Disease

CA 19-9
(U/ml)

CEA
(ng/ml)

Procedure IgG4 stain
(cells/HPF)

Medical Treatment Status

1 51 F 34.3 2.0 BDR >10,
ductocentric

Immunosuppression Dead;
Adenocarcinomaa

2 68 M Ulcerative Colitis 88.9 1.3 BDR + HR >50, diffuse Immunosuppression Alive; NED
3 63 M 16.1 0.79 BDR + HR Rare None Alive; NED
4 49 F Scleroderma;

Raynaud’s
6.1 N/A BDR + HR Negative None Dead; NED

5 48 F Rheumatoid arthritis 39.4 <0.5 Biopsy; then BDR
10 months later

Rare Immunosuppression Alive; NED

6 67 M Crohn’s Disease 1085 1.7 BDR + HR >10 Immunosuppression Dead; NED
7 29 F N/A N/A Biopsy N/A None Lost to follow up
8 36 F Reidel’s sclerosing

thyroiditis
26 0.5 Biopsy Rare Immunosuppression Alive; NED

9 42 F 32.5 1.1 BDR + HR Rare None Alive; NED
10 64 F Temporal Arteritis N/A N/A BDR >10,

ductocentric
Immunosuppression Alive; NED

11 68 M 6.3 1.0 BDR >10 None Alive; NED

BDR bile duct resection, HR hepatic resection, NED no evidence of disease
a Died of adenocarcinoma of unknown primary metastatic to the liver 12 months after bile duct resection without evidence of recurrent bile duct
stricture
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biliary tree and biliary stenting. Endoscopic retrograde
cholangiography (ERC) revealed a dominant stricture of
the extrapancreatic bile duct in all patients, and endoscopic
biliary stents were inserted to relieve obstructive jaundice in
all patients (Fig. 2). Brush cytology was performed in ten of
11 patients, and all were negative for malignancy. Five
specimens showed atypical epithelial cells, while five had
reactive or degenerated epithelial cells (two with scant acute
and chronic inflammation).

Operative Management and Follow-up

All patients with FIBS underwent surgical exploration with
the intention of resecting bile duct cancer (Table 2).
Operative findings were generally consistent with the
preoperative suspicion of cholangiocarcinoma. As a result,

nine patients underwent resection of the extrahepatic bile
duct, including five concurrent major hepatic resections for
definitive tumor clearance. Two patients were found to have
unresectable involvement of the porta hepatis and under-
went biopsy of the bile duct to establish a tissue diagnosis.
No discrete pancreatic masses were identified. Frozen
section examination was suspicious for malignancy in only
one case. The remaining cases were classified intraoper-
atively as benign and/or inflammatory. Operative explora-
tion of patients with FIBS demonstrated the following
common features: the bile duct was firm in all cases; the
infiltrative process originated in the mid common bile duct
in six patients and the hilum in five. Eight patients had

Figure 2 ERCP during stent placement shows focal hilar biliary
stricture.

Figure 1 Representative hepatic phase CT shows compressed right
portal vein and infiltrating tumor in an inflammatory myofibroblastic
biliary stricture case presumed to be Klatskin’s tumor preoperatively.

Table 3 CT and ERC Findings in Patients Diagnosed with FIBS

Patient Biliary
Dilatation

Extrapancreatic
BD mass

Soft tissue
infiltration of
porta

Hilar LAD Hepatic Artery/
Portal Vein
Involvement

Gallstones ERC dominant
stricture of bile
duct

Lobar
atrophy

1. No No No Yes No No Yes No
2. Yes No Yes Yes No No Yes No
3. Yes No No No No No Yes Yes
4. Yes Yes (1.2×1.6 cm) Yes No No No Yes No
5. No No No No No Yes Yes No
6. Yes Yes (3.8×2.9 cm) Yes Yes Yes (hepatic

artery encasement)
s/p cholecystectomy Yes No

7. Yes Yes (3.4×3 cm) Yes No No s/p cholecystectomy Yes No
8. Yes No No Yes No s/p cholecystectomy Yes No
9. Yes No No Yes Yes (Right portal vein

thrombus)
No Yes Yes

10. No No No No No s/p cholecystectomy Yes No
11. Yes Yes

(13 mmx9 mm)
No No No s/p cholecystectomy Yes No
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identifiable masses associated with the bile duct, and three
were suspected of having malignant lymphadenopathy. The
mass infiltrated the transverse mesocolon in one case and
appeared to encase the portal vasculature in two cases.

Postoperatively, six patients received immunosuppression
with azathioprine and/or tapered dose prednisone based on
the final pathologic impression of an inflammatory process/
autoimmune disease. After 41 month median follow-up
(range 15–58 months), ten patients were free of recurrent
FIBS, and one was lost to follow-up. Two patients died
without evidence of malignancy. A third patient died
12 months after bile duct resection due to bilobar hepatic
metastases caused by adenocarcinoma of unknown primary.
Re-review of the original cases’ pathologic material did not
identify any evidence of malignancy in the resected bile duct.
It is possible that the malignant biliary stricture was missed
on the initial bile duct resection; however, the presenting
clinical picture of jaundice resolved for 1 year postopera-
tively, and the bile duct resection specimen did contain a
dominant stricture.

Pathologic and Immunohistochemical Characterization

Routine histology of the bile duct lesions exhibited varying
degrees of fibrosis in all cases with a mild to marked

inflammatory infiltrate (Table 4). Five lesions (45%)
demonstrated a lymphocytic and plasma cell infiltrate
centered around the bile duct (Fig. 3a, b). Four additional
lesions (36%) showed an inflammatory cell infiltrate
containing either scattered eosinophils or prominent lym-
phoid follicles with germinal centers. The mixed fibroin-
flammatory process spread beyond the porta hepatis in four
cases (36%) and involved the peripancreatic fat, mesentery,
liver, and colonic serosa (Fig. 3c).

To investigate the biology of these lesions, immunohis-
tochemistry was used to probe for markers of cell
proliferation, neoplastic transformation, and differentiation
including Ki67, pancytokeratin, p53, smooth muscle actin,
CD34, ALK1, CD21, S100, and IgG4 (Table 4). All lesions
except one expressed smooth muscle actin, consistent with
smooth muscle or myoepithelial (myofibroblastic) origin.
Rare ki67 positivity among the stromal cells indicated a low
proliferative index and did not support neoplastic transfor-
mation of a mesenchymal tumor. The focal CD34 labeling
was interpreted as nonspecific antibody binding rather than
evidence for a solitary fibrous tumor or stromal tumor.
Conversely, none of the lesions expressed cytokeratins or
p53 to indicate an epithelial-derived carcinoma like bile
duct cancer. The absence of ALK1, CD21, and S100
expression excluded the remaining tumors in the differen-

Table 4 Pathological Features of Fibroinflammatory Biliary Strictures

Pt Morphologic Features IgG4 stain
(cells/HPF)

SMA CD34 Ki67 Pancytokeratin,
ALK1, CD21,
S100, p53

DELTE THIS
COLUMN Pathologic
Impression

1 Dense periductal fibrosis with mild LP
inflammation and scattered eosinophils

>10, ductocentric Neg Pos (focal) Neg Neg AIC/NFIP

2 Marked fibroinflammatory process with
periductal and perineural LP inflammation

>50, diffuse Pos Pos (focal) Neg Neg AIC

3 Focally marked ductocentric LP
inflammation with fibrosis; polypoid
granulation tissue within duct

Rare Pos Pos (focal) Neg Neg NFIP

4 Mixed fibroinflammatory process Negative Pos Pos (focal) Low Neg IMT
5 Marked fibroinflammatory process

involving mesentery and liver
Rare Pos Pos (focal) Low Neg SM

6 Dense fibrosis with periductal, perivenular
and perineural LP inflammation with
scattered eosinophils

>10 Pos Pos (focal) Neg Neg AIC

7 Mixed fibroinflammatory process N/A N/A N/A N/A S100 Neg IMT
8 Fibroinflammatory process of mesentery,

colonic serosa and peripancreatic fat
Rare Pos Pos (focal) Low Neg SM/RP

9 Dense fibrosis with old (fibrotic) venous
thrombi

Rare Pos Pos (focal) Low Neg NFIP

10 Marked ductocentric LP inflammation with
fibrosis

>10, ductocentric Pos Pos (focal) Low Neg AIC/NFIP

11 Marked ductocentric LP inflammation with
fibrosis

>10 Pos N/A N/A ALK1, S100 Neg ???

Pt patient, HPF high-power field, LP lymphoplasmacytic, SMA smooth muscle actin, NFIP nonspecific fibroinflammatory process, AIC
autoimmune cholangitis, SM sclerosing mesenteritis, RP retroperitoneal fibrosis, IMT inflammatory myofibroblastic tumor
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tial diagnosis of neoplastic bile duct stricture, which
includes spindle cell carcinoma, dendritic cell sarcoma,
and neural tumors arising from the bile duct.

Since fibroinflammatory processes can be caused by a
systemic IgG4-related sclerosing disease, we probed the
available tissue blocks for evidence of IgG4-secreting
plasma cells.12,13 Five tumors had >10 IgG4-positive cells
per hpf (Fig. 3d), all of which had ductocentric lympho-
plasmacytic inflammation indicating IgG4-related scleros-
ing cholangitis (FIBS + IgG4). The remaining six cases did
not contain IgG4-positive plasma cells but possessed a
similar pattern of inflammation and fibrosis (FIBS-IgG4).

Discussion

This report is the first detailed characterization of extrap-
ancreatic bile duct stricture caused by a benign lesion that
we designated “fibroinflammatory biliary stricture.” FIBS
patients presented with signs and symptoms typical of bile
duct cancer including vague abdominal pain and obstruc-
tive jaundice. The median age at the time of diagnosis was
53 years with a 2:1 female preponderance. Six of eleven

patients had coexisting autoimmune diseases. Serum CEA
levels were normal in all patients, while Ca19-9 exceeded
100 U/ml in only one patient (11%). ERC demonstrated a
dominant stricture of the extrapancreatic bile duct in all
patients, while brush cytologies were benign or inconclu-
sive. Operative findings included a thickened bile duct with
an infiltrating mass, the suspicion of malignant adenopathy,
encasement or occlusion of the portal vasculature, and
involvement of adjacent organs. Although these features are
characteristic of cholangiocarcinoma, malignancy was not
identified on any intraoperative frozen sections with the
exception of one sample regarded as suspicious. The final
pathologic diagnosis of FIBS required immunohistochem-
ical analysis of resected tissue. Six patients received
postoperative immunosuppression, four on the basis of
IgG4-positive plasma cells suggesting a component of
IgG4-related sclerosing cholangitis. After 41 months medi-
an follow-up, all patients remained free of disease. Three
died of unrelated causes of which one died of bilobar
hepatic metastases from adenocarcinoma of unknown
primary.

We designated these diverse fibroinflammatory lesions
“FIBS” on the basis of a non-neoplastic pattern of tumor

Figure 3 Pathologic findings. In five of the cases, the chronic
inflammatory infiltrate was centered around the bile duct and its
branches. a In this example, there is a moderate amount of chronic
inflammation present beneath the bile duct epithelium and increased
periductal fibrosis (×40); b At higher magnification, numerous plasma
cells are present within the inflammatory infiltrate (×400). In two
cases, the fibroinflammtory process was predominantly fibrotic, more
diffuse, and involved periductal soft tissue and fat, as well as other

organs, consistent with sclerosing mesenteritis. c In this example,
dense fibrosis and short fibrotic bands are admixed with chronic
inflammatory cells and the fibroinflammatory process infiltrates
adipose tissue (the bile duct is not present in this field) (×40). d
Representative example of an IgG4-postive case showing numerous
IgG4-positive cells beneath the ductal epithelium and within the wall
of the bile duct (IgG4 immunohistochemical stain), consistent with
IgG4-related sclerosing cholangitis (×400).
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marker expression and low proliferative index. By defini-
tion, FIBS is a subset of benign bile duct tumors unrelated
to autoimmune pancreatitis, primary sclerosing cholangitis,
cholangiocarcinoma, prior bile duct injury or repair, and
choledocholithiasis. Histologically, the FIBS lesion is
composed of spindle cells, fibroblasts, and myoblasts with
varying degrees of fibrosis and lymphoplasmacytic inflam-
matory infiltrate.19 If a defined mass was present, it was
firm and lacked a capsule. By comparison with patients
having bile duct cancer, FIBS patients presented at a
significantly younger age, 53 vs. 69 years old, were more
likely to be female, and had a high incidence of coexisting
autoimmune diseases (54%).20 No FIBS patients had a
serum CEA level >2.2 ng/ml unlike a recently published
cohort of cholangiocarcinoma patients, 69% of whom had
serum CEA >2.2 ng/ml.21 Only one FIBS patient (11%)
had a serum Ca 19-9 level exceeding 100 U/ml, a
diagnostic threshold for cholangiocarcinoma which has
68% positive predictive value. Finally, none of the FIBS
patients had positive endoscopic retrograde cholangiopan-
creatography (ERCP) brush cytology unlike a cohort of
patients with surgically confirmed cholangiocarcinoma,
31% of whom had positive cytology specimens.22

Inflammatory pseudotumors were originally described in
the lung but have also been reported in a variety of
extrapulmonary sites including the liver, omentum, ureters,
lymph nodes.23 The varying degrees of fibrosis and
inflammatory infiltration associated with FIBS is responsi-
ble for confusing nomenclature that includes inflammatory
pseudotumor, inflammatory myofibroblastic tumor (IMFT),
postinflammatory tumor, idiopathic benign focal stenosis,
and nonspecific inflammatory process.6,24–28 The term
“inflammatory pseudotumor” has been used to describe
nonneoplastic lesions of the viscera and soft tissue, and
unfortunately, the same term has been applied to some true
inflammatory neoplasms like dendritic cell tumors29 and
myofibroblastic tumors30 including inflammatory fibrosar-
coma.31 Given such diverse histologies, the biological
behavior of inflammatory pseudotumor is actively debated
in the literature,31,32 although the term is now most
commonly used to describe a “benign nonmetastasizing
proliferation of myofibroblasts with potential for recurrence
and persistent local growth.”32 Long-term follow-up of 38
patients undergoing surgical resection for histopathologi-
cally similar inflammatory tumors of the retroperitoneum
and mesentery demonstrated a 37% local recurrence rate as
well as an 11% rate of distant metastasis. The term
“inflammatory fibrosarcoma” was applied to these lesions
because of their aggressive behavior.31 Cytogenetic abnor-
malities discovered in inflammatory lesions of the mesen-
tery, liver, lung, and soft tissue lesion have been cited as
potential evidence of malignant behavior.33–36 Conversely,
a series of 84 extrapulmonary inflammatory tumors has

been reported with a 15% rate of intra-abdominal recur-
rence but no distant metastases.

The malignant potential of FIBS in the extrapancreatic
bile duct remains unknown due to the rarity of this disease.
These lesions can masquerade as cholangiocarcinoma due
to reactive epithelial hyperplasia, perineural extension, and
involvement of vascular structures and adjacent organs.
These features can be particularly misleading when exam-
ining intraoperative frozen sections due to the limitations of
sample processing and the time constraints of immunohis-
tochemistry. Nonetheless, the absence of cytokeratin,
CD34, CD21, p53, and Ki67 expression among FIBS
patients significantly reduced the likelihood of a neoplastic
diagnosis. Although the development of liver metastases in
one of our patients raised the possibility of missed
cholangiocarcinoma, metastatic adenocarcinoma is not
consistent with malignant degeneration of a benign fibrous
inflammatory tumor because of published data indicating
fibrosarcoma histology in such metastatic deposits.31

The pathological characteristics of FIBS resemble inflam-
matory pseudotumors and are plasma-cell predominant.
Immunohistochemistry may demonstrate muscle-specific ac-
tin and smooth muscle actin expression consistent with
myofibroblasts as well as positivity for anaplastic lymphoma
kinase (ALK), an oncogenic tyrosine kinase.37 Though IgG4-
positive infiltrates have been identified in the IgG4-related
sclerosing diseases of autoimmune sclerosing cholangitis and
autoimmune pancreatitis,38 there is little published data
linking an IgG4-positive sclerosing process with fibrous
inflammatory strictures/tumors of the extrahepatic bile duct.

We subclassified FIBS on the basis of the IgG4 status
of the dense lymphoplasmacytic infiltrate as strictures
with autoimmune cholangitis (FIBS + AC).39,40 Although
primary sclerosing cholangitis is also associated with
autoimmune diseases, the clinical features of FIBS are
distinct from PSC. No patient in this series exhibited either
the characteristic onion-skinning appearance of PSC or
biliary cirrhosis on final pathology. PSC patients show a
slow progression of disease over a 5- to 10-year period
compared to those with inflammatory myofibroblastic
tumors who have a more aggressive natural history and a
focal stricture which generally regresses following immu-
nosuppression.41–43,49

Although the etiology of FIBS is unclear, recent data
suggest that IgG4-related sclerosing pancreatititis and
cholangitis are inflammatory disorders caused by activation
of T helper 2 (Th2) cells and T regulatory cells. Real-time
PCR and immunohistochemistry of human tissues demon-
strate overproduction of Th2 cells and regulatory cytokines,
such as interleukin-10, interferon-γ, and TGF-β, which
precede IgG4 class switching and fibroplasia in autoim-
mune pancreatitis.44 Additional stimuli for cytokine over-
production may include biliary tract infection. Case reports
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of hepatic inflammatory tumors demonstrate parasitic frag-
ments and bacteria, and there is speculation that Ebstein–
Barr virus (EBV) or dendritic cells may be responsible for
FIBS.45,46 Recent data suggest a link between hepatic
stellate cells and the formation of an inflammatory stricture.
Cytokines cause hepatic stellate cells to acquire myofibro-
blast-like features and produce extracellular matrix during
liver fibrogenesis.47 We speculate that the myofibroblasts
observed in FIBS are derived from activated stellate cells
adjacent to the bile ducts which cause fibrogenesis and
extracellular matrix production resulting in stricture forma-
tion. By inhibiting lymphocyte activation and cytokine
production, immunosuppression may prevent the myofibro-
blast transformation of stellate cells and resulting fibro-
genesis. Because platelet-derived growth factor mediates
cytokine-induced signaling and proliferation of stellate
cells, anti-PDGF therapy may offer a targeted approach to
FIBS which will ameliorate the phenotype of this disease
and prevent recurrence after resection.47

Given the potential morbidity of hepatobiliary resection
for suspected bile duct cancer, FIBS should be entertained
in the differential diagnosis of bile duct stricture in
relatively younger patients with coexisting autoimmune
diseases and normal serum tumor marker levels. Negative
or atypical preoperative brush cytology has insufficient
specificity to exclude cholangiocarcinoma in the presence
of a biliary stent, and intraoperative findings may suggest
locally advanced cancer, for which nonsurgical palliation
has a dismal outcome. Until new methods of detecting
cholangiocarcinoma are developed, surgical resection will
remain the mainstay of diagnosis and treatment for presumed
malignant biliary strictures. Recent data indicate that major
postoperative complications develop in 32% of patients
treated for benign biliary stricture with long-term sequelae
of surgery developing in a further 36% of surgical patients.6

The clinical suspicion of FIBS may significantly alter
intraoperative decision-making if frozen sections are nega-
tive for malignancy and a conservative surgical approach is
warranted to permit a short-course of postoperative cortico-
steroid treatment.48,49 The importance of ancillary studies
and extensive pathologic evaluation remains paramount to
rule out true biliary malignancies. The combination of
molecular pathology, including loss of heterozygosity anal-
ysis and gene sequencing for k-ras mutations, and endo-
scopically directed forceps biopsy of the bile duct lesion
(Spyglass™) are promising techniques which may be applied
to the preoperative diagnosis of FIBS.1,4 The testing for
elevated IgG4 in the serum of patients and increased
numbers of IgG4+ cells in preoperative tissue biopsies hold
the potential to render the diagnosis preoperatively in the
future. Given the rare nature of this lesion, the long-term
prognosis and risk of recurrence following surgical treatment
for FIBS remains a subject of active scrutiny.

We acknowledge that this is a rare disorder, and current
management remains surgical resection given that most
cases will represent cholangiocarcinoma. Biliary brushings
and tumor markers are important elements for consideration
in all biliary stricture cases. Currently, we continue to
address resectable lesions operatively and have found that
this diagnosis should be considered with a patient with
normal tumor markers, autoimmune disease, young in age,
and perhaps female presents with a dominant stricture. The
inflammatory elements of this stricture and its common
occurrence with autoimmune disease support the logic of
immunosuppression, and patients are typically followed
with yearly contrast imaging (CT/MRI).
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Abstract
Background Radical resection is recommended for selected patients with gallbladder (GB) cancer. We sought to determine
whether radical resection improves survival for patients with early-stage cancer and to evaluate surgeon compliance with
current treatment recommendations.
Patients and methods Patients with stage 0, I, or II GB cancer who underwent surgical resection were identified from the
Surveillance, Epidemiology, and End Results (SEER) tumor registry from 1988 through 2004. Patients were classified by
surgical procedure performed (simple vs. radical resection) and adjuvant treatment given (radiation therapy [RT] vs. no RT).
Unadjusted and adjusted overall survival (OS) and cancer-specific survival (CSS) were compared.
Results Of the 4,631 patients who underwent surgery for early-stage GB cancer from 1988 through 2004, 4,188 (90.4%)
underwent cholecystectomy alone and 443 (9.6%) underwent radical surgery including hepatic resection. The proportion of
patients having radical surgery for T1b, T2, and T3 cancers was 4.5%, 5.6%, and 16.3%, respectively. For patients with
T1b/T2 cancer, radical resection was associated with significant improvement in adjusted CSS (p=0.01) and OS (p=0.03).
For patients with T3 cancers, we noted no improvement in CSS or OS. Survival for patients with node-positive disease
(stage 2b) was universally poor and not improved by radical resection. For all patients who underwent radical resection,
node negativity, female sex, age <70, low grade, and RT predicted improved CSS and OS.
Conclusions Despite a significant survival advantage for patients with T1b/T2 GB cancer who undergo radical resection,
this treatment is significantly underutilized. Ensuring delivery of recommended surgical treatment is vital to improving
outcomes for patients with this disease.

Keywords Gallbladder cancer . Radical cholecystectomy .

Cholecystectomy . Practice guidelines
Background

Gallbladder (GB) cancer affects about 9,000 patients in the
USA each year. Of these, it is estimated that only 15.1%
will survive longer than 5 years after diagnosis.1 Current
National Comprehensive Cancer Network (NCCN) guide-
lines recommend radical resection of the GB fossa with
dissection of the regional lymph nodes as optimal treatment
for patients with early-stage GB cancer (i.e., stages 1
through 2b).2 This group of patients includes those with T
tumor invasion extending into the muscularis layer (T1b) or
beyond and with no evidence of metastatic disease. These
guidelines are based on retrospective data that show a
survival benefit in patients who undergo radical resection.3–7

Although radical resection is typically defined as resection of
the GB and at least 2 cm of GB fossa in addition to
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dissection of portal lymph nodes, many authors report
improved survival with much more aggressive surgeries
including bile duct resection, right hepatectomy, central
hepatectomy, or extended right hepatectomy.6 The choice of
procedure is typically dictated by the extent of disease at the
time of resection, with the ultimate goal of achieving
negative margins.

Unfortunately, debate continues regarding appropriate
patient selection for radical resection of GB cancer. Most
authors agree that patients with early-stage GB cancer (stage
1 or 2) gain a survival benefit from radical resection. Even in
this group, however, Wright et al. recently reported that only
a very small percentage (4%) of patients with T2 cancers
actually undergo the recommended surgery.8 For patients
with node-positive disease, the benefit of radical resection
remains unclear. Moreover, most early GB cancers are found
incidentally after laparoscopic cholecystectomy, without
nodal sampling, so the decision to proceed with radical
resection is typically made on the basis of T-stage alone.

Given the rarity of this disease and the inability to
randomize patients to potentially less effective treatments
(cholecystectomy alone), randomized prospective trials to
directly compare cholecystectomy alone and radical resec-
tion are impossible. Similarly, most retrospective studies
typically have few highly selected patients, spanning long
periods of time with comparisons to historical controls. In
our study, we used the National Cancer Institute’s Surveil-
lance, Epidemiology, and End Results (SEER) database to
determine whether patients who underwent radical resection
for early-stage GB cancer had any improvement in their
overall survival (OS) and cancer-specific survival (CSS), as
compared with those who underwent cholecystectomy
alone. Our primary aims were (1) to determine the benefit
of radical resection over cholecystectomy alone for patients
with early-stage GB cancer and (2) to assess compliance
with current NCCN recommendations for radical resection.

Methods

This study was given exempt status by the University of
Minnesota Institutional Review Board Human Subjects
Committee (Protocol #0707E13102). Data on the incidence
of GB cancer, survival, treatment modalities, and staging
were obtained from the SEER database. The SEER
database collects population-based data on incident cancers
from 17 registries composed of nine states (Connecticut,
Hawaii, Iowa, New Mexico, Utah, Alaska, Kentucky,
Louisiana, and New Jersey), six metropolitan areas (San
Francisco, Detroit, Seattle, Atlanta, San Jose, Los Angeles),
greater California, and rural Georgia. These areas represent
about 26% of the US population; data span 1973 through
2004, all de-identified and publically available.

Case Definitions

We restricted our analyses to GB cancer diagnosed in or
after 1988 and included patients 16 through 102 years old
upon diagnosis. We selected codes to define radical
resection as removal of the GB and hepatic resection with
or without lymph node dissection. We defined cholecystec-
tomy alone by codes corresponding to removal of the GB
with or without dissection of lymph nodes. Excluded from
our analysis were patients coded as not receiving surgery
and patients who underwent debulking, excisional biopsy,
exploratory surgery, cryosurgery, cautery, laser surgery, and
nonspecified surgery. Also excluded were patient’s classi-
fied as having sarcoma or lymphoma, metastatic disease,
disease of unknown stage, and any T4 cancers. Thus, our
analysis was limited to T1, T2, or T3 cancers. Our final
cohort consisted of patients diagnosed with stage 1–2B GB
adenocarcinoma (T1b–T3, node positive or negative) who
underwent surgical resection (simple or radical cholecys-
tectomy) between 1988 and 2004.

Analyses

For our univariate comparison of patient characteristics and
tumor-related features by extent of resection (cholecystec-
tomy alone vs. radical resection), we used the Student t test
and chi-square test. To test for trends, we used the
Cochran–Armitage test. When two or more subcategories
of an independent variable were present, we used the most
clinically relevant or the most frequent subgroup as a
reference category. For each T stage, we calculated rates
and trends by type of surgery and by presence or absence of
RT. We measured CSS by censoring for noncancer-related
deaths and for persons alive at follow-up. To measure
5 years OS and CSS, we used Kaplan–Meier methods and
log-rank tests. To predict OS and CSS, we constructed
multivariate Cox proportional hazard regression models,
while controlling for patient age, race, sex, tumor grade,
tumor stage, presence of absence of RT, and cancer registry.
Nonsignificant predictors were dropped from the models if
parameter estimates remained stable within 10%. p values
≤0.05 were considered statistically significant. All statisti-
cal analyses were performed using SAS 9.1 software (SAS
Institute Inc., Cary, NC, USA).

Results

We identified 4,631 patients who underwent surgery for
early-stage GB cancer from 1988 through 2004. Mean age
at diagnosis was 71. Women comprised 72.5% of the total
cohort. A total of 443 (9.6%) patients underwent radical
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resection; 4,188 (90.4%) underwent cholecystectomy alone.
The proportion of patients who underwent radical resection
for T1b, T2, and T3 cancers was 4.5%, 5.6%, and 16.3%,
respectively. Individuals with T3 primary tumors were
significantly more likely to receive radical surgery than those
with T1b or T2 tumors (both p=0.0001). Overall, only 11.3%
of potentially operable patients underwent radical resection.
Patients <70 years old, nonwhite patients, and individuals with
high grade tumors were more likely to undergo radical
resection. Sex was not significantly associated with radical
resection. Our bivariate analysis showed that patients with
unknown stage, unknown lymph node (LN) status, or
unknown grade were significantly less likely to undergo
radical resection than those with known pathologic diagnosis
(all p values <0.05). Table 1 summarizes these findings.

Our initial analysis was performed without considering
LN status, in order to replicate typical surgical decision
making in which the decision to proceed with radical
resection is made following laparoscopic cholecystectomy
without nodal evaluation. We therefore initially classified
patients by T stage only. Figure 1a–d shows unadjusted
survival analysis comparing radical resection to cholecys-
tectomy alone for patients with T1b/T2 cancers. For

patients with tumor stage T1b/T2 cancer (node positive or
negative), radical resection was associated with a signifi-
cant improvement in CSS and OS (Fig. 1a). This benefit
was also confirmed following multivariate analysis adjust-
ing for patient age, race, sex, tumor grade, tumor stage,
presence of absence of RT, and cancer registry (Table 2).

To evaluate the effect of LN metastases on survival, we
further stratified patients into node-positive and node-negative
groups. As expected, radical resection was associated with a
significantly improved CSS and OS survival for T1b/T2
node-negative cancer (Fig. 1b). In unadjusted analysis, for
patients with T1b/T2 node-positive cancer, the benefit of
radical resection was also associated with a statistically
significant improvement in CSS and OS (Fig. 1c); however,
this benefit was not statistically significant following
multivariate analysis. Patients whose LN’s were not evalu-
ated gained no benefit from radical resection (Fig. 1d).
Table 2 shows the adjusted hazard ratios and 95%
confidence intervals for patients with T1b/T2 cancer by type
of surgery (radical resection vs. cholecystectomy alone).

For patients with T3 cancer, when we considered T stage
only, CSS and OS did not differ by type of surgery. CSS and
OS for stage 2B patients with node-positive cancer was

Table 1 Patient Characteristics

Total Cholecystectomy alone Radical resection p valuea

n (%) 4,631 4,188 (90.4) 443 (9.6)
Age
Mean 71.0 71.3 68.5 <0.0001
SD 12.9 12.9 12.5
Range 16–102 16–102 28–95
Sex
Male 1,275 (27.5) 1,144 (27.3) 131 (29.6)
Female 3,356 (72.5) 3,044 (72.7) 312 (70.4) 0.3123
Race
White 3,711 (80.1) 3,374 (80.6) 337 (76.1)
Black 364 (7.9) 319 (7.6) 45 (10.2) 0.0404
Other 556 (12.0) 495 (11.8) 61(13.8) 0.1529
Stage
0 61 (1.3) 58 (1.4) 3 (0.7)
IA 217 (4.7) 192 (4.6) 25 (5.6) 0.1301
IB 201 (4.3) 177 (4.2) 24 (5.4) 0.1141
IIA 250 (5.4) 173 (4.1) 77(17.4) <0.0001
IIB 715 (15.4) 596 (14.2) 119 (26.9) 0.0157
Unknown 3,187 (68.8) 2,992 (71.4) 195 (44.0) <0.0001
Tumor grade
Low 2,301 (49.7) 2,093 (50.0) 208 (47.0)
High 1,504 (32.5) 1,322 (31.6) 182 (41.1) 0.0023
Unknown 826 (17.8) 773 (18.5) 53 (12.0) 0.0194
Radiation
None 3,742 (80.8) 3,426 (81.8) 316 (71.3)
Beam RT 791 (17.1) 671 (16.0) 120 (27.1) <0.0001

a p values represent comparison of proportions of the variable of interest between radical and cholecystectomy group with respect to reference
level
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universally poor and was not improved by radical resection
(Table 2).

Overall, 28.6% of patients who underwent cholecystec-
tomy alone had at least one LN examined pathologically,
compared with 56% of patients who underwent radical
resection. LN involvement was most common with T3
cancer (63.7%); however, a significant proportion of

patients with T1b/T2 cancer also had LN metastases (T1b,
24.4% and T2, 44.9%).

After surgery, 17.1% of patients received RT. RTwas more
likely for patients who underwent radical resection (27%) than
for those who underwent cholecystectomy alone (16%;
p<0.0001). Similarly, RT was more likely for patients with
T3 cancer (23.1%) than for those with T1b/T2 cancer
(17.6%; p<0.0001). For patients with T3 cancer, RT was
associated with improved median OS and CSS independent
of the type of surgery performed (both p<0.0001). Unad-
justed overall survival curves are shown in Fig. 2. RT was
less likely for patients with T3 cancer whose LNs were not
evaluated (18.9%) than for those with known positive or
negative LNs (30.7%; p<0.0001).

For all patients who underwent radical resection, node
negativity, female sex, age <70, low grade, lower T stage,
and RT were associated with improved CSS and OS
(Table 3). Given the low rate of radical resection observed
for early-stage GB cancer, we also evaluated the trend in
radical resection rates since 1988. Figure 3 shows the rates
of radical resection for early-stage cancers during our study
time period. No significant change was identified.
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Figure 1 a Overall survival in patients with T1b and T2 tumors by
type of surgery performed. chole cholecystectomy alone, rad radical
resection. b Overall survival in patients with T1b and T2 node negative
tumors by type of surgery performed. chole cholecystectomy alone, rad
radical resection. c Overall survival in patients with T1b and T2 node

positive tumors by type of surgery performed. chole cholecystectomy
alone, rad radical resection. d Overall survival in patients with T1b and
T2 node unexamined tumors by type of surgery performed. chole
cholecystectomy alone, rad radical resection.

Table 2 Hazard Ratios Comparing Overall Survival Following
Radical Resection Compared to Cholecystectomy Alone

Stage Hazard
ratio

95% Confidence
interval

p value

All T1bT2 0.681 0.485–0.956 0.0265
Node-negative
T1b–T2

0.432 0.189–0.986 0.0461

Node-positive
T1b–T2

0.439 0.186–1.036 0.0602

All stage 2B 1.114 0.891–1.394 0.3437

a Reference group = cholecystectomy alone
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Discussion

This study provides population-based validation that radical
resection improves survival for patients with early-stage
GB cancer, as compared with cholecystectomy alone.
Additionally, it highlights the wide gap between surgical
guidelines and actual practice trends in this country: A very
small proportion of patients actually received the nationally
recommended treatment. We identified a subset of patients
(those with T1b and T2 cancer) who seemed to derive the
most benefit from radical resection (Fig. 1a–d). Unfortu-
nately, only 5% of patients in that subset actually
underwent the recommended treatment. In addition, only
56% of patients who underwent radical resection actually
had LNs evaluated, even though LN evaluation is an
integral part of recommended therapy. Thus, about 98% of
patients received inadequate surgical care, a finding that
raises concern regarding both surgical technique and
pathologic evaluation for patients with GB cancer in the
USA. Clearly, current practice is not in keeping with
established NCCN guidelines.

We initially classified individuals by T stage alone, in an
attempt to accurately reflect the typical clinical scenario of
a patient being considered for radical resection after simple
cholecystectomy. As expected, most patients with early-

stage cancer who underwent cholecystectomy alone did not
have LNs evaluated (71.4%). When evaluated solely on T
stage, radical resection was associated with improved CSS
and OS for patients with T1b/T2 cancer. This finding
validates the current typical practice in which the decision
to proceed with radical resection is made on T-stage
information alone. It is also consistent with previous
retrospective reports of improved survival after radical
resection for early-stage tumors.7,9

In our study, patients with T3 cancer did not have an
improvement in survival after radical resection. Even when
considering only pathologically node-negative patients,
radical resection did not seem to improve CSS or OS for
those with T3 cancer. In retrospective review, others have
reported that lymphadenectomy alone is an independent
predictor of improved survival.4 It is not clear whether this
finding represents a benefit that is due to the surgical
procedure alone, or if it is more reflective of patient
selection and of improved delivery of care in general. In our
study, we found a significant proportion of patients did not
have LN evaluated at the time of radical surgery. We also
noted that those who do not have LN evaluated are also less
likely to receive adjuvant radiation, a therapy which has
been shown to be beneficial in this group of patients.

Several other authors have reported a significant benefit
to radical resection in patients with T3 cancer.6,10,11 Those
reports were all retrospective reviews and likely included a
highly selected patient population. Particularly for those
patients with stage 2B cancer (T3, node-positive), the
benefit of radical resection is unclear.5 In our study
population, over 60% of patients with T3 cancer had
positive LNs identified. For this group of patients, patient
selection and a multidisciplinary approach (including RT
and chemotherapy) likely play a significant role in
improving outcomes.

Finally, we evaluated the role of RT for patients with GB
cancer. For those with T1b/T2 cancer, RT did not appear to
be associated with a significant improvement in survival
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Figure 2 Overall survival in patients with T3 tumors by receipt of
radiation.

Table 3 Factors Associated with Improved Overall Survival After
Radical Resection

Hazard
ratioa

Confidence
interval

p value

Node negativity 0.665 0.483–0.915 0.0123
Female sex 0.686 0.541–0.870 0.0019
Age <70 0.666 0.529–0.839 0.0005
Low grade 0.618 0.487–0.784 <.0001
Receipt of radiation 0.737 0.570–0.951 0.0192

a Reference groups: node positive, male sex, age >70, high grade, no
radiation
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over radical resection alone. For those with T3 cancer,
however, RT was associated with a significant improvement
in both CSS and OS (Fig. 2): both for patients who
underwent cholecystectomy alone and for those who
underwent radical resection. These observations are consis-
tent with previously reported data and suggest that RT may
be important in the adjuvant treatment of localized GB
cancer.12,13 A total of 31.4% of our patients who underwent
radical resection for T3 cancer received RT. As mentioned in
our results, patients who did not have their LNs evaluated
were less likely to receive RT than those who did, regardless
of the type of surgery performed (p<0.0001).

Several limitations of the SEER database affect our
results. Most notably, we are unable to determine margin
status after resection. Particularly for patients with more
advanced cancer (T3), this lack of information may lead to
bias, making radical resection seem less beneficial than it
truly is when negative margins are achieved. In addition,
we have no record of adjuvant chemotherapy given. Our
inability to identify a survival benefit for patients with T3
cancer who underwent radical resection may be related to
our inability to determine which patients received appro-
priate adjuvant therapy. As noted previously, multiple
authors have reported significantly improved survival rates
for selected patients with T3 cancer,6,10,11 a finding we
were not able to validate in our study. Other limitations
include the retrospective nature of the SEER database and
the lack of information regarding patient performance
status. Appropriate patient selection (which may be vital
to optimizing outcomes) is also impossible to verify
through the use of a database like this. Finally, despite
large numbers of patients with early-stage GB cancer, so
few of them received radical surgery that our power was
somewhat limited for analysis.

Our aims in this study were to validate current NCCN
guidelines recommending radical resection for early-stage
GB cancer as well as to determine current practice trends
in the USA. Clearly, radical resection for localized
disease does provide a survival benefit over cholecystec-
tomy alone. It is surprising and disappointing that such a
small fraction of patients seem to receive appropriate
therapy. In addition, this trend has not improved over
time, despite widely recognized guidelines (Fig. 3). These
findings suggest a significant lack of delivery of care, the
reason for which remains unknown. Multiple retrospective
reviews and now population-based studies have shown
consistently improved CSS and OS for patients who
underwent radical resection for GB cancer and the surgical
mortality rate at most high-volume institutions is <2% for
hepatic resection.

