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Abstract
Background The effect of preoperative pneumatic dilation or botulinum toxin injection on outcomes after laparoscopic
Heller myotomy (LHM) for achalasia is unclear. We compared outcomes in patients with and without multiple preoperative
endoscopic interventions.
Methods This cohort study categorized achalasia patients undergoing first-time LHM by the number of preoperative
endoscopic interventions: zero or one intervention vs. two or more interventions. Outcomes of interest included surgical
failure (defined as the need for re-intervention), gastrointestinal symptoms, and health-related quality of life. Logistic
regression modeling was performed to determine the independent effect of multiple preoperative endoscopic interventions
on the likelihood of surgical failure.
Results One hundred thirty-four patients were included; 88 (66%) had zero to one preoperative intervention, and 46 (34%)
had multiple (more than one) interventions. The incidence of surgical failure was 7% in the zero to one intervention group
and 28% in the more than one intervention group (p<0.01). Greater improvements in gastrointestinal symptoms and health-
related quality of life were seen in the zero to one intervention group. On logistic regression modeling, the likelihood of
surgical failure was significantly higher in the more than one intervention group (odds ratio=5.1, 95% confidence interval
1.6–15.8, p=0.005).
Conclusions Multiple endoscopic treatments are associated with poorer outcomes and should be limited to achalasia
patients who fail surgical therapy.
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Introduction

Laparoscopic Heller myotomy (LHM) is safe, effective,
and the most definitive treatment for the symptoms of
achalasia.1–5 Endoscopic pneumatic balloon dilations or
botulinum toxin (Botox, Allergan) injections at the lower
esophageal sphincter (LES) are effective but less durable.6,7

The optimal treatment strategy for newly diagnosed
achalasia remains controversial. Some authors advocate
endoscopic treatments as a cheaper and less invasive initial
approach, with LHM as a rescue therapy if symptoms
recur.8–11 Others contend that endoscopic interventions
cause inflammation and scarring at the LES, compromising
future surgical treatment.12,13 Studies evaluating the asso-
ciation of preoperative endoscopic interventions with
surgical outcomes have yielded conflicting results, with
some showing worse outcomes among those treated
endoscopically14–17 and others showing no difference.18–21

The association between preoperative endoscopic treat-
ments and surgical outcomes is further clouded by varying
definitions of surgical failure based on postoperative
symptoms. Postoperative dysphagia may arise from recur-
rence or persistence of achalasia, possibly due to endoscopic
LES trauma, inadequate myotomy, or a different subtype or
severity of achalasia.3,22,23 Postoperative gastrointestinal (GI)
symptoms may also arise due to separate conditions, such as
gastroesophageal reflux disease (GERD) or gastroparesis.

Based on the proven effectiveness of LHM and evidence
suggesting that preoperative endoscopic treatments worsen
surgical outcomes, some have argued that endoscopic
interventions should have no role among surgical candi-
dates.16 However, a single endoscopic dilation or Botox
injection may be useful as a bridge to surgery, and response
to Botox injection may provide valuable information in
cases where the diagnosis is unclear.24,25

The present study evaluated a group of achalasia patients
treated with LHM, comparing those with zero or one
preoperative endoscopic intervention to those with multiple
interventions with respect to clinical outcomes, symptom
profiles, and health-related quality of life (HRQOL).

Methods

This cohort study included all patients undergoing first-time
laparoscopic Heller myotomy for achalasia at the University
of Alabama at Birmingham (UAB) between November 2001
and January 2008. Patients who had previously undergone
transabdominal or transthoracic esophagomyotomy were

excluded. Operations were performed by two surgeons with
minimally invasive surgery fellowship training, using stan-
dard techniques for myotomy and Dor fundoplication.26

Approval for the study was obtained from the UAB
Institutional Review Board.

Chart review was used to quantify preoperative pneu-
matic dilations and Botox injections. Bougie dilations (e.g.,
Maloney or Savary-Guillard) were not counted as endoscopic
interventions. Patients were classified into two groups based
on the total number of preoperative endoscopic interventions
performed: zero or one intervention vs. two or more
interventions.

Demographics, medical history, operative details, and
clinical outcomes were obtained by chart review. Preoper-
ative GI symptom profiles and HRQOL were assessed with
the GERD Symptom Assessment Scale (GSAS) and Short
Form-36 (SF-36, RAND Corporation, Santa Monica, CA,
USA), respectively. The GSAS is a validated questionnaire
used to quantify the frequency, severity, and distress of 15
GERD-related GI symptoms that often overlap with achalasia
symptoms.27 Symptom distress scores range from zero for
not at all distressing to three for extremely distressing. The
SF-36 is a questionnaire used to assess generic HRQOL; it
has been used in several recent studies of achalasia
patients.28,29

At a median of 22 months postoperatively, three
questionnaires were mailed to all patients: an achalasia-
specific outcome questionnaire, a GSAS, and an SF-36.
The achalasia-specific outcome questionnaire inquired
about overall symptom improvement, satisfaction, current
medication use for GI symptoms, weight changes, dietary
restrictions, and any additional postsurgical therapy.

Surgical failure, the primary outcome of interest, was
defined as requiring postoperative Botox injection, pneumatic
dilation, or repeat surgical myotomy. A patient was classified
as a surgical failure if the need for additional intervention was
documented in the chart or reported by the patient on the
survey.

Secondary outcomes of interest included gastroparesis,
changes in GI symptoms, and changes in HRQOL.
Symptomatic gastroparesis was defined as chronic nausea,
vomiting, early satiety, or abdominal bloating, in association
with either delayed gastric emptying on upper GI contrast or
nuclear medicine study, or gastric bezoar on endoscopy.
Norm-based scores for the eight SF-36 domains, Physical
Component Score (PCS), and Mental Component Score
(MCS) were calculated using 1998 US population norms.