Our study validates the current NCCN guidelines
recommending radical resection for early-stage GB cancer,
including the necessity for appropriate LN evaluation. At
the same time, we found that only a small fraction of
patients actually received the recommended therapy. Only
with a significant improvement in the quality and delivery
of care in this country will we ever improve outcomes for
patients with GB cancer.
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Abstract
Introduction The aim of this study was to analyze clinicoradiologic findings and treatment outcomes of patients with
endoscopic retrograde cholangiopancreatography (ERCP)-related perforations. Between May 2003 and November 2007,
2,247 ERCP procedures with or without sphincterotomy were performed at Ajou University Medical Center, Suwon, Korea,
and 20 perforations (0.89%) were identified.
Discussion We retrospectively reviewed medical and surgical records of each patient. Of 18 patients, 11 patients (61.1%)
underwent nonsurgical management, and seven patients (38.9%) received surgical management. There were no significant
differences in age, gender, and laboratory findings between two groups (P>0.05). The hospital stay was significantly longer
in the operative group than that of the conservative group (P<0.05, respectively). The most common cause of perforation
was sphincterotomy (n=8) in the conservative group whereas scope itself (n=6) in operative group, showing a significant
difference between the two groups (P<0.05). The retroperitoneal air was most common findings in eight patients (72.7%) of
the conservative group, while six (85.7%) patients of the operative group presented with intraperitoneal air, displaying a
significant difference in location of air between the two groups (P<0.05). Most of sphincterotomy-related perforations were
managed nonsurgically. However, the scope-related perforations were usually large and required immediate surgery.
Moreover, the delayed operation resulted in a longer hospital stay and high morbidity. Therefore, the selective early surgical
intervention is suggested when scope-related perforations are discovered.

Keywords ERCP-related perforation .

Nonsurgical management . Surgery

Abbreviations
ERCP Endoscopic retrograde cholangiopancreatography

Introduction

Endoscopic retrograde cholangiopancreatography (ERCP)
with diagnostic and therapeutic intervention is commonly
used for management of patients who are suspected of
common bile duct stones and obstructive jaundice caused
by other lesions. However, the rate of complications, such
as pancreatitis, bleeding, cholangitis, and perforation, has
been reported to range from 4% to 30%.1 Furthermore, the
rate of mortality after ERCP is 1.0% to 1.5%,2,3 and the
most serious complication after ERCP is perforation:
Although ERCP-related perforations are rare with an
incidence of 0.35% to 2.1%, it presents high mortality
rate up to 25%.3–5

For the management of ERCP-related perforations, some
authors recommend primary surgical operation6–8 whereas
others promote conservative managemrnt.2,9,10 Recently,
Fatima et al.11 reported that most perforations (70%)
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secondary to periampullary endoscopic interventions can be
managed nonoperatively.

Until now, some authors classified ERCP-related perfo-
rations according to the site and mechanisms of injury and
suggested management guidelines acoordingly.4,12,13 Howev-
er, according to this guideline, the classification of perfo-
rations has not exactly been defined, and the management of
ERCP-related perforation still remains controversial. The
aim of this study was to investigate clinicoradiologic
findings and treatment outcomes in patients with ERCP-
related perforation and to suggest useful treatment modalities
for the perforations.

Patients and Method

Between May 2003 and November 2007, 2,247 ERCP
procedures with or without sphincterotomy were performed
at the Ajou University Medical Center, Suwon, South
Korea. Twenty patients (0.89%) who were diagnosed with
retro-/intraperitoneal perforations were enrolled in the
present study. Among 20 patients, we selected 18 patients
excluding two patients who underwent ERCP to diagnose
and manage bile leakage after cholecystectomy. Nine
patients were male and nine patients were female, whose
age ranged from 50 to 77 years. We also divided patients
into two groups, depending on whether they underwent
surgery or not. We collected consecutive identification of
patients who underwent surgical management for ERCP-
related perforations. Moreover, we were able to obtain
identification of patients, who underwent nonsurgical
management, from the ERCP database of the department
of gastroenterology. Retrospectively, we reviewed medical
and surgical records of each patient and analyzed charac-
teristics of patients, indication for ERCP, findings during
ERCP, imaging findings, methods of diagnosis, time to
surgery, surgical procedure, and postoperative outcome.
Patients with preoperative hyperbilirubinemia [serum
bilirubin higher than twice the normal value and/or dilated
common bile duct (>8 mm)] underwent endoscopic

retrograde cholangiopancreatography. Two gastroenterolo-
gists performed the ERCP procedures.

Patients were conservatively managed when the follow-
ing parameters were present; no peritoneal irritation signs,
minimal leak during ERCP, and absence of sepsis or
retroperitoneal fluid collections. These patients underwent
initial conservative management, which included nasogas-
tric and/or nasobiliary drainage, intravenous fluids, anti-
biotics, and close monitoring with cooperations of surgical
and medical departments. The simple abdomen and chest
X-ray was checked immediately after ERCP and daily
follow-up until symptoms improved. Abdominal computed
tomography (CT) was performed in patients with aggra-
vated abdominal pain during conservative management.
The nasogastric tube was removed when patients started to
show clear improvement. Diet was resumed usually 1 to
2 days later. Patients were discharged when they were
completely asymptomatic and tolerated food intake.

Surgery was performed in patients who presented abdom-
inal irritation sign, intraperitoneal fluid collection on abdom-
inal CT, distinct perforation with retained common bile stones,
and deteriorated condition during conservative management.
Data were analyzed using the SPSS software package (version
13.0; SPSS, Chicago, IL, USA). Age, hospital stay, and
laboratory data were compared between two groups using the
Mann–Whitney U test. The mechanism and diagnosis of
perforation and site of air in the two groups were compared
using a chi-square test or Fisher’s exact test where
appropriate. To analyze correlations between time to surgery
and other factors, a Spearman’s correlation was used.
P value <0.05 was considered statistically significant.

Results

Of 18 patients, 11 patients (61.1%) underwent conservative
management, and seven patients (38.9%) were treated by
surgery for perforation after ERCP. The mean follow-up
period was 22.9±14.8 months. The demographic and
laboratory data for each group are compared in Table 1.

Table 1 Characteristics of
Patients Conservative group (n=11) Operative group (n=7) P value

Age (years) 67.9±8.6 68.7±4.8 >0.05
Gender (M/F) 6/5 3/4
Hospital stay (days) 13.0±9.8 33.0±23.2 0.032
Diverticulum (%) 5 (45.5) 2 (28.6) >0.05
Laboratory findings (post-ERCP)
Total bilirubin (pre.) (IU/dl) 2.1±2.6 3.6±3.6 >0.05
Amylase (IU/dl) 85.6±126.2 431.6±480.2 >0.05
White blood cell count 9,703.6±4,896.4 9,648.5±4,935.9 >0.05
Complications (%) 5 (71.4)
Mortality (%) 1 (14.3)
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There were no significant differences in age, gender, and
laboratory findings between two groups (P>0.05). The
hospital stay was significantly longer in the operative group
than the conservative group (P<0.05). The diverticulum
was present in five patients of the conservative group and in
two patients of the operative group; however, the difference
was not significant (P>0.05). The diagnosis and indications
for ERCP are described in Table 2.

Mechanism and Diagnosis of Perforation

The most common cause of perforation was sphincterotomy
in the conservative group (n=8), whereas scope itself in the
operative group (n=6). In the conservative group, there
were two scope-related perforations: One had diverticulum
and the other had perforation of duodenum. These two
patients recovered well without surgery. There was statis-
tically significant difference in the mechanism of perfora-
tion between the two groups (P<0.05; Table 3).

In the conservative group, the site of perforation
included periampullary (n=7), posteriomedial duodenum
(n=2), and diverticulum (n=2), and the two diverticulum
occupied a periampullary duodenum. In the operative
group, the site of perforation was periampullary (n=1),
lateral duodenum (n=3), diverticulum (n=1), and jejunum
(n=2), and the diverticulum occupied a lateral site of 1st
duodenum. The difference in the site of perforation was
statistically significant between two groups (P<0.05; data
not shown).

In the conservative group, the perforation of most
patients (n=10) was identified at the time of ERCP: It
was confirmed by findings such as dye leakage and
pneumoperitoneum on fluoroscopy. In the operative group,
four perforations were detected at the time of ERCP. In
remaining three patients, we suspected perforation because
of intraperitoneal air on the postprocedural X-ray. An upper
gastrointestinal study was not used in all patients. The
retroperitoneal air was the most common findings in the
conservative group, eight patients (72.7%). On the other
hand, six patients (85.7%) of the operative group presented
intraperitoneal air, displaying significant difference in the
location of air between two groups (P<0.05; Table 3).

Nonsurgical Management

Of 13 patients who were initially managed conservatively,
ten patients were managed on purpose, whereas three
patients were not, but because of delayed diagnosis. Eleven
of the 13 patients were successfully managed without
operation; however, two patients finally underwent surgery.
Of the 11 patients, five patients (45.4%) had abdominal pain,
characterized as mild to moderate, and two patients had a
fever above 38.0°C. No patients had any evidence of
irritation sign or a suspicion of pertitonitis. Six patients had
nasogastric tube, and two patients had aggressive endoscopic
drainage with a stent (n=1) and nasobiliary tubes (n=1).

Interestingly, three patients with intraperitoneal air were
well managed without surgery. First patient was a 76-year-old
man who was suspected of common bile duct stones (Fig. 1
A-a–A-c). ERCP was successfully performed with removal
of stones. Second patient was a 75-year-old women
diagnosed with acute cholangitis. She received metallic stent
because of common bile duct cancer. She had mild
abdominal pain and fever above 38.0°C during 4 days.
Third patient was a 59-year-old man who was managed by
biliary stent because of advanced gastric cancer (Fig. 1 B-a–
B-d). In all patients, we checked abdominal CT and found
intraperitoneal free air, ranging from small to large. However,
they did not have peritoneal irritation sign, although they had
mild abdominal pain.Moreover, the volume of free air was not
increasing on follow up X-ray. We recommended conserva-
tive management with close observation. Finally, the three
patients recovered well and were discharged on the 9th, 17th,
and 22nd hospital day, respectively.

Four patients underwent laparoscopic cholecystectomy
for gallbladder stone and cholecystitis, and one patients
diagnosed with ampullary cancer underwent palliative
hepaticojejunostomy due to aortocaval nodal metastasis.
The mean follow-up period was 21.1±15.0 months: No
patient had any complications during the period.

Surgical Management

Of seven patients, four patients had duodenal perforations
(three intraperitoneal and one retroperitoneal perforations),
one had perforation in the ampulla, and two patients with
Billoth II anatomy had jejunal perforations. Five patients
were operated on early within 12 h after ERCP, whereas
two patients (nos. 1 and 5) had their surgery 12 h later
(Table 4).

In no. 3 patient who underwent early operation, the
perforation was suspected by intraperitoneal air on the
postprocedural abdominal X-ray. Surgery was done as soon
as possible; within 9 h after ERCP. There was no bile
collection at laparotomy; however, a 1.5-cm perforation
was found in the retroperitoneal second portion of the

Table 2 Diagnosis and Indications for ERCP

Number of patient (%)

Ampullary cancer 2 (11.1)
CBD and GB stone 9 (50)
CBD stone 2 (11.1)
Acute cholangitis 1 (5.6)
Distal CBD cancer 3 (16.7)
Stomach cancer 1 (5.6)

CBD common bile duct, GB gallbladder
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duodenum after duodenotomy. The patients were admitted
to intensive care unit for 9 days and then discharged on the
31st postoperative day. The remaining four patients were
operated immediately after ERCP; there were significant
correlations between time to surgery and hospital stay (r=
0.828, P<0.05) and between time to surgery and compli-
cations (r=0.886, P<0.05; Fig. 2). Therefore, we suggest
an early surgery if the scope-related perforations develop.

Surgical procedures included primary repair with omen-
topexy and drainage (n=6), common bile duct exploration

and T-tube placement (n=3), duodenotomy (n=3), chol-
edochoduodenostomy (n=1), and cholecystectomy (n=5).
None of the patients underwent exploratory laparotomy
with drain placement only. None of the seven patients
managed by surgery required reoperation for duodenal
leakage, although there was one duodenal leakage.

At laparotomy, bile-tinged fluid collections were found
in five patients, but not in two patients. Strangely, one
patient (no. 4) without intraperitoneal air had bile collec-
tion. On the other hand, two patients (nos. 2 and 3) with
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B-b B-c

HOD#3HOD#2 HOD#4 HOD#5

B-a B-d
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L
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LL S
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Figure 1 Radiological findings of intraperitoneal air after ERCP in
conservative group (A-a–A-c 76-year-old man; B-a–B-d 59-year-old
man). A-a, A-b There was a large intraperitoneal air 1 day after ERCP
on X-ray of simple abdomen and abdominal CT (HOD#2; arrow). A-c
Follow-up on the 6th day after perforation: intraperitoneal air

disappear (HOD#8). B-a Chest X-ray showed intraperitoneal air in
the right subdiaphragm (arrow). B-b–B-d Air was decreasing as days
go by and disappeared after 4 days. HOD day of hospital, L liver, S
spleen.

Table 3 Comparisons of
Mechanism and Diagnosis of
Perforation

Conservative group (n=11) Operative group (n=7) P value

Mechanism of perforation (%) 0.020
Sphincterotomy-related 8 (72.7) 1 (14.3)
Scope-related 2 (18.2) 6 (85.7)
Guidewire-related 1 (9.1)
Diagnosis (%) >0.05
During ERCP 10 (90.9) 4 (57.1)
After ERCP 1 (9.1) 3 (42.9)
Site of air (%) 0.019
Retroperitoneal air 8 (72.7) 1 (14.3)
Intraperitoneal air 3 (27.3) 6 (85.7)
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intraperitoneal air had no bile collections, suggesting that
the site of perforation might have been sealed up.

The development of septic peritonitis with large intra-
abdominal fluid collections led to a delayed surgical
procedure in two patients (nos. 1 and 5) in whom
conservative management failed. At laparotomy in the
patient no. 5, about 3-cm perforation was found in the
lateral first portion of the duodenum and subhepatic bile
collection. Two patients required intensive care unit
admission with prolonged hospital stay. The patient no. 1
recovered well and was discharged on the 52nd postoper-
ative day. However, he died 7 months later due to
ampullary cancer with multiple metastasis. The patient no.
5 died on 41st postoperative days due to sepsis and multiple
organ failure secondary to the duodenal leakage. The

patient no. 7 was readmitted, however, not related with
previous operation. Other patients had no complications
during the follow-up: The mean follow-up period was
26.0±15.2 months.

Discussion

As a serious complication after ERCP, perforations have
been reported in some series to occur in 0.35% to 2.1% of
patients.3–5 ERCP-related perforations are diagnosed more
frequently by experienced endoscopists, because of either
contrast extravasations or appearance of retro-/intraperito-
neal air during the procedure. In the present study, ERCP-
related perforations occurred in 0.89% of patients. Of 18
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Figure 2 Correlations between time to operation and other factors. a There was a significant correlation between time to surgery and hospital stay
(r=0.828, P=0.042). b There was a significant correlation between time to surgery and complications (r=0.886, P=0.019). r = correlation coefficient.

Table 4 Characteristics of Patients Operated for ERCP-Related Perforations

No. Gender/
age

Time to
surgery (h)

Surgical findings Surgical management Complications Hospital
stay

1 M/63 20 Jejunum (3 cm) fluid collection (+) Primary repair GI bleeding, pleural effusion 52
2 F/70 4 Duodenum (2nd, lateral wall, 2.5 cm),

fluid collection (−)
Duodenotomy, primary
repair, and CC

None 10

3 F/77 9 Duodenum (2nd, posteriomedial wall,
1.5 cm), fluid collection (−)

Duodenotomy, primary
repair, and CC

Wound infection, pleural
effusion

31

4 M/69 6 Not found, fluid collection (+) Duodenotomy, CC,
and CBDE

Hyperbilirubinemia 18

5 F/66 30 Duodenum (1st, lateral wall, 3 cm),
fluid collection (+)

Primary repair, CC,
and CBDE

Duodenal leakage, wound
infection, bleeding

41
mortality

6 M/72 5 Jejunum (1.5 cm), fluid collection (+) Primary repair, CC,
CBDE, and CD

None 8

7 M/64 5 Duodenum (3rd, lateral wall, 1.0 cm),
fluid collection (+)

Primary repair Wound seroma, intra-
abdominal fluid collection

21

CC cholecystectomy, CBDE common bile duct exploration and T-tube placement, CD choledochoduodenostomy
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patients, 14 patients (77.7%) were suspected at the time of
ERCP (ten patients in the conservative group and four in
the operative group), showing a frequency similar to other
reports.2,13,14

Some authors4,12,13 have introduced classifications of
ERCP-related perforations based on anatomical location
and mechanisms of injury, thereby suggesting management
guidelines. In our study, ERCP-related perforations were
classified by the leading cause to scope-related, sphincter-
otomy-related, and guidewire-related perforation. Enns et
al.4 reported that sphincterotomy- and guidewire-related
perforations rarely require surgery, whereas esophageal,
gastric, and duodenal perforations caused by scope itself
usually require surgery. Moreover, Stapfer et al.13 suggested
that the clinical and radiological features of ERCP-related
periduodenal perforations can be used to stratify patients
into selective management. In our opinions, these two
reports show similar mechanism of injury, although
classifications of ERCP-related perforation are different.

The incidence of sphincterotomy-related or peri-Vaterian
(type II) perforations ranges between 15.0% and
55.0%,4,11–13 and most cases are managed by nonsurgical
treatment. In the present study, sphincterotomy-related
perforations included nine cases, and eight cases were
treated conservatively. As expected, the conservative
treatment was more commonly used in sphincterotomy in
our data. Seven of nine patients with sphincterotomy-
related perforation showed retroperitoneal air and were
treated by conservative management. One of eight patients
with scope-related perforation showed retroperitoneal air
and was well managed conservatively: It was a small
perforation on the diverticulum at the periampullary
duodenum. The retroperitoneal air alone could probably
be due to compressed air to maintain patency of a lumen; it
is a sealed perforation, therefore, does not require surgical
intervention.15 Howard et al.12 reported that early diag-
nosed periampullary perforation responds to aggressive
endoscopic drainage and medical treatment; however,
postsphincterotomy perforations diagnosed late (particular-
ly duodenal) require surgical drainage, which carries a high
morbidity and mortality rate.

There are some reports that scope-related perforations
presented in gastric, esophageal, and lateral wall of
duodenum and jejunum tend to be large and remote from
the ampulla and require immediate surgery.4,13 In our
operative group, six patients were caused by scope itself
with intraperitoneal air and one patient by sphincterotomy
with retroperitoneal air: One patient with sphincterotomy-
related perforation underwent surgery because of retained
stones. However, Kayhan et al.16 reported that therapeutic
ERCP may be repeated and has a high success rate in
patients who retained stone. Therefore, we suggest that
surgery may not be necessary for retained stone.

Early operation usually allows a primary repair and results
in good outcomes. However, a high incidence of morbidity
and mortality has been reported to be associated with failed
nonsurgical management.6,13,17 However, using other mo-
dalities, recent studies18 show a promise for allowing
endoscopic closure. In the present study, seven patients with
ERCP-related perforations underwent surgery: Four patients
had early surgery and three patients had delayed surgery.
There were significant correlations between time to surgery
and hospital stay and between time to surgery and
complications, respectively. Therefore, we suggest an early
surgery if scope-related perforations develop.

Surprisingly, three patients who had intraperitoneal air
underwent nonsurgical management, regardless of mecha-
nism of injury. There are well-known guides by which we
decided conservative treatment. Does patient have abdom-
inal irritation sign? Is free air increasing or decreasing on
consecutive X-ray, and does symptoms aggravate during
close observation? Traditionally, duodenal perforations
have been managed surgically19; however, in the past
decade, management of limited esophageal, colonic, and
even duodenal perforations has evolved toward a more
selective approach.7,20,21

The surgical procedure was selected, based on mecha-
nism and degree of injury. Some authors performed pyloric
exclusion and gastrojejunostomy in any patients with
duodenal perforation and failed conservative manage-
ment,13 whereas duodenal diversion was used more
frequently in patients with peri-Vaterian perforations and
those operated on late.8 In the present study, only one
patient underwent duodenal diversion. In most patients who
underwent early operation, the primary closure without
duodenal diversion is enough. When the site of perforation
could not be found with or without fluid collections, we
performed transduodenal approach (duodenotomy):
Strangely, one patient (no. 4) without intraperitoneal air
had fluid collections, whereas two patients (nos. 2 and 3)
with intraperitoneal air had no fluid collections, suggesting
that the site of perforation might have been sealed up.
Recently, Sarli et al.22 reported that a transduodenal
operative repair is a useful method for periampullary
perforation.

Conclusion

Most of sphincterotomy-related perforations are managed
nonsurgically. However, scope-related perforation is usually
large and requires immediate surgery. Moreover, the
delayed operation results in a longer hospital stay and high
morbidity. Therefore, the selective early surgical interven-
tion is suggested when scope-related perforations are
discovered.
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Abstract
Purpose The texture of the pancreatic tissue is a main risk factor for leakage after pancreaticojejunostomy and can be
differentiated using dynamic contrast enhanced magnetic resonance imaging (dMRI). In order to identify risk factors and to
assess the role of pancreatic dMRI, a cohort of patients was retrospectively reviewed.
Patients and methods One hundred seven consecutive patients were identified in the departmental database and examined by
means of a standardized dMRI protocol using a 1.5-T MRI system. Signal intensity (SI) measurements (aorta, body of the
pancreas, muscle tissue) were performed in the axial T1-weighted sequences before and after 25 and 60 s after i.v. application of
gadolinium–diethylenetriaminepentaacetic acid. For all patients with a standardized contrast medium curve in the aorta (n=72), a
muscle-normalized signal intensity curve (SIC) with SIratio was calculated. SIratios were classified in two groups: rapid increase
(SIratio≥1.1, early arterial value > portal-venous value, “soft” pancreas) and delayed increase (SIratio <1.1, “firm” or “hard”
pancreas). All patients received pancreatic head resection with a duct-to-mucosa pancreaticojejunostomy. The dMRI data was
correlated with prospectively acquired clinical data.
Results Leakage of the pancreaticojejunostomy occurred more frequently (12/37 vs. two of 35, 32% vs. 6%, p=0.006) in
patients with a rapid increase and an SIratio≥1.1 (“soft” pancreas, n=37) compared to those with delayed perfusion (SIratio <1.1,
“hard” pancreas, n=35). The more severe type B and C anastomotic leakages occurred only in the group of patients with
SIratio≥1.1. Patients with a rapid increase had significantly better preoperative American Society of Anesthesiologists staging,
lower carbohydrate antigen 19-9 values, and smaller tumor sizes. Most of them had not only benign tumors but also longer
postoperative hospital stay, in comparison to patients with delayed perfusion (SIratio <1.1). Multivariate analysis revealed SIratio
of ≥1.1 to be the only preoperative parameter predicting leakage significantly with an odds ratio of 7.9.
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Conclusion dMRI with SIratio calculation provided reliable information for the prediction of pancreatic texture. Patients with
a SIratio≥1.1 had a 7.9-fold increased risk of anastomotic leakage and a prolonged hospital stay. SIC with measurements of
SIratio in dMRI could therefore define patients at risk for anastomotic leakage.

Keywords Pancreatic surgery . Anastomotic leakage .

Dynamic magnetic resonance imaging

Introduction

The mortality of pancreatic head resection, with or without
pylorus preservation, has significantly declined over the
past decades and lies below 5% in experienced centers.1,2

The morbidity of this procedure is, however, high with 301–3

to 60%.4,5 The pancreatic anastomosis is the “Achilles’
heel” in pancreatic surgery.6,7 Leakage of the pancreati-
cointestinal anastomosis is the main trigger for other
morbidities after this procedure. Clinically, a leakage may
present as a pancreatic–cutaneous fistula, intraabdominal
abscess, delayed gastric emptying, intestinal atony, or it can
result in sepsis and hemorrhage leading to a significant
mortality.1,7,8 The two common reasons for leakage of
pancreatic anastomosis are a “soft” pancreatic texture and a
small pancreatic duct size.9–12 Chronic pancreatitis leads to
fibrotic, “hard” pancreatic tissue. Anastomotic leakage is
therefore observed less frequently after resections due to
chronic pancreatitis, compared with resections due to
cancer.13 The reported incidence of leakage lies between 0
and 30% and may represent a marked underestimation due
to selection bias as well as publication bias.7 Since duct size
is an objective parameter the surgeon can easily identify an
anastomosis being at risk for leakage during the operation
and can spontaneously change the operation procedure; for
instance one can decide to switch to another anastomosis
technique.

The degree of “softness” of the pancreatic tissue and its
role in estimation of an anastomosis being at risk remains to
be a problem. Reliable preoperative diagnostic tools or risk
scores for prediction of a soft texture are currently not
available. The normal exocrine fluid output of the “soft”
pancreatic tissue, as compared to that of the fibrotic
(“hard”) tissue in patients with chronic pancreatitis, has
been described as another risk factor for leakage.7,14 It is
therefore not proven that “soft” correlates with “normal”
healthy pancreatic tissue. In magnetic resonance imaging
(MRI), Sittek and his coauthors could observe various
patterns of pancreatic perfusion depending on various
pancreatic textures.15

The aim of this study was to evaluate the role of
dynamic magnetic resonance imaging (dMRI) in prediction
of soft pancreatic texture and leakage of the pancreatic
anastomosis. Additionally, it was attempted to identify
other risk factors for leakage of the pancreatic anastomosis.

Materials and Methods

Between 2002 and 2007, a total of 217 patients underwent a
pancreatic resection (Kausch–Whipple resection or pylorus-
preserving pancreaticoduodenectomy) due to a pancreatic
head tumor in the Department of Surgery. All patients were
identified in the prospective departmental pancreatic data-
base.1,16–18 During this 5-year period, a total number of 107
consecutive patients with a sonographically suspected tumor
of the pancreas head were evaluated by dMRI prior to
resection. All patients with a dMRI in our institution were
included in the present analysis. The data of the latter
patients examined comprised demographics; pathology re-
port; tumor, node, metastasis stage; and International Union
Against Cancer classification, preoperative presenting symp-
toms, preoperative procedures (e.g., biliary stent), lab work
(including tumor marker carbohydrate antigen (CA) 19-9),
the American Society of Anesthesiologists (ASA) score,
details of the surgical therapy (including blood loss and
blood transfusions), the hospital course (including compli-
cations), and the postoperative survival.

Follow-up was performed through personal contact with
the patient or patient’s primary physician and was termi-
nated on June 1 2008 or at patient’s death. All deaths
occurring within 30 days after surgery or throughout the
hospital stay were classified as surgical mortality. In all
patients, drains were placed at the pancreaticojejunostomy
and at the hepaticojejunostomy site.

An anastomotic leakage was defined according to the
International Study Group on Pancreatic Fistula (ISGPF)
definition.19 A grade A leakage is a so-called “biochemical,
transient fistula” and has no clinical impact. A grade A leakage
requires little change in management or deviation from the
normal clinical pathway. A grade B leakage requires a change
in the patient management or an adjustment in the clinical
pathway. It usually leads to a delay in discharge, to
readmission, or to discharge of the patient with drains in situ.
A grade C leakage leads to a major change in the clinical
management or a deviation from the normal clinical pathway.
A deteriorating clinical status with a grade C leakage together
with sepsis and an organ dysfunction may require reexplora-
tion in an attempt to repair the site of leakage with wide
peripancreatic drainage, or a conversion to alternative pan-
creaticoenteric anastomosis, or a complete pancreatectomy.

Surgical Technique of Pancreatic Anastomosis

Within 1 to 10 days (median 3 days) after the dMRI, all
patients underwent a pancreatic head resection (Kausch–
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Whipple or pylorus-preserving procedure) with reconstruc-
tion as duct-to-mucosa pancreaticojejunostomy. The two-
layer pancreatointestinal anastomosis was standardized as
follows: After mobilization of the pancreatic remnant, the
inner suture layer was placed on the pancreatic duct.
Usually eight stitches were required (resorbable monofila-
ment 5-0 sutures), the posterior wall was sutured from
inside to outside, the anterior wall from outside to inside.
The mesenteric surface of jejunum was approximated to the
pancreas stump. The posterior wall of the outer suture layer
was sewn in a running manner after placing a knot on the
cranial edge of the pancreas (resorbable monofilament 4-0
sutures). A small incision corresponding to the localization
and diameter of the pancreatic duct was made on the
antimesenteric surface of the jejunum and the inner layer
(duct to mucosa) was completed by stitching the previously
placed sutures and tying them gently. The anastomosis was
completed by a running suture of the outer anterior wall
with the previously placed suture (serosal surface of the
pancreatic remnant to seromuscular layer of jejunum;
Fig. 1). Two soft drains were placed in every patient: one
at the pancreatic anastomosis and one close to the
hepaticojejunostomy.

Dynamic MRI

All patients underwent a MRI examination of the pancreas
using the same 1.5-T system (Magnetom Vision, Siemens
Medical Solutions, Erlangen, Germany). The sequence
protocol is described in Table 1 in detail. All patients
underwent standard sequences for the description of the
morphology followed by a native T1-weighted fat saturated
sequence centered on the body of the pancreas with a slice

thickness of 5 mm without a gap. The sequence was
repeated after intravenous administration of 0.1 mmol/kg
bodyweight gadolinium–diethylenetriaminepentaacetic acid
(Gd-DTPA; Magnevist®, Bayer Schering, Berlin, Germany)
via an automatized injection with a flow rate of 2 ml/s using
a 21-G i.v. line in a cubital vein, followed by a saline flush
with 40 ml isotonic saline solution. The T1-weighted fat
saturated sequence was repeated approximately 25 and
60 s after application of contrast medium in the axial
plane, after 2 min in a coronal plane, and after 2.5 min for
the termination of the examination in an axial plane
without fat saturation. In order to compare pancreas-
healthy individuals with the resected patients, the MRI
data of 15 age- and gender-correlated patients without an
apparent pancreatic or liver disease were evaluated within
12 months after the dMRI examination following the
above mentioned protocol.

dMRI Image Evaluation

A measurement of the signal intensity (SI) was carried out in
different regions of interests (RoIs) with at least 16 pixels for
reliable results. The first RoI was measured in the pancreatic
tissue at the estimated resection line, with and without the
pancreatic duct. Further, RoIs were inside the aorta at the axial
plane of the pancreas body and inside the paravertebral muscle
(spinal erector muscle) for the normalization of the measure-
ments (Fig. 2a–d). In the initial evaluation, all patients with a
nondiagnostic contrast media application (all patients with an
increase of the SI in the aorta after the initial arterial peak)
were excluded. The measurement results in the pancreas
were normalized by setting the increase in the pancreas in
relation to the increase in the muscle according to the
formulas described in Table 2.

The patients were classified into two groups according the
pattern of perfusion following the ratio: SIratio¼ SIea

SIpv

� �
. SIea

was defined as the signal intensity in the early arterial phase
and SIpv as the portal-venous phase after the application of
contrast. If the pancreatic tissue demonstrated a muscle-
normalized SIratio of ≥1.1, the patients were assigned to
group 1 (normal perfusion of the organ). Patients who
demonstrated an SIratio <1.1 were assigned to group 2
(decreased perfusion of the organ). An age-matched group of
15 volunteers without history of a pancreatic disease were
evaluated using the same examination and evaluation protocol.

Statistical Analyses

The primary endpoint of the study was the leakage of
the pancreatic anastomosis. A Fisher’s exact test was
performed comparing the two groups. A chi-square test
was performed comparing various patient data and the
perfusion values. A multivariate analysis (logistic re-

Figure 1 Duct-to-mucosa pancreaticojejunostomy: the posterior wall
of the outer suture row is completed as the complete duct-to-mucosa
suture. The anterior portion of the outer suture row between pancreas
capsule and seromuscularis of the jejunum is still missing.
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gression) was calculated with an odds ratio (OR) for all
parameters described. Predicting factors for the leakage
were examined by univariate and multivariate analyses,
using Cox’s proportional hazards including a calculation
of the odds ratio for all parameters described. Signifi-
cance was accepted at the probability level of 0.05. All
statistical calculations were performed using the SAS
software (release 9.01; SAS Institute Inc., Cary, NC,
USA).

Results

All examinations were performed with the same sequence
protocol without any study violation. A total of 107 patients
(median age 67.5 years, range 30–89 years, 65 men, 42
women) were included in the evaluation. In 72 patients
(median age 67 years, range 30–89 years, 42 men, 30
women), the early arterial SI in the aorta was higher than
the portal venous SI, showing the correct timing of the

Table 1 Examination Protocol for the MRI of the Pancreas

T1 ax T2 TSE ax T1 fs ax MRCP
(HASTE)

MRCP
(RARE)

T1 fs ax T1 fs cor T1 ax

TR/TE 121/4.1 5,000/120 132.4/2.3 4.4/64 2,800/1,100 132.4/2.3 132.4/2.3 121/4.1
Matrix 256×256 256×256 256×256 256×256 256×256 256×256 256×256 256×256
FoV (mm) 300×300 300×300 300×300 300×500 300×400 300×300 500×300 300×300
Slice thickness
(mm)/gap

5/5 5/5 5/0 (pancreas) 6/0 50/na 5/0 (pancreas) 5/5 5/5

TA (s) 16 17 16 16 6 16 17 16
Contrast
(time after i.v.
administration)

– – – – – + (25 and
70 s)

140 s post Yes

ax axial, MRCP magnetic resonance cholangiopancreaticography, HASTE half-Fourier acquisition turbo spin echo sequence, RARE rapid
acquisition with relaxation enhancement, fs spectral fat saturation, cor coronal, TR time of repetition, TE echo time, FoV field of view, TA time of
acquisition, na not applicable

Figure 2 a–d T1-weighted
images of the pancreas with fat
saturation, demonstrating the
contrast enhancement in the
body of the pancreas. a Native,
b 25 s, and c 60 s after b.w.
adapted i.v. administration of
Gd-DTPA (Magnevist®). d
Illustrates the localization of the
regions of interest for the mea-
surement of the signal intensi-
ties. The colors indicate the
different tissues: purple = pan-
creatic parenchyma at the local-
ization of the presumed
resection margin, green = ab-
dominal aorta at the height of
the pancreas, and brown = mus-
cle tissue of the paravertebral
spine muscle.
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contrast media application. These 72 patients fulfilled
criteria for the further examination (Table 3).

Perioperative Course

An uncomplicated postoperative course was observed in
31% of all patients (22/72). The overall morbidity rate
was 69% (50/72); the postoperative mortality was 1.4%
(one of 72). A classic Kausch–Whipple resection was
performed in 27 patients (37.5%), a preservation of the
pylorus-preserving pancreatoduodenectomy (PPPD) could
be achieved in 45 patients (62.5%). Leakage of the
pancreaticojejunostomy was observed in 14 patients
(19.4%): grade A leakage in nine patients, grade B
leakage in three, and grade C leakage requiring relapar-
otomy in two patients. In one of the latter patients, the
anastomosis was converted; in the other patient, a
complete pancreatectomy was necessary. This patient died
subsequently on the 24th postoperative day. A leakage of
the hepaticojejunostomy occurred in four patients (5.5%;
Table 4). Seven (9.7%) patients required relaparotomy for
complications, postoperative bleeding occurred in three
(4.2%) patients, nine (12.5%) patients developed a delayed
gastric emptying, and five (6.9%) patients presented with an
intraabdominal abscess (Table 4).

Histopathology revealed cancer in 54 patients (75%): 33
ductal adenocarcinoma, five distal bile duct carcinoma, five
carcinoma of Vater’s papilla, 11 miscellaneous malignant
tumors. Nine (12.5%) patients were diagnosed with a
chronic pancreatitis, and nine (12.5%) patients had a benign
lesion (for example noninvasive intraductal papillary
mucinous neoplasm).

Evaluation of dMRI and Correlation with Clinical
Parameters

Thirty-seven of the 72 patients who qualified for the final
analysis (median age 67 years, range 30–89 years, 21 men, 16
women) revealed a pancreatic perfusion with an SIratio ≥1.1.
Thirty-five patients (median age 68 years, range 40–85 years,
21 men, 14 women) had an SIratio <1.1. All pancreas-healthy
patients in the control group showed an SIratio≥1.1. An
SIratio≥1.1 was therefore equivalent to a “normal” pancreatic
perfusion.

A comparison of the perfusion in dMRI and the clinical
parameters revealed the following statistically significant
results. In comparison to patients with a delayed perfusion
(SIratio <1.1), those with a “normal” perfusion (SIratio ≥1.1)
were significantly more often classified as ASA group I/II
(no or mild comorbidities, p=0.004). These patients had
lower preoperative CA 19-9 levels (22 vs. 152 U/l, p=0.01)
and a smaller tumor size (23 vs. 32 mm, p=0.007).

Regarding the postoperative results, patients with a normal
perfusion (SIratio≥1.1) had statistically significant higher rate
of leakage of the pancreaticojejunostomy (p=0.006); 12 of
14 leakages (86%) occurred in patients with a normal
perfusion (SIratio≥1.1) compared to only two of 14 leakages
in patients with a delayed (SIratio <1.1) perfusion. All grade
B and C leakages occurred in patients with a normal

Table 2 Formulae for the Evaluation of the Signal Intensity Measurements

Native: SInative¼ SI pancreasnativð Þ
SI musclenativð Þ

h i
� SI pancreasnativð Þ

SI musclenativð Þ
h in o

� 100%

“Nativ” in der Formel muss noch durch “native” ersetzt warden

Early arterial: SIea¼ SI pancreaseað Þ
SI muscleeað Þ

h i
� SI pancreasnativð Þ

SI muscle nativð Þ
h in o

�100%

Portal venous: SIpv¼ SI pancreaspvð Þ
SI musclepvð Þ

� �
� SI pancreasnativð Þ

SI musclenativð Þ
h i� �

� 100%

Table 3 Correlation of Demographic, Histological, and Preoperative
Parameters with SIratio

SIratio ≥1.1
(n=37)

SIratio <1.1
(n=35)

p value

Age (years) 67 (30–89) 68 (40–85) 0.65
Gender (men vs. women) 21 vs. 16 21 vs. 14 0.76
ASA score (I/II vs. III/IV) 28 vs. 9 17 vs. 18 0.004
Diabetes preoperative 9 14 0.22
Bilirubin preoperative (g/dl) 1.5 (±10.7) 3.5 (±15.9) 0.48
CA 19.9 preoperative (U/l) 22 (±1.233) 152 (±2.724) 0.01
Albumin preoperative (g/dl) 33 (±5) 34 (±4) 0.79
Malignancy 30 27 0.64
Chronic pancreatitis 3 6 0.23
Benign tumor 7 2 0.05
Size of tumor (mm) 23 (±14) 32 (±16) 0.007

Table 4 Correlation of Procedural and Postoperative Parameters with
SIratio

SIratio ≥1.1
(n=37)

SIratio <1.1
(n=35)

p value

Procedure (Whipple vs. PPPD) 7 vs. 30 9 vs. 26 0.09
Complications (all) 29 20 0.07
Leakage pancreaticojejunostomya 12 2 0.006
ISGPS leakage grade Aa 7 2
ISGPS leakage grade Ba 3 0
ISGPS leakage grade Ca 2 0
Leakage of the hepaticojejunostomy 3 1 0.35
Intraabdominal abscess 3 2 1
Blood loss (ml) 800 (±483) 750 (±587) 0.27
Operation time (min) 360 (±74) 351 (±113) 0.97
Mortality 2 (of 107) 0 0.49
Hospital stay (days) 20 (12–167) 17 (9–60) 0.05

a According to ISGPS definition of leakage19
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perfusion. Two of 12 patients required relaparotomy (grade
C) and three patients were discharged with drains in place, or
needed a reintervention (grade B). In contrast to these
findings, only in two patients with an signal intensity curve
(SIC) <1.1 that a “biochemical” leakage (grade A) occurred.
Patients with a normal perfusion had a significantly longer
hospital stay (20 vs. 17 postoperative days, p=0.05) and
were more likely to have other postoperative complications,
resulting in an overall morbidity rate of 78% (29/37 vs. 21/
35). This difference, however, was of no statistical signifi-
cance (p=0.07; Table 4).

In order to reveal predictive factors of an anastomotic
leakage, all preoperative parameters were evaluated in a
multivariate analysis. The SIratio≥1.1 was shown to be the
only parameter with a strong statistically significant
correlation with the postoperative leakage (p=0.0042, odds
ratio (OR) 7.92). All other parameters, such as ASA score,
chronic pancreatitis, pancreatic cancer, tumor size, diabetes,
etc., revealed no significant correlation (Table 3). The
perfusion pattern in dMRI was therefore the only preoper-
ative parameter predicting the probability of having a
postoperative leakage (OR 7.92). The risk of developing a
leakage was 7.9-folds higher in patients with a normal
pancreatic perfusion and an SIratio≥1.1 in dMRI, in
comparison to those with an SIratio <1.1 in dMRI (Table 5).

Discussion

One of the challenges following a pancreaticointestinal
reconstruction is the prevention of an anastomotic leakage.
A leakage is a critical factor influencing postoperative
morbidity and mortality.7,20,21 As a result, over 70 different
techniques for reconstruction of the pancreatic remnant
following pancreatic head resection have been described.7

The multitude of the suggested modifications, however,
reflects that none of the techniques is perfect enough to
convince every pancreatic surgeon for every intraoperative
situation (“soft” or “firm” gland). Furthermore, there are no

objective criteria to assess the texture of the pancreas prior
to the operation, in order to adapt the surgical technique
adequately and to inform the patients at risk for anastomotic
leakage. The texture of the pancreatic tissue is explained by
its pathophysiology. The natural texture is “soft” with a
main pancreatic duct of a maximum diameter of 3 mm. The
perfusion of this type of gland is not impaired. Following a
chronic pancreatitis, the gland is usually fibrotic and firm
with an impaired perfusion.14 Other pancreatic disorders
such as solid or cystic pancreatic tumors can lead to a
variety of texture changes from “soft” to firm” along with
different perfusion pattern.22–24 Various pancreatic perfu-
sion behavior in dMRI correlates with changes of the
pancreatic texture.15 Pancreatic perfusion in dMRI, calcu-
lated as SIC by measuring the SIratio was therefore studied
as a predictor for an anastomotic failure. It was examined as
a possible objective measure for the assessment of the
texture of the pancreatic remnant.

dMRI Pancreatic Imaging

The main protocol in 1.5-T MRI consists of a standard
evaluation with T2-weighted (turbo-) spin echo sequences
and diffusion-weighted images of the upper abdomen, with
a calculation of the resulting apparent diffusion coefficients.
The magnetic resonance cholangiopancreaticography is
performed by fast T2-weighted images in half-Fourier
acquired T2-weighted single-shot turbo spin-echo sequen-
ces technique and rapid acquisition with relaxation en-
hancement technique. The native protocol is completed by
T1-weighted images, with and without fat saturation for the
delineation of the pancreas tissue. These sequences are
followed by application of an MR contrast media, usually
Gd-DTPA, in order to describe the contrast kinetics of
tumors in terms of them being hypo-, iso-, or hyperintense
after contrast media application. The examination is
terminated by repeating the T1-weighted sequences in axial
and coronal planes.25 The examination can be performed
with an axial thin-sliced T1-weighted sequence with fat
saturation in order to visualize the pancreas in the early
arterial, as well as in the portal-venous phase with excellent
delineation of the tissue. The limitations, however, are in
the exact description of vessel involvement, in case of an
abnormal localization of the pancreas tissue, or of the upper
abdominal vessels.25–28 Another examination mode is the
use of a coronal three-dimensional (3D) sequences as an
angiographic examination, usually as a 3D volume inter-
polated breath-hold examination sequence. The advantage
of this sequence is the high resolution with a voxel size of
1 mm3. The disadvantage, however, is the sequence
inherent signal-to-noise ratio, leading to a decrease in the
quality of the evaluation of the pancreatic tissue. The results
of the described techniques are, nevertheless, encouraging,

Table 5 Multivariate Analysis (Logistic Regression) of Preoperative
Parameters Correlated with Leakage of the Pancreaticojejunostomy

Parameter p value

SIratio≥1.1 0.0042 (OR 7.92)
Diabetes 0.75
Malignancy 0.29
Chronic pancreatitis 0.14
Size of tumor (mm) 0.65
ASA I+II vs. III/IV 0.09
Albumin preoperative (g/dl) 0.21
CA 19.9 preoperative (U/l) 0.47
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and both methods are used in the imaging technique of the
pancreas.25,26 The protocol used in this study consisted of
the described thin slice axial T1-weighted sequence with
the advantage of integrating delineation of morphology and
the dynamic contrast enhancement aspect.

Exact imaging is essential for the exact differentiation of
the tumor, the vessel infiltration of the arterial and venous
vessels, and for staging of possible metastases.25,29,30 Only
a small number of previous investigators, however, have
assessed pancreatic perfusion by performing a semiquanti-
tative analysis of gadolinium enhancement parameters.31–33

The quantitative analysis of regional blood perfusion using
dMRI has been described for different tissues.31–33 Al-
though the study of Bali et al.34 proposed an approach to
quantify parameters with a so-called “one compartment
model” for the pancreatic parenchyma, there is currently no
standard of reference available for the perfusion parameters
of the pancreas. Using semiquantitative methods, Coene-
grachts and coworkers described a statistically significant
difference between patients with chronic pancreatitis and
healthy volunteers in the so-called “wash in time” as well
as in the “time to inflow deceleration”. They demonstrated
a better contrast media enhancement in healthy volunteers
in all parts of the pancreas.31 Other studies from Tajima and
his coworkers32,33 applied the so-called “time intensity
curves”. This parameter was calculated as a function of
signal intensity (SI post−SI pre)/SI pre×100%) and lead to
a differentiation between two various tissue types: those
with a good perfusion (rapid rise to a peak in the early
arterial phase followed by a rapid decline) and those with a
restricted perfusion (slow rise to a peak beginning at the
portal-venous phase followed by a slow decline or very
slow rise to a late peak followed by a decline or a plateau).
These groups could be differentiated using different
contrast media behavior 25 and 60 s after contrast media
application. Similar to the present study the study of Tajima
and his coworkers was aimed to predict possible anasto-
motic leakage. Their study, however, had major limitations
concerning the reliability. The authors did not mention the
measurement of the pancreatic duct, which was obviously
inside the RoI. This leads to false measurements, since the
content of the duct, which is water like, shows no contrast
media enhancement, resulting in reduced signal intensity.
Furthermore, the authors did not consider the different
normalization levels of the images, or the different
circulation times of the patients. These issues alter the
signal intensity curves as well. As a significant modifica-
tion, the present study included only patients who had an
increase of the signal intensity in the aorta in the first
arterial phase and revealed a decrease of the values in the
second measurement. In the current study, only the tissue
and not the duct was measured. This led to RoI which
included only 6 to 8 pixels in some patients. The

measurement was therefore more reliable than measuring
the duct. Furthermore, the signal intensities were normal-
ized in every patient with a very slow enhancing muscle
tissue, in order to obtain more intra- as well as interindi-
vidually comparable measurements. The image-inherent
noise level was also taken into consideration.35

Prediction of Anastomotic Leakage

In this series of 72 pancreatic head resections, 14 patients
(19.4%) developed a leakage (nine grade A, three grade B,
two grade C) postoperatively. This was a reasonable value
compared to 1,507 patients of a multicenter database
having a leakage rate of 26.7% according to the ISGPF
definition.9 In this study, the less severe type of leakage
(grade A) occurred more frequently (64% vs. 48%). As a
main result, it could be demonstrated that patients with a
normal perfusion (SIratio≥1.1) had significantly higher rate
of leakage (p=0.006) and a higher rate of more severe
leakage types. All grade B and C leakages occurred in
patients with SIratio≥1.1. Consecutively, patients with a
normal perfusion (SIratio≥1.1) had a significantly longer
hospital stay (p=0.05) and were more likely to have other
postoperative complications (p=0.07). In a multivariate
analysis, it could be shown that the SIratio≥1.1 was the only
parameter revealing a strong statistically significant corre-
lation with postoperative leakage (p=0.0042) with an odds
ratio of 7.92. This implies that the risk of anastomotic
failure in patients with a normal pancreatic perfusion is
7.92-folds higher than those with an impaired perfusion.
The cutoff value for the SI ratio was chosen as a
consequence of, and an improvement to the studies by
Tajima,32,33 who did not include the normalization of the
values according to the muscle tissue.

Type of Resection

A recent meta-analysis36 demonstrated no differences
between the types of anastomosis (pancreatojejunostomy
or pancreatogastrostomy) regarding gastric emptying time,
pancreatic exocrine or endocrine insufficiency, or findings
of ulcerative disorders in the endoscopy. The rate of
pancreatic remnant related relaparotomies was, however,
higher in the group of the patients who underwent
pancreatojejunostomy.37,38 Although in the present study
pancreaticojejunostomy using a duct-to-mucosa technique
was performed in all cases, there was a rate of 14/72
anastomotic leakages. Other groups such as Hayashibe and
coauthors39 described a series of 55 consecutive patients
without a pancreatic anastomotic leakage after duct-to-
mucosa anastomosis in all cases. The cited group consid-
ered this kind of anastomosis to be safe, having low
complication rates, being reliable and favorable for the
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anastomosis after pancreatoduodenectomy. The findings of
this study are in accordance with the leakage rate described
in the literature,40–42 which lies between 5% and 25% in
patients after pancreaticojejunostomy.

Prediction of a Soft Pancreas

As a main result, a strong correlation was found between
an SIratio≥1.1 and a pancreas parenchyma of age-correlated
healthy volunteers showing the same contrast enhancement.
A similar finding has been described by Tajima et al.,32 who
described the perfusion of the pancreas to be the only
independent variable for the prediction of leakage. As
mentioned above, this was, however, performed with a
technique which was less elaborate and reliable than the one
in the present study. Patients with pancreas tumors addressed
to have a resection of the pancreatic head can be categorized
into two groups: (1) patients with a soft, fragile pancreas,
and/or small pancreatic duct and (2) those with a fibrotic,
firm pancreas, and/or dilated pancreatic duct. The first group

is described to have a high risk for postoperative pancreatic
anastomotic leakage, the second group to have a lower
risk.23,43,44 In the present study, there were better preopera-
tive conditions described, along with an “objective” classi-
fication such as ASA classification, in the group with a better
perfusion, which revealed a higher rate of anastomotic
failure. This could lead to the assumption that objectively
healthier patient are at a higher risk for anastomotic
complications, due to a well-perfused soft gland. There is
therefore a necessity for having other therapeutic options for
patients at risk for a leakage. The change of the anastomotic
technique in these patients (for instance from pancreaticoje-
junostomy to pancreatogastrostomy) could be a possible
option (Fig. 3).

In summary, the present study demonstrated in particular
a high rate of anastomotic leakage in patients with a regular
perfusion of the pancreas parenchyma. This was contradic-
tory to the fact that these patients had a lower surgical risk
in general. Using a simple method of relative perfusion
quantification, based on the contrast media enhancement of

Figure 3 a–f T1-weighted
images of the pancreas in a
patient with a rapid increase of
the SIC and a SIratio of ≥1.1
(“soft pancreas”; a–c) and in a
patient with a delayed increase
of the SIC and a SIratio of <1.1
(“firm pancreas”; d–f). Images a
and d are native images, b and e
demonstrate the early arterial
phase, and c and f show the
portal-venous phase.
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the pancreas in relation to the aorta and the muscle tissue,
it is possible to identify patients at risk for postoperative
anastomotic leakage. Through applying the described
dMRI technique, pancreatic surgeons can therefore preop-
eratively inform patients about their risk and possibly
stratify these patients for other anastomotic techniques in
the future.
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Abstract
Introduction Metaanalysis of retrospective studies employing various definitions of pancreatic fistulas demonstrated a reduced
postoperative pancreatic fistula rate after pancreatogastrostomy versus pancreaticojejunostomy. Prospective trials failed to do so,
which causes an ongoing debate on the superiority of one or the other procedure. The aim of this study was to compare the two
types of anastomosis at our institution with regard to postoperative pancreatic fistula and other complications.
Materials and Methods From 2001 to 2007, 114 pancreatogastrostomies and 115 pancreaticojejunostomies were performed. For
retrospective analysis, the ISGPS definitions were employed. Primary endpoint was the occurrence of postoperative pancreatic
fistula grade B or C. Secondary endpoints were postpancreatectomy hemorrhage, delayed gastric emptying, intraabdominal fluid
collection, reoperation, and mortality. Operative time, intensive care unit stay, and overall hospital stay were also compared.
Results With pancreatogastrostomy, there were significantly less postoperative pancreatic fistulae grade B and C
(pancreatogastrostomy (PG) versus pancreaticojejunostomy (PJ), 11.4% versus 22.6%, p=0.03), more intraluminal
hemorrhage (PG versus PJ, 10.5% versus 0%, p<0.001) and more delayed gastric emptying grade B and C (PG versus
PJ, 18.3% versus 7.9%, p=0.03). Operative time was shorter (PG versus PJ, median 420 versus 450 min, p<0.01), and
intensive care unit stay was longer (PG versus PJ, median 4 days versus 5 days, p<0.01), with a tendency toward reduced
overall hospital stay (PG versus PJ, median 17 versus 19 days, p=0.08).
Conclusion Surgeons should be aware of a higher rate of delayed gastric emptying and perform meticulous hemostasis to
prevent intraluminal bleeding with pancreatogastrostomy. Pancreatogastrostomy is superior to pancreaticojejunostomy in
terms of relevant postoperative pancreatic fistula.

Keywords Surgery . Pancreatic surgery .

Pancreaticoduodenectomy . Postoperative pancreatic fistula .

Postpancreatectomyhaemorrhage . Delayed gastric emptying

Introduction

Since the first description of a successful pancreatoduode-
nectomy (PD) by Kausch in 1912,1 there has been a debate

among surgeons about which anastomotic procedure should
be used to reinsert the pancreatic remnant. Among the
various methods, only anastomosis to the jejunum or
stomach has gained widespread international acceptance.2

One, if not the most important, goal of all described
procedures has been the reduction of the postoperative
pancreatic fistula (POPF) rate to a minimum.

Reported perioperative mortality after pancreatic surgery
has decreased to below 5% in centers, while occurrence of
pancreatic fistula remains a significant problem, with
incidences reported around 30% in the most recent
series.3–5 A metaanalysis of studies comparing pancreato-
gastrostomy (PG) and pancreaticojejunostomy (PJ) has
shown a significant reduction of the POPF rate in favor of
PG when retrospective studies were pooled. However, three
prospective randomized trials failed to prove a superiority
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of PG over PJ.6 This obvious discrepancy may be attributed
to several factors. There may be a publication bias
preventing nonsignificant retrospective data from being
published. Furthermore, in the past and also for the
prospective trials, authors have used many different
definitions of POPF, which makes direct comparison of
and pooling of data from several studies difficult.7 The case
number of the prospective trials was around 150,8–10 which
is lower than that of many retrospective studies and does
not provide enough power to prove differences between
incidence rates, which are between 10% and 20%. Last but
not least, the operative technique varies in detail between
the studies. Taken together, there remains an active
discussion concerning the optimal anastomotic technique.

A major step toward standardization of perioperative
outcome measurement in pancreatic surgery has been the
publication of consensus definitions for POPF, delayed
gastric emptying (DGE), and postpancreatectomy hemor-
rhage (PPH) by the International Study Group of Pancreatic
Surgery.7,11,12 The aim of this retrospective study was to
compare the perioperative outcome of PD with PG versus
PJ at our institution by using a large case number and the
new consensus definitions.

Materials and Methods

Data The data of our prospectively maintained database for
pancreatic surgery was used as a basis to perform a
retrospective analysis for PD performed from 2001 to
2007. For correct assessment of POPF, DGE, and PPH
grading according to the ISGPS,7,11,12 the patient’s records
had to be reviewed, which are completely digitalized in our
institution after patient discharge.

Operative Technique The technique of completely intra-
gastric pancreatogastrostomy consisted of a purse string suture
in the gastric wall (2-0 PDS) and a second intragastric line of
interrupted sutures (4-0 PDS). Therefore, an additional
anterior gastrotomy was necessary. PJ was performed to a
Roux-Y-loop of the jejunum by single layer suture (4-0 PDS;
SL-PJ) or with additional duct-mucosa-suture (5-0 PDS; DM-
PJ) as described by Cartell. For SL-PJ, a decompression tube
was placed in the jejuna limb, and for DM-PJ, pancreatic duct
stenting was performed. For hepaticojejunostomy (single
layer, interrupted, 5-0 PDS) and gastrojejunostomy (single
layer, continuous, 4-0 PDS), the same jejunal Roux-Y-loop
was used. In the observed time period, only four surgeons
performed all pancreatoduodenectomies, and every surgeon
was trained to perform all aforementioned pancreatoenteric
anastomoses. The preferred anastomotic techniques were SL-
PJ from 2001 to 2003, DM-PJ from 2003 to 2004, and PG
from 2004 to 2006.

The decision of which procedure to chose between 2001
and 2004 was solely based on the surgeon’s preference.
Since 2006, patients, if eligible, were included in a
prospective randomized trial that is still currently recruiting
in our institution. Since 2006, 75 patients were included in
this prospective randomized trial. In patients not included in
the trial, the decision of which procedure should be used
again was based on the surgeon’s preference in the
individual case. Peritoneal drains were placed in close
proximity to the pancreato- and bilioenteric anastomosis.

Standard Postoperative Patient Care All patients were
transferred to the intermediate care unit for postoperative
surveillance for at least 3 days. Amylase activity in
peritoneal drainage fluid was measured daily during the
first postoperative week until removal of drains. At the
beginning of the observation period, Sandostatin (3×
100 μg s.c.) was administered routinely, but after 2002,
only in case of elevated amylase activity (>1,000 U/l) on
day 3 or later was it administered routinely. Amylase
activity was also measured routinely if fluid samples were
obtained by puncture of intraabdominal collections or
ascites. Every patient received a double lumen tube for
gastric decompression and early jejunal feeding, which was
removed depending on tolerance for oral food intake, the
goal being removal by postoperative day 3 or 4.

Standard Treatment of Postoperative Complications Abdo-
minal computed tomographywas performed in case of clinical
suspicion of intraabdominal complication. Intraabdominal
collections caused by POPF or other reason were preferably
drained interventionally. DGE was treated by application of
erythromycin and stepwise increasing oral food intake. In
refractory cases, dilatation of the pylorus was the primary
invasive treatment option. PPH was treated depending on
severity, and first-line management of severe postoperative
bleeding consisted of angiographic intervention.

Endpoints The primary endpoint was defined as the
occurrence of POPF grade B or C. Secondary endpoints
were DGE and PPH, reoperation, intraabdominal collection
with the necessity for invasive treatment (IAC), postoper-
ative mortality, length of ICU stay, and overall postopera-
tive hospital stay. Patient demographics, comorbidity, and
pathology reports were also evaluated with special regard to
known risk factors for POPF. For POPF, DGE, and PPH,
definitions and classification of the ISGPS were used.

Briefly, POPF is defined as an amylase activity in
peritoneal drainage fluid greater than three times the upper
serum normal value (300 U/l) on or after postoperative day
(POD) 3. Grade A POPF does not require specific medical
or invasive therapy or diet restriction, and POPF grade B is
managed by specific conservative treatment and typically
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leads to prolonged hospital stay or readmission, whereas
POPF grade C requires invasive treatment such as percuta-
neous drainage or reoperation. Because in the beginning of
this study Sandostatin treatment was performed routinely as
described above, this was not considered a criterion for
POPF grade B.

DGE was defined as the necessity of gastric tube
decompression after POD 3 or later or the inability to
tolerate solid oral intake (SOI) on POD 7 or later. If the
gastric tube could only be removed by day 7, 14, or 21 and
SOI was only possible by POD 14, 21, or later, DGE was
graded A, B, or C, respectively. DGE grade A requires only
prokinetic drugs, DGE grade B requires diagnostic measures
or prolonged hospital stay, and invasive treatment leads to
classification as DGE grade C.

PPH is defined as every bleeding event after pancreatic
surgery. PPH grade A does not require specific treatment
but only diagnostic measures, PPH grade B requires
treatment, and PPH grade C is considered life threatening.
Early or late PPH occur within or later than 24 h after the
operation. Intraluminal PPH has an intraluminal origin, in
contrast to extraluminal PPH.

Statistical Analysis All data were collected and analyzed in
a SPSS Version 15.0 database. The two-sided Fishers exact
test was used for dichotomous variables, the Mann–
Whitney U test for scale variables, Spearman’s method for

rank correlation, and binary logistic regression for multi-
variate analysis.

Results

Patients and Operations From 2001 to 2007, 229 PD were
performed at the University Hospital Freiburg. Of these,
114 were reconstructed with PG and 115 with PJ (66 SL-PJ
and 49 DM-PJ). Patient characteristics are shown in Table 1.
There were no significant differences between the groups
PG and PJ except for preoperative creatinine and age at

Table 1 Patient and Operation
Characteristics

PG pancreatogastrostomy, PJ
pancreatojejunostomy, IPMN
intraductal papillary mucinous
neoplasia, p derived from
statistic tests, ns not significant

PG PJ p

Preoperative parameters
Number of cases 114 115 ns
Age (median, years) 67.6 65.5 0.02
Male/female ratio 5:6 6:5 ns
Preoperative bilirubin (mg/dl) 3.7 3.3 ns
Preoperative biliary drainage (%) 47.4 59.1 ns
Preoperative creatinine (median, mg/dl) 0.8 0.7 0.04
Preoperative diabetes mellitus (%) 21.1 22.6 ns
Operative technique
Pylorus-preserving operation (%) 90.4 86.1 ns
Portal vein resection (%) 22.8 26.1 ns
Intraoperative blood transfusion (%) 21.1 27.8 ns
Histopathologic diagnosis
Adenocarcinoma of the pancreas (%) 41.2 45.2 ns
Ampullary carcinoma (%) 16.7 11.3 ns
Duodenal carcinoma (%) 7.0 3.5 ns
Distal bile duct carcinoma (%) 10.5 16.5 ns
Neuroendocrine tumors (%) 2.6 1.7 ns
IPMN (%) 2.6 0.9 ns
Chronic pancreatitis (%) 11.4 15.7 ns
Other diagnosis (%) 7.9 5.2 ns
Type of lesion
Benign (%) 16.7 18.3 ns
Malignant (%) 79.8 80.9 ns
Borderline (%) 3.5 0.9 ns

Figure 1 POPF with PG and PJ. PG pancreatogastrostomy, PJ
pancreaticojejunostomy. Grade of POPF (A, B, C) is given according
to the ISGPS classification. *p=0.03 for POPF grade B or C.
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operation, which were slightly higher in the PG group.
Around 90% of operations were performed with preserva-
tion of the pylorus, and in about one fourth of cases, a
portal vein resection was carried out because of malignant
invasion. Most of the operations were carried out for
malignant lesions.

Postoperative Pancreatic Fistula (POPF) The distribution
of POPF by definition of the ISGPS is shown in Fig. 1 and
Table 2. There were significantly less POPF of grade B and
C (PG versus PJ, 11.4% versus 22.6%, p=0.03) in the PG
group compared to the PJ group. The overall fistula rate
(grade A, B, and C) was not statistically different (PG
versus PJ, 36.8% versus 33.0%, p=ns). Intraabdominal
collections were associated with POPF (p<0.001) and less
frequently with PG (PG versus PJ, 9.6% versus 16.5%), but
this reduction did not reach the significance level (p=ns).
Comparison of SL-PJ and DM-PJ for the primary endpoint
did not show a significant reduction with duct-to-mucosa
technique (SL-PJ versus DM-PJ, 24.2% versus 20.4%, p=
ns). The underlying pancreatic disease had a significant
influence on the rate of POPF grade B and C. There was a
negative correlation with pancreatic carcinoma and a
positive correlation with ampullary carcinoma, as outlined
in Table 3. Univariate analysis for factors known to
influence POPF rate also disclosed a significant positive
correlation for the preoperative creatinine level. In multi-
variate analysis, type of anastomosis and pancreatic
carcinoma were the only independent predictors of the
primary endpoint, as outlined in Table 4.

Postpancreatectomy Hemorrhage (PPH) A summary of
PPH events is given in Table 5. None of the PPH episodes
was considered grade A because there was always a

therapeutic intervention. There were no significant differ-
ences between PG and PJ, except for significantly more
intraluminal PPH in the PG group than in the PJ group (PG
versus PJ, 10.5% versus 0%). This was in part caused by
bleeding from the pancreatogastric anastomosis site, which
required relaparotomy in four cases (3.5% of PG). There
was no case of disruption of the anastomosis by bleeding
events as described by other authors.13 In all four cases that
required relaparotomy, the bleeding from the anastomotic
site was occurring within the first or second day after the
operation, and within the first 20 cases, we performed this
procedure. The source of bleeding was in all these cases the
cut surface of the pancreas. Since we changed our regimen
of bleeding control on this surface intraoperatively from
electrocautery to 5-0 PDS sutures, we did not experience
this complication any more. Relaparotomy in these cases
was preferred to endoscopy as we were worried about
additional damage to the pancreatogasrostomy, the gastro-
jejunostomy, or the ventral gastrostomy.

Delayed Gastric Emptying (DGE) There was a significant-
ly higher rate of DGE of grade B and C in the PG group
than in the PJ group (PG versus PJ, 18.3% versus 7.9%, p=
0.03), as outlined in Fig. 2. Interestingly, an association of
DGE with other complications, namely POPF and IAC,
could only be demonstrated for PJ but not for PG (Table 6).

Relaparotomy, Overall Mortality, and Hospital Stay Rela-
parotomy rates were not statistically different comparing
PG and PJ (15.8% versus 10.4%, p=ns). Indications for
relaparotomy are shown in Fig. 3. The slightly, but not
significantly higher reoperation rate for PG, was for the
greatest part caused by relaparotomy for intraluminal
bleeding (four cases, 3.5% of PG). Reoperation rates were

Table 2 Occurrence of the Primary Endpoint with Different Types of Anastomoses

PG PJ p SL-PJ DM-PJ p

POPF grade B or C 11.4% 22.6% 0.03 24.2% 20.4% ns

Postoperative pancreatic fistula grade B or C (POPF B or C) after pancreatogastrostomy (PG) or pancreatojejunostomy (PJ)
SL-PJ PJ with single suture line, DM-PJ PJ with duct-mucosa anastomosis; p derived from statistic tests, ns not significant

Table 3 Occurrence of the Primary Endpoint with Different Histopathologic Diagnoses

Histopathologic diagnosis Occurrence of POPF grade B or C (%) Correlation coefficient p

Pancreatic CA 9.1 −0.18 <0.01
Ampullary CA 31.3 0.15 0.02
Distal bile duct CA 29.0 0.13 ns
Chronic pancreatitis 19.4 0.02 ns
Other 13.9 −0.04 ns

Shown are the results of correlation analysis for specific histopathologic diagnoses and the occurrence of the primary endpoint POPF grade B or C
POPF postoperative pancreatic fistula, CA carcinoma, p derived from statistic tests, ns not significant
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high mainly due to postoperative hemorrhage in the
pancreatogastrotomy group as specified above. Reoperation
rates in general may be higher than in other studies from
pancreatic centers. This might reflect our aggressive
approach to postoperative complications. We prefer open
revisions when we face problems with the pancreatic or
biliodigestive anastomosis. We also prefer operative revi-
sions for very early gastrointestinal bleeding from the
pancreatic remnant after pancreatogastrostomy. This aggres-
sive approach results in higher reoperation rates but might
indeed contribute to our low mortality rates. Overall,
perioperative mortality was 2.6%. Causes were late PPH
(two cases), peritonitis with sepsis (two cases), liver failure
due to stent occlusion after stent placement in the common
hepatic artery for arrosion of the gastroduodenal artery (one
case), and acute myocardial infarction (one case). There was
no significant difference in perioperative mortality between
PG (1.8%) and PJ (3.5%).

Operation time was 30 min shorter when PG was
performed (PG versus PJ, median 420 versus 450 min,

p<0.01). Postoperative ICU stay was significantly longer
after PG than after PJ (PG versus PJ, median 4 days versus
5 days, p<0.01). Length of ICU stay correlated positively
with PPH, POPF, and also with occurrence of DGE grade B
and C (p<0.05). Overall, postoperative hospital stay was
shorter with PG, but this was only a statistic trend (PG
versus PJ, 17 versus 19 days, p=0.08).

Discussion

Many retrospective reports have compared PG and PJ, and
recent metaanalysis disclosed lower POPF rates in favor of
PG.6 Nevertheless, three prospective, randomized studies
failed to demonstrate a better outcome regarding POPF or
perioperative mortality, also if pooled for metaanalysis.6 The
results of most of all studies are not directly comparable, as
POPF definitions and operative techniques vary.7 Prospec-
tive studies were maybe underpowered to find small differ-
ences in POPF rates. Only few recent studies have employed
the ISGPS consensus definitions yet.3–5 The aim of this

Table 5 Occurrence of Postpancreatectomy Hemorrhage (PPH)
According to the ISGPS Classification

PG (%) PJ (%) p

PPH grade A 0 0 ns
PPH grade B 11.4 4.3 ns
PPH grade C 5.3 4.3 ns
Mild PPH 6.1 2.6 ns
Severe PPH 10.5 6.1 ns
Intraluminal PPH 10.5 0 <0.001
Extraluminal PPH 6.1 8.7 ns
Early PPH 3.5 0 ns
Late PPH 13.2 8.7 ns

PG pancreatogastrostomy, PJ pancreatojejunostomy, p derived from
statistic tests, ns not significant

Figure 2 DGE with PG and PJ. PG pancreatogastrostomy, PJ
pancreaticojejunostomy. Grade of DGE (A, B, C) is given according
to the ISGPS classification. *p=0.03 for DGE grade B or C.

Table 4 Analysis of Factors
Influencing POPF Rate

Primary endpoint was postop-
erative pancreatic fistula
(POPF) grade B or C (0 = no
and 1 = yes). The upper panel
shows the results of univariate
analysis; the lower panel shows
the results of multivariate
analysis. PG pancreatogastros-
tomy, PJ pancreatojejunos-
tomy, preop. preoperative,
intraop. Intraoperative, ns not
significant

Factor p

Univariate analysis
Correlation coefficient

Type of anastomosis: PG or PJ (=0/1) 0.15 0.02
Age (years) 0.02 ns
Gender (m/f=0/1) 0.09 ns
Preop. creatinine (mg/dl) 0.14 0.04
Preop. bilirubin (mg/dl) 0.09 ns
Preop. diabetes mellitus 0.01 ns
Intraop. blood transfusion 0.09 ns
Multivariate analysis

Odds ratio
Type of anastomosis: PG or PJ (=0/1) 2.58 0.01
Pancreatic carcinoma 0.39 0.03
Ampullary carcinoma 2.01 ns
Preop. creatinine (mg/dl) 1.19 ns
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study was to compare the perioperative outcomes of PG
versus PJ at our institution, using the ISGPS definitions and
a case number large enough to demonstrate small differ-
ences. For proper adherence to these definitions, a review of
all patient records was necessary.

By definition, the clinical impact of POPF grade A is low,
as this implies only “biochemical” self-limited fistulae.7

Therefore, we decided to use POPF grade B and C as the
primary endpoint. Our analysis showed a significantly lower
rate of the clinically relevant POPF of grade B and C in the
PG group, suggesting that PG is superior to PJ in terms of
POPF. Of note, the type of anastomosis and pancreatic
carcinoma were the only independent factors, which showed
an influence on POPF rate, in contrast to other known
factors. Pancreatic carcinoma, which is often associated with
hard pancreatic texture, was a protective factor; surprisingly,
however, chronic pancreatitis, which is well known for its
fibrotic pancreatic tissue, was not. Within the PJ group, the
duct-to-mucosa technique did not lead to a significant
reduction in POPF rate. The lower rate of POPF after PG
did not translate into a significantly reduced rate of IAC or
reoperations, however. The rationale behind a reduced POPF
rate with PG (as performed at our institution) may be the
effective inversion of the pancreatic remnant into the
stomach and the fact that the complete anastomosis,

including all suture line stitch channels, are situated intra-
gastric, in contrast to the transmural sutures involved in SL-
PJ or DM-PJ. It is noteworthy that for the aforementioned
three prospective studies of PG versus PJ, different PG
techniques were performed. One also has to reflect that each
of the anastomosic procedures has a learning curve that
should, as the learning effect occurs for each method, not
lead to improved insults of one of these techniques over
time. However, we are aware that we are presenting a
retrospective study that is not free of this potential bias.

Concerning PPH, analysis showed that there was more
intraluminal bleeding in the PG group, which was in part
caused by bleeding from the PG site requiring relaparotomy.
However, disruption of the pancreatoenteric anastomosis, as
described in other series,13 did not occur. Relaparotomy in
these cases was considered necessary because air insufflation
and gastric distension during gastroscopic hemostatic mea-
sures would have constituted a thread to the freshly
established PG. Bleeding at the PG site was mainly an
initial problem of this technique, which can be circumvented
by proper intraoperative hemostasis by small 5-0 sutures on
the surface of the pancreatic remnant. In our experience with
PG, single stitches rather than electrocoagulation provide
sufficient hemostasis at the pancreatic cut surface and
pancreatoenteric anastomosis site.

The incidence of clinically relevant DGE (grade B and
C) was higher in the PG group. This result seems
reasonable, as PG requires more extensive mobilization of
the stomach along the lesser curve, which is associated with
disruption of autonomous nerve fibers mediating gastric
motility. There are also two additional gastrotomies
(anterior and posterior) with PG, increasing gastric trauma-
tization. PG furthermore leads to a fixation of the posterior
stomach wall to the retroperitoneum, potentially limiting
gastric wall motility. However, DGE has also been reported
to be less frequent with PG than with PJ in other
prospective and retrospective trials.6 Interestingly, the
known association of DGE with other postoperative

Table 6 Type of Anastomosis Affects the Association of DGE with
Other Postoperative Complications

DGE (%) p value for association with

POPF IAC

PG 66.7 ns ns
PJ 59.4 0.03 0.02

PG pancreatogastrostomy, PJ pancreatojejunostomy, DGE delayed
gastric emptying (all grades), POPF postoperative pancreatic fistula
(all grades), IAC intraabdominal collection requiring invasive treat-
ment, p derived from statistic tests, ns not significant

Figure 3 Reoperations
and indications with PG and PJ.
Given are the percentages in
the groups of PG and PJ. BDA
biliodigestive anastomosis,
PPH postpancreatectomy
hemorrhage according to the
ISGPS classification.
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complications such as POPF or IAC could only be
demonstrated for the PJ group and not for PG. This is
important to notice as DGE raises the suspicion for
intraabdominal complications especially for PJ, but less so
if the anastomosis is a PG. DGE in the PG group might
have contributed to the longer ICU stay in this group, as
shown by a positive correlation. Nevertheless, there was a
trend toward shorter overall postoperative hospital stay with
PG.

Perioperative mortality was low in both groups, and
lower after PG than after PJ, but not statistically significant.
An important factor contributing to postoperative mortality
was late extraluminal PPH, as this was the responsible
inciting event for 50% of the perioperative mortality. Late
PPH leads to lethal hemorrhagic shock in one patient. In the
second case, bleeding could be controlled by stent
placement in the common hepatic artery, but stent occlusion
caused lethal liver failure. The third patient suffered from
repeated massive venous intraabdominal bleeding, which
led to multiorgan failure and ultimately abdominal sepsis.
The potentially fatal role of delayed PPH is in line with the
observations of other authors.12–16 In summary, the pan-
creatogastrostomy provides a good, simple, and easy to
perform anastomosis as an alternative to the pancreaticoje-
junostomy. We are still including patients for our prospec-
tive randomized trial on pancreatic anastomosis. Our
preferred technique for patients not eligible for the trial is
the pancreatogastrostomy for the soft pancreas and the
pancreaticojejunostomy for the hard pancreas. For the soft
pancreas, the pancreatogastrostomy is especially easy to
perform as the pancreas is invaginated into the stomach.
For the hard pancreas, the Warren Cartell anastomosis
seems more effective as an extended mobilization of the
pancreatic remnant can sometimes be difficult in these
patients. Reoperations and complications in the pancreato-
gastrostomy group were mainly encountered in the begin-
ning of the application of this technique. In our prospective
study, which started after the learning curve, we might not
anymore encounter these drawbacks of the pancreatogas-
trostomy as presented in this current retrospective study.