Patient characteristics, outcomes, baseline GSAS symp-
toms, and baseline HRQOL scores were compared for the
two groups using Wilcoxon rank-sum and chi-square tests
for continuous and categorical variables, respectively. To
confirm the appropriateness of classifying patients into zero
to one vs. more than one intervention groups, alternate
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patient classification schemes were also explored. Logistic
regression modeling was performed to evaluate the following
potential predictors of surgical failure: preoperative treatment
category (zero to one vs. more than one endoscopic
interventions), age, sex, body mass index (BMI), duration of
symptoms, American Society of Anesthesiologists (ASA)
class, chronic narcotic use, and vigorous achalasia or
esophageal tortuosity on barium swallow. Since the median
duration of follow-up for the overall cohort was relatively
short, the modeling process was repeated using only a subset
of patients with longer follow-up. This subset consisted of all
patients who had both survey and chart outcome data.
Statistical analysis was performed using SAS 9.1.3 (SAS
Institute, Cary, NC, USA).

Patient-reported outcomes were compared between
groups using chi-square and Wilcoxon rank-sum tests.
Baseline GSAS symptom profiles and SF-36 HRQOL scores
were compared between groups. Pre- to postoperative changes
in GSAS symptom presence and distress level and SF-36

HRQOL scores were evaluated for significant departure from
baseline using chi-square and Student’s t tests.

Results

One hundred and thirty-four patients met inclusion criteria;
88 (66%) patients were in the zero to one intervention
group and 46 (34%) in the more than one intervention
group. Group characteristics and clinical outcomes are
shown in Table 1. Patients in the more than one intervention
group were slightly older (median age 51 vs. 47, p=0.05),
had longer durations of symptoms (median 36 vs. 24 months,
p=0.003), and had higher ASA classifications (41% vs. 18%
ASA 3–4, p=0.004). There were no significant differences
between groups with respect to intraoperative vagus nerve
injury, gastric or esophageal mucosal tears, operative time, or
estimated blood loss. No postoperative leaks or deaths
occurred in either group. Median length of hospital stay

0–1 (N=88) >1 (N=46) p

Preoperative

Age, median (range) 47 (17–76) 51 (18–77) 0.05

Female sex, % 43 46 0.78

BMI, median (range) 26 (17–49) 27 (17–49) 0.43

Symptom duration in months, median (range) 24 (3–240) 36 (5–300) <0.01

Diabetes mellitus, % 15 11 0.53

Current smoker, % 17 24 0.31

Chronic narcotic user, % 6 11 0.31

ASA class, %

1–2 81 59 <0.01

3–4 18 41

Prior abdominal surgery, % 40 41 0.86

Prior cardiothoracic surgery, % 3 11 0.12

Esophageal tortuosity on barium swallow, % 4 9 0.49

Vigorous achalasia, % 9 15 0.53

Intraoperative

Dor fundoplication, % 80 84 0.49

Vagus nerve injury, % 1 4 0.27

Esophageal/gastric mucosal tear, % 17 15 0.79

Operation time in minutes, median (range) 95 (53–192) 96 (63–203) 0.38

Estimated blood loss in mL, median (range) 25 (5–200) 25 (10–100) 0.92

Postoperative

Leak, % 0 0 –

Length of stay in days, median (range) 1 (1–12) 1 (1–4) 0.15

Surgical failurea, % 7 28 <0.01

Time to surgical failure in mos., median (range) 3.5 (2–30) 3.0 (1.8–41) 0.95

Symptomatic gastroparesisb, % 2 7 0.35

Length of follow-up in months, median (range) 10 (1–62) 12 (1–65) 0.87

Survey response rate, % 52 59 0.48

Table 1 Study Population
Characteristics and Outcomes,
Stratified by Number of
Preoperative Endoscopic
Interventions

a Defined as requirement for
additional intervention: Botox
injection, pneumatic dilation, or
repeat surgical myotomy
b Symptoms of gastroparesis
(abdominal bloating, nausea,
vomiting), in association with
delayed gastric emptying on
radiographic imaging, or bezoar
on endoscopy
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was 1 day for both groups. The overall median duration of
follow-up was 11.2 months (interquartile range (IQR), 1.4–
24.6 months), and the survey response rate was 54%; follow-
up time and survey response rates were similar for the two
groups.

Overall, 19 patients (14%) required additional interven-
tions andwere classified as surgical failures. The proportion of
patients experiencing surgical failure was significantly higher
in the >1 intervention group (28% vs. 7%, p=0.001). Two
patients in the zero to one intervention group (2%) and three
in the more than one intervention group (7%) were
diagnosed with symptomatic gastroparesis postoperatively.

Table 2 summarizes surgical failure rates by number and
type of preoperative endoscopic interventions. Failure rates
in the groups with zero interventions and one intervention
were similar (6.7% vs. 7.1%, p=0.93), but both of these
rates significantly differed from the failure rate of 28.3% in
the multiple intervention group (p=0.003 for zero vs.
multiple, p=0.03 for single vs. multiple). Failure rates were
statistically similar for patients with exactly two interventions
vs. more than two interventions and for those treated with
Botox vs. dilation.

Initial logistic regression modeling revealed that sex,
BMI, chronic narcotic use, esophageal tortuosity, and
vigorous achalasia did not approach significance as
predictors of surgical failure (p>0.08). After exclusion of
these variables, the final model contained preoperative
endoscopic intervention category (zero to one vs. more than
one interventions), age, duration of symptoms, and ASA
classification. After adjustment for covariates, having
multiple preoperative endoscopic interventions was a
significant predictor of surgical failure (odds ratio (OR)
5.1, 95% confidence interval (CI) 1.6–15.8, p=0.005). Age,
duration of symptoms, and ASA class were not significant

predictors (p>0.25). Forcing vigorous achalasia and esoph-
ageal tortuosity into the regression model resulted in a
poorer-fitting model and did not substantially alter the
results.