Conclusion

The ISGPS definitions are well suited for comparative studies
in pancreatic surgery. In concordance with previous findings,
the present study suggests that PG is superior to PJ in terms of
POPF. When performing PG, surgeons should be aware of a
higher rate of DGE and proper intraoperative hemostasis to
prevent intraluminal PPH. Mortality rates for pancreatoduo-
denectomy are low in centers and did not differ significantly
between PG and PJ. These findings have to be confirmed by
an additional ongoing prospective trial.
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Abstract
Background There are limited data on patterns of recurrence and factors associated with local recurrence following
pancreaticoduodenectomy for pancreatic adenocarcinoma and adjuvant 5-flurouracil-based chemoradiation therapy.
Methods and Materials Between 1995 and 2005, 905 patients underwent pancreaticoduodenectomy for pancreatic
adenocarcinoma; 154 patients had complete pattern of recurrence data available.
Results At median follow-up of 20.2 months, 103 (66.9%) patients recurred with median time to recurrence of 16.2 months.
Most patients recurred with distant disease only (68.9%), while 21.4% patients recurred with local disease only; ten (9.7%)
patients recurred with local and distant disease. Several factors were associated with local recurrence: poor tumor
differentiation (hazards ration [HR] 2.39) and presence of metastatic lymph nodes (HR 1.89, both p<0.05). Among N1
patients, poor tumor differentiation (HR 3.92), >5 metastatic LN (HR 3.75), and lymph node ratio (LNR) >0.4 (HR 2.96)
had the highest risk of local recurrence (all p<0.05). Increasing LNR was associated with an incremental increased risk of
local recurrence (LNR <0.2, 21.3% versus LNR ≥0.2 to 0.4, 25.2% versus LNR >0.4, 40.4%; p<0.05).
Conclusions Although most patients who receive standard 5-flurouracil-based chemoradiation therapy will ultimately
succumb to distant disease, about 30% recur locally. Poor tumor differentiation, a high number of metastatic LN (>5), and
LNR >0.4 are associated with the highest risk of local failure. In these patients, radiation dose escalation and/or a
combination of radiation with novel chemotherapeutic agents may be necessary to improve outcomes.

Keywords Lymph node . Pancreatic . Adenocarcinoma .

Recurrence . Adjuvant chemoradiation . 5-Flurouracil
Introduction

Pancreatic adenocarcinoma is associated with a crude
overall 5-year survival rate of less than 5%.1 In a subset
of patients in whom surgical resection is feasible, long-term
survival may approach 20%–25%.2–4 Unfortunately, even
in patients who successfully undergo pancreatic resection,
the local failure rate may be as high as 50%–80%.5–8 Local
failure can be a major postoperative problem, causing pain,
obstruction, and a poor quality of life. Traditionally,
adjuvant chemotherapy and radiation therapy have been
advocated as a potential means to lower the risk of local
recurrence. The addition of adjuvant chemoradiation has
been reported to decrease local recurrence rates to 20%–
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40%,5,9,10 with some studies even reporting local recur-
rence rates as low as 10%.11–15 Despite this, the routine
utilization of radiation remains controversial. Data from the
European Study Group for Pancreatic Cancer (ESPAC)16

have shown no overall benefit for adjuvant chemoradiation
therapy. As such, the routine use of chemoradiation therapy
remains contested.

Most institutional reports on outcome following pan-
creaticoduodenectomy have focused on overall survival. In
fact, there are limited data6,7,17,18 on patterns of recurrence
and the factors associated with local recurrence following
pancreaticoduodenectomy for pancreatic adenocarcinoma.
In addition, data on recurrence have mostly examined the
impact of resection margin status on pattern of failure.17

Lymph node status has been demonstrated to be one of the
strongest factors associated with survival.2–4,19 In addition,
our group20,21 as well as others22,23 have suggested that
lymph node ratio (LNR) may better substratify patients
with regard to prognosis. Despite this, the association
between pattern of recurrence and lymph node status has
not been well examined.

The objective of the current study was to examine
patterns of recurrence following pancreaticoduodenectomy
and adjuvant 5-flurouracil (5-FU)-based chemoradiation for
pancreatic adenocarcinoma. Specifically, we sought to
identify factors that were associated with specific patterns
of disease failure. In particular, we were interested in
examining whether the number of metastatic lymph
nodes or the LNR determined the pattern of recurrence
following pancreaticoduodenectomy and adjuvant 5-FU-
based chemoradiation.

Patient and Methods

Data were collected prospectively on 905 patients at Johns
Hopkins Hospital who underwent pancreaticoduodenectomy
with curative intent for pancreatic adenocarcinoma in the
head of the pancreas between 1995 and 2005. The study was
approved by the Johns Hopkins Institutional Review Board.
To ensure accurate and homogeneous follow-up data with
regard to pattern of recurrence, only patients who were
treated and followed up at Johns Hopkins Hospital were
included in the current study. Based on inclusion criteria, 154
patients were identified. According to our standard post-
operative approach at the time, all patients received 5-FU-
based chemoradiation therapy. Specifically, 4 to 6 weeks
following resection, 3,400–5,700 cGy were administered in
fractionated daily doses of 1.8–2.4 cGy. Table 1 outlines the
radiation treatment information. Patients receiving 40 Gy or
less were treated per the classic Gastro-Intestinal Study
Group regimen in which patients received 2,000 cGy

followed by a 2-week break and then another 2,000 cGy.
The decision to deliver above 4,000 cGy was made by the
individual treating radiation oncologist based on whether
the patient had positive margins and/or the assessment that
the dose could be safely escalated. The majority of patients
during this time period were treated with conformal
radiation using four or more fields (Table 1). All patients
were treated on a linear accelerator with most plans
utilizing 15 MV photon beams.

For radiation planning, the clinical treatment volume was
defined as follows: the hepatojejunostomy, pancreaticojeju-
nostomy, and the proximal celiac and superior mesenteric
arteries. The retroperitoneum from the level of the para-
aortic nodes to the third lumbar vertebrae encompassing the
porta hepatis, pancreaticojejunostomy anastomosis, and the
celiac axis were routinely encompassed in the radiation
field.

These structures, plus the retroperitoneal lymph nodes,
were expanded by 1.5 cm for the final planning treatment
volume. Over the time period of the study, a majority of
patients were treated on several 5-FU-based in-house
protocols. In general, patients were seen postoperatively
by a medical and radiation oncologist. Patients received
continuous infusion fluorouracil (225–250 mg/m2 per day)
with conformal radiation therapy followed by maintenance
fluorouracil (250 mg/m2) for an additional 2 to 6 months.

Patients were routinely followed every 3 to 4 months
according to a standardized protocol, including both clinical
assessment, laboratory exams (e.g., CA19-9), and cross-
sectional imaging. In general, cross-sectional imaging
included a three-dimensional (3-D) computed tomography

Table 1 Details of Radiation Treatment (n=154)

Variable Number of patients (%)

Number of fields
4 or more 123 (79.9)
2 or 3 25 (16.2)
Unknown 6 (3.9)
Fractionation (Gy)
1.8 88 (57.1)
2.0 25 (16.2)
>2.0 41 (26.7)
Total dose (Gy)
52.2–57.6 46 (29.9)
50–50.4 63 (40.9)
<50 45 (29.2)
Treatment break
No 74 (48.1)
Yes (unplanned) 46 (29.9)
Yes (planned) 29 (18.8)
Unknown 5 (3.2)
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scan of the abdomen and pelvis. The following data were
collected for each patient: demographics; tumor charac-
teristics (size, grade, vascular invasion, perineural inva-
sion), and pathologic margin status (R0: grossly complete
resection with microscopically negative margins; R1:
grossly complete resection with microscopically positive
margins; R2: grossly incomplete resection).24 The retroper-
itoneal margin was handled as a perpendicular margin.25 A
positive retroperitoneal margin was defined as infiltrating
carcinoma at the margin. The posterior margin was always
sampled. The anterior margin was only sampled if the
lesion grossly extended anteriorly, and the anterior surface
of the gland appeared disrupted. Other pathologic data
collected included presence of lymph node metastasis,
number of metastatic lymph nodes, and LNR. LNR was
defined as the number of positive nodes divided by the
number of total nodes harvested. Patients were subclassified
into four LNR groups: LNR 0 (e.g., N0 subgroup), LNR
>0–0.2, LNR >0.2–0.4, LNR >0.4 based on previous work
that had established these cutoff values as being the most
discriminating.20,21

The primary outcome of interest was pattern of recur-
rence. The first site or sites of disease recurrence were
classified as local or distant. Local recurrence was defined
as any recurrence in the region of the pancreatic bed, root
of mesentery, or soft tissues/lymph nodes within the
pancreatic bed area. A patient was considered to have local
recurrence in the presence of a local soft tissue mass that
was biopsy proven adenocarcinoma or if the mass was
enlarging on repeat short-term cross-sectional imaging in
the setting of an elevated CA19-9. Distant recurrence was
defined as recurrence in the liver, lungs, distant organs, or
malignant ascites. Radiographic findings consistent with
recurrent disease were considered adequate proof of
recurrence, and pathologic confirmation was rarely
obtained. Only first sites of recurrence were documented
and recorded for the purposes of this study.

Summary statistics were obtained using established
methods. Univariate (Student t test, chi-square test) and
multivariate analyses were performed to identify potential
factors associated with the pattern of recurrences (e.g., local
versus distant). Particular emphasis was placed on analyz-
ing the relationship between lymph node status, number of
metastatic lymph nodes, and LNR as potential factors
associated with local recurrence. Other factors, including
tumor grade, tumor size, and margin status, were also
evaluated. Local recurrence rates were estimated using the
cumulative incidence method. Disease-free survival was
analyzed using the Kaplan–Meier method (univariate log-
rank). Cox proportional hazards models were used to assess
independent variables impacting patterns of recurrence. All
calculations were performed using the SPSS statistical
software package version 11.5 (SPSS, Chicago, IL, USA).

Results

Patient Clinicopathologic Characteristics

Table 2 shows the clinicopathologic features of the 154
patients included in the study. There were 93 (60.4%) men
and 61 (39.6%) women. The mean age of the cohort was
63 years. Of the 154 patients, 136 (88.3%) were white, 11
(7.2%) were black, and 7 (4.5%) were Asian. All patients
underwent surgical resection for pancreatic adenocarcinoma.
The majority of patients (n=106; 68.6%) underwent a
pylorus-preserving pancreaticoduodenectomy procedure.
In comparison, 39 (25.3%) underwent a classic pancreati-
coduodenectomy, and nine (5.8%) underwent a total
pancreatectomy. The median operative time was 6.3 h
(range, 5.3 to 7.2 h), and the median estimated blood loss
was 800 ml (range, 550 to 1,200 ml). The mean length of
stay was 10 days (range, 9–13 days). There were no deaths
within 30 days of resection.

Final pathologic analysis revealed a median tumor size
of 3.0 cm (range, 0.7 to 7.0 cm), and the majority of

Table 2 Clinical and Morphologic Features of Patients (n=154)

Variable Number of patients (%)

Age
Median (range) 63 year (55 to 77)
Sex
Female 61 (39.6)
Male 93 (60.4)
Type of pancreaticoduodenectomy
Classic 39 (25.3)
Pylorus-preserving 106 (68.6)
Total 9 (5.8)
Tumor size
Median (range) 3.0 cm (0.7 to 7.0)
Tumor differentiation
Well/moderate 94 (61.0)
Poor 60 (39.0)
Resection margin
R0 103 (66.9)
R1 51 (33.1)
R2 0 (0)
Lymph node status
N0 29 (18.8)
N1 125 (81.2)
Median number of lymph nodes evaluated
Overall (range) 18 (2 to 57)
N0 patients 14
N1 patients 19
Lymph node ratio
0 29 (18.8)
>0 to 0.2 61 (39.6)
>0.2 to 0.4 29 (18.8)
>0.4 35 (22.9)
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carcinomas were either moderately or well differentiated
(n=94; 61.0 %). With regard to pathologic staging, most
patients had either a T2 or T3 carcinoma (n=120; 77.9%),
and all were staged as AJCC I or II (n=154; 100%).
Regarding surgical margin status, most resections were
categorized as R0 (n=103; 66.9%) or R1 (n=51; 33.1%).
No patient underwent an R2 resection.

The median number of lymph nodes evaluated was 18
(range, 2 to 57). Of the 154 patients, 29 (18.8%) had no
peripancreatic lymph node metastasis (N0). In contrast, 125
(81.2%) patients had at least one lymph node metastasis
(N1). The median number of lymph nodes examined in the
N0 group was 14 compared with a median of 19 lymph nodes
in the N1 group (p=0.003). Most N1 patients had a LNR
ratio <0.2 (n=61; 48.8%); however, other patients had an
LNR of >0.2 to 0.4 (n=29; 23.2%) or >0.4 (n=35; 28.0%).

Patterns of Recurrence

With a median follow-up of 20.2 months, 103 of 154
(66.9%) patients developed a recurrence. The median
disease-free survival for the entire cohort was 16.2 months.
The cumulative 1-, 3-, and 5-year actuarial disease-free
survival were 65.4%, 27.5%, and 20.7%, respectively
(Fig. 1). Among those patients who recurred, 71 (68.9%)
developed distant disease as a first site of recurrence (liver,
n=41; lung, n=29; other distant site, n=21). In contrast, 32
(31.1%) patients developed local disease as a component of
the first site of recurrence. Ten (9.7%) of these patients
initially recurred with local and distant disease, while 22
(21.4%) had local disease alone. The median time to
disease recurrence was similar between patients who
recurred with distant disease as a first site of recurrence
(12.5 months) versus those patients who developed local

disease as a component of the first site of recurrence
(10.1 months; p=0.13).

Factors Associated with Recurrence

Several clinicopathologic factors were associated with any
site recurrence following pancreaticoduodenectomy. By
univariate analysis, poor tumor grade differentiation (HR
1.69, p=0.009), R1 resection status (HR 1.78, p=0.005),
and the presence of metastatic lymph nodes (HR 1.07, p=
0.001) were significantly associated with overall recur-
rence. By multivariate analysis, poor tumor grade (HR 1.66,
p=0.01) and the presence of metastatic lymph nodes (HR
1.12, p=0.001) maintained prognostic significance. R1
resection status did not remain associated with an increased
risk of any site recurrence (HR 1.55, p=0.07; Table 3). Of
note, no clinicopathologic factor was specifically associated
with risk of distant recurrence (all p>0.05).

Among all patients (n=154), univariate analysis did
reveal several factors that were associated with local
recurrence. Specifically, poor tumor differentiation (HR
2.39, p=0.01) and metastatic lymph nodes (HR 1.08, p=
0.02) were associated with local recurrence. R1 resection
status (HR 1.89, p=0.07) was marginally associated with
local recurrence. There was no association between the
incidence of local failure and radiation dose. By multi-
variate analysis, poor tumor differentiation approached
statistical significance (HR 2.35, p=0.02); the presence of
metastatic lymph nodes (HR 3.75, p=0.006) remained
independently associated with local recurrence. In contrast,
after controlling for competing risk factors, R1 resection
status was not associated with local recurrence (HR 1.41,
p=0.36; Table 4).

Since lymph node status was one of the strongest factors
associated with recurrent disease, a subset analysis was
performed to assess the risk of recurrence as it specifically
related to lymph node status. Looking at the entire cohort,
the incidence of any site of recurrence at 2 years of follow-
up was 30.5% in patients with N0 disease compared with
26.4% in patients with N1 disease (p=0.88). Among
patients with no metastatic lymph nodes (N0; n=29), seven
(24.1%) patients developed local recurrent disease as a first
site of recurrence. Among patients with N0 disease, patients
who underwent an R1 resection tended to have a higher risk
of local recurrence (HR 4.21, p=0.05).

Of the patients with metastatic nodal disease (N1; n=
125), 25 (20.0%) developed local disease as a first site of
recurrence. For patients with N1 disease, local recurrence
was associated with poorly differentiated tumors (HR 3.92,
p=0.002). R1 margins status had no effect on risk of local
recurrence (HR 0.99, p=0.98). In contrast, increasing
number of metastatic lymph nodes was strongly associated
with the risk of local/recurrence (HR 1.09 per metastatic

Time (months)

60483624120

D
is

e
a

s
e

-F
re

e
 S

u
rv

iv
a

l

1.0

.8

.6

.4

.2

0.0

Figure 1 With a median follow-up of 20.2 months, 103 of 154
(66.9%) patients developed a recurrence. The cumulative 1-, 3-, and 5-
year actuarial disease-free survival were 65.4%, 27.5%, and 20.7%,
respectively.

J Gastrointest Surg (2009) 13:752–759 755755



node, p=0.01). Specifically, even after controlling for
competing risk factors, N1 patients with more than five
metastatic lymph nodes were more likely to recur with local
disease (HR 3.75, p=0.006). LNR was also strongly
associated with risk of local recurrence. Increasing LNR
was associated with an incremental increased risk of local
recurrence (LNR <0.2, 21.3% versus LNR ≥0.2 to 0.4,
25.2% versus LNR >0.4, 40.4%; all p<0.05). Patients with
an LNR >0.4 had about a threefold increased risk of local
failure (HR=2.96, p=0.02) compared with patients who
had an LNR of <0.2 (Fig. 2). By multivariate analysis,
LNR >0.4 remained strongly associated with local recur-
rence compared with LNR <0.2 (HR 3.72, p=0.001) in
patients with N1 disease.

Discussion

Data on both patterns of failure and factors associated with
disease recurrence following pancreaticoduodenectomy
remain ill-defined. Most reports on outcome have focused
on survival.2–4 Even following a “curative” pancreatico-
duodenectomy, survival rates are poor with 5-year survival
rates ranging from 20% to 25%.2–4 Given the poor overall

survival following pancreaticoduodenectomy, as well as the
high rate of systemic recurrence, little attention has been
focused on the issue of local recurrence. Locoregional
recurrence can, however, have important clinical implica-
tions. Local recurrence can cause obstruction, pain, and
bleeding, and can significantly worsen patients’ quality of
life. As such, data on the incidence and factors associated
with local recurrence are important.

Similar to other reports,7,18,26,27 we noted that systemic
recurrence was the most common pattern of recurrence
(distant as component of failure, 52.6%). The risk of any
site recurrence was increased in those patients with more
aggressive tumor characteristics such as poor histological
tumor grade and metastatic lymph nodes. Although not as
common, the incidence of local failure was not incon-
sequential. In fact, 20.8% of patients developed local
recurrence as a component of failure. The incidence of
local recurrence reported in the literature varies significantly.
Some series5–8 have reported local recurrence rates as high
as 50% to 80%. In contrast, other studies5,9–15 in which
patients have received adjuvant chemoradiation therapy
have noted a lower risk of local recurrence. In fact, most
studies that utilize radiation therapy5,9–15 have noted local
recurrence rates of 10% to 40%. In the current study, the

Table 3 Factors Associated with Any Site Recurrence (n=154)

Variable Univariate Multivariate

Crude HR CI p value Adjust HR CI p value

Total nodes harvested 1.01 0.98–1.03 0.60 – – –
Grade: poorly differentiated 1.69 1.14–2.52 0.009 1.66 0.84–2.17 0.01
Tumor size >2 cm 1.26 0.77–2.06 0.35 – – –
N1 disease 1.26 0.78–2.06 0.34 – – –
Number of N1 nodes 1.07 1.03–1.11 0.001 1.12 1.06–1.18 0.001
More than 5 N1 nodes 1.91 1.28–2.86 0.002 – – –
R1 resection 1.78 1.18–2.67 0.005 1.55 0.96–2.51 0.05
Vascular invasion 1.53 0.97–2.39 0.06 0.87 0.51–1.48 0.60
Perineural invasion 2.02 0.73–5.54 0.17 – – –

Table 4 Factors Associated with Local Recurrence: All Patients (n=154)

Variable Univariate Multivariate

Crude HR CI p value Adjust HR CI p value

Total nodes harvested 0.98 0.94–1.02 0.280 – – –
Grade: poorly differentiated 2.39 1.18–4.81 0.01 2.35 1.14–4.84 0.02
Tumor size >2 cm 1.34 0.55–3.25 0.52 – – –
N1 disease 1.06 0.46–2.47 0.88 – – –
Number of N1 nodes 1.08 1.01–1.14 0.02 – – –
More than 5 N1 nodes 2.68 1.33–5.42 0.006 2.48 1.10–5.59 0.02
R1 resection 1.89 0.93–3.85 0.07 1.41 0.67–2.94 0.36
Vascular invasion 2.12 0.92–4.86 0.07 1.18 0.48–2.93 0.71
Perineural invasion 1.02 0.24–4.40 0.97 – – –
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overall incidence of local recurrence (20.8%) was similar to
previous reports in which patients received adjuvant
chemoradiation therapy.

Identification of patients who are at higher risk of local
recurrence may be important. Interestingly, after adjusting
for competing risk factors, margin status (R1) was found
not to be independently associated with local recurrence
(HR 1.41, p=0.36). Raut et al.17 have similarly reported
that surgical margin status did not significantly impact
patient survival or pattern of recurrence. In the study by
Raut and colleagues,17 resection margin status was not
independently associated with survival or pattern of
recurrence (local/regional recurrence: R0, 16.7% versus
R1, 13.4%; p=0.83). In the current study, surgical margin
status was marginally associated with local recurrence on
univariate analysis (HR, 1.89, p=0.07). After adjusting for
other factors such as the presence of lymph node
metastasis, surgical margin status was found not to be
important (Table 4). In aggregate, our data and that of Raut
et al.17 do not support the conclusion of the ESPAC trial16

that tumors with positive resection margins represent a
biologically more aggressive cancer independent of patient
selection/other tumor factors.

As noted, the presence of lymph node metastasis was
strongly associated with local recurrence. Lymph node
status is an established prognostic factor in patients
undergoing resection for pancreatic adenocarcinoma.
Numerous studies2–4,15,19,28,29 have demonstrated that
patients with lymph node metastases have a significantly
worse survival. Specifically, most studies2,4,21 report a
median survival of just over 1 year for patients with lymph
node metastasis (N1). Furthermore, patients with N1
disease have a significantly lower 5-year survival compared
with patients who do not have metastatic disease to the

regional lymph nodes.4,15,21,28,29 Little data exist, however,
on the effect of lymph node status on patterns of disease
recurrence. De Castro et al.30 reported that lymph node
metastases were associated with high recurrence rates in
patients with ampulla of Vater adenocarcinoma. To our
knowledge, however, no study has previously examined the
effect of lymph node status or degree of lymph node
disease burden as it relates to pattern of disease recurrence
in patients with pancreatic adenocarcinoma. Data from the
current study demonstrated that the extent of tumor burden
within the nodal basin was strongly associated with risk of
local recurrence in patients with N1 disease. Specifically,
those patients who had more than five metastatic lymph
nodes had a 2.5-fold increased risk of local recurrence.
However, our group20,21 as well as others22,23 has shown
that reporting only the number of metastatic lymph nodes
may be problematic. Instead, we have advocated the use of
LNR as more strongly associated with survival following
pancreaticoduodenectomy.20,21 In contrast to previous
studies that examined LNR relative to long-term overall
survival, the current study assessed the association of LNR
and local recurrence. In the current study, LNR was indeed
noted to be associated with local recurrence even after
controlling for other patient- and tumor-level factors. In
fact, N1 patients with LNR >0.4 had nearly a threefold
increased risk of local recurrence compared with N1
patients with LNR <0.2 (Fig. 2). LNR, rather than total
node count or total number of metastatic lymph nodes, may
be advantageous as it combines data on the number of
positive lymph nodes, but also provides a denominator that
accounts for some degree of adequacy of the lymph node
dissection.

The current paper had several limitations. The study
included only a small number of patients with N0 disease.
As in our previous reports4,21, only about 20% of patients
undergoing pancreaticoduodenectomy for adenocarcinoma
have N0 disease. As such, evidenced-based conclusions
regarding patterns and factors associated with recurrence in
this small cohort of N0 patients are limited. Perhaps more
importantly, the current study could not directly address the
natural pattern of recurrence history of patients who are
chemoradiation therapy naïve. Given that chemoradiation is
the standard of care at our center, as well as most centers in
the United States, such data were not feasible to attain. It is
possible that factors associated with local recurrence may
differ in chemoradiation-therapy-naïve patients. It seems
biologically feasible, however, that patients with large local
tumor burdens (many metastatic lymph nodes, high LNR)
would still remain at highest risk of local recurrence.

Recurrence following curative pancreaticoduodenectomy
and adjuvant 5-FU chemoradiation therapy is common.
Although most patients will ultimately succumb to distant
disease; about 20% recur locally. We herein report that
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Figure 2 LNR was strongly associated with risk of local recurrence.
Patients with an LNR greater than 0.4 had about a threefold increased
risk of local failure (HR 2.96, p=0.02) compared with patients who
had an LNR of <0.2.
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patients with poor tumor differentiation, a high number of
metastatic LN (>5), and LNR >0.4 have a significantly
increased risk of developing local recurrence despite having
received 5-FU-based chemoradiation therapy. While our
group recently reported that 5-FU-based chemoradiation
therapy was associated with an improved overall survival
compared with surgery alone,31 data from the current study
suggest that standard 5-FU-based chemoradiation therapy
may be inadequate in patients with certain clinicopathologic
characteristics. Regine et al.32 noted that the addition of
gemcitabine before and after 5-FU-based chemoradiation
therapy resulted in a nonsignificant improvement in sur-
vival compared with 5-FU-based chemoradiation therapy
alone, although local control was not specifically reported
in this study. Others33–35 have reported that combining
irradiation with gemcitabine33,34 or targeted agents35 may
result in improved local and distant control in patients with
resected pancreatic adenocarcinoma. Although in the
current study we did not find any association between local
recurrence and radiation dose (40 versus 50.4 Gy), doses
of >54 Gy may be necessary to improve locoregional
outcomes.36 With intensity-modulated radiation therapy, it
is now possible to deliver doses of 45 to 50 Gy while
escalating the dose to the tumor bed to 54 to 60 Gy.37

Based on data from the current study, such dose escalation
may be necessary in patients with poor tumor differentia-
tion, a high number of metastatic LN (>5), and LNR >0.4.
For these patients, standard adjuvant 5-FU-based chemo-
radiation therapy may be inadequate. Dose escalation
≥54 Gy, as well as radiation integrated with newer
chemotherapeutic and targeted agents, may be needed to
improve both local control as well as overall outcome in
this subset of patients.
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Abstract
Aim Few studies have addressed the surgical treatment of recurrent disease after pancreatic resection. The aim of this study
was to evaluate the indications, the short- and long-term outcome, and the prognostic factors impacting survival in patients
undergoing a re-laparotomy for recurrence of periampullary malignancies.
Methods Between 1990 and 2007, 16 re-laparotomies were performed in 15 patients (one patient had a second re-
laparotomy) with a median age of 61 years (range 31–84). Patients were identified from a prospective database and records
were reviewed retrospectively.
Results Seven re-laparotomies were performed for a surgical emergency and nine patients had a re-laparotomy for
recurrence found at imaging studies. Perioperative mortality was observed in three patients presenting with surgical
emergency and a poor performance status (Eastern Cooporative Oncology Group score ≥3). Perioperative morbidity was
40%. Median survival after the first re-laparotomy for the 15 patients was 7.4 months, and was not different for patients
presenting a surgical emergency versus no emergency. Patients with peritoneal carcinomatosis had a median survival of
1.4 month. In a univariate analysis of survival, a performance status of ECOG score ≥2 and a pre-operative hemoglobin
level <12 g/dl were predictors of poor survival.
Conclusion In selected patients, a re-laparotomy for recurrence of periampullary malignancies is feasible. Peritoneal
recurrence was not a good indication for surgery. The predictors of poor survival after the re-laparotomy were a poor
performance status and a low preoperative hemoglobin level.

Keywords Laparotomy . Recurrence .

Periampullary malignancies
Introduction

Pancreatoduodenectomy remains the only potential cure for
periampullary malignancies. Results and prognostic factors
after pancreatoduodenectomy have been published for a
variety of pathological types of tumors.1–3 Following a
curative resection (R0), a 5-year survival rate of 10% to
36% was reported for ductal adenocarcinoma.4–7 This
suggests that the majority of patients are not cured by a
pancreatoduodenectomy and will have recurrence.8–10

Patients presenting with recurrent disease after pancreato-
duodenectomy are offered palliative chemotherapy or
radiochemotherapy, palliative care, and in selected cases
surgery, depending on symptomatology and performance
status. A median survival of 6.6 to 7.1 months was reported
after palliative chemotherapy with gemcitabine for locally
advanced or metastatic pancreatic cancer.11,12 However,
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few studies have specifically addressed the treatment of
recurrent disease after pancreatic resection.13,14 The place
of surgery, for the palliative treatment of these patients, is
not defined. One study and some case reports were
published about surgery for patients with recurrent peri-
ampullary malignancies.15–23 Therefore, the aim of this
study was to evaluate the indications leading to a re-
laparotomy, as well as the morbidity, the mortality, and the
survival in patients with recurrence of periampullary
malignancies after initial pancreatoduodenectomy or total
pancreatectomy.

Patients and Methods

Study Population

This retrospective study was performed at a single
institution. Between January 1990 and May 2007, a
pancreatoduodenectomy or total pancreatectomy for peri-
ampullary malignancies (ductal adenocarcinoma, cholan-
giocarcinoma, ampullary adenocarcinoma, and other forms
of adenocarcinoma) were performed in 357 patients in our
institution. Twenty-four out of these 357 patients were re-
operated at least 3 months after the initial pancreatic
resection. Six patients were operated on for different
pathologies (rectal cancer, hysterectomy, renal transplanta-
tion, orthopedic surgery) in other institutions. These six
patients were excluded from analysis. Three further patients
had a laparotomy for intestinal obstruction, obstructive
jaundice, and bleeding ileal stenosis. During laparotomy,
however, no recurrence was found. These three patients
were also excluded from analysis. The study population
consists of the remaining 15 patients (six women and nine
men). Median age at the re-laparotomy was 61 years old
(range 31–84). Medical comorbidities registered in the 15
patients at the re-laparotomy were: diabetes mellitus (n=5),
ischemic heart disease (n=2), chronic pulmonary disease
(n=1), heart insufficiency (n=1), and other cancers (n=3)
including seminoma, Hodgkin lymphoma and colon cancer
in one patient each.

Initial Pancreatic Resection

In this series, 14 pancreatoduodenectomies and one total
pancreatectomy were initially performed in the 15 patients.
A total pancreatectomy was necessary in one patient to
achieve a R0 resection, as repeated frozen section exami-
nations of the pancreatic margin were positive. Pathologic
examination of the specimen showed ductal adenocarcino-
ma (n=6), cholangiocarcinoma (n=3), ampullary adenocar-
cinoma (n=1), cystadenocarcinoma (n=2), and other types
of adenocarcinoma: acinous, mucinous, papillary (n=3).

Tumors were well differentiated in five patients, moderately
differentiated in eight patients and poorly differentiated in
two patients, according to the World Health Organization
Union criteria.24 There were two patients with pT1, three
patients with pT2, and ten patients with pT3 tumors
according to the 2002 TNM classification system.25 Lymph
node dissection and analysis were performed in all 15
patients and revealed positive lymph nodes in nine patients
(60%). In all 15 patients, a potentially curative R0 resection
was realized. Seven patients had adjuvant therapy (five
radiochemotherapies and two chemotherapies).

Endpoints and Follow-Up

Primary endpoints were overall survival from initial
pancreatectomy, survival after the re-laparotomy, mortality,
and morbidity. Secondary endpoints were indications for
surgery, site of recurrence, and length of hospital stay. No
patient was lost to follow-up. Outcome data were recorded
from follow-up consultations. Contact was maintained by
mail and telephone calls to referring physicians, general
practitioners, and directly to the patients or their families.
Patients were followed after their operation by referring
physicians, including oncologists, gastroenterologists, sur-
geons, and general practitioners. The follow-up schedule
included an abdominal ultrasound or CT scan and CA 19.9
measurements every 6 months. Performance status was
classified as 0, 1, 2, or 3 according to the Eastern
Cooperative Oncology Group (ECOG) score. Patients with
an excellent performance status had 0 and patients with a
poor performance status had 3.26 A detailed quality of life
analysis was not performed due to the retrospective study
design.

Statistical Analysis

Survival rates were calculated by the Kaplan–Meier method
and were compared using the log-rank test for univariate
analysis. The level of significance was defined as P less
than 0.05. Only variables independent of each other in a
chi-square test were analyzed in univariate analysis of
survival. A multivariate analysis of survival was not
performed because of the small number of patients. Median
hospital stay was compared with the Mann–Whitney test.
All analyses were performed with the Statview® software.

Results

Preoperative Treatment

In three patients, a preoperative therapy was performed:
radiochemotherapy with 5-FU for local retroperitoneal
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recurrence in one patient (no. 4 in Table 1) and chemother-
apy with GEMOX or FOLFOX+AVASTIN in two patients
(nos. 13 and 15) for isolated liver metastases. A partial
response of the liver metastases to preoperative chemother-
apy was observed in both patients.

Indications for Surgery

A total of 16 re-laparotomies were performed in the 15
patients, as one patient had a second re-laparotomy (13* in
Table 1). In seven cases (six first re-laparotomies+one
second re-laparotomy), the patients were presenting a

surgical emergency: peritonitis by intestinal perforation
(nos. 3 and 5 in Table 1), intestinal obstruction (nos. 4, 9,
and 14), jaundice by obstruction of the biliodigestive
anastomosis (no. 10), and massive ascites with an ovarian
metastasis (no. 13*). In these seven re-laparotomies, the
aim was to relieve symptoms and to save life. Patients
presenting with a surgical emergency had a significantly
poorer performance status (median ECOG score=3) com-
pared with the other patients (median ECOG score=1;
p=0.0001).

The other re-laparotomies were motivated either by a
completely asymptomatic recurrence (n=6) or a symptom-

Table 1 Sixteen Re-laparotomies in 15 Patients after Pancreatoduodenectomy or Total Pancreatectomy (no. 3) for Periampullary Malignancies

No TNM Pathology ECOG
scorea

Presentation Timeb Site of
recurrencec

Proceduresd Survivale Other
treatmentsf

Hospital
stayg

First re-laparotomy
1 pT2N1 ductal ADK 2 pain 9 retroperitoneal exploration 6.3 – 15
2 pT1N1 ampullary

ADK
1 asympt 36 pancreas, hep splenopancreatectomy 6.5 post op CT 9

3 pT3N0 cystadenoK 3 peritonitis 44 celiac, pulm gastroenteroanastomosis 34 days – Until
death

4 pT3N1 ductal ADK 2 int obstruct 37 retroperitoneal section of adhesions 7.4 pre op RCT 65
5 pT3N1 ductal ADK 3 peritonitis 3 peritoneal, hep exploration 40 days – Until

death
6 pT2N0 acinous

ADK
1 asympt 23 hep segmentectomy 7 58 post op CT, hep

RF
6

7 pT3N1 mucinous
ADK

2 pain 14 peritoneal exploration 16 post op CT 6

8 pT3N0 cystadenoK 1 asympt 62 celiac, hep lymph node dissection 40 post op CT 11
9 pT3N1 cholangioK 2 int obstruct 19 celiac, gastr,

pulm
antropylorectomy 6.2 post op CT 16

10 pT2N0 cholangioK 2 jaundice 37 biliodig anast biliodigestive
anastomosis

18 – 10

11 pT3N0 ductal ADK 2 colonic
stenosis

25 peritoneal left colectomy 3.6 – 23

12 pT1N0 papillary
ADK

1 asympt 78 pancreas splenopancreatectomy 9.8 post op RCT 14

13 pT3N1 ductal ADK 1 asympt 30 hep segmentectomy 4+5 20 pre, post op CT,
stent

6

14 pT3N1 ductal ADK 3 int obstruct 9 peritoneal jejunal resection 40 days – Until
death

15 pT3N1 cholangioK 0 asympt 18 hep segmentectomy 5 +6 3 pre op CT 6
Second re-laparotomy
13* pT3N1 ductal 3 massive

ascites
6 ovary bilateral ovariectomy 14 post op CT 7

asympt asymptomatic, int obstruct intestinal obstruction, ADK adenocarcinoma, cystadenoK cystadenocarcinoma, cholangioK cholangiocarcinoma
a Performance status was classified according to the Eastern Cooperative Oncology Group26
b Time between initial pancreatic resection to re-laparotomy in months
c Five patients had more than one site of recurrence (biliodig anast biliodigestive anastomosis, hep hepatic, pulm pulmonary, celiac celiac lymph
nodes, gastr gastric involvement)
d In some patients, more than one procedure was realized. Only the main procedure was noted
e Survival in months after the re-operation
fCT chemotherapy, RCT radiochemotherapy, stent biliary stent, RF radiofrequency ablation
g Hospital stay in days after the re-operation (all patients except the three patients who died perioperatively left the hospital)
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atic recurrence (n=3) found at imaging studies. Three
patients (nos. 6, 13, and 15) were re-operated on for isolated,
asymptomatic liver metastases, two patients (nos. 2 and 12)
were re-operated on for asymptomatic local recurrence in the
pancreas, and one patient (no. 8) for celiac lymph node
recurrence. Symptomatic patients (nos. 1, 7, and 11) were
presenting abdominal pain or a colonic stenosis. In the
patients without a surgical emergency, the re-laparotomies
were performed to achieve if possible a macroscopically
complete resection of the tumor recurrence.

First Re-laparotomy

Fifteen patients had a re-laparotomy after a median time
interval of 25 months (range 3–78 months) after initial
pancreatic resection.

In three patients (nos. 1, 5, and 7 in Table 1), an
explorative laparotomy was performed and showed dissem-
inated peritoneal carcinomatosis in patient nos. 5 and 7.
Patient no. 5 had peritonitis by intestinal perforation. Only
drainage was realized. In patient no. 1, who was operated
on for suspected recurrence in the celiac lymph nodes, no
peritoneal carcinomatosis, no liver and no lymph nodes
metastases were found during exploration and a chemical
neurolysis of the splanchnic nerve plexus was realized for
pain control. The other 12 patients underwent various
procedures (Table 1).

Site of Recurrence

In 13 patients, an intra-abdominal recurrence was confirmed
by pathological examination. Local recurrence (remnant
pancreas, retroperitoneum, and regional lymph nodes) was
found in eight patients. Metastases were observed in the liver
(n=6), peritoneum (n=4), and lung (n=2). Five patients had
more than one organ involved with recurrence. Two patients
(nos. 1 and 4 in Table 1) had no evidence of recurrence at re-
laparotomy and biopsies remained negative. These two
patients died 6.3 and 7.4 months after the re-laparotomy.
However, as these two patients had evidence of retroperito-
neal recurrence on a preoperative CT scan they were
included in the survival analysis.

Second Re-laparotomy

Patient no. 13* was re-operated on for massive ascites
6 months after the first re-laparotomy and an ovarian
metastasis was removed without other sites of recurrence.
Pathological examination of the right ovary showed
metastasis of a ductal adenocarcinoma of the pancreas.
The left ovary was normal. An ovarian primary was
excluded by immunohistochemical staining. The patient
died 50 months after initial pancreatoduodenectomy for

ductal adenocarcinoma and 14 months after the second re-
laparotomy due to disease progression with liver and
peritoneal metastases. Except this patient, no other patient
was re-admitted to surgery.

Mortality and Morbidity

The in-hospital mortality was 20% (n=3). All patients who
died postoperatively (nos. 3, 5, and 14 in Table 1) had a
surgical emergency and a poor performance status (ECOG
score=3). Patients nos. 3 and 5 had a peritonitis by
intestinal perforation. In patient no. 3 a resection of a
perforated anastomotic ulcer was performed. She died on
postoperative day 34. In patient no. 5, only an exploration
with drainage was realized because of generalized carcino-
matosis. He died on postoperative day 40. Patient no. 14
was re-operated on for intestinal obstruction with peritoneal
carcinomatosis and a jejunal resection with anastomosis
was realized. He further developed pleural effusion and
pneumonia and died on postoperative day 40 due to sepsis.
Three out of four patients with a poor performance status
(ECOG score=3) died within 40 days after the re-
laparotomy.

After a total of 16 re-laparotomies, eight postoperative
complications were observed in six patients (40%) and are
listed in Table 2.

Postoperative Course and Further Postoperative Treatments

Median hospital stay after the operation was 12 days (range
6–65). All patients except the three who died postopera-
tively were discharged from the hospital.

Efficient surgical palliation was possible in four out of
seven patients presenting with a surgical emergency.

Six patients had postoperative chemotherapy and one
patient a postoperative radiochemotherapy. One patient had
percutaneous radiofrequency ablation for recurrent liver
metastasis. In one patient a biliary stent was implanted
percutaneously for jaundice (Table 1).

Table 2 Eight Complications in Six Patients after 16 Re-Laparoto-
mies for Recurrence of Periampullary Malignancies

Surgical
Intestinal obstruction 1a

Low output intestinal fistula 1
Cardiopulmonary
Pleural effusion 3
Infections
Pneumonia 1
Septicemia 2

a The patient was re-operated on at day 11, a compressive hematoma
was evacuated, and a gastrointestinal bypass was realized
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Survival Analysis

At last follow-up, 14 patients had died and one patient was
alive. Among those patients who died, the median follow-
up was 6.4 months (range 1.0–58 months). Patient no. 15
was operated on in 2007. He was disease free 3 months
after the re-laparotomy.

Overall Survival from Initial Pancreatectomy

The overall survival from initial pancreatic resection for the
15 patients was 87% at 1 year, 80% at 2 years, 58% at
3 years, and 22% at 5 years. Median survival was
45 months. Patients with ductal adenocarcinoma had a
median survival of 15 months. In a univariate analysis of

Table 3 Univariate Analysis for Overall Survival after the Initial Pancreatic Resection and for Survival after Re-laparotomy for Intra-abdominal
Recurrence of Periampullary Malignancies in 15 Patients

No. Overall survival Survival after re-laparotomy

Median (months) p Median (months) p

Gender
Male 9 44.8 0.821 15.8 0.276
Female 6 42.5 6.3
Age
<60 6 42.5 0.589 6.5 0.432
≥60 9 44.8 7.4
Ductal adenocarcinoma
No 9 54.8 0.021 15.8 0.144
Yes 6 14.8 3.6
TNM T-stage
T 1 or 2 5 54.8 0.482 9.8 0.324
T3 10 39.8 6.2
TNM N-stage
N 0 6 54.8 0.008 9.8 0.19
N 1 9 29.8 6.5
Local recurrence
No 7 29.8 0.28 15.8 0.572
Yes 8 44.8 6.5
Peritoneal recurrence
No 11 51 0.002 9.8 0.07
Yes 4 10.4 1.4
Time interval to re-laparotomy
<24 months 7 Not analyzed – 6.3 0.943
≥24 months 8 7.4
Perioperative chemotherapya

No 5b 44.8 0.202 6.3 0.136
Yes 7 51 7.4
Hemoglobin ≥12 g/dl
No 7 25.2 0.051 6.2 0.026
Yes 8 51 17.6
Albumin level ≥35 g/l
No 6 29.8 0.388 1.4 0.755
Yes 9 44.8 6.5
Prothrombin level ≥80%
No 6 44.8 0.851 1.4 0.632
Yes 9 42.5 6.5
Performance status at re-laparotomy
ECOG score 0 or 1 6 80 0.008 21 0.013
ECOG score 2 or 3 9 28.9 6.2

ECOG Eastern Cooperative Oncology Group
a Pre- and/or postoperative chemotherapy for recurrence (patient nos. 2, 6, 7, 8, 9, 13, and 15). In-hospital deaths (n=3) were excluded from
analysis
b Include two patients receiving radiochemotherapy
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survival (Table 3), ductal adenocarcinoma, positive lymph
nodes of the primary tumor, peritoneal recurrence, and poor
performance status were associated with poor overall
survival after the initial pancreatic resection.

Survival after the Re-laparotomy

The survival after the first re-laparotomy for the 15 patients was
80% at 3 months, 73% at 6 months, 36% at 1 year, and 14% at
2 years. Median survival was 7.4 months. Median survival after
the re-laparotomy in the seven patients with a surgical
emergency was 6.2 months (range 1–18 months). Patients with
peritoneal recurrence had a median survival of 1.4 months.

In a univariate analysis of survival (Table 3), poor
performance status (Fig. 1) and pre-operative hemoglobin
level <12 g/dl (Fig. 2) were significantly associated with
poor survival.

Discussion

This study suggests that, in selected patients, a re-laparotomy
for recurrence after initial pancreatoduodenectomy or total
pancreatectomy for periampullary malignancies is feasible.
Concerning the indications for surgery for recurrence of
periampullary malignancies, two groups should be distin-
guished: (1) patients presenting with a surgical emergency
and (2) patients with recurrence found at imaging studies
without a surgical emergency.

1. In the seven patients presenting with a surgical emergen-
cy, a high mortality (n=3) was observed. However, these
patients died because of the gravity of their disease
(peritonitis with perforation, intestinal obstruction) and
the poor performance status in the terminal phase of their
cancer. It is then remarkable that the median survival of

6.2 months for the seven patients re-operated on for a
surgical emergency was not different compared with the
median survival of 6.6 to 7.1 months after palliative
chemotherapy11,12 for advanced or metastatic pancreatic
adenocarcinoma. The four patients who survived emer-
gency surgery had a survival of 6.2 to 18 months and
three of them underwent a postoperative chemo- or
radiochemotherapy. These patients had a benefit from
the re-laparotomy.

2. The patients operated on for asymptomatic or symp-
tomatic recurrence found at imaging studies presented a
median survival of 6.5 months (range 3.6–58) (Table 1)
not different from survival data after palliative chemo-
therapy for ductal adenocarcinoma of the pancreas. For
this group of patients, only a randomized trial could
show if the resection of recurrence can improve
survival compared to chemotherapy alone. According
to our data, cure cannot be expected after resection of
recurrent periampullary malignancies, as all patients
except one with a short follow-up (12 months) had a
recurrence after the re-laparotomy. Patients with peri-
toneal recurrence had no benefit from a re-laparotomy,
as the median survival was 1.4 months.

To our knowledge, this is the second series of re-
laparotomy for recurrence of periampullary malignancies.
Until now, only one study15 and some cases have been
reported.16–23 The majority of the reported cases describe a
re-resection of the pancreas.16,18–23 The survival time
observed in these case reports varied from 8 to 24 months.
In our experience, this procedure was performed in two
patients (Table 1) with localized recurrence in the pancreas
diagnosed at preoperative imaging studies. In one patient, a
macroscopically complete resection was performed; in the
other, the resection was incomplete, as liver metastases
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were discovered during the operation. Survival was 9.8 and
6.5 months, respectively.

In the study by Kleeff et al.,15 22 patients were re-operated
on after initial pancreatoduodenectomy for ductal adenocar-
cinoma: nine patients had a resection, 11 an exploration, and
two a bypass. A median survival after the re-laparotomy of
11.4 months was observed. Resection was not associated
with better survival compared with exploration or bypass.
The only factor associated with improved survival was a
time interval >9 months between the initial pancreatic
resection and the re-laparotomy. No data about the perfor-
mance status of the patients and the symptoms leading to the
re-laparotomy were presented in the study by Kleeff et al.

In the present study poor, overall survival after the initial
pancreatic resection was related to characteristics of the
tumor: histology of ductal adenocarcinoma, lymph node
involvement, and peritoneal recurrence. These findings
were confirmed by several studies.1–3,7 On the other hand,
poor survival after the re-laparotomy was associated with
poor performance status and low preoperative hemoglobin
level. These two factors were also found in the study by
Krishnan et al. as prognostic factors after radiochemother-
apy for unresectable locally advanced pancreatic adenocar-
cinoma.27 A low hemoglobin level was associated with
poor survival after chemoradiation of unresectable pancre-
atic carcinoma in the study by Morganti et al.28 Other
studies confirmed that a poor performance status was
associated with poor survival for locally advanced or
metastatic pancreatic cancer.12,29

In conclusion, the present study suggests that, in selected
patients, a re-laparotomy for recurrence of periampullary
malignancies is feasible. Patients presenting with a surgical
emergency had a high postoperative mortality. On the other
hand, surgery for emergency had provided efficient palli-
ation for four patients.

Patients presenting without an emergency had a median
survival of 6.5 months. Surgery was a palliative procedure
in these patients and it remains questionable if surgery is
able to improve survival compared to chemotherapy alone.
Peritoneal recurrence was not a good indication for surgery.

The predictors of poor survival after re-laparotomy were
a poor performance status and a low pre-operative
hemoglobin level. The place of surgery for the treatment
of recurrence of periampullary malignancies compared to
medical therapy needs to be further defined by a prospec-
tive trial with analysis of the quality of life.
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Abstract
Background The use of prophylactic antibiotics in acute severe necrotizing pancreatitis is controversial.
Methods Prospective, randomized, placebo-controlled, double-blind study was carried out at Bellvitge Hospital, in
Barcelona, Spain. Among 229 diagnosed with severe acute pancreatitis, 80 had evidence of necrotizing pancreatitis (34/80
patients were excluded of the protocol). Forty-six patients without previous antibiotic treatment with pancreatic necrosis in a
contrast-enhanced CT scan were randomly assigned to receive either intravenous ciprofloxacin or placebo. Five patients
were secondarily excluded, and the remaining 41 patients were finally included in the study (22 patients received
intravenous ciprofloxacin and 19 patients placebo).
Results Comparing the 22 with intravenous ciprofloxacin and 19 with placebo, infected pancreatic necrosis was detected in
36% and 42% respectively (p=0.7). The mortality rate was 18% and 11%, respectively (p=0.6). No significant differences
between both treatment groups were observed with respect to variables such as: non-pancreatic infections, surgical
treatment, timing and the re-operation rate, organ failure, length of hospital and ICU stays.
Conclusion The prophylactic use of ciprofloxacin in patients with severe necrotizing pancreatitis did not significantly
reduce the risk of developing pancreatic infection or decrease the mortality rate. The small number of patients included in
this study should be considered.

Keywords Severe acute pancreatitis .

Necrotizing pancreatitis . Prophylactic antibiotics .

Ciprofloxacin . Infection .Mortality

Introduction

Acute pancreatitis has a broad clinical spectrum that ranges
from mild to severe pancreatitis. The severe form is
characterized by pancreatic or peripancreatic necrosis and
may cause single or even multiple organ failure in about
20% of the cases.
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The mortality rate associated with necrotizing pancrea-
titis increases when other organs are involved1 (definitions
adopted from the Atlanta classification);2 moreover, the
incidence of organ failure is determined by the extent of
sterile necrotic parenchyma. However, when necrotic tissue
gets infected, the incidence of multiple organ failure
increases substantially, regardless of the extent of the
necrosis.3

Approximately 80% of deaths in acute pancreatitis are
due to septic complications secondary to a bacterial
infection.4,5 Pancreatic necrosis infection normally devel-
ops during the second or third week after the onset of
symptoms, and occurs in 40–70% of all patients with
necrotizing pancreatitis.6–8 The mortality rate for patients
with infected pancreatic necrosis undergoing surgical
treatment is about 10% to 30%.5,9–13

The use of antibiotic prophylaxis is based on the rationale
that reducing the pancreatic infection may decrease late
morbidity and mortality. Although much attention has been
given to the possibility of preventing or treating severe acute
pancreatitis due to its poor prognosis, the advantages of
antibiotic prophylaxis still remain controversial.

Several randomized controlled clinical trials have provided
some evidence that prophylactic antibiotics may prevent the
infection of necrotic pancreatic tissue14,15 or reduce septic
complications.16 However, only one study showed signifi-
cantly reduced patient mortality following treatment with
antibiotics.17 Furthermore, two meta-analyses18,19 suggested
that mortality was significantly reduced in patients with
severe pancreatitis who were given antibiotic prophylaxis.

Nevertheless, only two of the published studies had a
double-blind design. Isenmann et al.20 published a double-

blind multicenter trial on the use of antibiotic prophylaxis
in acute pancreatitis and showed it had no benefit in
avoiding the development of infected pancreatic necrosis.
Recently, in a trial with 32 centers, Dellinger et al.21

demonstrated no statistically significant difference between
the treatment groups for pancreatic or peripancreatic
infection, mortality, or requirement for surgical interven-
tion. Consequently, they did not support early prophylactic
antimicrobial use in patients with severe acute necrotizing
pancreatitis.

We therefore performed a prospective, double-blind,
placebo-controlled, randomized trial. Our aim was to assess
the effects of intravenous prophylactic ciprofloxacin on the
incidence of infected necrosis and mortality in patients with
necrotizing pancreatitis, compared to a control population.

Patients and Methods

Setting and Study Population

Between May 1999 and December 2003, 798 patients with
acute pancreatitis were admitted to the Surgical Gastrointes-
tinal Service of Bellvitge Hospital (Barcelona, Spain). Of
them 229 (29%) were diagnosed with severe acute pancre-
atitis (definition according to the Atlanta classification),2

from which 80 presented pancreatic necrosis (see Fig. 1).
We studied 46 consecutive patients with acute necrotiz-

ing pancreatitis admitted during this period. Three patients
were excluded because necrosis was not confirmed when a
senior radiologist revised the CT. Additionally, two more
patients with fulminant disease, who died within 24 h of the

 

 

798 patients with acute pancreatitis  
 

ciprofloxacin group 
22

8 pancreatic infection   
3 died 

14 no infection  
1 died  

8 pancreatic infection   
2 died 

11 no infection 
0 died 

229 Severe acute pancreatitis 

80 Necrotizing pancreatitis 

46 Randomized patients 

41 Study population 

34 patients excluded: 
 
- 21 prior antibiotics 
-   6 no evidence of necrosis initially 
-   7 others (e.g. no patient consentiment) 

5  patients excluded: 
 
- 3 no confirmed necrosis 
- 2 fulminant pancreatitis  

placebo group 
19

Figure 1 Patients with acute
pancreatitis and those finally
included in the study protocol.
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beginning of the study, were not included either, as they
could only follow the protocol for 1 day. Thus, 41 patients
remained in the study protocol.

The reasons for discontinuing the study were: infected
necrosis confirmed by cultures of CT-guided needle-
aspirated material, strong clinical suspicion of pancreatic
sepsis, progressive organ failure despite intensive medical
treatment and extrapancreatic infection (pneumonia, urinary
tract infection, intraabdominal infection).

The study protocol was reviewed and approved by the
ethical committee of our hospital (no EC: 129/98, 12/12/
1998). The trial has been submitted to the ISRCCTN
register with the application num. ISRCTN75232398—
http://www.controlled-trials.com/ISRCTN75232398.

Study Design

All patients with acute pancreatitis suspected to have the
severe form of the disease underwent a dynamic contrast-
enhanced CT scan within 48–72 h of admission. When the
CT showed a pancreatic necrosis, patients signed a consent
form, and were randomly assigned to receive either
prophylactic antibiotic treatment or placebo. In the treat-
ment group, 22 patients received 300 mg ciprofloxacin q.
12 h for 10 days, whereas in the control group 19 patients
were administered placebo.

We chose ciprofloxacin because it has been proven to be
clinically safe, provide appropriate antibacterial activity
against the relevant pathogens of this kind of infections,
and due to its good penetration of necrotic pancreatic and
peripancreatic tissue.22,23

All patients were treated medically on admission
(aggressive fluid resuscitation along with electrolyte imbal-
ance, complete avoidance of oral intake, pain control and
total parenteral nutrition). Patients with organ failure were
followed in the intensive care unit (ICU). When infected
necrosis was clinically suspected, a CT-guided fine-needle
aspiration (FNA) followed by a Gram stain and a
bacteriologic culture was carried out. If infection could be
diagnosed through these procedures, we indicated surgical
treatment. Further indications for surgery were: diagnostic
doubt, organ failure despite intensive medical treatment and
symptomatic sterile necrosis (defined as persistent abdom-
inal pain or inability to eat after 4 to 6 weeks of medical
management).24

Surgical debridement and postoperative lavage were
performed according to the Beger procedure.25

Inclusion–exclusion Criteria

All patients without previous antibiotic treatment and with
detectable pancreatic necrosis in a contrast-enhanced CT
scan26 performed within 48–72 h of admission were

included. Patients with quinolone allergy or clinical
evidence of sepsis on admission were excluded.

Outcome Variables Studied

The primary end point of this study was to determine
whether prophylaxis with intravenous ciprofloxacin could
reduce the incidence of infected pancreatic necrosis.
Secondarily, we assessed its effects on the mortality rate;
on the extrapancreatic infections; on the surgical treatment,
its timing and the re-operation rate; on the development of
organ failure2 and on the in-hospital and ICU length of stay.

Statistical Analysis

A sample size of 134 patients was calculated as necessary
to demonstrate that antibiotic prophylaxis reduces the
proportion of patients with infected pancreatic necrosis
from 40% (placebo) to 20% (ciprofloxacin), with 90%
power and a one-sided 5% significance level. A pilot study
of about 46 patients included in the protocol and random-
ized to receive either ciprofloxacin or placebo was initially
planned to re-evaluate the sample size and the possibilities
to continue the study.

Data analysis was performed with computer software
(SPSS 11.0 for Windows). Differences in numeric variables
were evaluated with parametric tests (Student T-test) and
non-parametric ones (Mann Whitney U test) according to
their distributional characteristics. Comparison of propor-
tions was made using χ2 or Fischer’s exact test for string
variables, when appropriate. A two-tailed p value of 0.05 or
less was considered evidence not attributable to chance.

Results

The algorithm shows the total number of patients with acute
pancreatitis and the final group included in the study
protocol. Forty-six patients were randomly assigned to
receive either ciprofloxacin or placebo. Of the 46 patients,
five were excluded (see Fig. 1) and 41 were finally included
in the protocol. The time of evolution for the study
population from the onset of symptoms until hospital
admission was 1*2.17 days (1–3-day range). The most
relevant clinical data were similar in both the placebo and
the ciprofloxacin group (see Table 1).

Study medication was administered during 3–10 days
(mean 9.7 days) after joining the protocol in the treatment
group, and during 4–10 days (mean 9.7 days) in the control
group. In seven patients (7/22) within the ciprofloxacin
group, and in eight (8/19) within the placebo group (p=
0.495), it had to be discontinued and open antibiotic
treatment had to be started instead. Of them, one patient
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had an exanthema (9 days after the administration of study
medication) and could not receive antibiotic treatment
thereafter. Thus, open antibiotic treatment was started in
six patients within the ciprofloxacin group after a mean of
seven days (range 3–9 days) and in eight patients within the
placebo group after a mean of 6 days (range 4–8 days).
Piperacillin–tazobactam, or imipenem, was thus adminis-
tered to those patients with demonstrated pancreatic
infection (positive FNA) or with high pancreatic infection
probability (progressive organic failure despite intensive
medical treatment), this later being modified as per antibio-
gram results. Ciprofloxacin was begun for two placebo-
group patients due to urinary tract infection. The reasons
for discontinuing the study medication are listed in Table 2.

Bacterial Infection

The overall incidence of infected pancreatic necrosis was
39% (16/41; eight patients in the treatment group and eight
patients in the control group, p=0.707). Eight extrapancre-
atic infections were found in six of the 22 patients (27%)

within the ciprofloxacin group, whereas in the placebo
group there were ten extrapancreatic infections in eight of
the 19 patients (42%).

Five patients presented central line infections: two
patients of the ciprofloxacine group (Staphylococcus
epidermidis and Staphylococcus aureus) and three from
the placebo group (Staphylococcus aureus in two and
Staphylococcus epidermidis in one). No differences were
observed between the groups when infectious complica-
tions were analyzed (see Table 3).

Bacteriology

Of the 16 positive pancreatic necrosis cultures, five were
polymicrobial (two within the ciprofloxacin group and three
in the placebo group).

Gram-positive cocci predominated in intraoperative
cultures from pancreatic necrosis within the control group;

Table 2 Reasons for Discontinued of Study Medication

Group
ciprofloxacin
22 patients

Group
placebo
19 patients

Total switch-overs 7 8
Progressive organ failure
despite intensive medical treatment

2 1

Infected pancreatic necrosis 4 5
Urinary tract infection 0 2
Exanthema 1 0

Table 3 Infectious Complications

Group
ciprofloxacin
n=22 n (%)

Group
placebo
n=19 n (%)

p

Infected pancreatic necrosis 8 (36) 8 (42) 0.707
Number of patients with one
or more extrapancreatic
infectionsa

6 (27) 8 (42) 0.318

Pneumonia 0 2
Urinary tract infection 3 3
Central line infection 2 3
Positive blood-culture 3 2

a Some patients had two or more extrapancreatic infections

Table 1 Patients Finally Included in the Study Protocol

Group ciprofloxacin n=22 Group placebo n=19 p

Men/women 14/8 15/4 0.283
Age in years (mean, minimum–maximum) 59.5 (31–84) 67 (38–79) 0.301
Etiology (%)
Biliary 72.7 57.9 0.213
Alcohol 9.1 26.3
Others 18.2 15.8
APACHE (mean) 10 14 0.135
C-reactive protein (mg/L) in first 48 h
(mean, minimum–maximum)

313 (25–431)a 326 (106–453)b 0.866

Study inclusion after onset of symptoms, days
(mean, minimum–maximum)

5 (2–16) 5 (2–12) 0.535

Necrosis
<30% 11 9 0.313
30–50% 3 6
>50% 8 4

a Data from 20 patients
b Data from 19 patients
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whereas gram-negative bacilli and gram-positive cocci were
isolated in the treatment group (Table 4). One case of
methicillin-resistant Staphylococcus aureus (MRSA) in the
placebo group and two cases of multiresistant Acineto-
bacter baumannii in the ciprofloxacin group presented
ciprofloxacin resistance.

Outcomes of Necrotizing Pancreatitis

A total of 19 patients had a necrosectomy, a cholecystec-
tomy and a subsequent continuous lavage of the necrotic
cavity through drainage tubes. One patient required a
cystojejunostomy as well because of an associated
pseudocyst.

The indications to proceed to surgical debridement were:
a positive percutaneous fine-needle aspiration of pancreatic
necrosis—14 patients (seven in ciprofloxacin group and
seven in placebo group), progressive organ failure despite
intensive medical treatment—four patients (three within the
ciprofloxacin group and one in the placebo group) and
finally pseudocyst, characterized by a persistent abdominal
pain and inability to eat—one patient from the ciproflox-
acin group.

Four patients had surgery in the first week of the disease.
Three due to positive FNA, two from placebo group (one
died after the first week) and one from ciprofloxacin group
(died after the first week). One patient from the ciproflox-
acin group due to organ failure (Atlanta classification2) in
the form of severe respiratory failure despite mechanical

ventilation that eventually resulted in a sterile pancreatic
necrosis (died in the first week).

Overall mortality rate in this study was 15%. Three
patients died during the first week due to multiple organ
failure, and three died (beyond the fourth week after the
onset of symptoms) due to septic complications. Of the
three patients who died in the first week, the infected
pancreatic necrosis was isolated in two. In one, the
infection was caused by Staphylococcus aureus (group
ciprofloxacin), and in another by Bacteroides fragilis
(group placebo), while the third was a sterile necrosis
(group ciprofloxacin).

No differences were observed between the two treatment
groups with regard to secondary end points. The results are
summarized in Table 5.

Discussion

Due to the high mortality rate associated with pancreatic
infection, prophylactic antibiotic therapy has been suggested,
during the last few years, to improve the prognosis of its
severe form. As a result, many trials have been published on
this issue during the last decade.14–17,20 Pederzoli and Luiten
showed a decrease in the incidence of pancreatic infection
when broad spectrum antibiotics were used in severe acute
pancreatitis (12.2% versus 30.3%—p<0.01 and 18% versus
38%—p<0.03, respectively). Accordingly, the Delcenserie
study showed a decrease in both pancreatic and extrapancre-
atic infections when they were both analyzed at the same
time (0% versus 58%, p<0.03). Nevertheless, only the
Sainio study demonstrated a significantly reduced mortality
rate (3% versus 33%, p<0.03). On the other hand, only two
prospective, placebo-controlled, double blind studies per-
formed up to now failed to show significant differences in

Table 4 Bacterial Isolates from Infected Pancreatic Necrosis in 16
Patients

Group
ciprofloxacin

Group placebo

Gram-positive cocci
Staphylococcus aureus 1 4a

Staphylococcus schleiferii 1
Staphylococcus epidermidis 1
Streptococcus intermedius 1
Streptococcus sanguis I 2
Enterococcus faecalis 1
Gram-negative bacilli
Escherichia coli 2
Enterobacter cloacae 1
Acinetobacter baumannii 2b

Proteus mirabilis 1
Bacteroides spp. 2
Others
Clostridium perfringens 1
Corynebacterium 1
Fusobacterium spp. 2

a One case was a MRSAwhich showed also resistance to ciprofloxacin
b The two isolates of Acinetobacter baumannii multiresistant including
resistance to ciprofloxacin

Table 5 Outcome of 41 Patients with Necrotizing Pancreatitis

Group
ciprofloxacin
22 patients

Group
placebo
19 patients

p

Organ failure (%)a 13 (59) 10 (53) 0.678
Mortality (%) 4 (18) 2 (11) 0.668
Surgical treatment (%) 11 (50) 8 (42) 0.613
Hospital stay, days (mean,
minimum–maximum

21 (7–255) 19 (9–203) 0.794

ICU stay, days (mean,
minimum–maximum)

17 (0–127) 18 (0–138) 0.826

Timing to surgery, days
(mean, minimum–
maximum)

17 (5–80) 13 (4–21) 0.125

Re-operation (%) 6 (27) 3 (16) 0.466

a Bradley
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the risk of developing pancreatic infection or in the mortality
rate.20

Although many studies favor the use of imipenem for
antibiotic prophylaxis in severe acute pancreatitits,27,28 we
chose ciprofloxacin due to its good penetration of the pan-
creatic tissue, its adequate organ concentration, its activity
against frequent pathogens in this sort of infections, and the
low occurrence of adverse effects associated with it.22,23,29

Bassi et al.30 compared pefloxacin, an antibiotic of the quin-
olone family, versus imipenem in a multicentric trial. The
authors found a theoretical benefit with imipenem, although
mortality was not significantly different in the two groups.

We selected the patients with pancreatic necrosis at the
CT for this study because they were at high risk of
developing a pancreatic infection. The area of necrosis
was similar in both groups.

In Isenmann’s study20, all patients started medication
within three days of the onset of symptoms, whereas in ours
medication was started later because we included patients
transferred from other centers in our sample. This also
contributed to a smaller number of patients than expected, as
many of the patients coming from other hospitals had already
started an empirical antibiotic treatment, making them
ineligible for inclusion. The main reason that forced us to
finish the study after evaluation of the pilot group, without
reaching the initially calculated sample size, was the
difficulty in recruiting a sufficient number of patients and
the increased isolation of ciprofloxacin-resistant pathogens.

In most intraoperative cultures of the control group,
gram-positive cocci were isolated, whereas in the treatment
group, both gram-positive cocci and gram-negative bacilli
grew in similar proportions. In three of the five cases who
died, a Staphylococcus aureus was isolated from the
intraoperative culture. This might suggest that this micro-
organism is associated with a worse prognosis in evolution.

An important feature prompted by the use of prophylactic
antibiotics is the development of resistance and the presence
of uncommon organisms such as fungi, which are associated
with a higher mortality rate and a longer stay in the ICU.31,32

In two cases within the ciprofloxacin group, a multi-
resistant Acinetobacter baumannii was isolated and an
MRSA in one case in the placebo group. However, no
fungus grew in any intraoperative culture.

Considering that the more localized the necrosis, the more
effective the surgical debridement, generally at the third to
fourth week24, one could think that antibiotic prophylaxis
might permit a late debridement. However, no differences
were found within the groups regarding the day of surgery.
In addition, other studies suggest that an antibiotic prophy-
laxis is neither useful in reducing the incidence of multi
organ failure, nor the need for surgery.14,16,20

The mean age in our sample is higher than in other
centers and therefore, so is the morbidity; the mortality rate

in our study is comparable to the figures published by other
groups.14,16,17,20,33

In the present prospective, randomized, placebo-con-
trolled, double-blind study, the prophylactic use of cipro-
floxacin in patients with pancreatic necrosis did not reduce
the risk of developing a pancreatic infection nor the
mortality rate. No conclusion can be drawn regarding the
routine use of antibiotic prophylaxis for severe acute
pancreatitis from any of the available studies.34–36
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Abstract
Aim Ghrelin, the most important modulator of endocrine and exocrine pancreatic functions, has a role in the development of
islets of Langerhans during embryogenesis. The aim of this study was to evaluate the effects of ghrelin on pancreatic
regeneration in rats with 90% pancreatectomy.
Materials and Methods Two- to 3-week-old Wistar rats were used in the study. After anesthesia, 90% pancreatectomy
was performed. In the ghrelin group, 90% pancreatectomy was performed. Ten nanomoles per kilogram per day of
ghrelin was administered intraperitoneally from the first postoperative day. In the antagonist group, 90% pancreatectomy
was performed. From the first postoperative day, rats received the ghrelin receptor antagonists and substance P
intraperitoneally at 1 μmol/kg. In the control group, 90% pancreatectomy was performed, and intraperitoneal saline was
administered. The sham group did not receive pancreatectomy. Eight rats from each group were randomly selected and
sacrificed on the second, third, and 30th days.
Results Blood glucose levels in pacreatectomized rats were significantly higher than in rats in the sham group. The number
of beta islet cells, serum insulin levels, and PDX-1 and cytokeratin staining scores decreased in rats with pancreatectomy
when compared to the sham-group rats. In the ghrelin-receiving rats, blood glucose levels tended to decrease from the 15th
postoperative day. Ghrelin treatment increased insulin levels, insulin-positive islet cell number, and 5-bromo-2-deoxyuridine
and PDX-1 staining, whereas ghrelin antagonist administration resulted in significant decreases in these parameters. Ghrelin
treatment significantly improved glucose tolerance test results.

Conclusion Exogenous ghrelin administration decreased
blood glucose levels after 90% pancreatectomy by increas-
ing islet cell numbers and enhancing endocrine and
exocrine regeneration.

Keywords Pancreatectomy . Ghrelin . Regeneration .

Pancreas . Type 3 diabetes

Introduction

Cells in the islets of Langerhans undergo continuous
turnover under physiological conditions. The pancreas is
highly responsive to decreases or increases in the total
number of β cells and the regulation of functional islet cell
mass.1,2 β cell hyperplasia and hypertrophy occur to
compensate for increased insulin demand during pregnancy
and obesity or after pancreatectomy and pancreatic inju-
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ry.1,2 Studies have shown that the pancreatic regenerative
process is constituted by four complex mechanisms: (1) β
cell neogenesis at the residual islet cells, (2) proliferation of
duct cells and new β cell differentiation around the expanded
ducts, (3) acinar cell dedifferentiation and acinar cell
differentiation to β cells or transdifferentiation to islet cells,
and (4) replication and proliferation of progenitor β cells in
the residual islets.3,4 On the basis of in vivo regenerative
models, it is clear that there are pancreatic stem or
progenitor cells (ducts, acinar, and islet cells) in the adult
pancreas. Additionally, “self-duplication” is more promi-
nent than stem cell differentiation in adult pancreatic β islet
cells.5 Various agents have been studied in order to increase
pancreatic regenerative capacity; the most important are
glucagon-like peptide 1, actin, members of the transforming
growth factor β family, and the polypeptide growth factor
betacellulin.6–16 In this study, we aimed to evaluate the
effects of a ghrelin receptor antagonist on pancreatic
regeneration.

Ghrelin is a 28-amino-acid octanoylated peptide isolated
from human and rat stomachs, and it is an endogenous ligand
for the growth hormone secretagogue receptor (GHS-R). It
also influences feeding behavior, metabolic regulation, and
energy balance.17 Ghrelin is a potent stimulator of growth
hormone (GH) release and feeding. Ghrelin is involved in a
wide variety of functions, including the regulation of
endocrine and exocrine pancreatic functions.18 Endogenous
ghrelin has been reported to influence the embryologic
development of the pancreas and to regulate pancreatic
secretions. The effects of exogenous ghrelin on β cell mass
and ductal pancreatic regeneration have not yet been
evaluated. Data derived from in vitro studies on isolated
perfused pancreas, isolated islets, or INS-1 cell culture do
not allow any conclusions about whether ghrelin acts locally
or systemically on β cells.19,20 Dezaki et al.21 injected
ghrelin intraperitoneally after a glucose tolerance test and
observed significantly deceased insulin levels that were
inhibited by ghrelin antagonism. In these studies, both
endogenous and exogenous ghrelin reduced insulin secretion
from β cells. Prado et al.22 reported that ghrelin cells could
replace insulin-producing beta cells in two different models
of pancreas development, raising the question of how
exogenous ghrelin and ghrelin receptor antagonists could
effect pancreatic regeneration. The aim of this study was to
evaluate the effects of exogenous ghrelin and ghrelin
receptor antagonists on regeneration of the pancreatic
remnants after pancreatectomy.

Materials and Methods

All procedures were conducted following the recommen-
dations of the Animal Research Committee at Gazi

University, Ankara, Turkey. Two- to 3-week-old Wistar
rats weighing 230–260 g were used in the study. Rats were
housed under laboratory conditions for 1 week before the
experiment. They were deprived of food for 8 h before the
experiment. Intramuscular injection of 40 mg/kg ketamine
(Ketalar, Parke-Davis, Eczacibasi, Istanbul, Turkey) and
5 mg/kg xylazine (Rompum, Bayer Leverkusen, Germany)
were used for anesthesia. Laparotomy was performed under
sterile conditions. Ninety-percent pancreatectomy was done
using the technique previously described by Bonner-Weir et
al. Briefly, the majority of the head and the entire tail of the
pancreas were removed via microdissection. In order to
maintain intra-abdominal organ perfusion, vascular struc-
tures were carefully dissected. One to 2 mm of pancreatic
tissue was left along the first portion of the duodenum and
near the common biliary duct. The remaining tissue was at
the upper portion of the head of the pancreas. In the sham
group, finger pressure was applied to the pancreas for 1 min
after laparotomy. Blood glucose levels were measured daily
for the first week and then weekly for up to 4 weeks.
Glucose levels were measured in the whole blood from the
tail vein using a GlucoCard DIA meter (Arkray, Kyoto,
Japan). Blood insulin, glucagons, and pancreatic polypep-
tide concentrations, as well as body weight, were deter-
mined weekly. On the 28th day after surgery, a glucose
tolerance test (2 g/kg) was performed following 14 h of
fasting. Blood samples were collected in heparinized
hematocrit tubes after 0, 30, 60, 90, and 120 min, and
glucose levels were measured. The rest of the blood
samples were stored for insulin measurement. On the
30th day of the experiment, pancreatic remnants were
removed, and blood samples were taken from the vena
cava under anesthesia. Rats were killed by bleeding.
Pancreatic samples were weighed and divided into two
pieces. One half was fixed in 4% paraformaldehyde and
embedded in paraffin wax at 4°C. Random sections were
generated with a thickness of 3 μm. The other half of the
pancreatic tissue was homogenized in cold acid ethanol then
heated in a 70°C saline bath. Heated samples were centrifuged
and stored at −20°C. Eight rats from each group were
sacrificed on the second and third days following pancreatec-
tomy. Thus, the early and late regeneration capacity of the
pancreas after pancreatectomy could be compared. Six hours
before the rats were killed, 100 mg/kg 5-bromo-2-deoxyur-
idine (BrdU; phosphate buffer dissolved in saline, Sigma,
Munich, Germany) was injected intraperitoneally. The
remaining pancreas was excised and fixed as described above.
Rats were divided into four groups, and each group consisted
of 24 rats.

Sham Group Sham pancreatectomy was performed. Rats
were fed with standard rat chow and did not receive the
intraperitoneal drug. Eight rats from each group were killed,
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and tissue and blood samples were taken on the second,
third, and 30th days.

Control Group Ninety-percent pancreatectomy was per-
formed. Saline was administered intraperitoneally. Eight
rats from each group were killed, and tissue and blood
samples were taken on the second, third, and 30th days.
Blood samples were centrifuged at 3,000 rpm and stored at
−20°C.

Ghrelin Group Rats received 90% pancreatectomy. Ten
nanomoles per kilogram per day of ghrelin19 was injected
intraperitoneally. Eight rats from each group were killed,
and tissue and blood samples were taken on the second,
third, and 30th days.

Ghrelin Antagonist Group Ninety-percent pancreatectomy
was performed. Rats received the ghrelin receptor antago-
nists [D-Lys3]-GHRP-6 (Sigma, St. Louis, MO, USA) and
[D-Arg1, D-Phe5, D-Trp7,9, Leu11] substance P (SPA;
Sigma) intraperitoneally at 1 μmol/kg. Eight rats from each
group were killed, and tissue and blood samples were taken
on the second, third, and 30th days. Pathological and
biochemical studies were performed by the researchers who
did not know the groups.

Immunohistochemistry and Histophotometric Studies

Paraffin sections were deparaffinized and dehydrated.
Endogenous peroxidase activity was blocked using 1%
H2O2/methanol. After being washed with PBS, the sections
were incubated overnight at 4°C with guinea pig anti-
porcine insulin (1:1,000), rinsed with PBS, incubated 1 h at
room temperature with peroxidase conjugated donkey anti-
guinea pig IgG (1:500, Jackson ImmunoResearch, West
Grove, PA, USA), developed with diaminobenzidine, and
counterstained with hematoxylin. These sections (four per
rat) were evaluated using a histophotometric method as
previously described.24 In order to define β cells and other
areas, image analysis software (NIH image) was used. The
β-cell area and the area of each section were determined
using image analysis software (NIH image). The ratio of β-
cell area in the remaining pancreas was calculated by
dividing the area of all insulin-positive cells in one section
by the total area of that section. The β-cell mass was
calculated by multiplying the remaining pancreatic weight
by the ratio of β-cell area. The β-cell size was determined
for sections stained with anti-insulin antibody by evaluating
the mean cross-sectional area of individual β-cells. The
area of β-cells in islets was measured as described above
and the number of β-cell nuclei in each islet was counted.
Ten islets were counted in each animal. BrdU staining was

accomplished with a cell proliferation assay kit (Amersham
Pharmacia Biotech, Little Chalfont, UK). Sections were
incubated for 1 h at room temperature with a mouse anti-
BrdU monoclonal antibody and washed with PBS. Insulin
staining was done as described previously. BrdU/insulin-
positive cells in islets were counted in each section as a
marker of replication of a preexisting β cell. To analyze the
number of PDX-positive cells in the duct, which showed
pancreatic duct proliferation, PDX-1 and duct cell-specific
cytokeratin 20 (CK) double-staining was performed on
cryosections. OCT (Sakura Fine Chemicals, Tokyo, Japan),
rabbit anti-PDX-1 antibody (Biocompare, Cambridge, UK),
monoclonal mouse anti-CK antibody (1:40, DAKO, Car-
pinteria, CA, USA), cy3-conjugated donkey anti-rabbit IgG
(1:3,000, Jackson ImmunoResearch) and fluorescein iso-
thiocyanate-conjugated donkey anti-mouse IgG (1:100,
Jackson ImmunoResearch) were used during the procedure.
Counterstaining was done with 4′,6-diamidio-2-phenylin-
dol-HCl (Boehringer Mannheim, Mannheim, Germany).
PDX-1/CK-positive cells were counted at 400× and
expressed as the number of PDX-1/CK-positive cells per
field. Apoptotic cells were detected by terminal deoxynu-
cleodidyl transferase technique using an apoptosis in situ
detection kit.