Seventy-three patients (54%) returned the postoperative
questionnaires. Forty-six (63%) were in the zero to one
intervention group and 27 (37%) were in the more than one
group. Median follow-up in this subset of patients was
23.1 months (IQR, 13.8–33.8 months). Fifteen patients
(20.5%) in the subset experienced surgical failure (i.e.,
required subsequent intervention). Kaplan–Meier estimates
of the overall 1- and 5-year cumulative failure rates were
13% and 35%, respectively. The estimated 5-year failure
rate was significantly higher in the more than one
intervention group (57% vs. 14%, p=0.002, log-rank test).
When limited to the subset with longer duration of follow-up,
logistic regression modeling of surgical failure produced very
similar results to those obtained when modeling the entire
cohort. Multiple preoperative endoscopic interventions
remained the only significant predictor of surgical failure
(OR 6.1, 95% CI 1.5–23.9, p=0.01).

Achalasia outcome questionnaire responses are shown in
Table 3. Overall, 65 patients (89%) reported resolution or
improvement of their achalasia symptoms. Those in the
zero to one intervention group were more likely to choose
surgery again (100% vs. 89%, p=0.05), more likely to be
free from dietary restrictions (74% vs. 48%, p=0.04), and
less likely to be taking daily proton-pump inhibitor
medication (24% vs. 52%, p=0.02). There was a trend
toward more complete symptom resolution among the zero
to one group (83% vs. 59% resolved, p=0.06).

Fifty-five of the 73 patients who returned postoperative
surveys had also completed a preoperative baseline GSAS
questionnaire, allowing calculation of the prevalence of

Number in group N (%) failures pa

Number of preoperative endoscopic interventions

0 60 4 (7) <0.01
1 28 2 (7)

2 22 7 (32)

>2 24 6 (25)

Single intervention

Single Botox 11 0 (0) 0.51
Single dilation 17 2 (12)

Multiple interventions

Multiple Botox alone 9 2 (22) 0.33

Multiple dilations alone 17 7 (41)

Botox and dilation 20 4 (20)

Intervention type

Any Botox injection, but no dilation 20 2 (10) 0.18

Any dilation, but no Botox 34 9 (26)

Table 2 Surgical Failure Rates
by Number and Type of
Preoperative Intervention

a Fisher’s exact test
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various GI symptoms at baseline and follow-up (Table 4).
Preoperative symptom profiles were generally similar
between the groups, except that the zero to one intervention
group reported more baseline hoarseness (31% vs. 5%,
p=0.04). Postoperatively, the predominant symptoms of
achalasia, difficulty swallowing and regurgitation, de-
creased significantly in both groups. The prevalence of
lump in the throat, acid taste in the mouth, and coughing

decreased significantly in the zero to one group but
remained unchanged in the more than one group.

Pre- to postoperative changes in symptom distress level
are shown in Fig. 1. Distress scores for swallowing
difficulty decreased significantly among both groups.
Patients in the zero to one group also reported significant
decreases in distress from regurgitation, lump in throat, acid
taste, and coughing, whereas decreases in distress from

0–1 >1 p

Achalasia symptoms after surgery, %

Resolved 83 59 0.06
Improved 11 26

Unchanged 4 15

Worse 2 0

Would choose to have surgery again, % 100 89 0.05

No dietary restrictions, % 74 48 0.04

Weight change in kg, median (range) 0.68 (−10.4–30.4) 1.4 (−33.4–28.6) 0.70

Taking daily medication for GI symptoms, %

Proton pump inhibitor 24 52 0.02

H2 blocker 2 11 0.14

Metoclopramide 2 0 1.0

Table 3 Patient-Reported
Outcomes in the Zero to One
(N=46) and More Than One
Intervention Groups (N=27)

Table 4 GSAS Preoperative and Postoperative Symptom Profiles of the Zero to One (N=35) and More Than One Intervention Groups (N=20)

Symptom Preoperative symptom prevalence Postoperative symptom prevalence (change in prevalenceb)

0–1 >1 pa 0–1 pc >1 pc

Achalasia

Difficulty swallowing 91 80 0.22 32 (−59) <0.01 35 (−45) <0.01

Regurgitation 83 75 0.50 32 (−51) <0.01 45 (−30) 0.05

Pressure or lump in throat 66 47 0.19 18 (−48) <0.01 40 (−7) 0.64

Chest pain after eating 34 40 0.67 21 (−13) 0.23 20 (−20) 0.17

Reflux

Heartburn 46 30 0.25 49 (+3) 0.81 55 (+25) 0.11

Acid or sour taste in mouth 57 50 0.61 26 (−31) <0.01 26 (−24) 0.13

Hoarse voice 31 5 0.04 24 (−7) 0.46 15 (+10) 0.29

Belching 57 50 0.61 47 (−10) 0.40 30 (−20) 0.20

Gastroparesis

Early satiety 56 55 0.95 35 (−21) 0.09 40 (−15) 0.34

Abdominal bloating 32 45 0.35 41 (−9) 0.45 28 (−17) 0.27

Nonspecific

Excess flatulence 46 55 0.51 53 (−7) 0.55 35 (−20) 0.20

Shortness of breath 31 35 0.79 26 (−5) 0.65 25 (−10) 0.49

Coughing 64 50 0.33 24 (−40) <0.01 25 (−25) 0.10

Gurgling in stomach 46 40 0.68 32 (−14) 0.26 25 (−15) 0.31

Pressure in chest 46 55 0.51 29 (−17) 0.16 30 (−25) 0.11

a Chi-square test for difference in baseline prevalence between groups
b Postoperative prevalence minus preoperative prevalence; negative values indicate symptom resolution
c Chi-square test for difference between preoperative and postoperative prevalence within group
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these symptoms in the more than one group did not reach
significance. Patients in the more than one group reported a
significant decrease in early satiety, whereas those in the zero
to one group did not reach significance (p=0.07). Distress
from other GI symptoms did not change significantly in
either group.

Fifty of the 73 patients with postoperative surveys had
also completed a preoperative SF-36. Norm-based baseline
HRQOL scores and postoperative changes for the two
groups are provided in Table 5. Baseline scores were
similar for both groups; however, patients in the zero to one
group demonstrated significant postoperative improvements
in physical function, bodily pain, general health, vitality,

social function, and summary physical component scores,
whereas those in the more than one group did not improve
significantly in any domains.

Discussion

Our study demonstrated that achalasia patients who
underwent multiple endoscopic interventions prior to
LHM had poorer outcomes than patients with a single
intervention or no interventions. After adjustment for
relevant covariates, the odds of surgical failure were five
times higher among those with multiple interventions.

Figure 1 Postoperative changes
in GSAS symptom distress level
in the zero to one (N=35) and
more than one intervention
groups (N=20).

Table 5 SF-36 Health-Related Quality of Life Preoperative Scores and Postoperative Score Changes for the Zero to One (N=32) and More Than
One Intervention Groups (N=18)

SF-36 subscale Preoperative score, median (range) Change in scoreb, mean (SD)

0–1 >1 pa 0–1 pc >1 pc

Physical function 53 (15–57) 55 (17–57) 0.69 +4.4 (11.9) 0.04 +0.4 (8.3) 0.86

Role limitations—physical 53 (28–56) 56 (28–56) 0.47 +3.2 (15.7) 0.26 0 (11.4) 0.99

Bodily pain 51 (20–63) 46 (30–63) 0.86 +4.8 (10.2) 0.01 +2.1 (12.6) 0.49

General health 47 (22–64) 49 (31–60) 0.63 +3.7 (9.3) 0.03 +0.8 (6.1) 0.58

Vitality 47 (28–68) 48 (28–66) 0.63 +4.1 (9.8) 0.03 +3.7 (9.2) 0.10

Social function 44 (14–57) 49 (35–57) 0.11 +8.0 (14.8) <0.01 0.6 (10.2) 0.80

Role limitations—emotional 55 (24–55) 55 (24–55) 0.66 +1.7 (13.9) 0.50 +1.8 (12.6) 0.56

Mental health 50 (10–64) 53 (35–64) 0.43 +2.3 (9.6) 0.20 +1.1 (9.3) 0.63

PCS 50 (18–59) 52 (25–59) 0.58 +5.2 (11.4) 0.02 −0.1 (8.5) 0.95

MCS 49 (20–66) 50 (29–60) 0.44 +2.9 (11.7) 0.18 +2.1 (9.1) 0.36

a Rank-sum test for difference in baseline scores between groups
b Postoperative score minus baseline score; positive values indicate improvement in HRQOL
c Student’s t test for significance of postoperative change from baseline (i.e., whether mean score change equals zero)
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While GI symptoms tended to improve for both groups,
patients with multiple interventions reported resolution of
fewer symptoms and had smaller decreases in symptom
distress. Health-related quality of life improved significantly
for patients with zero to one intervention, but remained
unchanged among those with multiple interventions.

Our findings agree with those of Smith et al.,16 who
found that the risk of failure after LHM (defined by a
symptom score) was nearly twice as high among patients
who had undergone preoperative endoscopic intervention.
Our results are also in accordance with reports of lower
postoperative satisfaction among achalasia patients who
were initially treated endoscopically.15 However, our findings
appear inconsistent with several previous studies, including
an earlier work from our own institution, which found no
difference in outcomes.18–21

Such apparent inconsistencies are possibly explained by
our approach to patient categorization. Previous studies
have compared patients with any preoperative endoscopic
treatment to those receiving no prior treatment. If single
endoscopic interventions do not adversely affect outcomes
and the endoscopically treated cohort consists predominantly
of patients with a single prior intervention, then the adverse
effects of multiple treatments will be diluted out and the
overall effect will be insignificant. Thus, the greater the
proportion of multiply treated patients in the endoscopically
treated group, the greater is the likelihood of seeing an overall
effect. This explanation is supported by the observation that
in positive studies of this question, half or more of the
endoscopically treated group received multiple treat-
ments.14,16 Conversely, only about one third of the endo-
scopically treated group in a recent negative study could
be definitely categorized as having received multiple
treatments.21

The overall failure rates reported in this study may
appear high, but one must keep in mind that we defined
surgical failure as the need for subsequent intervention.
Most previous studies have defined it as failure to relieve
symptoms. If surgical success is defined as symptom relief,
then our overall success rate was 89% at a median of
23 months, similar to reported success rates of 77–96% in
other series.4 Our overall cumulative failure rate (i.e., re-
intervention rate) was 21% at a median 23-month follow-
up, with estimated 1- and 5-year cumulative rates of 13%
and 35%, respectively. These findings are consistent with a
recent large population-based study demonstrating post-
myotomy re-intervention rates of 16% at 1 year and 30% at
5 years.30

Since gastroparesis after LHM has not been previously
reported, it is unclear how our five cases (4%) compare to
other institutional experiences. Gastroparesis after LHM
may represent a manifestation of advanced achalasia, a
preexisting condition unmasked by LES decompression, or

a complication caused by endoscopic or surgical trauma. It
is biologically plausible that gastroparesis could represent
progression of the neurodegenerative achalasia disease
process,31 and gastroparesis has been reported after Botox
injection for achalasia.32 We found no significant effect of
multiple endoscopic treatments on gastroparesis risk,
although it is interesting that three of the five patients
who developed gastroparesis had received preoperative
Botox injections.