Biochemical Assay

Fasting blood glucose, insulin, glucagons, and pancreatic
polypeptide levels were analyzed. Insulin, glucagons, and
pancreatic polypeptide levels were quantitated using a RIA
kit.

Statistical Analysis

Data were analyzed by a one-way analysis of variance and
Mann–Whitney U test. P<0.05 was considered statistically
significant. SPSS 11.00 was used for statistical analysis.

Results

Four rats died due to injury of the splenic vein and vena cava
during pancreatectomy. Those subjects were replaced with
new ones. Rats were prone to weakness and had no appetite
for the first 24 h after pancreatectomy. Four milliliters of
saline was injected into the back region of each rat after the
first 24 h of the experiment. Appetite and weakness of the rats
were markedly improved by the first postoperative day.

Weight Gain

Ninety percent pancreatectomy resulted in significantly
decreased body weight. The weight loss might be the
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consequence of the lack of appetite observed during the
first 24 h of the experiment. Body weights of pancreatec-
tomized rats were lower than those of sham group rats on
the seventh postoperative day (P<0.05). Ghrelin-treated
rats began to gain weight from the 19th day of the
experiment. On the 25th day, the mean body weight of
the ghrelin-group rats was similar to that of the sham-group
rats (P>0.05). Weight loss in the control and antagonist
groups proceeded throughout the course of the entire
experiment. On the 19th, 25th, and 30th postoperative
days, the body weights in those groups tended to be lower
than those in the sham and the ghrelin groups (P>0.05).
However, there were no statistically significant differences
noted between the control and antagonist groups (Fig. 1).

Blood Glucose Concentrations

In 90% pancreatectomized rats, blood glucose levels were
significantly higher than in the sham group (P<0.05).
Treatment with ghrelin markedly reduced the plasma
glucose concentration from the 11th postoperative day. In
the ghrelin group on the 19th, 25th, and 30th postoperative
days, blood glucose levels were lower than in the control
and the antagonist groups but higher than in the sham group
(P<0.05). Blood glucose levels in rats receiving the ghrelin
antagonist were significantly higher than in the sham group
(P<0.05). No difference was observed between the control
and antagonist groups (Fig. 2).

Glucose Tolerance Test

The glucose tolerance test was performed on the last day of
the experiment (or 30 days after pancreatectomy). Glucose

tolerance was impaired in the control and the antagonist
groups, whereas blood glucose levels decreased in the
ghrelin group. However, glucose tolerance was still found
to be decreased compared against the sham group (P<0.05,
Fig. 3).

Plasma Insulin Concentrations

In pancreatectomized rats, plasma insulin concentrations
were significantly lower than in the sham group (P<0.05).
Plasma insulin concentrations in subjects receiving ghrelin
treatment tended to increase from the 14th postoperative
day, and were significantly higher than those in the control
and ghrelin antagonist groups (P<0.05, Fig. 4).
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Figure 3 The results of glucose tolerance tests are seen.
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β Islet Numbers

The number of β cells/total number of cells in an islet was
significantly decreased in pancreatectomized rats when
compared with the sham group (P<0.05). The ratio of β
cells to the total number of cells in an islet were equivalent
at day 0. On the first, third, and 30th postoperative days, the
ratio of β cells/total number of cells in an islet in ghrelin-
treated rats was markedly higher than in the control and
antagonist groups (P<0.05). The numbers of β cells were
significantly decreased in the ghrelin antagonist group
(Fig. 5).

Insulin-positive Islet Cell Number

The ratio of insulin-positive cells to islet cells in pancrea-
tectomized rats in the ghrelin group was significantly lower
than in the sham group (P<0.05), but they were higher than
in the control and antagonist groups (Fig. 6).

Cell Proliferation

Ghrelin increased proliferation of pancreatic islet cells as the
ratio of BrdU-positive cells plus β-cells over the total number
of β-cells was significantly increased in the ghrelin group
when compared to the sham, control, or antagonist groups on
days 1, 3, or 30 after pancreatectomy (P<0.05, Fig. 7)

PDX-positive Cells

The effects of ghrelin and its antagonist on PDX-positive
cells are depicted in Fig. 8. Ghrelin treatment resulted in an
increased number of PDX-positive cells, whereas ghrelin-
antagonist treatment blocked this effect (P<0.05, Fig. 8).

Pancreatic Polypeptide Cells

A significant decrease in the number of pancreatic
polypeptide-expressing cell was observed in rats that
received a pancreatectomy. Ghrelin treatment significantly
increased anti-PP staining (Fig. 9). PP+ cell numbers in the
control and antagonist groups were markedly lower than in
the ghrelin group (Fig. 9).

0

2

4

6

8

10

12

14

0 day 1 day 2 day 30

N
u

m
be

r 
o

f 
β-

ce
lls

 / 
to

ta
l n

u
m

b
er

 o
f 

ce
lls

 in
 a

n 
is

le
t X

 1
00

Sham

Control

Ghrelin 

Antagonist

* *

*

*P<0.05 vs. control, antagonist

Figure 5 The ratio of number of beta cells to the total number of cells
in an islet.

0

0,02

0,04

0,06

0,08

0,1

0,12

0,14

0,16

day 0 day 1 day 3 day 30

In
su

lin
e 

p
o

si
ti

ve
-c

el
ls

 / 
to

ta
l n

u
m

b
er

 c
el

ls
 in

 a
n

 is
le

t

Sham

Control

Ghrelin 

Antagonist

*
*

*

*P<0.05 vs. control, antagonist

Figure 6 The ratio of insulin-positive cells to the total number cells
in an islet.

0

2

4

6

8

10

12

14

16

18

0 3 7 14 21 28 30

Days

P
la

sm
a 

in
su

lin
 le

ve
ls

(m
ic

U
 / 

m
L

)

Sham

Control

Ghrelin 

Antagonist

*P<0.05 vs. control, antagonist

*** *

Figure 4 Insulin levels of experiments.

J Gastrointest Surg (2009) 13:775–783 779779



Discussion

Diabetes mellitus is the most common endocrine disorder
worldwide, and its incidence is increasing rapidly. β islet
replacement is the primary curative management for this
disease.25 Transplantation of islets of Langerhans or
pancreas thus offers an attractive strategy for diabetes
therapy.26,27 Promotion of β cell regeneration is an
alternative strategy.23 Type 3 diabetes associated with
massive islet cell loss after pancreatectomy is a very rare
clinical condition but a significant model for studying
pancreatic regeneration.23,27 In our study, we used a
diabetes model based on partial pancreatectomy. Diabetes
mellitus that develops after pancreatectomy for periampul-
lary carcinoma involves a different pathway from type 1 or
2 diabetes. In this type of diabetes (type 3), decreased levels
of not only insulin but also pancreatic polypeptide and
glucagon both of which have importance in the regulation

of the blood glucose level.23,28 This type of diabetes is
characterized by sudden decreases and increases in plasma
glucose levels, and it is called “brittle diabetes” because of
the difficulty in regulating glucose levels. Increasing insulin
concentration alone is an inadequate treatment for type 3
diabetes, therefore, and increase in the proliferation of cells
that produce glucagon and pancreatic polypeptide is
necessary. For this reason, in our model, we attempted to
define whether various types of cells other than β cells
could also regenerate from pancreatic islets. The effects of
exogenous administration of ghrelin, which has been
correlated with β islet development during intrauterine
life,18–20,29 was studied in pancreatic regeneration after
pancreatectomy. Ghrelin plays a significant role in the
development of embryologic pancreas and islet cell
transformation.18,19,29 To our knowledge, no studies thus
far have evaluated the use of ghrelin and ghrelin receptor
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antagonist for modulation the regenerative capacity of the
remaining pancreas after pancreatectomy. Therefore, our
study is an original study.

Ghrelin, an endogenous ligand for GHS-Rs, regulates
pituitary GH secretion.17 It is mainly produced by the
gastric fundus, and its expression is also detected in the
pancreas; it has systemic and local effects on the gastroin-
testinal tract.18 Its regulatory role on human pancreatic islet
cells was described by Wierup et al.18 in 2002. Various
studies that evaluated the effects of ghrelin on the pancreas
were subsequently performed.19,20,29 One investigator
examined fetal pancreas specimens and identified that
ghrelin was produced by islet endocrine cells known as
(epsilon) ɛ-cells, and these cells constituted the largest
portion of the pancreas: the same study speculates that
ghrelin may play a role.19,20 However, various investigators

have reported that ghrelin has either inhibitory or stimula-
tory effects on insulin secretion.21,30–34 Here, we examined
its effects on β islet masses in the remaining pancreas, as
well as on plasma glucose and insulin levels in 90%
pancreatectomized rats.

The weight of pancreatectomized rats significantly de-
creased when compared to the sham group. Exogenous
ghrelin treatment attenuated weight loss, whereas ghrelin
antagonist-receiving rats failed to gain weight. Like its GH-
like effects, these effects of ghrelin may be attributed to its
“appetite regulatory” effect.18 Weight loss in rats receiving
ghrelin antagonist was first described by Asakawa et al.35 In
our pancreatectomy study, the ghrelin antagonist-receiving
rats clearly lost more weight than those in either the ghrelin
or the sham group. It can be speculated that the reason for
the weight gain in treatment group is that ghrelin is inducing
GHS-Rs17 and resulting GH release or directly acting on the
pancreas in order to make it regulate insulin,18 both of which
result in synergic effects of these anabolic hormones.

After 90% pancreatectomy, the plasma glucose concen-
tration was found to be significantly elevated when
compared to sham rats. Plasma glucose levels of ghrelin-
treated rats tended to decrease by the 11th postoperative
day. On the 19th, 25th, and 30th days, plasma glucose
levels were significantly lower in the ghrelin group when
compared to the control and antagonist groups, but these
levels were still higher than in the sham group. There was a
correlation between these blood glucose levels and plasma
insulin concentration, insulin-positive islet cell number, and
β islet number. Cells in the islets of Langerhans undergo
continuous turnover under physiological conditions.1 β
islet cell mass may increase or decrease in response to
various circumstances. Increased insulin demand triggers a
compensatory mechanism that results in cell proliferation
and β cell hypertrophy. Better understanding of these
mechanisms could allow the development of interventions
that could increase the proliferation or hypertrophy
rate.1,23,25 Also, this effect may be due to the effect of
ghrelin in the central system by GH secretion.17 This
hypothesis may be supported by previous studies that have
shown the regeneration effect of GH over pancreas.

Ghrelin treatment increased the regeneration of exocrine
and endocrine cells in the pancreas. The resulting increase
in the number of PP cells and high proliferation rate of islet
cells resulted in decreased plasma glucose concentration. In
obese rats with type 2 diabetes, Desaki et al.30 found that
ghrelin antagonists enhanced insulin release but did not
affect the number of islets or level of insulin mRNA in
ghrelin knockout mice. Here, blockage of endogenous
ghrelin was achieved by using GHSR antagonists. Dezaki
et al.30 induced glucose intolerance by feeding rats with a
fatty diet, whereas we used a pancreatectomy model.
Therefore, the different results may be the result of different
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study models. Furthermore, when considering the intrauter-
ine development of pancreatic β islet cells, it is possible
that ghrelin could influence pancreatic stem cells in the
remaining pancreas and promote the regeneration of
endocrine and exocrine cells.

The finding of Granata et al.31,32 that ghrelin promotes β-
cell proliferation and potently inhibits apoptosis in pancreatic
islet cells supports our results. Irako et al.33 reported that
administration of exogenous ghrelin prevents the develop-
ment of diabetes in streptozotocin-treated newborn rats
without beta cell destruction via enhanced regeneration of
beta cells. Doi et al.34 demonstrated a link between ghrelin,
IA-2beta, and glucose-stimulated insulin secretion. Prado et
al.22 found that ghrelin cells play a significant role in the
replacement of insulin-producing beta cells in two mouse
models of pancreas development and that ghrelin has great
importance in glucose synthesis. In the literature, there is
much controversy regarding the interaction between ghrelin
and β islet cells; this controversy may arise from the
different experimental models used.

In the present study, administration of exogenous ghrelin to
90%-pancreatectomized rats attenuated diabetes symptoms by
decreasing plasma glucose levels and increasing the number
of islet cells. Thus, the results support our primary hypothesis.
In conclusion, more studies are needed to determine a
potential therapeutic use of ghrelin in type 3 diabetes.
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Abstract
Introduction Pancreaticoduodenectomy (PD) is the standard operation for cancer of the pancreatic head. To achieve
complete tumor resection and, thus, improve long-term survival, venous resection of the portal or superior mesenteric vein
with reconstruction has become routine for advanced pancreatic adenocarcinoma (PDAC). However, its clinical benefit still
remains controversial. The aim of this study was to investigate morbidity, mortality, and survival of patients with advanced
PDAC following PD with venous resection and to identify significant survival determinants.
Material and Methods From October 2001 to December 2007, 488 patients with PDAC of the pancreatic head underwent
PD at our department. Venous resection was performed in 110 patients (22.5%). Clinical data, surgical techniques,
perioperative parameters, and histopathologic data were analyzed on a prospective database.
Results Major venous reconstruction was accomplished through primary lateral venorrhaphy in 18 patients (16.3%),
polytetrafluoroethylene grafting (n=14, 12.7%), primary end-to-end anastomosis (n=72, 65.5%), an autologous saphenous
venous graft patch (n=4, 4.6%) or a Goretex® patch (n=2, 2.3%). In 78.1% histopathologic examination revealed cancer
invasion of the vein, whereas the remainder had peritumoral inflammation extending to the vessel wall. Perioperative
morbidity rate was 41.8%; and the mortality rate 3.6%. The 1-, 2-, and 3-year survival rates were 55.2%, 23.1%, and 14.4%,
respectively. Operating time (>420 min) and advanced age (>70 years) were the only prognostic variables, which
significantly diminished survival on multivariate analysis.
Conclusion Resection of the superior mesenteric or portal vein to achieve macroscopic tumor clearance can be performed
safely with acceptable operative morbidity and mortality. However, improved local clearance in these patients cannot
achieve a favorable long-term survival for all patients because distant metastases or local recurrence is frequent.

Keywords Pancreatic cancer . Vascular infiltration .

Venous resection . Pancreaticoduodenectomy
Introduction

PDAC is a highly malignant carcinoma, making it one of
the five leading causes of cancer-related death.1 Unfortu-
nately, owing to late presentation of symptoms, only 10%
to 20% of patients are candidates for surgical resection,
which remains the only chance for cure.2 Factors contrib-
uting to the low resectability rate at presentation include
liver metastases, extensive lymph node involvement, and
invasion of retroperitoneal tissue; the superior mesenteric
artery (SMA), the celiac axis, or the superior mesenteric-
portal vein (PV) region. Tumor invasion of the SMA or
celiac axis is considered a general contraindication to
resection because of previously documented high mortality
rate and poor prognosis.3 Distant metastases are present in
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50% and locally advanced cancer in about 45%.4 Therefore,
preoperative evaluation of operability in locally advanced
tumors is still a challenge regarding best prognosis and
quality of life in patients with PDAC. Radical surgical
resection is considered to be the only curative option in the
treatment of PDAC. Over the past decade, low operative
mortality (<5%) after PD has been reported from experi-
enced centers.5–8 Infiltration of major veins without
obliteration of the PV in a locally resectable tumor is no
longer considered a contraindication if the surgeon consid-
ers that venous resection and reconstruction could be
performed as a margin negative (R0) resection.9–11 Cur-
rently, venous resection has been reported in up to 20% of
PD at high-volume pancreatic surgery centers.12–14 Several
series have compared PD with and without venous
resection documenting feasibility and equal rates in
morbidity, operative mortality, and survival.15–17 Several
studies have analyzed different determinants of long-term
survival following PD in PDAC patients. Factors found to
be potentially associated with survival outcomes have
included demographic, perioperative, and histopathologic
factors; however, they remain controversial. To evaluate the
clinical implications and role of PV resection, the present
study investigated demographics, operative factors, mor-
bidity, mortality, and overall survival of a consecutive
single center series of 110 patients with PDAC of the
pancreatic head who underwent PD with venous resection.
In subgroup analyses, independent survival determinants
were examined.

Patients and Methods

Between October 2001 and December 2007, 488 consec-
utive patients with PDAC of the pancreas head underwent
surgical resection at our institution. Venous resection for
suspected tumor infiltration of the PV, confluence, superior
mesenteric vein, or a combination was performed in 110 of
these 488 patients (22.5%). There were 50 men and 60
women with a mean age of 62.9 years (range 37–81 years).
Data on all patients were recorded prospectively in our
pancreatic tumor database. Patients with ampullary adeno-
carcinomas, distal bile-duct carcinomas, and other malig-
nancies were excluded from the study.

Preoperative evaluation included the performance of a
physical examination, blood tests, and tumor markers
(carcinoembryonic antigen (CEA), CA 19-9), chest radiog-
raphy, contrast-enhanced computed tomography or magnet-
ic resonance imaging, and American Society of
Anesthesiologists (ASA) score. Sixteen patients with
advanced local invasion underwent resection following
neoadjuvant chemoradiotherapy (n=13) or chemotherapy
(n=3). Of the remaining 94 patients, 83 had standard

adjuvant treatment according to the European Study Group
for Pancreatic Cancer (ESPAC)-3 or ESPAC-1 protocol or
were enrolled in the CapRI-Trial that compared combined
chemoradiotherapy plus interferon alpha (arm A) with
fluorouracil (5-FU) bolus infusion (arm B) in patients with
resected PDAC.18–20 The demographic and clinical varia-
bles, including age, sex, preoperative jaundice, tumor
markers, operative procedure, histopathology report,
TNM-stage, morbidity, mortality, and hospital course were
collected. All patients were regularly followed in the
outpatient clinic, or the patient’s primary physician was
personally contacted until March 2008 or the patients’
death. The median follow-up of the patients was 8.0 months
(range 0.8–45.4 months).

Surgical Technique

After appropriate preoperative selection and preparation of
the patients, general criteria for performing a PD were
absence of hepatic metastases, macroscopic peritoneal
seeding, bulky lymph node involvement, or cancer invasion
to the superior mesenteric or hepatic artery. The resection of
choice was a standard pylorus-preserving PD as described
previously21,22 and was performed in majority of patients
(n=86, 78.2%) by a team of surgeons with significant
hepatopancreatobiliary experience. Standard Kausch–
Whipple operation was performed in 23 (20.9%) patients.
In one patient, a pylorus-preserving total pancreatectomy
was required. If separation of the tumor from SMV or PV
was not possible; venous resection and reconstruction was
performed to accomplish a complete resection with tumor-
free margins. In this series, limited venous in growth was
treated with a tangential wedge resection with reconstruc-
tion completed by primary lateral venorrhaphy or an
autologous vein or polytetrafluoroethylene (PTFE) patch;
in presence of more extensive venous ingrowth, a segmen-
tal resection was performed. After segmental resection and
mobilization of the mesenteric root, reconstruction was
performed with a primary end-to-end anastomosis or PTFE
graft (10 mm ring-stabilized) in cases with long distance
defects. Cross-clamp time of SMV and PV was kept to a
minimum to avoid edema of the bowel. We usually
performed a running suture of the posterior venous wall
using 5-0 prolene with interrupted sutures of the anterior
wall to avoid narrowing of the anastomosis. The standard
lymphadenectomy in patients with resectable PDAC in-
cluded complete dissection of the hepatoduodenal ligament,
the retropancreatic tissue, and the right side of the superior
mesenteric artery. Intraoperative parameters (operating
time, blood loss) were obtained from anesthesiology
operative records. Histological findings of the tumor were
obtained from each patient’s pathology report. The lymph
node ratio (LNR) was determined by dividing the total
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number of positive lymph nodes by the total number of
examined nodes. Based on their LNR, patients were
divided into four groups (LNR=0, LNR=0–0.2; LNR=
0.2–0.4; and LNR>0.4).

Morbidity and Mortality

Major postoperative complications were defined as delayed
gastric emptying, pancreatic fistula, intraabdominal abscess,
hemorrhage, reoperation, and pneumonia. Pancreatic fistu-
la, delayed gastric emptying, and intraabdominal hemor-
rhage were defined according to the International Study
Group of Pancreatic Surgery.23,24 Postoperative mortality
was defined as death within 30 days of surgery.

Statistical Analysis

SAS software (Release 9.1, SAS Institute, Inc., Cary, NC,
USA) was used for statistical analysis. Quantitative varia-
bles are expressed as median and range. Overall survival
from the date of pancreas operation was calculated by the
Kaplan–Meier estimate. Patients alive at the last follow-up
were censored as were seven patients lost to follow-up after
1 (five patients), 2, and 3 months, respectively. Univariate
correlation between clinicopathologic variables and overall
survival were examined by the log rank test. Factors
independently associated with overall survival were identi-
fied by proportional hazard regression analysis (Cox
model). To analyze the impact of the quantitative variables
on the overall survival, quartiles were used to divide
patients into groups. Two-sided P values were always
computed and a difference was considered statistically
significant at P≤0.05.

Results

Details of Patients and Hospital Course

Demographic, clinical, and operative data, including age,
sex, preoperative jaundice, carbohydrate antigen 19-9 (CA
19-9) level, CEA level, ASA score, and the different types
of reconstruction after pancreatic head resection for the
entire cohort of 110 patients are given in Table 1. The ASA
score was 1–2 in 64 (58.2%), 3 in 43 (39.1%), and 4 in 2
(1.8%) patients. Tangential resection of either the PV or the
SMV was performed in 24 patients. Among these, in 18
(16.3%) cases a simple primary lateral venorrhaphy was
sufficient to restore portal blood flow, whereas four (4.6%)
patients underwent a venous patch and two (2.3%) a
Goretex® patch. A complete venous resection was per-
formed in 86 patients. The venous axis was subsequently
reconstructed by a primary end-to-end anastomosis (n=72,

65.5%) or by a Goretex® graft (n=14, 12.7%; Table 1).
Intraoperative blood flow was assessed clinically at the
completion of reconstruction, and Doppler-ultrasound was
performed during the postoperative period to assess patency
of the reconstructed veins.

The median operating time was 421 min (range 257–
720 min), and the median blood loss was 1,182 mL (range
100–4,500 mL). There was a 40% morbidity (n=44) and a
3.6% (n=4) postoperative mortality rate. Surgical complica-
tions occurred in ten patients (9%) and are listed in Table 2.
The most common postoperative complication was delayed
gastric emptying (n=15). Other complications included three
intraabdominal hemorrhages Grade B and four pancreatic
fistulas (two Grade A and two Grade C).23,24 Two of the
patients with pancreatic fistulas had additional pathologic
findings of the colon (one patient with ischemia and one
patient with perforation). Lymph fistula (n=1), pancreatic
necrosis (n=1), and PV thrombosis with consecutive liver
abscess (n=1) was detected in the other patients. Reoper-
ation was necessary in ten patients (9%) after 7 days (range
1–22). The mean hospital stay for all patients was 17.9
(range: 4–64).

Histopathology

The histopathological data are summarized in Table 3.
Tumor size (maximal transverse diameter) was recorded at
the time of pathologic evaluation of the PD specimen.

Table 1 Patient Demographics, Preoperative, and Operative Data of
110 Patients with Venous Resection

Patient Demographics, Preoperative, and Operative Data

Sex
M 50 45.5%
F 60 54.5%
Age, median (range) yrs 62.9 37–81
Preoperative jaundice 58 52.7%
CEA, median (range), ng/ml 5.4 0.5–57
CA 19-9, median (range), U/ml 539.1 1–5312
ASA
1 2 1.9%
2 63 57.2%
3 43 39%
4 2 1.9%
Operation
Standard PD 23 20.9%
Pylorus-preserving pancreatectomy 1 0.9%
Pylorus-preserving PD 86 78.2%
Portal vein reconstruction technique
End-to-end anastomosis 72 65.5%
Lateral venorrhaphy 18 16.3%
Prosthesis 14 12.8%
Saphenous vein patch 4 3.6%
Goretex® patch 2 1.8%
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Median tumor size was 3.3 cm (range 1.0–6.0 cm). Despite
aggressive surgical resection, the surgical margin was
positive (R1, microscopically positive) in 54 patients
(49%); curative (R0, negative resection margins) resection
was obtained in 54 patients (49%). Peripancreatic lymph
nodes in the surgical specimen were positive in 90 patients
(81.8%). The median number of lymph nodes evaluated
following pancreatic resection was 25 (range 5–63). In
those patients with lymph node metastasis (N1, n=90) the
mean number of positive lymph nodes was 5 (range 1–19).
Most N1 patients had a LNR less than 0.2 (n=54, 49%);
however, some had a LNR of >0.2 to 0.4 (n=25, 22.7%) or
>0.4 (n=11, 10%; Fig. 1). The majority of the tumors were
moderately differentiated (grade II, n=69, 62.7%). Despite
suspected venous invasion macroscopically in all patients,
histological examination showed tumor cell infiltration of

the resected venous wall in 86 patients (78.1%) of the 110
patients.

Survival

The median survival for PD with venous resection was
14.5 months (range 7.3–24 months). The 1-, 2-, and 3-year
survival rates were 55.2%, 23.1%, and 14.4%, respectively
(Fig. 2). There was no significant difference in survival
after resection for PDAC between patients with tumor-
positive (R1) or tumor-free (R0) resection margins (P=
0.26). No significant difference in survival was seen
between patients who had venous resection with histolog-
ically confirmed tumor infiltration and patients who had
venous resection with suspected tumor infiltration (P=
0.65). Tumor size, blood loss, lymph node status, and
lymph node ratio also had no prognostic impact on survival
in our study population. Furthermore, there was no
significant difference in survival between the patients with
neoadjuvant treatment and the patients without neoadjuvant
treatment (P=0.51; Fig. 3). Marginally, significant factors
were operating time longer than 420 min (p=0.08), patients
older than 70 years (p=0.07), and occurrence of postoper-
ative complications (p=0.08) (Fig. 4). The overall survival
did not differ for patients undergoing different reconstruc-
tion techniques (lateral venorrhaphy versus end-to-end
versus graft interposition; p=0.72, Fig. 5). Also, preoper-
ative Ca 19-9 and CEA levels and ASA score had no
statistical significance in multivariate analysis. Only age
(hazard ratio (HR) 1.811, P=0.037), operating time (HR
1.743, P=0.037), and lack of major postoperative compli-
cations (HR 1.580, P=0.07) were identified as factors that
were independently associated with poorer survival by
multivariate analysis using a Cox proportional hazards
model (Table 4).

Discussion

PDAC is one of the most aggressive human tumors and is
the second most common malignancy of the gastrointestinal
tract.1 Radical resection is often precluded by the close
anatomical relationship between the tumor in the pancreatic
head with the portal and superior mesenteric veins and the
hepatic and mesenteric arteries. Tumor adherence to the
PV/SMV is common in PDAC of the pancreatic head as
reflected by the rate of vein resection during PD, which
rises to 20–30% in our and some previous series.4,12,17 A
more recent study found PV resection performed in 23% of
the reported patients, with true PV invasion occurring in
77%.14

Several series have compared PD with and without
venous resection, documenting similarities in morbidity,

Table 2 Surgical Morbidity and Mortality in 110 Patients Undergoing
PD with Venous Resection

Morbidity n %

Hemorrhage from surgical site 3 2.8
Gastric emptying delay 15 13.6
Pancreatic fistula 4 3.6
Apoplex 2 1.8
Pneumonia 6 5.6
Wound infection 6 5.6
Intraabdominal abscess 2 1.8
Liver abscess 1 0.9
Cholangitis 5 4.6
Reoperation 10 9.0
Surgical mortality 4 3.6
Median (range) hospital stay (days) 17.9 4–64

Table 3 Pathological Data of 110 Patients Undergoing PD with
Venous Resection for PDAC

Data of 110 patients undergoing PD with venous resection for PDAC

Tumor size (range) cm 3.33 1.0–6.0
T-stage
1 0 0%
2 1 0.9%
3 104 94.6%
4 5 4.5%
Histopathologic type
Well differentiated 4 3.7%
Moderately differentiated 70 63.5%
Poorly differentiated 36 32.8%
Curability
Curative (R0) 54 49.1%
Non-curative (R1/R2) 54 49.1%
Rx 2 1.8%
Vascular invasion 86 78.1%
Vessel not infiltrated 24 21.9%
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operative mortality, and survival.14,15,25 Overall morbidity,
however, is not insignificant, ranging from 30% to 50%,
and survival is often unsatisfactory with median survival
rates of 11–20 months.26,27

Given the low operative mortality of less than 5% in
experienced centers, the belief in vascular resection is still
controversial which is reflected by considerable differences
in venous resection rates varying from 3% to 41%.12,15,22,28

There remains the oncological justification for PV resec-
tion. The European Study Group for Pancreatic Cancer
described that there was no survival difference related to
invasion of adjacent structures.29 It is widely accepted that

PV resection increases the resectability rate in cancers of
the pancreatic head. Nakao et al. increased their resectabil-
ity rate to 63%30 and Takahashi et al. from 48% to 57%.10

Over the last decade, efforts have been directed towards the
development of adjuvant and neo-adjuvant therapies in an
attempt to improve outcome. Adjuvant chemotherapy has
proven advantageous in terms of prolonging overall
survival,20 whereas neoadjuvant treatment regimens and
adjuvant chemoradiation are still considered controversial,
with large randomized controlled trials required for further
evaluation.31 Previous reports have identified tumor-
associated biologic characteristics which are important in

Figure 2 Overall survival after
PD and venous resection in 110
patients. The 1-, 2-, and 3-year
survival rates were 55.2%,
23.1%, and 14.4%, respectively.

Figure 1 Overall survival and
lymph node ratio.
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the prognosis of PDAC patients after resection. For example
lymph node status, tumor size, and status of the resection
have all been previously shown to be significant determi-
nants of survival.32–34 Recently, single center studies
reported on LNR as a prognostic factor in PDAC.35,36

Before PDAC resection, Ca 19-9 can be considered the
most important predictive factor of both recurrence and
survival. Some studies have also identified a correlation
between the expression of Ca 19-9 and the hepatic
metastatic potential and a direct relationship between tumor
burden and Ca 19-9 level in PDAC.37 Schlieman et al.

reported that a Ca 19-9 level of more than 150 kU/L may be
associated with unresectability.38

Nakagohri et al. reported that negative microscopic
invasion to the PV was associated with longer survival.39

Tseng et al. demonstrated in a multivariate analysis that only
positive lymph nodes and major perioperative complications
were associated with a significant decrease in survival.12 In
the present study, the only two factors which had an
independent influence on survival were operating time
(<420 vs. >420 min) and age (>70 vs. <70 years). Mean
operating time is comparable with data from other studies

Figure 3 Overall survival after
PD in patients who underwent
neoadjuvant treatment (n=16) as
compared with patients who did
not undergo neoadjuvant
treatment (n=94).

Figure 4 Overall survival and
postoperative complications
(30-days mortality excluded).
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that reported operating times ranging from 500–660 min.12,28

Multiple studies have demonstrated good outcomes in
appropriate elderly candidates with little to no increase in
morbidity and mortality.40,41 The morbidity rate in our
patients with venous resection is comparable to the results
of most reported series.42,43 In addition to pancreatic fistula
and postoperative hemorrhage, delayed gastric emptying is
one of the most common postoperative complications after
pancreatic surgery occurring in 19–57% of patients.24,39

In our study, venous resections were mainly end-to-end
anastomosis—implying removal of a full cross section vein.
This and the lateral venorrhaphy technique can be
performed in most cases with venous involvement and has
been the preferred method by other groups.15,44 Although
lacking statistical significance, venous reconstruction with a
primary lateral venorrhaphy had the longest median
survival of 21 months compared to end-to-end anastomosis
(13 months) and graft (14 months). This may imply a
greater survival for lesser degrees of venous invasion rather
than advanced venous involvement as indicated in several
series of venous resection.30,45

The R1 rate in the present series seems remarkably high
compared with the current literature.14,34,46,47 Possible

explanations for the high rate could be the lack of
standardized pathology protocols for pancreatic cancer and
the different definition and pathologic evaluation of the R1
status (0 vs. 1 mm from the resection margin). The recently
published cohort with a R1 rate of 76%, that was examined
according to a standardized protocol developed by the
European Study Group for Pancreatic Cancer was partially
included in the present study and might have influenced the
overall resection status.48 Thus, a high rate of R1 resections
is a potential marker of high-quality pathology rather than
low quality surgery.49

Conclusion

In summary, the results of the present study show that
venous resection during PD for PDAC of the pancreatic
head can be safely performed with acceptable perioperative
morbidity and mortality. If segmental venous involvement
is suspected macroscopically during resection, this segment
should be resected, although in up to 20% of cases tumor
infiltration may not be confirmed. PV resection is important
for local macroscopic cancer control to achieve complete
tumor clearance. However, PV resection on its own cannot
achieve a favorable long-term survival in most patients
requiring PV resection because distant metastases are
common. With surgery alone, the success of PD with
vascular resection requires careful selection of patients.
Future studies are needed to identify a subgroup of patients
who may have a real benefit from PD with vascular
resection, while improvements in adjuvant therapies and,
thus, systemic control may yet justify more radical surgical
treatment of advanced local disease.

Table 4 Multivariate Analysis of Prognostic Parameters After
Simultaneous Pancreatic and Venous Resection

Independent
prognostic factor

Hazard
ratio

95% Confidence
interval

P value

Complication (yes vs. no) 1.580 0.953–2.621 0.0763
Age <70 vs. >70 years 1.811 1.037–3.164 0.0369
Operation time >420 vs.
<420 min

1.743 1.035–2.936 0.0367

Figure 5 Overall survival and
reconstruction technique of PV.
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Abstract
Background Hypertension is a well-recognized and treatable risk factor for coronary heart disease and is one of the most
common comorbidities associated with obesity. The aim of this study was to characterize the clinical outcome of a cohort of
patients with documented hypertension who underwent laparoscopic gastric bypass.
Methods Ninety-five obese patients with documented hypertension and being treated with antihypertensive medication(s)
underwent laparoscopic gastric bypass. Main outcome measures included length of hypertensive condition, changes in
systolic and diastolic blood pressures, and changes in antihypertensive medication(s) at follow-up.
Results There were 69 (72%) females with a mean preoperative body mass index of 47 kg/m2. The mean duration of
hypertension was 73±70 months. The mean excess body weight loss at 12 months was 66%. The mean systolic blood
pressure significantly decreased from 140±17 mmHg preoperatively to 120±18 mmHg at 12 months (p<0.01). The mean
diastolic blood pressure also significantly decreased from 80±11 mmHg preoperatively to 71±8 mmHg at 12 months (p<0.01).
At 12 months follow-up, 44 (46%) patients had complete resolution of hypertension while 18 (19%) patients had
improvement. Patients with complete resolution had a shorter duration of disease as compared to patients without resolution
(53 vs. 95 months, respectively, p=0.01).
Conclusion Weight loss associated with laparoscopic gastric bypass substantially improves and/or resolves hypertension in
the majority of patients. Improvement of hypertension occurs as early as 1 month postoperatively and is more frequently in
patients with a shorter preoperative duration of disease.

Keywords Bariatric surgery .Morbid obesity .

Systemic hypertension . Gastric bypass
Background

The prevalence of obesity in the USA is on the rise. It is
estimated that one-third of the adult population in the USA
is obese.1,2 Obesity has been associated with a number of
comorbid conditions such as hypertension, hyperlipidemia,
obstructive sleep apnea, type 2 diabetes, arthritis, and
coronary artery disease.3,4 Of these conditions, hyperten-
sion is the most common comorbidity associated with
obesity. The risk of developing hypertension has been
found to increase with increasing weight class.5 Hyperten-
sion alone is a cardiovascular risk factor but when
combined with obesity, there is a substantially higher
cardiovascular risk.6 A number of studies have shown that
weight reduction is associated with significant improve-
ment or remission of many of the obesity-related comorbid
conditions and can lead to a decrease in the predicted
cardiovascular risk.7–13 Surgery is currently the most
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successful method for sustained weight loss in the morbidly
obese.3,14 There are a number of surgical approaches to
weight loss which include both malabsorptive and/or
restrictive mechanisms. Currently, in the USA, Roux-en-Y
gastric bypass is the most commonly performed bariatric
procedure. The aim of this study was to characterize the
clinical outcomes, specifically with regard to improvement
or resolution of hypertension, of a cohort of morbidly
obese hypertensive patients who underwent laparoscopic
Roux-en-Y gastric bypass.

Materials and Methods

Patient Identification and Selection

We performed a retrospective analysis of our prospectively
collected bariatric database of 95 patients with documented
hypertension who underwent laparoscopic gastric bypass
with a minimum follow-up of 12 months. This group of
patients represented 38% of the cohort of patients who
underwent gastric bypass between 2003 and 2006. All
patients met the 1991 National Institute of Health Consensus
Conference guidelines for bariatric surgery. Our surgical
technique consisted of constructing a 15- to 20-ml transected
gastric pouch with a 150-cm Roux limb. The gastrojejunal
anastomosis was performed in an end-to-side fashion using a
circular stapler. Approval for this retrospective study was
obtained from the University of California Medical Center
Institutional Review Board.