The reasons underlying the association between multiple
preoperative endoscopic interventions and poorer outcomes
are unclear. While repeated endoscopic interventions could
have caused traumatic changes that compromised surgical
therapy, it is also possible that multiple interventions are
simply a marker for a refractory disease subtype or
additional unmeasured comorbidities. Even though causation
cannot be established in this retrospective study, the recogni-
tion of multiple endoscopic interventions as a risk factor for
suboptimal outcomes is important for prognostication and
preoperative patient counseling.

Our findings must be interpreted in the context of several
limitations. Follow-up time in the overall cohort was
relatively short (median 11 months), so it is likely that the
true surgical failure rate was higher than what was observed.
However, the patient-reported outcomes, GI symptom, and
HRQOL analyses involved a subset of patients with longer
follow-up time (median 23 months). When we performed
logistic regression within this subset, the results were similar
to those obtained by modeling the entire cohort, strengthening
our conclusion that surgical failure risk is higher among
patients with multiple interventions.

Survey bias may have skewed the patient-reported
outcomes, but since follow-up time and survey response
rate were evenly distributed between groups, the bias
should also be evenly distributed and therefore unlikely to
change the results. Diminishing sample size limited the
power of the GI symptom and HRQOL analyses and may
have disproportionately affected the results for the more
than one intervention group, which was smaller. However,
the effect sizes for postoperative GI symptom and HRQOL
improvement were considerably larger in the zero to one
group, so the lack of significant changes in the more than
one group cannot be attributed solely to a lack of power.

Conclusion

Our study supports the use of laparoscopic Heller myotomy
as the preferred first-line treatment for achalasia. A single
preoperative endoscopic intervention as a diagnostic ma-
neuver or bridge to surgery may be appropriate, but
multiple interventions are associated with poorer surgical
outcomes and should be avoided. Advances in surgical and
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anesthetic technique have made operative treatment safe
and feasible for most patients with a reasonable life
expectancy. Further investigation is needed to elucidate
the relationships between endoscopic interventions, treat-
ment failure, symptom patterns, and gastroparesis in
patients with achalasia.
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Discussant

Dr. John G. Hunter (Portland, OR): Over a decade ago,
John Dent, a gastroenterologist and an acknowledged
“dean” of evidence-based esophagology stated: “...For the
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otherwise healthy patient, the PRIMARY treatment of
choice for achalasia should be laparoscopic Heller myot-
omy and partial fundoplication,” and yet we continue to see
patients who have had several endoscopic treatments before
surgical referral. This observational study concludes that
Heller outcomes are dramatically worse in patients who
have had multiple previous treatments, yet the operation
itself is not that much more difficult in patients following
endoscopic therapy. Is it possible that:

1. Patients who are symptomatic failures of balloon and/or
Botox are more likely to remain symptomatic after any
therapy (including Heller) than their counterparts who
achieve symptomatic success after primary treatment?
Said another way, are unhappy patients likely to stay
unhappy, no matter what you do to them? I would suggest
that your quality of life data would support this hypothesis.

2. While not statistically significant on univariate analysis
and therefore not entered into the regression modeling,
it appears that there was more anatomically advanced or
functionally atypical disease in group 2. Lumped
together, might it be suggested that patients with more
advanced or atypical disease at presentation might do
worse?

3. And what about gastroparesis? Pan GI motility disorders
can be seen in Chaga’s disease, but has not commonly
associated with “idiopathic” achalasia. What is the
cause? Should we start looking for this in all our
achalasia patients?

In closing, I would like to return to the primary finding
of this paper: Not only is it more expensive to treat
achalasia patients inadequately before surgical referral, it
appears that outcome will be MUCH improved if they are
referred for surgery immediately after diagnosis. Congrat-
ulations Drs. Snyder, Hawn, and team. This paper is a great
contribution, and, oh yes, the manuscript is excellent. Read
it in JOGS or on the Springer website soon.

Closing Discussant

Dr. Christopher W. Snyder (Birmingham, AL): Thank
you very much, Dr. Hunter, for your insightful questions
and for taking the time to review our manuscript. Regarding
your first question, it is certainly possible that selection bias
and unmeasured confounders affected our results.

But I think two things suggest that is not the only thing
going on.

One is that these groups were similar preoperatively in
terms of quality of life, and two, we saw differences both in
subjective outcomes and in the objective outcome of re-
intervention. We do not re-intervene just because a patient

is unhappy; there has to be objective evidence of recurrent
or persistent achalasia.

Two, regarding possible confounding effects of vigorous
achalasia and esophageal dilation: We tried forcing those
variables back into our regression models even though they
did not reach significance, and including them did not
change the overall results.

In terms of gastroparesis, I think the answer is unknown.
Some histologic studies have shown progression of the
neurodegenerative process onto the stomach in achalasia
patients, so gastroparesis may just be a progression of
disease. It could also be an unrelated comorbidity that is
unmasked when you decompress the lower esophageal
sphincter, or it could be an iatrogenic byproduct of surgical
or endoscopic trauma. We really do not know and it is an
interesting hypothesis for further study.

Discussant

Dr. Mario Costantini (University of Padua): I have a
question. Did you try and split the group of patients with
multiple endoscopic treatments between patients who
received Botox and those who underwent dilatations? Are
there any difference between the two groups? This is
because, in our own experience, the dilatations do not really
matter, but Botox does.

Closing Discussant

Dr. Christopher W. Snyder (Birmingham, AL): We
would have preferred to stratify our analysis by Botox
and dilation. Unfortunately, when we tried, our group sizes
got so small that we did not have the statistical power to do
a meaningful analysis.

Discussant

Dr. Selwyn M. Vickers (Minneapolis, MN): In your
preparation of the manuscript after the study, what is the
persistence in the GI literature that supports the interven-
tions that you see by our colleagues with these multiple
diseases before pursuing surgery?

Closing Discussant

Dr. Christopher W. Snyder (Birmingham, AL): There are
several studies in the GI literature that advocate endoscopic
interventions as an initial treatment. One of them was a cost-
effectiveness study that compared endoscopic interventions
vs. immediate surgery, and they found that overall costs were
lower among those that got endoscopic treatments.
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Abstract
Introduction Limitations of endoscopic therapies for Barrett’s esophagus and superficial cancer include a compromised
histological assessment, the need for surveillance, subsequent procedures, and stricture formation. Circumferential en bloc
resection of the mucosa–submucosa complex followed by deployment of a biologic scaffold onto the remaining muscularis
propria may address these concerns. The objective of this study was to determine technical feasibility of transoral resection
of the esophageal lining.
Materials and Methods Transoral endoscopic inner layer esophagectomy was performed in ten swine. Endpoints included
procedure duration, hemorrhage, number of perforations, and adequacy of resection length and depth.
Results Procedureswere successfully completed in all animals without perioperative mortality. Procedure times averaged 179min
(range 125–320). No perforations were found, and a mean of 1.7 (0–4) interventions for hemorrhage was required. Complete
longitudinal resection was achieved in nine of ten animals. Resection depth included all mucosal layers in 100% of tissue sections,
the submucosal layers, SM1 in 100%, and SM2 in 96%. A portion of SM3 was adherent to the muscularis propria in 70%.
Conclusion Transoral endoscopic resection of the inner esophageal layers was feasible and reproducible. This technique
may facilitate a single-step definitive treatment and staging tool for early neoplastic lesions, obviating the need for
esophagectomy.

Keywords Endoscopy . Esophagus . Barrett’s esophagus .

High-grade dysplasia . Esophagectomy . Cancer . Transoral .

Incisionless

Abbreviations
TEE Transoral endoscopic inner layer esophagectomy
MSC Mucosa–submucosa complex

Introduction

Esophageal resection is the standard treatment for Barrett’s
esophagus with high-grade dysplasia (HGD) and invasive
malignancy.1,2 Despite a significant reduction in mortality
rate reported by experienced centers, esophagectomy is
associated with substantial morbidity rates.3–5 As a result,
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there has been an impetus to move toward esophageal
preservation in patients with intramucosal neoplastic lesions
in which lymphatic involvement is unlikely.6–8

The introduction of endoscopic approaches such as
endoscopic mucosal resection and radiofrequency abla-
tion has resulted in a public demand for definitive
endoscopic treatments which ultimately preserve the
esophagus. The primary limitation of current techniques
resides in an incomplete and inconsistent histological
assessment of the entire affected luminal surface area. As
such, patients require life-long surveillance and subse-
quent interventions for undetected synchronous or meta-
chronous lesions.9,10 While endoscopic submucosal
dissection provides larger specimens, this technique is
highly operator dependent, limited by existing technology,
and has a high risk of perforation.11–13 Finally, with all
techniques aimed at esophageal preservation, there is a
risk for stricture formation, particularly when resection
involves the complete circumference, if ablation depth
travels into the submucosal layer or if the defect is over
30 mm in length.14–16

In an attempt to overcome these limitations, we started
a research project, which is focused on obtaining an
intact sleeve of the mucosa–submucosa complex (MSC)
over the entire length of the diseased esophagus, while
preventing stricture formation with the colocalization of
porcine bladder-derived extracellular matrix in the
remaining muscularis propria tube. The purpose of this
study was to evaluate the technical feasibility of transoral
endoscopic inner layer esophagectomy (TEE) and deter-
mine adequacy of resection length and depth in an
animal model.

Materials and Methods

All experiments were conducted in accordance with the
1996 Guide for the Care and Use of Laboratory Animals
after approval by the Institutional Animal Care and Use
Committee at the University of Pittsburgh.

Procedure Development and Description

Under general anesthesia using intramuscular injections of
ketamine (20 mg/kg) and xylazine (0.1 mg/kg) for induction
and 2% isoflurane with endotracheal intubation for mainte-
nance, ten adult female swine (Yorkshire cross) weighing 40–
50 kg underwent percutaneous endoscopic gastrostomy
placement. The distance from the dental arch to the
esophagogastric junction was measured and recorded. In
order to access the plane between the MSC and muscularis
propria, the procedure was initiated with circumferential
“suck-and-cut” endoscopic mucosal resection starting at
25 cm from the dental arch (Fig. 1; Video 1). Using a flexible
double channel therapeutic endoscope (GIF-2T160, Olympus
America, Center Valley, PA, USA), a circumferential cuff of
MSC was developed over a 2 cm length, with submucosal
dissection using cap dissection, cautery dissection (insulated
tip electrosurgical knife, Olympus, Japan), or hydrodissec-
tion with an irrigation catheter (Olympus America, Center
Valley, PA, USA). A vein stripper was then passed retrograde
through the gastrostomy tube, retrieved endoscopically, and
exited orally. A 60-cm trailing suture was tied to the vein
stripper at the oral end and a 9.5-mm olive-shaped cap was
attached. Subsequently, the stripper was pulled back into the
esophagus and secured to the MSC using an endoloop
(Olympus America, Center Valley, PA, USA). Drawing back
on the vein stripper at the site of the gastrostomy facilitated
inversion of a sleeve of the MSC. With this maneuver, a
submucosal dissection plane was acquired and tension was
distributed evenly throughout the circumference of the
submucosa–muscularis propria interface. By withdrawing
the trailing suture orally or pulling the vein stripper caudally,
additional exposure and counter traction was facilitated along
the dissection plane. The dissection was continued across the
anatomic esophagogastric junction until the entire sleeve of
MSC was inverted into the stomach (Fig. 2; Video 2). The
sleeve was subsequently penetrated below the level of the
esophagogastric junction using an endoscopic needle knife,
and the opening was balloon-dilated until it was large enough
to facilitate passage of the endoscope into the gastric lumen.
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Circumferential transection of the MSC was performed with
the endoscope on a retroflexed position (Fig. 3; Video 3).
Prior to transoral removal of the MSC, the specimen was
turned “outside in” by drawing proximally on the trailing
suture; conceptually, the purpose of this maneuver is to
eliminate exposure of the muscularis propria to malignant
cells within the mucosal surface of the specimen (Fig. 4).
Hemorrhage within the muscularis propria tube was con-
trolled and the endoscope was removed. All animals were
euthanized and en bloc removal of the remaining esophagus
and stomach was performed.