Baseline clinical data including patient characteristics,
length of hypertensive condition, weight, antihypertensive
medication(s) requirement, and blood pressure readings
were obtained at the initial clinic visit. Each patient
underwent three blood pressure measurements and the
average reading was recorded by one of two medical
assistants. All patients with a preexisting diagnosis of
hypertension and currently being treated with antihyperten-
sive medication(s) were included in this review. All patients
were followed postoperatively in an outpatient clinic at
1 week, 1 month, and then at 3 months interval. Medication
adjustments in the postoperative period were made at the
discretion of each patient’s primary care physician. There
was no established protocol for the reduction or discontin-
uation of antihypertensive medication(s). Improvement of
hypertension was defined as a decrease in medication
requirement and a normal blood pressure (systolic pressure
<140 mmHg and diastolic pressure <80 mmHg). Resolution
of hypertension was defined as a normal blood pressure and
discontinuation of all antihypertensive medications. The
Assessment of Obesity-Related Comorbidity (AORC) scale
was used to objectively quantify preoperative and postop-
erative degrees of hypertension.15 The scale of 0 was

defined as not present; a scale of 1 was defined as
borderline/intermittent diagnosis not confirmed; a scale of
2 was defined as controlled by diet and exercise; a scale of
3 was defined as treatment with a single medication; and a
scale of 4 was defined as treatment with multiple
medications.

Statistical Analysis

Continuous variables were expressed as mean±standard
deviation and were analyzed using two-sample t tests.
Categorical variables were analyzed using Fisher’s exact
tests or the Chi-square tests with Yates’ correction when
appropriate. Statistical analysis was performed using SPSS
statistical software, version 12.0 (SPSS Inc., Chicago, IL,
USA). A p value of less than 0.05 was considered
significant.

Results

There were 95 morbidly obese patients with documented
hypertension who underwent laparoscopic gastric bypass
with complete data at 1-year follow-up (Table 1). There
were 26 (28%) males and 69 (72%) females with a mean
age of 47±9 years (range 26–64 years). The mean body
mass index was 47±8 kg/m2. The mean excess body weight
loss was 23% at 1 month, 38% at 3 months, 55% at
6 months, 62% at 9 months, and 66% at 1 year. There were
no in-hospital or 30-day mortalities. The mean duration of
hypertension prior to gastric bypass was 73±70 months.
Preoperatively, all patients were on at least a single
antihypertensive medication; 57 patients (60%) have a
hypertension AORC scale of 3 and 38 patients (40%) have
a hypertension AORC Scale of 4.

Table 1 Characteristics and Outcomes of Hypertensive Morbidly
Obese Patients who Underwent Laparoscopic Gastric Bypass

No. of hypertension patients (N) 95
No. of females (%) 69 (72)
Mean age (years) 47±9
Baseline body mass index (kg/m2) 47±8
Mean duration of disease (months) 73±70
No. of patients with preoperative hypertension
AORC scale=3a (%)

57 (60)

No. of patients with preoperative hypertension
AORC scale=4b (%)

38 (40)

30-day or in-hospital mortality (%) 0 (0)
Mean excess body weight loss at 1 month (%) 23±9
Mean excess body weight loss at 12 months (%) 66±16

AORC scale Assessment of Obesity-Related Comorbidity scale
a Treatment of hypertension with a single medication
b Treatment of hypertension with multiple medications
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There was a significant reduction in mean systolic blood
pressure from 140±17 mmHg preoperatively to 123±
18 mmHg at 1 month and ultimately to 120±18 mmHg at
12 months postoperatively, p<0.01 (Fig. 1). There was also
a significant reduction in the mean diastolic blood pressure
from 80±11 mmHg preoperatively to 75±10 mmHg at
1 month and 71±8 mmHg at 12 months postoperatively, p<
0.01. At 1 month postoperatively, 24 (25%) patients had
complete resolution of hypertension while 34 (36%) had
improvement (Fig. 2). At 12 months postoperatively, 44
(46%) patients had complete resolution while 18 (19%)
patients had improvement of hypertension. Patients with
complete resolution of hypertension at 1 month postoper-
atively had a shorter duration of disease as compared to
those without resolution (38±45 months vs. 87±74 months,
p<0.01). At 12 months postoperatively, the mean duration
of preexisting hypertension was also lower for patients with
resolution of hypertension compared to patients who did
not have resolution, 53±52 months vs. 95±81 months,
respectively, p=0.03 (Table 2). The median percent excess

body weight loss was 57% at 12 months. Of the patients
who achieved excess body weight loss above the median
value, 72% had resolution of hypertension as compared to
19% had resolution for patients who did not achieve the
median weight loss (p<0.01). The 12 months, mean systolic
blood pressure was lower in patients who had resolution of
hypertension when compared to those without resolution,
114±17 mmHg vs. 128±12 mmHg (p=0.02) and the
diastolic blood pressure was also lower in patients who had
resolution of condition, 70±10 mmHg vs. 80±11 mmHg,
respectively, p<0.01. At 12 months, 46% of patients have a
hypertension AORC scale of 0 while 7% and 46% have an
AORC scale of 3 and 4, respectively. Age, gender, race,
preoperative BMI, preoperative blood pressure, preoperative
AORC scale, and preoperative medication requirements were
similar between those with resolution of hypertension and
those without.

Discussion

The main finding of this study is that morbidly obese
patients with hypertension who underwent laparoscopic
gastric bypass had a significant improvement in both
systolic and diastolic blood pressure at 12 months after
surgery and reduction in the need for anti-hypertensive
medications. Improvement in blood pressure was seen as
early as 1 month postoperatively. At 1 month after gastric
bypass, there was 25% complete resolution of hypertension
and at 12 months postoperatively, 44% of individuals had
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Figure 2 Improvement or resolution of hypertension in morbidly
obese patients with documented hypertension who underwent laparo-
scopic gastric bypass.

Table 2 Comparisons of Patient with Complete Resolution of
Hypertension vs. Patients without Resolution at 12 Months
Postoperatively

Resolution
(N=44)

No resolution
(N=51)

Mean age (years) 46±9 49±8
No of females (%) 33 (75) 34 (67)
No. of Hispanics (%) 8 (18) 6 (12)
No. of African Americans (%) 3 (7) 5 (10)
Mean preoperative no. of
antihypertensive medications

2±1 2±1

Mean duration of hypertensive
disease (months)

55±52* 93±81

Preoperative systolic blood pressure
(mmHg)

136±16 142±17

Systolic blood pressure at
12 months (mmHg)

114±17* 128±12

Preoperative diastolic blood
pressure (mmHg)

78±10 81±12

Diastolic blood pressure at
12 months (mmHg)

70±10* 80±11

*p<0.05, compared to patients without resolution of hypertension
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complete resolution. Individuals with complete resolution
of hypertension had shorter duration of disease compared to
those without resolution.

Hypertension is the most common comorbidity associ-
ated with obesity. Numerous mechanisms have been
proposed as to how obesity contributes to the development
of hypertension. Some of the proposed mechanisms include
alteration in the renin–angiotensin–aldosterone system,
increased sympathetic nervous system activity, develop-
ment of insulin resistance, hyperleptinemia and leptin
resistance, altered coagulation factors, inflammation, and
endothelial dysfunction.16 Most likely, the mechanism for
hypertension in the obese is multifactorial. The incidence of
hypertension in patients who undergo bariatric surgery
ranges from 40% and up to 70% depending on the definition
for hypertension.10,12,16–19 For example, Fernstrom et al., in
their evaluation of 285 gastric bypass patients, included
patients with stage 1 hypertension (systolic blood pressure
>140 mmHg and diastolic >90 mmHg) without anti-
hypertensive medications and thus found a 57% incidence
of hypertension within their study group.20

The combination of obesity and hypertension places
patients at a higher cardiovascular risk than those patients
without hypertension. This risk can be markedly reduced
after resolution of hypertension following weight loss.19 In
a large population-based study of 197 patients, Batsis et al.
found a significant improvement in hypertension, diabetes,
and dyslipidemia, leading to a decrease in the estimated
10-year risk of cardiovascular events in morbidly obese
patients after gastric bypass.13 In our study, the weight loss
following laparoscopic gastric bypass led to significant
decrease in both systolic and diastolic blood pressure. At
12 months postoperatively, our cohort had a 14% reduction
(by 20 mmHg) in the systolic blood pressure and an 11%
reduction (by 9 mmHg) in the diastolic blood pressure.
Fernstrom et al., in a retrospective review of 347 patients
who underwent either gastric bypass or vertical band gastro-
plasty, reported only a modest reduction in systolic (3 mmHg)
and diastolic (4 mmHg) blood pressure.20 Outcome data from
the Swedish Obese Subjects (SOS) study, which compared
1,157 obese patients who underwent bariatric surgery to
1,031 obese-matched medically treated patients, revealed
marked reductions in both weight and blood pressure in the
surgical group when compared to the medically treated
group.21 The surgically treated group had an improvement of
11 mmHg for systolic blood pressure and 7 mmHg for
diastolic blood pressure. However, by year 8, there was no
difference between the blood pressures of the surgical group
vs. the medically treated group.21 However, in a small subset
of patients who underwent gastric bypass in the SOS study,
weight loss and improvement of hypertension persisted. Other
studies have also reported similar results with continual
improvement/resolution of hypertension after 1 year.20

Multiple studies have shown that weight loss after
gastric bypass will lead to the resolution of multiple
comorbidities. In our study, 46% of patients had complete
resolution of hypertension with 65% of patients showed
improvement or resolution at 12 months. Sugerman et al.
reported a 69% resolution of hypertension in their analysis
of 1,025 gastric bypass patients, which was maintained out
to 5 to 7 years.18 Similarly, Fernstrom et al. found 50%
resolution of hypertension after surgery with no relapse at
12 to 18 months follow-up. In a large meta-analysis that
included 136 studies and 2,115 gastric bypass patients,
Buchwald et al. found that 75% of patients had resolution
and 87% had resolution or improvement of hypertension.3

In a retrospective analysis of 55 veterans who underwent
gastric bypass, Huerta et al. found 89% resolution of
hypertension following the gastric bypass.22 Maggard and
colleagues reviewed 19 studies that reported changes in
hypertension after bariatric surgery and found that resolu-
tion or improvement of hypertension occurred in 25% to
75% of patients while improvement was seen in 95% to
100% of patients following bariatric surgery.14

Our study also showed a relationship between the length
of preexisting hypertension and the likelihood for resolu-
tion of the disease. The mean length of condition was
significantly lower in patients who had complete resolution
of hypertension when compared to those without resolution.
At 1 month after gastric bypass, patients who experienced
resolution of hypertension had a shorter mean length of
hypertension at 38 months compared to 87 months in
patients without resolution. The same was true at 12 months;
patients with resolution of hypertension had a significantly
shorter length of hypertension when compared to those
without resolution. These findings suggest that a length of
preexisting hypertension of less than 4 years may be
predictive for those patients who will not only have
resolution of hypertension following gastric bypass but
those who will resolve sooner. These findings also suggest
that the longer hypertension persists, the more functional and
structural changes accompany the disease and the more
difficult for the disease to resolve.23,24 This was previously
proposed by Sugerman et al.18 Given this finding, perhaps
bariatric surgery should be offered much sooner to
morbidly obese patients with hypertension, as length of
preexisting condition is an important factor predicting its
resolution.

Conclusion

In conclusion, weight loss associated with laparoscopic
gastric bypass significantly improves systolic and diastolic
blood pressure and is effective in leading to discontinuation
or a marked reduction of hypertensive medication
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requirements in a large proportion of morbidly obese
hypertensive patients. These findings occur as early as
1 month postoperatively and seem to be associated with
the duration of preexisting disease. Moreover, patients
with a length of preexisting hypertension of less than
4 years are more likely to have resolution of hyperten-
sion. This suggests that perhaps patients with morbid
obesity and hypertension should be offered surgical
weight loss earlier in their disease process.

Open Access This article is distributed under the terms of the Creative
Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.
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Abstract
Background Enoxaparin is an important molecule which had been using in prophylaxis and treatment of deep venous
thrombosis. Also, it is showed that it prevents postsurgical peritoneal adhesions in rats. It is aimed to evaluate its effects on
gastrointestinal wound healing.
Methods Thirty Wistar albino rats were divided into three groups as control, subcutan, and intraperitoneal enoxaparin
groups. Left colon anastomoses were performed. On postoperative seventh day, anastomotic healing was evaluated by
measuring anastomotic bursting pressure, tissue hydroxyproline levels, and histopathological examination.
Results The anastomotic bursting pressure was highest in subcutan enoxaparin group (p<0.001), intraperitoneal enoxaparin
group (p<0.01) came the second, and the control group has the worst value. The hydroxyproline results were found nearly
similar to the bursting pressure values (subcutan (p<0.001)>intraperitoneal (p<0.05)>control). Neovascularization in
subcutan group (p<0.001) has a statistically significant difference to other groups.
Conclusion Enoxaparin did not interfere with colonic anastomotic resistance but improved the intestinal wound healing.

Keywords Bursting pressure . Enoxaparin .

Gastrointestinal . Hydroxyproline .Wound healing

Introduction

Strategies to reduce adhesion formation include improving
surgical techniques, optimizing laparoscopy conditions,
using pharmacologic interventions targeted at the inflam-
matory response and/or fibrin deposition and using agents
that provide a physical barrier to adhesion formation. Most
of them are expensive or have limited success.1

Low molecular weight heparin (LMWH) is an important
and cheap molecule which had been using in prophylaxis of
deep venous thrombosis (DVT) in human. Thus, many
authors studied this molecule at animal models and they
suggested that LMWH prevents postsurgical intraperitoneal
adhesions when administered either subcutaneous or intra-
peritoneally.1,2 Also, they found that LMWH prevents
peritoneal adhesion by increasing the fibrinolysis due to
serine esterase activity.1

Formation of adhesions occurs as a consequence of the
normal physiological wound healing process.1 Following
any trauma to the peritoneal surface, peritoneal mesothelial
cells cover connective tissue containing blood vessels,
collagen, lymphocytes, fibroblasts, macrophages, plasma
cells, and mast cells.1 Considering the physiological
similarities between the healing process of intestinal
anastomosis and the formation of adhesions, it is likely
that agents affecting adhesion formation may also modulate
the wound healing process. In this study, it is aimed to
investigate the effects of enoxaparin on anastomotic wound
healing and to answer the question: Does LMWH impair
the anastomotic wound healing?
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Material and Methods

The procedures followed in this study were in accordance
with the Guide for the care and use of laboratory animals
of the National Institutes of Health (Bethesda, MD, USA)
and were approved by the Animal Ethics Committee.

Groups

Group 1 is the control group with the same surgical
procedure and intraperitoneal 2 mL saline application and
daily 2 mL subcutan (SC) saline treatment until killed.
Group 2 is the SC LMWH group with the same surgical
procedure and intraperitoneal 2 mL saline application. Also,
additional SC 100 IU/kg enoxaparin (Clexane®, Aventis
Pharma, France) application at 12 h before surgery, 6 h after
surgery, and everyday in postoperative period until killed
(as routine peroperative DVT prophylaxis).

Group 3 is the intraperitoneal LMWH group with the
same surgical procedure and intraperitoneal 100 IU/kg
enoxaparin (Clexane®, Aventis Pharma, France) application
with no additional SC LMWH (as peritoneal adhesion
prevention).2 Also, daily 2 mL SC saline treatment was
administered until killed.

Animals

A total of 30 Wistar albino rats (Rattus norvegicus)
weighing 180 to 220 g were housed on a 12-h light/dark
cycle and at a temperature of 21°C. The rats were
accustomed to laboratory conditions 1 week before experi-
mental use. They were housed two per cage under specified
pathogen-free conditions with free access to water and
standard rodent chow (Medas, Ankara, Turkey) except 12 h
before the surgery. Also, ten rats were selected randomly as
subcutan LMWH group and they were applied SC 100 IU/kg
enoxaparin (Clexane®, Aventis Pharma, France) 12 h before
the surgery.

Sterile surgical protocols were maintained throughout
the experiment. The rats were anesthetized with IM ketamine
(Ketalar, Parke Davis) 40 mg/kg and xylazine (Rompun,
Bayer AG, Leverkusen, Germany) 5 mg/kg.

Anastomotic Bursting Pressure Measurements

A 4-cm median laparotomy was performed under anesthesia.
The left colon was transected (without any resection) 4 cm
proximally to the peritoneal reflection. The bowel was
restored by an end-to-end anastomosis with six interrupted
inverting sutures of 6/0 polypropylene (Prolene, Ethicon,
UK). Before closure of the abdominal wall, animals were
assigned randomly to intraperitoneal application of 2 mL
saline in the control group (n=10) or 2 mL 100 IU/kg

LMWH (Clexane®, Aventis Pharma, France). Also, an
intraperitoneal application of 2 mL saline was performed in
the animals which have been assigned as SC LMWH group
before. The abdominal wall was closed by continuous 3/0
polypropylene sutures (Prolene, Ethicon, UK).

On postoperative seventh day, healing of anastomotic
wounds was evaluated by measuring anastomotic bursting
pressure, which is reported to be preferable to other methods,
such as busting wall tension or tensile strength.3–5 Postop-
erative seventh day was the final time point for bursting
pressure measurements, since beyond this, most colon
segments rupture outside the anastomosis.3–5 Briefly, 6 cm
of colon segment centered by the anastomoses were
resected and rats were killed.

Measurements of anastomotic bursting pressures were
performed by another researcher except the surgeon in
blind fashion to the groups. Distal parts of the segments
were closed with 2/0 silk sutures. The proximal parts of
the segments were adapted to an intraluminal pressure
manometer (monitoring kit L978-A07 Abott, Slingo,
Ireland) and filled with isotonic NaCl solution with continu-
ous infusion (4mL/min). The bursting pressure (peek pressure
before anastomotic disruption) was measured with a pressure
transducer (peta, K 450, Ankara, Turkey). Since the evalua-
tion of the bursting pressure might have caused damage along
the anastomotic line, the anastomotic site was resected and
divided into two parts vertically. One used for hydroxyproline
measurement and the other placed in 10% formaline for
histopathological examination.

Measurements of Hydroxyproline Levels

Hydroxyproline levels are shown to indicate the amount of
collagen in tissues, and a direct relation between anasto-
motic healing and tissue hydroxyproline levels has been
reported.6,7 Hydroxyproline measurements were performed
by another researcher in blind fashion to the groups. The
tissues (30–50 mg) were placed into hydrolysis tubes. Fifty-
millimolar potassium phosphate buffer pH 7.0 and an equal
volume of concentrated HCl were added to each tube, and
the samples were hydrolyzed at 110°C for 16 h. The
samples were oxidized with chloramine-T solution
(pH 8.5), and the Ehrlich’s reagent was added. The color
was allowed to develop at 60°C for 25 min, and the
absorbency at 560 μm was determined with Bergman and
Loxley’s method.8 Total protein on tissue homogenates was
determined by the addition of trichloroacetic acid (10%
final concentration) to precipitate proteins, and the sample
was centrifuged at 2,500×g for 10 min. The amount of
protein in sediment was determined with a protein assay kit
based on the Lowry method (Bio-Rad, Hercules, CA,
USA). The hydroxyproline concentration was calculated
as mg/g wet weight tissue.
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Histological Evaluation

After being embedded in paraffin, sections were obtained at
4-μm intervals and stained with hematoxylin and eosin,
colonic tissues and anastomosis were examined under light
microscopy with a magnification of ×40 and were graded in
a blind fashion, using a modified 0 to 4 numerical scale by
Ehrlich and Hunt (Table 1).9,10 The evaluated parameters
were inflammatory cell infiltration, fibroblast ingrowth,
neovascularization, and collagen deposition. Each parameter
was assessed individually using the numerical scale.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) 11.5 software
(SPSS Inc, Chicago, IL, USA). Descriptive statistics
included the mean±standard deviation or the median plus
the 25th and 75th percentiles. Prior to implementation of
specific statistical tests, all assumptions were assessed. To
compare anastomotic bursting pressure and tissue hydroxy-
proline levels between the three treatment groups, the
appropriateness of the assumptions of normality (using the
Shapiro–Wilk test) and homogeneity of variance (using
Levene’s test) were examined. For outcome variables that
did not meet the required assumptions, the Kruskal–Wallis
test was used to compare outcomes between treatment
groups, and for outcomes that met the underlying assump-

tions, the one-way analysis of variance (ANOVA) was used
to compare outcomes between the three treatment groups.
When the overall p value from the one-way ANOVA was
statistically significant (p<0.05), Tukey’s HSD procedure
was used for pairwise treatment comparisons. When the
overall p value from the Kruskal–Wallis test was statisti-
cally significant (p<0.05), pairwise comparisons between
treatment groups were make with the Wilcoxon rank sum
test. Histologic variables (Table 1) graded using an ordinal
scale (0 to 4) were compared between treatment groups
with the Kruskal–Wallis test followed by pairwise
Wilcoxon rank-sum tests only if the overall p value from
the Kruskal–Wallis test was <0.05.

Results

During the course of experimental protocols, no animal in
any of the treatment groups died. There were no wound
infections or intra-abdominal abscesses as assessed by
clinical inspection. All results were summarized at Table 2.

Anastomotic Bursting Pressure Measurements

Compared with the control group, enoxaparin treatment
resulted in statistically significant increase in the medians
of anastomotic bursting pressure measurements. There was
a statistically significant difference when control group
175 mmHg (170–177.7) comparing by SC group 185 mmHg
(182–195; p<0.001). Also, there was a statistically signif-
icant difference between control group and IP group
180 mmHg (176.5–182.7; p<0.01). Nevertheless, there
was a statistically significant difference when IP group
comparing by SC group (p<0.01; Fig. 1).

Measurements of Hydroxyproline Levels

There was a statistically significant difference when control
group (5.7±0.33 mg/g wet tissue) comparing by SC group

Table 1 Histological Grading Scale (Modified from Hunt and
Mueller9)

0 No evidence
1+ Occasional evidence
2+ Light scattering
3+ Abundant evidence
4+ Confluent cells or fibers

The following parameters were each assessed individually: inflamma-
tory cell infiltration, blood vessel and fibroblast in growth, and
collagen deposition

Table 2 Summary of the Results

Variables Control SC IP p value

Bursting pressure (mmHg) 175 (170–177.7)* 185 (182–195) 180 (176.5–182.7)*,** <0.001b

Hydroxyproline (mg/g wet tissue) 5.7±0.33* 6.4±0.38 5.9±0.33*** <0.001c

Inflammatory cell infiltrationa 3 (2.7–3.25) 3 (3–4) 3 (3–3) 0.379b

Fibroblast ingrowtha 2.5 (2–3) 3 (3–3) 3 (2–3) 0.152b

Neovascularizationa 2 (2–2.25)* 3 (2–3) 2 (2–2.25)* 0.031b

Collagen depositiona 2.5 (2–3) 3 (2–3.25) 3 (2–3.25) 0.629b

*p<0.001 (statistically significant difference when comparing by SC group); **p<0.01 (statistically significant difference when comparing by
control group); ***p<0.05 (statistically significant difference when comparing by SC group)
a According to the histological grading scale
b Kruskal–Wallis test; the median and 25th and 75th percentiles are reported
c One-way ANOVA; mean±standard deviation are reported
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(6.4±0.38 mg/g wet tissue; p<0.001). Also, there was a
statistically significant difference between IP group (5.9±
0.33 mg/g wet tissue) and SC group (p<0.05; Fig. 2). But
there was no statistically significant difference was found
between control group and IP group in the means of tissue
hydroxyproline levels (p>0.05).

Histological Evaluation

There were no statistically significant differences between
groups in the means of inflammatory cell infiltration,
fibroblast ingrowth, and collagen deposition (p>0.05).
Nevertheless, statistically significant differences were cal-
culated when control group comparing by SC group (p<
0.001) and IP group comparing by SC group (p<0.001) in
the means of neovascularization. But no statistically
significant difference was calculated between control group
and IP group (p>0.05) in the means of neovascularization
(Table 2).

Discussion

Anastomotic dehiscence remains a serious complication in
gastrointestinal surgery, resulting in high morbidity and
mortality. Furthermore, anastomotic leakage has a large
negative impact, reducing over all survival after esophago-

gastrectomy for cancer and colorectal cancer resection.
Therefore, many experiments and trials have been per-
formed in an attempt to find out how to avoid anastomotic
leakage after gastrointestinal surgery. The progress of
collagen synthesis plays a central role in gastrointestinal
healing sequence: Disturbance of its regulation will affect
anastomotic strength and might enhance the risk of
dehiscence.11 Hydroxyproline and vitamin C are the main
substance in collagen synthesis. Hydroxyproline levels are
shown to indicate the amount of collagen in tissues, and a
direct relation between anastomotic healing and tissue
hydroxyproline levels has been reported.6,7 Collagen is
the most essential basal, skeletal protein employed in the
healing cycle. It is synthesized dynamically by proliferating
fibroblasts and fills wounds to create a stable scar.
Production of collagen in the fibroplasia phase and remodel-
ing phase is initiated days after occurrence of a wound
while inflammation and formation of granulated tissue
occur immediately and continue for several weeks. Heparin
has been shown to inhibit production of collagen in
fibroblast culture and it appears likely that it would also
delay wound maturation and, consequently, also delay the
healing process.12

LMWHs are fragments of unfractioned heparin produced
by controlled enzymatic or chemical depolymerization. Not
only is there a lower hemorrhagic risk for an equivalent
antithrombotic effect but their application also is easier than
unfractioned heparin.13 Enoxaparin (enoxaparin sodium) is
a low molecular weight heparin that binds to and increases
the activity of antithrombin III. The resulting complex
inhibits prothrombinase-mediated thrombin generation and
direct thrombin generation by binding to factor Xa and
thrombin factor IIa. Enoxaparin, used as prophylaxis in
medically ill patients at increased risk for thromboembo-
lism, has shown significantly increased efficacy compared
with placebo in reducing the incidence of deep vein
thrombosis and pulmonary embolism. Okutan et al.
suggested that there was no statistically significant differ-
ence between enoxaparin and unfractioned heparin or other
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Figure 2 Hydroxyproline levels (mg/g wet tissue) of the control
(5.7±0.33), subcutan enoxaparin (SC; 6.4±0.38) and intraperitoneal
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fractionated low molecular weight forms in terms of
diminishing acute inflammation after venous thrombosis.14

Further studies are needed to evaluate the effects of
unfractioned heparin or other fractionated low molecular
weight heparins on anastomotic wound healing. Also, Lynd
et al. concluded that enoxaparin was superior to unfractioned
heparin in the terms of cost-effectiveness for the prophylaxis
of deep vein thrombosis following major trauma.15

LMWH reduces peritoneal adhesion by increasing the
fibrinolysis due to serine esterase activity.2 All LMWHs
block the transformation of fibrinogen to fibrin by inhibit-
ing thrombin. Enoxaparin inhibits not only thrombin but
also prothrombinase. Many authors suggested that LMWH
as well as enoxaparin prevents postsurgical intraperitoneal
adhesions when administered either subcutaneous or
intraperitoneally.1,2,16,17

However, there is no report about the effects of enoxaparin
on gastrointestinal wound healing neither applications to
prevent intra-abdominal adhesions nor usages in prophylaxis
or treatment of deep venous thrombosis. In this study, the
same dosing in DVT treatment in human was applied for the
rats. Also, this dosing regimen was reported as preventing
postoperative intraperitoneal adhesion formation.1,2,16

In this study, we found that the anastomotic bursting
pressure was higher in both the subcutan enoxaparin (SC)
group (median=185 mmHg) and the intraperitoneal enox-
aparin (IP) group (median=180 mmHg) when compared to
the control group (median=175 mmHg; p<0.001 for SC
versus control and p<0.01 for IP versus control)). Arikan et
al. also found the hydroxyproline levels higher in the
enoxaparin received group, in their experimental study that
they have studied cutaneous wound healing and peritoneal
adhesions.17 They have found only fibrosis formation was
significantly different only in the group that received both
hyperbaric oxygen treatment and enoxaparin. In histopath-
ological examination of our anastomotic specimens, it is
found that only neovascularization in SC group has a
statistically significant difference to other groups. Thus, we
thought that it might be the pathogenetical mechanism of
how enoxaparin effects the wound healing. Since we
investigated only the effect of enoxaparin on intestinal
anastomotic wound healing in rats, not the mechanism of
this effect, we did not evaluate it. These parameters should
be analyzed in further studies that investigate the mecha-
nism of this effect of enoxaparin.

Positive effects of enoxaparin on circulation were shown
in previous studies.18 Sifil et al. suggested that intraperito-
neal enoxaparin administration did not cause as the same
effect as SC application.19 We thought that the lesser effect
of the intraperitoneal administration of enoxaparin on
wound healing and neovascularization in our study might
due to a dose effect. These parameters should be analyzed
in further studies.

There is no doubt that heparin usage in abdominal
surgery is indispensable. However in parallel to their
demonstrated anticoagulant ability, LMWHs have effects
on viability, proliferation, and apoptosis of various cells.
Based on reports that have been published over the last
decade, Basson suggested that collaboration of cells in the
mucosal and submucosal (below the basement membrane)
layers appear to be a necessary condition for the proper
healing of the gut.20 In our study, SC enoxaparin group has
the best bursting pressure value and tissue hydroxyproline
level. In light microscopic evaluation of the tissues,
neovascularization in SC group (p<0.001) has a statistically
significant difference to other groups. This fact could be
explained by a better angiogenesis of rats treated with
enoxaparin, once heparin is associated with the activation of
fibroblasts growth factors, epidermal growth, and especially
vascular endothelial growth.21–24 This latter one would be the
main factor for the vascular neoformation stimulus.24–27

There are experimental studies reporting faster healing as a
result of the better granulation tissue formation and collagen
fibers in rats with second degree burns treated with
subcutaneous heparin and improvement on angiogenesis
and decrease on the healing time in patients with diabetic
ulcer, ulcerative colitis and burns.23,24,28,29

Conclusion

Enoxaparin, especially in the DVT prophylaxis dose with
SC application daily, did not only interfere with colonic
anastomotic resistance but also improved the intestinal
wound healing in rats. In the light of our findings, we
suggest the usage of SC enoxaparin (in DVT prophylaxis
dose) for the patients not only in the group under DVT risk
but also those who had undergone bowel anastomoses at
least until the postoperative seventh day.
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Abstract Laparoscopic sigmoid colectomy has been widely accepted as elective approach but is, however, still discussed
controversially for acute cases. Patients receiving a laparoscopic early single-stage procedure benefit from an early
postoperative convalescence with a minimum of disability. As more surgeons gain expertise in minimally invasive surgery
of the rectosigmoid, this video highlights the main steps of a rectosigmoid resection for acute complicated diverticulitis.
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Introduction

The laparoscopic surgical approach for complicated diver-
ticulitis is challenging ranging from a multistage procedure
to a single-stage resection with primary anastomosis. We
present a laparoscopic rectosigmoid resection for acute
sigmoid diverticulitis as a technically demanding procedure
resulting from an acute inflammatory process.

Method

A 61-year-old male was hospitalized with abdominal pain
in the left lower quadrant. A computed tomography (CT)
scan revealed inflammation of the sigmoid mesocolon
together with pneumoperitoneum (grade IIb according to

Hansen and Stock). Despite liquid diet and antibiotic
therapy, symptoms did not disappear. A laparoscopic
rectosigmoid resection was performed as an early elective
procedure. Trocars were placed in the upper left abdominal
quadrant (11 mm), the right side (11 mm) and the lower
right (12 mm) quadrant. Adhesions of the small bowel to
the sigmoid colon were transected. The inflamed sigmoid
mesentery was separated from the lateral abdominal wall
with preservation of the genital vessels and the left ureter.
The mesorectum was dissected circularly. The sigmoid
branches were dissected and the rectosigmoid junction was
divided using two 45-mm endoscopic linear cutting
staplers. The colon was exteriorized through a 5-cm
Pfannenstiel incision and the anastomosis was performed
laparoscopically using a double-stapling technique. A non-
suction drainage was inserted into the Douglas pouch.

Results

The video presents a patient with an acute episode of a
recurrent sigmoid diverticulitis with extraluminal air in the
CT scan suggesting the side of colon perforation. No
intraoperative or postoperative complication occurred.
Operation time was 125 min. A primary anastomosis
without diverting ileostomy was performed because perito-
nitis was localized. The size of the Pfannenstiel incision
line depended on the diameter of the inflammatory
conglomerate process and can usually be kept as small as
possible. Bowel movement was restored on the first day
after surgery and the patient was discharged from hospital
after complete nutritional build up.
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Conclusion

This case indicates that laparoscopic rectosigmoid resection
in patients with acute sigmoid diverticulitis might serve as
a feasible one-stage procedure with fast recovery. This

demanding operative approach should be performed in high
volume centres by surgeons with expertise. However,
prospective randomized trials are necessary to evaluate this
procedure as surgical alternative and as attractive approach
for the patients.
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Abstract
Introduction Rosai–Dorfman disease (RDD), originally described as sinus histiocytosis with massive lymphadenopathy, is a
rare histiocytic proliferative disorder with a distinctive microscopic appearance. It formerly was thought to be a process
limited to lymph nodes, yet RDD has been documented to occur in many organ systems, notably the bone, skin, soft tissue,
central nervous system, eye and orbit, and upper respiratory tract. The digestive system, however, is affected only
exceptionally, with this being only the second documented case involving the pancreas.
Case Description In this case report, we present a case of a 63-year-old African-American female who was found to have a
pancreatic head mass and right middle lobe pleural nodule during evaluation for obstructive jaundice.
Discussion and Conclusion She underwent a Whipple procedure. Her pathology of both the pancreatic mass and RML lung
wedge resection showed sinus histiocytosis with massive lymphadenopathy, along with extensive fibrosis intertwined with
nodular mixed inflammatory infiltrate. The histiocytes characteristically showed “emperipolesis,” in which lymphocytes had
penetrated the cytoplasm and remained viable within the histiocytes (lymphocytes continued to have free movement in the
histiocyte). In addition, the histiocytic cells were positive with S-100 protein and CD68, hallmarks of RDD. Although rare,
Rosai–Dorfman disease should be considered in the differential diagnosis of patients presenting with pancreatic and/or lung
nodules, especially when biopsy or cytology results report atypical inflammatory findings.

Keywords Obstructive jaundice . Rosai–Dorfman disease .

Sinus histiocytosis with massive lymphadenopathy .

Emperipolesis . Pancreatic mass .Whipple procedure

Case Description

A 63-year-old African-American woman with hypertension
and diabetes mellitus type-II presented to a community
hospital with progressive painless jaundice, pruritis, and

darkening urine. She denied nausea, vomiting, abdominal
pain, pulmonary symptoms, hematochezia, or appetite
changes. Also found was a 5-lb weight gain over a few
months. Her physical exam was notable for scleral icterus
and multiple papular erythematous non-tender lesions on
the chest, with the rest of the exam negative. Laboratory
examination demonstrated a normal complete blood count,
metabolic profile, and CA-19–9. Further workup included a
chest/abdomen CT scan showing a pancreatic mass as well
as a right pleural nodular mass within the right middle lobe.
An endoscopic retrograde cholangiopancreatography (ERCP)
was performed in order to relieve the obstructive jaundice
with stent placement. Brush cytology of the common bile duct
showed significant reactive ductal epithelium in the back-
ground of acute and chronic inflammatory cells.

Further evaluation continued after transfer to our hospital
for the recently discovered pancreatic mass and pleural-
based lung nodule. A chest/abdomen CT scan with contrast
was repeated showing an isodense nodule (2.5 cm) in the
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head of the pancreas, adjacent to the bile duct stent (Fig. 1a)
and a pleural-based nodule within the right middle lobe
(Fig. 1b). A PET scan was then performed, showing
increased metabolic activity in the head of the pancreas
and right middle lobe nodule.

VATS was performed (video-assisted thoracoscopic
surgery) with wedge biopsy showing a 1.2-cm-sized
nodule. Histology showed a mixed inflammatory infiltrate
with numerous histiocytes and fibroblasts. Further histo-
logical analysis (pathologically reviewed further by consul-
tation of an outside physician) revealed prominent large
pale histiocytes, some of which showing “emperipolesis,”
and S100 positive immunohistochemistry. The pathology
thus showed no metastatic pancreatic carcinoma.

Next, an endoscopic ultrasound was performed, recon-
firming the presence of a 2.3-cm mass at the head of the
pancreas and several lymph nodes involved in the area.
Fine needle aspiration (FNA) of the pancreas showed rare
atypical cells that included aggregates of crushed lympho-
cytes in a background of fibrosis. It was stated to be
negative for malignancy based on cytology.

The assessment following this full diagnostic workup
was obstructive jaundice and a pancreatic head mass that
was suspicious for pancreatic malignancy. It was further
planned for a Whipple procedure based on appearance on
CT image (Fig. 1a), the inconclusiveness of the FNA, and
the potentially poor prognosis of pancreatic cancer. The
patient had the procedure with an uneventful post-op course
and continues to do well 8 months after surgery.

The patient’s pancreatic pathology was consistent with
extranodal Rosai–Dorfman disease (RDD). Histology
showed predominantly histiocytic infiltrates, spindle cells,
mixed inflammatory infiltrates, and mild fibrosis (Fig. 2).
The peri-pancreatic lymph nodes had expanded sinuses with
histiocytosis. Within the histiocytes was “emperipolesis”
or “lymphophagocytosis,” which is lymphocytic penetra-
tion and movement within a histiocyte (Fig. 3). The
immunohistochemical staining highlighted the dense his-
tiocytic infiltrates with diffuse S100 and CD68 positivity, a
hallmark of RDD.1 Markers for Langerhan’s and dendritic
cells (CD1a, CD23), AFB, and calcium deposit stains were
all negative.

Discussion

Ultimately, this patient’s lung nodule and pancreatic mass
were consistent with extranodal Rosai–Dorfman disease
(RDD), also known as sinus histiocytosis with massive
lymphadenopathy (SHML). This case report marks the

a

b

Figure 1 a CT scan image of the pancreatic head mass (white arrow).
b CT scan image of the pleural nodule in the right middle lobe (white
arrow).

Figure 2 Low power view of the pancreatic mass histology showing
histiocytic infiltrates, spindle cells, mixed inflammatory infiltrates, and
mild fibrosis.
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second recording of RDD involving the pancreas. Esquivel
et al. described the first case involving the pancreas of a
48-year-old African-American female with hypertension.
She presented with abdominal pain and was found to have
a mass in the tail of the pancreas with focal involvement of
the spleen and peripancreatic lymph nodes. She underwent
surgical resection with no recurrence.2

RDD, first described in 1965, is a histiocytic prolifera-
tive disorder which primarily affects superficial and deep
lymph nodes. Extranodal involvement occurs in about half
of the patients, and the head and neck area represents the
regions most commonly involved. SHML has been de-
scribed in almost every organ in the body, including the
CNS, heart, thyroid, breast, skin, soft tissues, digestive tract,
liver, and ocular system.2 It is a rare disorder of unknown
etiology, primarily in children and young adults, and
typically with a prolonged clinical course. This benign
disease rarely causes visceral damage, with pathological
and immunohistochemical analysis required to make the
diagnosis.3

For this case of a 63-year-old African-American, the
pathological report from the Whipple procedure showed
hallmarks of RDD, including sinus histiocytosis, emper-
ipolesis, and positive S100 and CD68 staining. As for the
right middle lobe wedge resection, the pathology showed
nonspecific findings of nodular mixed inflammatory infil-
trate, fibrosis, and focal necrosis. In retrospect, it showed
characteristics of RDD. Biopsy slides from the lung lesion
were not sent for outside consultation until after the
pathological findings of the Whipple procedure was reported.

Another aspect of this patient’s presentation was the skin
manifestations of papular erythematous non-tender lesions
on the chest. There are many case reports of Rosai–
Dorfman disease expressing itself with cutaneous lesions,
yet do not typically present as pruritic.4,5,6 For this case, we
concluded the skin lesions were a result of the patient’s

pruritis and excessive scratching. And thus, biopsy of the
skin lesions was not considered.

While the etiology of RDD is still unknown, there have
been several theories as to its cause. Parvovirus B19
infection has been suggested from four cases of RDD
analyzed by immunohistochemistry to detect B19 capsid
proteins VP1/VP2. All four cases were shown to be
positive, and identified within either lymphocytes or, in
one extranodal case, respiratory epithelial cells.7 Parvovirus
B19 had not been tested in this patient due to the limit of
this finding to only one published article. Expression of the
Human Herpes Virus-6 (HHV-6) antigens in benign and
malignant lymphoproliferative disease has also been inves-
tigated, with one case of HHV-6 being found within skin
lesions,8 while in three other cases an absence of detection
of HHV-8 and HHV-6 had resulted from skin lesions.9 For
this case, HHV-6 by PCR quantification was negative.

A similar presentation has been documented in another
disease known as lymphoplasmacytic sclerosing pancreati-
tis (LP), also known as autoimmune pancreatitis. Patients
present typically with abdominal pain or jaundice and are
found to have a pancreatic mass resembling adenocarcino-
ma on clinical and radiological review. Classic histological
characteristics of LP include lymphoplasmacytic infiltra-
tion, interstitial fibrosis, periductal inflammation, and peri-
phlebitis, all similar to the pathology found in RDD. Two
differentiating factors are one, many patients with LP have
elevated IGG-4 serum levels, and two, ultimately respond
to steroids.10 In this case report, our patient was found to
have normal levels of IGG-4.

The clinical course of RDD is varied. While expectant
management is most often appropriate, treatment has
typically been reserved for forms that are directly threaten-
ing or progressive.1 A literature review of 80 cases over
30 years found that spontaneous resolution was most
frequently observed, chemotherapy and immunotherapy
(α-interferon) were ineffective, and radiotherapy had
limited efficacy. Surgical debulking, when required,
showed complete resolution.1 In our case with obstructive
jaundice and pancreatic head mass, our concern was for
pancreatic adenocarcinoma and thus the Whipple procedure
was performed.

In conclusion, this case report reflects a rare cause for
obstructive jaundice that mimics malignancy, both clinical-
ly and radiologically. Had the diagnosis of RDD from the
lung biopsy been made earlier, the patient still would have
needed palliation because of obstructive jaundice. Since the
patient had no major co-morbidities, it was felt she could
tolerate a pacreaticoduodenectomy without a major com-
plication. If left alone or simply bypassed with hepaticoje-
junostomy, it is unknown whether the disease would have
progressed. With only one previous case report of RDD
presenting in the pancreas, one cannot make a definite

Figure 3 High power view of the pancreatic mass histology showing
“emperipolesis” or “lymphophagocytosis” within the histiocytes.
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statement upon long-term outcome. What can be said is
both this patient and the previous case-reported patient have
remained stable without complications for many months
after surgical resection (Whipple and distal pancreatectomy),
suggesting that surgical debulking may be an important
treatment option for extranodal RDD involving the pancreas.
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Abstract Biliary complications following deceased donor liver transplantation occur with an incidence of approximately
5–10%. The most common type of biliary reconstruction in whole-organ deceased donor liver transplantation remains the
choledocho-choledochostomy, which creates an anastomosis between the donor and recipient common bile ducts or common
hepatic ducts. Key elements in performing a successful choledocho-choledochostomy include ensuring that bile ducts have
adequate blood supply and avoiding mechanical trauma or tension on the anastomosis. Techniques including ductoplasty and
spatulation can be used to fashion an anastomosis even in the face of significant size mismatch between donor and recipient bile
ducts. This article describes the technique of choledocho-choledochostomy in deceased donor liver transplantation.

Keywords Choledocho-choledochostomy .

Liver transplantation . Biliary anastomosis . Deceased donor

The biliary anastomosis has often been referred to as the
“Achilles’ heel” of liver transplantation due to the impor-
tance of biliary drainage and to the incidence of biliary
complications, which ranges from 5–10%.2,3 The critical
aspects of performing the biliary anastomosis, as in most
other GI surgery, include ensuring that the tissues have
adequate blood supply, are free of tension, and can be
approximated with minimal mechanical trauma. Options for
biliary reconstruction include creating an anastomosis
between donor and recipient bile ducts (choledocho-
choledochostomy) and creating an anastomosis between
donor bile duct and recipient jejunum (hepaticojejunostomy).
This report describes the technical aspects of choledocho-
choledochostomy.

Biliary reconstruction is performed after reperfusion has
been completed and hemostasis is adequate. Occasionally,
this requires a staged procedure, as in patients with
hemodynamic instability or profound coagulopathy. In
these patients, the biliary anastomosis can be safely
completed at a planned re-exploration 24–48 hours later.
As a general principle, it is best to wait until hemostasis is
assured before performing the biliary anastomosis, as
placing excess traction on the liver to search for bleeding
can lead to tension on the biliary anastomosis and
subsequent bile leak.

The donor gallbladder is removed to the level of the
cystic duct, which is ligated and divided. It is not necessary
to carry the dissection of the cystic duct back to its
confluence with the common hepatic duct, as this maneuver
risks devascularizing the distal-most common hepatic duct.
Earlier concerns that leaving a long cystic duct remnant
would increase the risk of biliary complications have not
been realized. Donor and recipient bile duct ends are
trimmed sharply to remove cauterized or devascularized
tissue. Vigorous bleeding should be evident from both
donor and recipient ducts, which may in turn be controlled
with fine sutures placed so as to avoid narrowing the bile
duct lumen. Use of cautery should be avoided. Lack of
bleeding suggests the duct has been devascularized and
may need to be trimmed shorter. If the point of transection
of the donor duct reveals both cystic and common hepatic
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duct lumens, the anastomosis can be fashioned using this
shared lumen by creating a common septum (Fig. 1). The
level of the biliary anastomosis is typically between
common hepatic duct of the recipient (i.e., proximal to
cystic duct) and either the common hepatic duct or the
common bile duct of the donor. The recipient duct should
be probed with a #3 Baakes dilator to confirm that there is
easy passage through the ampulla into the duodenum. It
should be noted that the complication of post-transplant
cholangitis and biliary obstruction due to pre-existing
common duct stones is well described in the literature.

An end-to-end anastomosis is created between donor and
recipient bile ducts using interrupted absorbable monofila-

ment suture. Our preference is 5-0 or 6-0 polydiazone
suture (PDS; Ethicon, Somerville, NJ), depending on the
thickness of the bile duct. Sutures are placed with knots
outside the bile duct to avoid leaving a nidus for stone or
sludge formation (Figs. 1 and 2). Suture placement must
account for mild to moderate donor and recipient bile duct
size mismatch. Ducts in which the larger duct is less than
50% greater in diameter than the smaller duct can usually
be handled without altering the size of the larger duct,
whereas those with greater size discrepancy should be
handled with ductoplasty to narrow the larger duct (see
below). In some cases, the cystic duct lumen of either donor
or recipient duct can be incorporated into the anastomosis
to increase the circumference of the surgical lumen (Fig. 1).
While this obviously does not increase the functional
diameter of the bile duct, it may obviate the need for
ductoplasty and can make the anastomosis easier to
perform. In performing the anastomosis, great care is
taken to pass sutures perpendicular to the duct wall and
to avoid excess needle trauma, as ducts are typically
thin-walled and non-dilated.

Two basic suture placement techniques can be utilized
for the choledocho-choledochostomy. The first is a
corner-stitch technique common in vascular surgery, in
which corner stitches are placed laterally 180° apart in
both ducts for alignment, followed by placement of the
back row of sutures and then the front row. A typical
back row requires four to five sutures for an 8- to 10-mm
duct. We typically place the entire back row prior to
tying any of the sutures to allow for maximal duct
mobility and visualization during this portion. Once the
back row is secured placement of the front row of
sutures is straightforward because the duct is less mobile
and the needle and suture placement is anterior in the

Figure 2 Choledocho-choledochostomy involving ducts of moderate
size discrepancy. In this case, the recipient duct (R) has a diameter
roughly 30% greater than the donor duct (D) but is still suitable for
anastomosis without need for ductoplasty: (a) T-tube entering
recipient duct; posterior row of sutures has been tied with knots

placed externally; (b) T-tube across anastomosis after completion of
the posterior wall; (c) T-tube cholangiogram 6 months after transplant
demonstrated persistent size discrepancy between donor (D) and
recipient (R) ducts without evidence of anastomotic compromise.
Donor cystic duct remnant (CD) is also evident.

Figure 1 Partially completed choledocho-choledochostomy during
deceased-donor liver transplant. Donor (D) duct and recipient (R)
ducts are indicated. Note the donor duct lumen includes both hepatic
duct (HD) and cystic duct (CD) lumens, which have been joined to
create a common lumen, which nearly matches the size of the recipient
duct.
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operating field (Fig. 2). This technique is useful when
there is a significant size discrepancy between donor and
recipient ducts since the corner stitches create visual cues
for the surgeon to “divide and conquer” the posterior and
anterior duct segments. The second technique is one of
sequential posterior-to-anterior fixation. In this technique,
a few posterior stitches are initially placed and tied to
provide fixation and orientation after which the surgeon
places and ties sutures individually from back to front
(posterior to anterior). This technique avoids the distortion
sometimes caused by corner stitches and is useful with
very small ducts, but can be more difficult if there is a size
mismatch between ducts since the surgeon lacks the visual
aid of corner stitches in dividing the duct into smaller
segments. The recent description of routine spatulation of
both donor and recipient bile duct lumens prior to end-to-
end anastomosis to create a longer suture line represents a
novel biliary option and may also be useful in dealing with
discrepancies in bile duct diameter.1 This technique is
intriguing but has not been widely reported and has not
been utilized by the authors.

Ductoplasty

In cases of significant donor and recipient size discrepancy,
options include hepaticojejunostomy or performing ducto-
plasty (Fig. 3). If the donor duct is large, consideration
should be given to hepaticojejunostomy, as the chance of
stricture later is relatively low. However, if the donor duct is
small, performing a ductoplasty of the recipient duct to
facilitate a duct-to-duct anastomosis has the advantage of
leaving intact the option for trans-ampullary biliary access
in the event of anastomotic stricture. Ductoplasty is
performed by closing a portion of the lumen of the larger
duct with monofilament suture. Anastomosis then proceeds
similar to an unaltered duct, taking great care to place a
suture close to each side of the ductoplasty suture line to
avoid leak. Alternatively, the anastomosis can precede the
ductoplasty by first connecting the smaller duct to as much
of the larger duct as is needed, after which the excess
portion of the larger duct is closed (Fig. 3). Our preference
is to leave a T-tube in place after ductoplasty for the
possibility of bile leak.

Figure 3 Choledocho-
choledochostomy utilizing
ductoplasty of
recipient bile duct: (a) Donor
(D) and recipient (R) ducts
demonstrating > 2:1 diameter
discrepancy; (b) back row of
anastomosis is completed and
T-tube placed; (c) anastomosis is
completed over a T-tube and
excess portion of recipient duct
can now be closed with non-
absorbable suture; (d) T-tube
cholangiogram 1 week
after transplant shows size
discrepancy of donor and
recipient ducts and filling
artifact in duct due to T-tube.
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Use of T-tube or Biliary Stent

T-tubes should be used judiciously due to concerns over
increased biliary complications in patients undergoing
routine T-tube placement. In a prospective clinical trial
performed by Scatton et al., in which recipients of deceased
donor orthotopic liver transplants were randomized to either
receive or not receive placement of a T-tube after
choledochocholedochostomy, the T-tube group had a
significantly higher incidence of biliary complications.4

We typically limit T-tube placement to patients at increased
risk for bile leak due to: (1) use of ductoplasty; (2) large
duct size discrepancy; (3) split liver graft; (4) concern over
tight ampulla. Our preference, when they are required, is to
place a small-diameter (5 or 8 French) T-tube through the
recipient (distal) bile duct, as this tissue is typically well
vascularized and not compromised by tube placement. The
T-tube is placed so as to exit the bile duct 1–1.5 cm distal to
the anastomosis and the proximal limb is positioned to
traverse the anastomosis (Fig. 2). The T-tube exit site
should be secured with absorbable monofilament suture
placed either adjacent to the tube or as a purse-string
around the tube. The T-tube itself is not secured to the duct
in any way, as inadvertent removal could then create a large
rent in the bile duct and variation in suture absorption rate
would make the timing of removal somewhat speculative.

At our institution T-tubes are removed after steroid taper
is completed, which typically occurs 6 months post-
transplant. While earlier removal is probably safe, we
prefer waiting until the potential detrimental effects of
steroids on wound repair and infection are minimized, as T-
tube removal by necessity creates a temporary leak in the
biliary tree. At the time of removal, antibiotics are
administered intravenously and a T-tube cholangiogram is
performed to ensure biliary integrity and drainage. If the

cholangiogram is normal, the T-tube is removed over a wire
and replaced with a temporary external drain, which is
removed over 12–24 hours. This practice essentially creates
a controlled external fistula between the bile duct defect
and the skin until the bile duct seals. When performed in
this manner, bile leak or biliary peritonitis following T-tube
removal is uncommon. Endoscopic retrograde cholangio-
pancreatography should be performed quickly if a signifi-
cant bile leak is suspected, as trans-ampullary drainage
provides rapid and definitive resolution.

An alternative to the T-tube is to place an internal biliary
stent across the anastomosis and across the ampulla using
either one-half of a ureteral double J-stent or a similar
material. Advantages of an internal stent include less risk of
leak with removal and possibly less injury to the bile duct
wall. Disadvantages include the possible future need for
endoscopic removal and the learning curve associated with
placing a trans-ampullary stent.
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Abstract
Rationale Preoperative biliary drainage (PBD) has been introduced to improve outcome after surgery in patients suffering
from obstructive jaundice due to a potentially resectable proximal or distal bile duct/pancreatic head lesion. In experimental
models, PBD is almost exclusively associated with beneficial results: improved liver function and nutritional status;
reduction of systemic endotoxemia; cytokine release; and, as a result, an improved immune response. Mortality was
significantly reduced in these animal models. Human studies show conflicting results.
Findings For distal obstruction, currently the “best-evidence” available clearly shows that routine PBD does not yield the
appreciated improvement in postoperative morbidity and mortality in patients undergoing resection. Moreover, PBD harbors
its own complications. However, most of the available data are outdated or suffer from methodological deficits.
Conclusion The highest level of evidence for PBD to be performed in proximal obstruction, as well as over the preferred
mode, is lacking but, nevertheless, assimilated in the treatment algorithm for many centers. Logistics and waiting lists,
although sometimes inevitable, could be factors that might influence the decision to opt for PBD, as well as an extended
diagnostic workup with laparoscopy (on indication) or scheduled preoperative chemotherapy.

Keywords Obstructive jaundice . Biliary drainage .

Proximal bile duct tumor . Pancreatic head tumor

Obstructive Jaundice

Malignant disease of the extrahepatic distal (pancreatic head
area) or proximal biliary tract is the most prevalent cause of
obstructive jaundice, clinically evident by jaundiced skin,
nausea, pruritus, dark urine and discoloration of stool, and
the first presenting symptom in up to 90% of the patients.
The hazardous consequence of prolonged and progressive
obstructive jaundice is hepatic dysfunction due to bile stasis
and cholangitis, eventually leading to hepatic failure.

In western countries, pancreatic cancer currently is the
fourth cancer type for death, with an incidence of 10–15 per
100,000, whereas the reported incidence of extrahepatic
cholangiocarcinoma (CCA) is approximately 1 per 100,000.1

Radical resection of the tumor is the only possible treatment
for cure. Pancreatic head tumors and distal CCA are
managed by pancreatoduodenectomy (PD), while for prox-
imal or hilar (Klatskin) extrahepatic CCA affecting the CBD,
hilar resection with partial hepatectomy is indicated. Unfor-
tunately, locoregional irresectability and/or metastatic
disease, which may become apparent during preoperative
work-up, preclude resection in the majority of patients.

Although the postoperative mortality after extensive
hepatopancreatobiliary surgery has decreased from 20% to
less than 5% in experienced centers, the overall morbidity
remains high at approximately 40–60%, depending on
applied definitions.2–6 Frequently encountered surgical
complications are anastomotic leakage, in particular, pan-
creaticojejunostomy leakage, hemorrhage, delayed gastric
emptying, and impaired wound healing. Nowadays, com-
plications are generally managed nonoperatively, mainly

J Gastrointest Surg (2009) 13:814–820
DOI 10.1007/s11605-008-0618-4

N. A. van der Gaag (*) : J. J. Kloek : S. M. M. de Castro :
O. R. C. Busch : T. M. van Gulik :D. J. Gouma
Department of Surgery,
Academic Medical Center at the University of Amsterdam,
Meibergdreef 9,
1105 AZ Amsterdam, the Netherlands
e-mail: D.J.Gouma@amc.uva.nl



due to an emerging role of the interventional radiologist.7

Nonsurgical complications consist primarily of sepsis,
pneumonia, and renal disorders.

Already in 1935, this increased risk of surgery in jaundiced
patients was acknowledged by A.O. Whipple, and he was the
first to introduce the concept of preoperative biliary drainage
(PBD) by performing a staged PD: application of a cholecys-
togastrostomy to reduce jaundice was followed by resection at
a later stage, depending on the severity of jaundice.8 In the
mid 1960s, a nonoperative, external drainage procedure was
devised: percutaneous transhepatic cholangiography (PTC)
was performed using the CIBA needle.9 Internal drainage
came up in the seventies when the concept of endoscopic
retrograde cholangiopancreatography (ERCP) was intro-
duced. In one procedure, a diagnostic investigation was
combined with a therapeutic intervention by inserting an
endoprosthesis. Up to now, most patients with distal
obstruction (pancreatic head/distal bile duct) are treated with
ERCP, whereas in patients with proximal biliary obstruction,
PTC is generally the preferred method.

The present article will focus on the role of PBD to
reduce septic complications following surgery for distal and
proximal biliary obstruction by considering the best
evidence available in literature.

Experimental Studies

Obstructive Jaundice

Obstructive jaundice is associated with a proinflammatory
state, resulting from portal and systemic endotoxemia, and
experimental studies have extensively reported on the
processes that are implicated in the underlying pathophys-
iological mechanisms; the most elucidated are discussed
hereafter.10–12

The endotoxin concentration in the portal circulation is
increased, as a result of lack of bile salts in the gut lumen
with, consequently, an unbalanced bacterial intestinal
microflora and increased permeability of the intestinal
mucosal barrier, promoting translocation of bacteria.13,14

Inadequate clearance of endotoxins in obstructive jaundice
has been attributed to an altered reticuloendothelial system
(RES) function of Kuppfer cells in the liver.14,15 Recently,
it has been demonstrated that, in isolated liver Kuppfer cells
from cholestatic mice, increased numbers of viable intra-
cellular bacteria after infection were present, suggesting an
impaired intracellular bacterial killing.16 The exact con-
sequence with respect to development of infectious com-
plications remains to be elucidated.

The exposure to endotoxemia and bacterial translocation
due to obstructive jaundice leads to an uncontrolled
induction of the inflammatory cascade: animal experiments

have shown increased concentrations of proinflammatory
cytokines, such as tumor necrosis factor (TNF), IL-6, GRO/
KC (IL-8), and IL-10.17–22 Increased concentrations of
TNF, mainly produced by liver Kuppfer cells, or rather, the
imbalance with its soluble receptors, as antagonists and
released from the cell membrane by endotoxemia, are
suggested to contribute to development of complica-
tions.18,23 After endotoxin administration to cholestatic
rats, Kennedy et al. demonstrated that blockade of Kuppfer
cells with gadolinium chloride leads to a lower systemic
TNF activity and subsequently resulted in an improved
survival.17 On the other hand, the enhanced IL-6 release, as
found in jaundiced mice exposed to endotoxin, might
actually play an important role in protecting the cholestatic
host against hypersensitivity to endotoxin and was found to
abrogate cholestatic liver injury.22,24 In the perspective of
these results found in animal models of biliary obstruction,
it appears that the generalized inflammatory state in patients
with obstructive jaundice was profoundly different.25

Although obstructive jaundice caused alterations in circu-
lating concentrations of endotoxin-binding proteins, neu-
trophil activation and increased concentrations of IL-8, the
concentrations of many of the investigated mediators in
animals, such as TNF and its receptors, were not as high in
patients.25 Although biliary drainage did reduce IL-8 and
endotoxin binding proteins, it did not change many of the
mediators suggested to correlate with mortality in animal
experiments.

It was demonstrated that cellular immunity, measured by
the lymphocyte response to mitogens (concanavalin-A and
phytohemagglutinin), was significantly lower in bile duct
ligated rats but did not occur in jaundiced germ-free rats.26

This would imply that hyperbilirubinemia itself does not
contribute to immunosuppression, but rather, increased
levels of gut-derived endotoxins due to obstructive jaundice
are responsible because bilirubin levels in both conven-
tional and germ-free bile duct ligated rats were not
different. Obstructive jaundice also leads to deeply sup-
pressed natural killer (NK) activity of nonparenchymal liver
cells in rats, which can be reversed by biliary drainage of an
adequate duration.27,28 Furthermore, the decrease in NK
cell activity resulted in an enhanced growth of liver
metastases, and supposedly, PBD might help to prevent
liver metastases after surgery.27

Next to an increased risk for development of infectious
complications, obstructive jaundice has been associated
with renal dysfunction, with its extent depending on the
intensity of biliary obstruction.10,29,30 In the pathogenesis
of renal failure, extracellular volume depletion may be an
important factor, and while the observed increases in
plasma renin and aldosterone are logical endocrine
responses to a reduced extracellular water compartment,
there also is a paradoxical rise in plasma atrial natriuretic
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peptide (ANP) in response to biliary obstruction.31 The
raised plasma ANP level might be the result of the passage
of bile components to the blood and is reversed to basal
levels after biliary drainage, thereby improving renal
dysfunction.31,32 Furthermore, myocardial dysfunction in
obstructive jaundice has been suggested to be the con-
sequence of hemodynamic disturbances due to altering
ANP concentrations, while after biliary drainage, a corre-
lation was found between decreasing ANP concentrations
and increasing cardiac output.33

Biliary Drainage

Biliary drainage as a therapeutic method to reduce postop-
erative septic complications has been shown in multiple
experimental models to improve liver function, nutritional
status, and cell-mediated immune function; to reduce
systemic endotoxemia and cytokine release; and, subse-
quently, to improve overall immune response.20,26,34–38

Mortality was significantly reduced in these animal models.
With respect to the preferred route of drainage, internal PBD
was found to be superior to external PBD in terms of
reduction in endotoxemia and mortality by some, whereas
others demonstrated external drainage, although in the short-
term, to lead to a better recovery of cellular immunity than
internal drainage.34,39,40 In jaundiced rats undergoing hepa-
tectomy, both external and internal PBD improved serum
liver function tests; however, a better liver regeneration and
function after hepatectomy was observed after internal
drainage.41

A negative side-effect of biliary drainage is the associ-
ated complications of the procedure itself. In dogs, insertion
of biliary endoprostheses resulted in bile contamination and
severe chronic inflammation of the bile duct.42 This
inflammatory process led to considerable thickening of the
wall in both normal and obstructed bile duct, with
transmural, fibrosing inflammation and, occasionally, ul-
ceration. Two months after removal of the endoprosthesis,
bacterobilia persisted and the bile duct remained inflamed
and dilated, albeit less severe. To put an endoprosthesis in
the bile duct before surgery resulted in higher postoperative
infectious complications, an increased risk of anastomotic
dehiscence, more frequent leakage of infected bile, and
increased abscess formation. It is likely that the infected
bile and the condition of the bile duct wall, as a
consequence of the preoperative stenting, were responsible
for these complications.

Concerning the duration of PBD, it has been suggested
that adequate recovery of hepatic function depends on the
duration of biliary decompression and duration of obstruc-
tive jaundice before decompression.43 A minimum of 4–
6 weeks of preoperative drainage was advised, with even
longer periods proposed for patients with a prolonged

biliary obstruction before decompression. A more recent
study showed that preoperative decompression is necessary
for at least 3 weeks before coagulation and hepatic and RES
function start improving.44

PBD for Distal Obstruction

Patients suspected to have a tumor in the pancreatic head
area (pancreas, distal bile duct, papilla of Vater), without
radiological evidence of irresectability, will undergo an
exploration with the intention of resection of the tumor. In
the preoperative course, a majority of these patients suffer
from symptomatic obstructive jaundice.

For many decades, diagnostic strategies comprised the
performance of an ERCP in patients with obstructive jaundice,
accompanied in most cases with stent placement for PBD as a
therapeutic measure for relief of symptoms. Nowadays, state-
of-the-art radiological techniques offer a higher diagnostic
accuracy than ERCP, require a minimum amount of time, are
noninvasive, and have the advantage of assessing local tumor
extension, as well as distant metastases.45–47 Therefore,
ERCP as a diagnostic tool is considered obsolete in many
countries, although geographical differences do exist. Imple-
mentation of a strategy without diagnostic ERCP is not
generally adapted yet in The Netherlands; a survey revealed
that, prior to referral for further assessment and (surgical)
treatment at the tertiary center, almost 40% of patients
already had ERCP performed, primarily as a diagnostic
procedure.48

The therapeutic effect of PBD, either by means of ERCP
or PTC, has been extensively debated throughout the past
few decades. One of the largest prospective randomized
trials performed in the USA by Pitt et al. concluded that
PBD does not reduce operative risk; however, it increases
hospital cost and, therefore, should not be performed
routinely.49 A systematic review from our institution
summarized all retrospective and prospective studies,
published between 1966 and 2001, with the aim to evaluate
the efficacy of drainage in jaundiced patients, compared to
patients that underwent direct surgical treatment.50 Out-
come measures of the meta-analysis were in-hospital death
rate, overall complications resulting from the treatment
modality (PBD- and surgery-related complications), and
hospital stay. Five randomized controlled studies compris-
ing 302 patients (level I evidence) and 18 cohort studies
comprising 2,853 patients (level II evidence) met inclusion
criteria and were analyzed. Meta-analysis for both level I
and level II studies showed no difference in mortality
between patients who had PBD and those who had surgery
without PBD. However, overall complication rate was
significantly adversely affected by PBD compared with
surgery without PBD; for level I, they were 57% and 42%,
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respectively, indicating a relative risk reduction of 15% and
an absolute risk reduction of 27% in case surgery would be
performed without PBD. Analysis of level II studies
showed equal numbers. If PBD had been without compli-
cations, the complication rate would be in favor of PBD
based on level I studies, and without difference based on
level II studies. Further, overall hospital stay was prolonged
after PBD. In all it, was concluded that the potential benefit
of PBD, in terms of postoperative rates of death and
complications, does not outweigh the disadvantage of the
drainage procedure and therefore should not be performed
routinely, unless further improved PBD techniques would
become available.

The inverse relationship between the institutional vol-
ume of major oncological surgery and the resulting
morbidity and mortality rates is well recognized and the
key reason for a plea for centralization of complex surgical
procedures.4,51 Pisters et al. brought this argument up to
justify PBD to create time for referral of patients to high-
volume tertiary surgical centers, their (retrospective) study
did not demonstrate an increase in the risk of major
postoperative complications associated with PBD and stent
placement.52,53 Logistics in terms of (local) referral pat-
terns, waiting lists, extended diagnostic workup with
laparoscopy (on indication), or scheduled preoperative
chemotherapy could be other plausible factors that might
influence the decision to opt for PBD. Possibly, these
factors are region-specific for, at least in the USA, in the
eastern part of the country, early surgery without drainage is
strongly advocated, whereas in the southern part, PBD is
favored.53 However, ideally, such logistic arguments should
never be decisive in treatment consideration. Furthermore,
even in high case-load centers, a hospital volume-outcome
effect for ERCP and stenting exists, which should be taken
into account in the discussion of whether or not to start with
ERCP and drainage before referral.54,55

It should be mentioned that the prospective studies
included in our meta-analysis largely consisted of a
suboptimal design, while they were not carried out
according to the basic principles of clinical trial reporting
(the CONSORT statement).56 Various (outdated) forms of
internal and external drainage procedures for both proximal
and distal obstruction were included, different durations of
drainage were used, and different surgical procedures were
followed. These possible methodological and reporting
deficiencies might hamper drawing conclusions. Further-
more, due to the time span of included studies, outmoded
PBD techniques and materials inevitably add significantly
to the negative outcome of drainage.

Therefore, we have conceived a large randomized
controlled multicenter trial (in patients needing a PD, distal
obstruction) to obtain the highest level of evidence by
comparing a “PBD strategy” (standard strategy) with that of

an “early-surgery” strategy: the drainage vs. operation
(DROP) trial.57 Primary outcome measure is the incidence
of overall severe complications; secondary outcome mea-
sure includes hospital stay, number of invasive diagnostic
tests, costs, and quality of life.

PBD for Proximal Obstruction

Hilar CCA remains one of the most difficult tumors in
terms of staging and radical treatment.58 Furthermore, the
correct mode of preoperative management is still under
debate.59,60 Most patients with hilar CCA show liver
dysfunction caused by obstructive jaundice, which has
proven to be a significant risk factor in major liver
resection.61–63

As mentioned earlier, animal studies concerning PBD
are convincing in terms of complication reduction; clinical
studies report conflicting results.64–67 Two randomized
controlled trials, in which a PBD strategy was compared
to early-surgery strategy in jaundiced patients, including
patients with proximal lesions, did not display a difference
in perioperative mortality; however, they encountered a
high rate of PBD-procedure-related complications.68,69

Cautious interpretation is warranted as these studies used
outdated techniques; included a variety of causes of biliary
obstruction; and, moreover, comprised only a limited
number of patients with proximal CCA. A prospective
cohort study found a significantly higher rate of infectious
complications if PBD was applied, whereas another study
concluded that routine use of PBD was not justified since
mortality was not significantly different and recovery of
hepatic synthetic function was identical to that of non-
jaundiced patients.70,71

In contrast, Japanese literature is unanimous in advising
and emphasizing the benefit of PBD.72–74 The postopera-
tive mortality rates after major liver resections performed
for hilar CCA in Japan are low, currently between 0% and
9%, for which many consider PBD to be an essential
element in preoperative management.73–76 Most centers
agree that, for tumors requiring extensive liver resection,
biliary drainage of at least the future remnant liver is
necessary to prevent hepatic failure.77 With the introduction
of preoperative portal embolization, to induce hypertrophy
of the future remnant liver, the application of wider
resection margins and the development of new endoscopic
techniques are other factors that have led to a favorable
attitude for a preoperative drainage strategy.78

The technique of PBD for proximal obstruction, as well
as which part of the liver should be drained, is an ongoing
controversy. External drainage by PTC is traditionally the
preferred method for relief of obstructive jaundice due to
proximal obstruction. Endoscopic biliary drainage, al-
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though a less invasive technique, carries the increased risk of
developing cholangitis due to bacterial contamination from
the duodenum.78 Moreover, endoscopic biliary drainage
implicates total biliary drainage (TBD) (entire liver), or at
best, hemihepatic drainage by left or right hepatic duct
drainage, whereas drainage via PTC offers the possibility to
perform more selectively segmental drainage. An argument
for selective biliary drainage (SBD) is the subsequent
induction of hypertrophy of the future remnant liver and
atrophy of the future resected part of the liver.79,80 A
retrospective cohort study investigated 42 consecutive
patients who underwent SBD or TBD before hepatectomy.81

SBD was found not to increase the risk for cholangitis,
compared with TBD. In association with portal vein
embolization, SBD was superior to TBD in promoting
hypertrophy of the future remnant liver, whereby extended
hemihepatectomy could be performed more safely. Although
not in the perspective of PBD, the only existing prospective
randomized controlled trial comparing TBD vs. SBD
appointed patients with unresectable hilar bile duct tumors
to undergo either unilateral or bilateral endoscopic hepatic
duct drainage.82 Unilateral drainage resulted in a higher
technical success rate of stent insertion and a significantly
lower incidence of complications, mainly early cholangitis.

In spite of the presumed advantages of PTC drainage
over endoscopic drainage, it should be noted that no clinical
randomized controlled trials exist regarding the most
optimal route of drainage in terms of complication
reduction and patient burden. Currently, the preferred
technique of biliary drainage prior to surgery for a proximal
bile duct tumor depends mainly on local expertise.

Summary and Conclusion

Obstructive jaundice is the most prevalent symptom in
potentially resectable distal and proximal lesions of the
extrahepatic biliary tract/pancreatic head area. The presence
of toxic substances such as bilirubin and bile salts, impaired
liver function, and altered nutritional status due to obstruc-
tive jaundice have been characterized as factors for the
development of complications. Whereas PBD was to yield
beneficial effects in experimental models, conflicting
results have been observed in human studies. For distal
obstruction, currently, the “best evidence” available clearly
shows that PBD should not be performed routinely.
Unfortunately, most of the available data are outdated, and
hopefully, the large prospective randomized controlled
DROP trial will solve the dilemma of whether or not
PBD, as an additional procedure, improves surgical
outcome to such an extent that postponement to resection
of progressive malignant disease is justified.57 The highest
level of evidence for PBD to be performed in proximal

obstruction, as well as over the preferred mode, is lacking
but, nevertheless, assimilated in the preferred treatment
algorithm for many centers. Logistics pose an undesirable,
although sometimes inevitable, argument to perform PBD.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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Abstract
Introduction Gallstone ileus is a life-threatening surgical emergency where characteristic imaging can be diagnostic.
Jejunum is the one of the rare sites of gallstone impaction.
Materials and Methods We hereby emphasize the role of multidetector computed tomography (MDCT) by describing a case
of jejunal gallstone ileus with cholecystoduodenal fistula in a 59-year-old lady who presented with symptoms and signs of
proximal small bowel obstruction.
Conclusion MDCT of the abdomen established the diagnosis, and the patient managed surgically.

Keywords Gallstone ileus . Jejunal . Impaction

Introduction

Gallstone ileus is a rare clinical entity responsible for 1–4%
of all cases of mechanical bowel obstruction.1 Multidetector
computed tomography (MDCT) has revolutionized the
diagnostic approach with improved diagnostic accuracy in
gallstone ileus. It not only detects the presence, number,
and exact location of gallstones in the bowel but can also
depict the biliary-enteric fistula, thus helping the surgeons
to plan prompt and appropriate treatment.

Case Report

A 59-year-old woman came to the emergency of our
hospital with chief complaints of acute pain abdomen,
vomiting, and constipation for 2 days. Pain was of colicky
nature and localized in the left lumbar region. There was no

previous history of any surgery or tuberculosis. Physical
examination demonstrated mild abdominal distension with
tenderness in the right upper quadrant and left lumbar
region. No evidence of any flank dullness or shifting
dullness noticed. Relevant laboratory investigations
revealed only moderate leukocytosis (WBC count of 13×
106/L). Plain abdominal radiograph was done, which
suggested proximal small bowel mechanical obstruction
with no evidence of air under the domes of diaphragm. A
contrast enhanced computed tomography (CECT) of the
abdomen was performed after oral administration of diluted
(2%) ionic iodinated contrast and intravenous injection of
nonionic iodinated contrast. CECT revealed pneumobilia
with air-contrast level in gallbladder lumen, suggesting the
presence of cholecystoenteric fistula (Fig. 1a,b). The
proximal jejunal loops were dilated with presence of
approximately 2.8×3×3.5 cm sized calcific focus giving
lamellated appearance seen intraluminally in one of the
jejunal loops [Fig. 2a,b]. However, there was no evidence
of bowel perforation/ischemia. Based on these imaging
findings, a diagnosis of gallstone ileus was suggested.
Patient underwent emergency enterolithotomy with extrac-
tion of the gallstone, which was seen impacted in one of the
proximal jejunal loops. Cholecystectomy was also per-
formed with repair of cholecystoduodenal fistula. The
patient had an uneventful postoperative hospital stay and
was discharged after 10 days in good health.
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Discussion

Gallstone causing mechanical small bowel obstruction,
known as gallstone ileus, is one of the rare causes of small
bowel obstruction accounting 1–4% of all cases.1 The peak
incidence of gallstone ileus lies between 65 to 75 years and
it is 3–16 times more common in females.2 The advancing
age makes the patients further prone to develop gallstone
ileus.

A past history of chronic cholecystitis is usually present
in such patients responsible for formation of adhesions
with adjacent bowel loops and subsequent erosion of
gallstones into the bowel lumen.3 The size of gallstones
also determines their fate after these pass into the bowel
lumen. Smaller stones (<2–2.5 cm) pass distally into the
feces whereas the bigger ones tend to get impacted in the
narrow segments of small bowel with terminal ileum or
ileocecal valve, being the commonest sites of gallstone
impaction.4 Jejunum is one of the rare sites of the
gallstone impaction.

Gallstone ileus has a high mortality rate of 7.5–15%,
predominantly because of delayed diagnosis and comorbid
conditions of the patients such as cardiorespiratory disease,

diabetes, and obesity.2 Thus, prompt preoperative diagnosis
of gallstone ileus is of vital importance.

In the past, plain abdominal radiographs were used to
diagnose the gallstone ileus based on the classic Rigler’s
triad with a sensitivity of less than 50%, consisting of
pneumobilia, mechanical intestinal obstruction, and ectopic
gallstone.5 At present, with the advancement in the
ultrasound and CT technology, ectopically situated gall-
stone can be localized with confidence in the abdomen and
cholecystoenteric fistula can be demonstrated with high
accuracy. CECT shows the ectopically lying gallstone as a
rounded mass with curvilinear or homogeneous calcifica-
tion with its accurate localization thus enabling the clinician
to plan appropriate treatment.6

Once the diagnosis of gallstone ileus is established, it
requires emergent surgery in the form of enterolithotomy
with or without cholecystectomy and cholecystoenteric
fistula repair. Bowel resection is only required when there
is bowel perforation or ischemia.7

In conclusion, one should be familiar with the charac-
teristic imaging findings of the gallstone ileus on MDCT,
which is utilized more frequently in the diagnosis of such
emergency conditions.

Figure 1 (a, b): Axial contrast
enhanced CT images shows
pneumobilia (arrow) and air
contrast level in gall bladder
(asterisk) suggesting presence of
cholecystoenteric fistula.

Figure 2 (a, b): Axial contrast
enhanced CT images shows a
large gallstone impacted in the
proximal jejunum (arrow) and
proximal dilatation of jejunum
(asterisk).
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