Technical Evaluation

All procedures were recorded and reviewed to establish the
following endpoints: procedure duration (minutes), number
of endoscopic resections required to achieve circumferential
MSC removal at the proximal cuff site, qualitative

assessment of techniques used for submucosal dissection
during proximal cuff creation, number of hemorrhage
episodes requiring suction and intervention, and number
of perforations within each MSC sleeve and muscularis
propria tube.

Gross Morphology Examination

The entire lengths of MSC and muscularis propria were
examined for perforation using pressurized intraluminal
infusion of saline solution (Fig. 5a, b). Adequacy of
resection length was evaluated by comparing MSC with
the corresponding muscularis propria tube that was opened
longitudinally after leak testing was performed (Fig. 5c).
The specimen length in centimeters from proximal to distal
resection margin was measured within the length of
muscularis propria. Incomplete resection length was de-
fined as any residual MSC adherent to the muscularis

Figure 2 The diseased part of mucosa–submucosa complex is
dissected away from the muscularis propria and inverted into the
stomach.

Figure 1 After initial circumferential resection of the mucosa–
submucosa complex, a vein stripper is secured to a cuff of MSC. By
drawing back on the vein stripper, the MSC sleeve is inverted to
facilitate submucosal dissection.
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propria proximal to the anatomic esophagogastric junction,
defined as the point at which the esophagus “flared” into
the proximal stomach.

Histology Analysis

To determine adequacy of resection depth, MSC and
muscularis propria sleeves were cross-sectioned into five
tissue samples along the entire length of the esophagus
and processed in paired fashion for each animal.
Specimens were then placed in buffered formalin
solution and subsequently stained with hematoxylin–
eosin for histological exanimation. At each level, five
sections of each tissue sample were examined. Evalua-
tion of resection depth was categorized based on
established histopathological classification of tumor
invasion depth in the gastrointestinal tract, wherein the
mucosa is subdivided into epithelium, lamina propria,
and muscularis mucosa (M1–3) and the submucosal
layer is subdivided into thirds (SM1–3).17–19 Resection

depth was defined adequate as sections contained all
mucosal layers and at least the complete SM1 layer.

Results

Technical Evaluation

In an acute survival model, TEE was successfully complet-
ed without perioperative mortality in all animals over a
mean length of 32.2 cm (range 20–55). Procedure time
averaged 179 min (range 125–320). The mean number of
cap resections required to reach a circumferential plane to
initiate proximal cuff submucosal dissection was 2.6 (range
1–6); in six animals, a single 360° circumferential endo-
scopic resection of the MSC was accomplished by applying
suction within the center of the esophageal lumen.

For creation of the 2 cm proximal cuff of MSC, we
relied primarily on established techniques for submucosal
dissection, which included tapered cap dissection between

Figure 4 Before oral retrieval, spillage of tumor cells on to the
muscularis propria is prevented by turning the sleeve of MSC
“outside-in” by drawing the trailing suture cranially.

Figure 3 Transection of the sleeve of mucosa–submucosa complex
was performed from within the gastric lumen in a retroflexed position
using electrocautery.
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the MSC and muscularis propria aided with needle knife
cautery dissection after saline submucosal “lift”. The use of
sodium hyaluronate solution, which is isotonic and pro-
vides long-lasting submucosal elevation away from the
muscularis propria, was not employed in this study
secondary to cost. Hydrodissection was difficult to control
with precision and was abandoned.

Once secured to the proximal cuff, dissection of the
MSC away from the muscularis propria was accomplished
by drawing back on the vein stripper at the site of the
gastrostomy thereby leading to inversion of the MSC.
Electrocautery aided the dissection by dividing fibrous
attachments and controlling bleeding as the stripping was
stepwise carried distally. It was essential to carry the MSC
inversion on to the proximal stomach to ensure there was
no remaining tissue within the esophagus after distal
transection of the MSC sleeve. Hemorrhage events were
encountered in a mean of 1.7 (range 0–4) and were best
controlled with endoscopic coagulation forceps. No perfo-
rations were identified during the procedure and no other
complications occurred.

Gross Morphology Examination

There were no perforations identified along the length of
the MSC or muscularis propria. In nine of ten animals, the
entire length of MSC was completely resected leaving an
intact muscularis propria tube in situ. Adequate resection
length was not achieved in one animal in which a 3-
cm-long and 0.5-cm-wide segment of MSC remained

adherent to the muscularis propria at the level of the
esophagogastric junction.

Histology Analysis

Histological assessment demonstrated that resection depth
included all mucosal layers and the SM1 layer in 100% of
sections. The entire SM2 layer was included in 96% of
sections, and a complete SM3 layer was present in only 30%
of sections, as in 70% of sections, the lower half of SM3 was
found to be adhered to the muscularis propria (Fig. 6).

Discussion

The incidence of Barrett’s esophagus and esophageal
adenocarcinoma is dramatically rising, and esophageal
cancer has become the world’s sixth leading cause of
cancer death.20,21 Overall morbidity and mortality rates
associated with esophagectomy are substantial, and esoph-
ageal resection has been challenged as a treatment for HGD
and intramucosal cancer since lymph node involvement is
unlikely (<5%).6–8 However, early lesions have the poten-
tial to be lethal and are only curable if completely removed.
Since surveillance programs have increased the number of
patients detected within early stage disease,22,23 interest in
less invasive endoscopic treatments has grown.

Currently available endoscopic techniques, however,
have significant limitations. Photodynamic therapy initially
demonstrated promising results, but has been abandoned by

Figure 5 Evaluation of integri-
ty of the mucosa–submucosa
complex sleeve (a) and muscu-
laris propria tube (b) at necropsy
using pressurized intraluminal
infusion of saline solution. Re-
section length was evaluated
macroscopically by comparing
the specimen with the
corresponding muscularis
propria tube (c).
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many centers due to photosensitivity-related side effects,
recurrent disease, uncontrolled depth of ablation, and
stricture formation.24,25 Early results of radiofrequency
ablation in the treatment of dysplasia have been encourag-
ing, but as in photodynamic therapy, there is no specimen
available for histopathological examination and the depth of
ablation is limited to 500 μm, thereby preventing its use in
the treatment of invasive cancer. In addition, although
recent data suggest that radiofrequency ablation may reduce
the occurrence of subsquamous intestinal metaplasia when
compared to prevalent pretreatment cases, patients are
committed to a lifetime of surveillance endoscopy and the
need for subsequent interventions.2,25,26 The use of endo-
scopic mucosal resection has generated excellent results in
treatment of high-grade dysplasia and early adenocarcino-
ma with an extrapolated 5-year survival rate of 98% in
highly selected patients.4 However, it is important to note
that disease recurrence secondary to synchronous or
metachronous cancers is common and requires frequent
surveillance endoscopies with the need for subsequent
endoscopic resection and combination therapy with radio-
frequency ablation.27,28 Furthermore, currently used cap or
snare endoscopic resection techniques limit the lesion
resection size to 20 mm, requiring piecemeal resections of
larger lesions with a compromised histological assessment
of radial resection margins. In addition, the thermal
destruction of lateral edges makes this even more challeng-
ing. Finally, long lesions will require a stepwise approach to
prevent stricture formation with the need for multiple
procedures and an exhaustive follow-up.

Recent reports describe successful endoscopic en bloc
dissection of larger esophageal MSC specimens in patients
using endoscopic submucosal dissection. This technique
was shown to be superior to endoscopic mucosal resection
as an effective staging procedure as well as a curative
treatment in a small series of patients with superficial
adenocarcinoma at the esophagogastric junction. However,
this technique is highly operator dependent and limited by
existing technology resulting in a risk of perforation and

stricture formation.11–13,29 To overcome these limitations,
we designed transoral endoscopic inner layer esophagec-
tomy for resection of a sleeve of the mucosa–submucosa
complex, leaving the intact muscularis propria in situ.

Submucosal dissection was demonstrated to be feasible
in the swine model in earlier studies.30,31 These findings in
combination with the inversion concept, which was first
described for the entire esophagus by Akiyama et al.
formed the basis for the TEE concept.32 In the present
study, inversion provided equally distributed circumferen-
tial counter traction that facilitated separation along the
plane between the submucosal and muscular layer. As
opposed to endoscopic submucosal dissection, which is
known to have a high risk of perforation and the potential
for intra- and perioperative hemorrhage, with TEE, there
was minimal blood loss and an unobstructed plane of
dissection without perforation. Hemorrhage was easily
controlled by following the groove between the MSC and
muscle during the stripping process and coagulating with
forceps or needle knife.

The resection length and depth were found to be both
accurate and reproducible. It appears as if the path of least
resistance during stripping is located within the outermost
aspect of SM3 as 70% of animals had a small portion
adherent to the muscularis propria. Assuming reproducibil-
ity in humans, TEE could be a reliable staging tool and/or
treatment for patients with long segment multifocal dyspla-
sia and intramucosal cancer, thereby providing the pathol-
ogist a complete specimen that can be assessed for tumor
invasion depth (T status), grade of differentiation (G status),
involvement of lymphatic vessels and veins and the
presence of metachronous lesions, and completeness of
resection (R status). This robust information will better
guide clinicians in their efforts to balance procedural risk
(i.e., esophagectomy) with the risk for lymphatic involve-
ment in the face of esophageal preservation. While lymph
node involvement is infrequent in T1a-stage adenocarcino-
ma of the esophagus, it is increased by nearly 10-fold when
there is submucosal involvement (T1b stage).6,8,33 There-

Figure 6 a, b Histological im-
age showing the resection depth
of TEE was mainly through the
SM3 layer in 96% of specimens.
A small portion of the SM3
layer was found attached to the
muscularis propria after resec-
tion in 70% of specimens; M1–3
mucosal layers (epithelium,
lamina propria, muscularis mu-
cosae), SM1–3 submucosal
layers, CM circular muscle
layer, LM longitudinal
muscle layer.
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fore, TEE will not be suitable as definitive treatment in
patients with T1b lesions, and surgical candidates should
undergo esophagectomy.

Limitations of the present study are the swine model and
the swine’s healthy esophagus. It can be anticipated that the
“stripping” with inversion technique will be more difficult
and require the assistance of submucosal electrocautery
dissection in the diseased human esophagus in the presence
of inflammation or fibrous attachments caused by many
years of progressing disease. Another concern for clinical
application in patients with esophageal cancer is the
potential risk of seeding the gastrostomy side with shed
malignant mucosal cells. This risk could be minimized by
using percutaneous fluoroscopic placement instead of an
endoscopic approach and also by initiating the resection 2–
3 cm above the lesion to prevent contact of the gastrostomy
tube with diseased esophageal tissue after inversion.

Circumferential endoscopic mucosal resection has resulted
in significant stricture formation if performed in a single
setting and therefore is expected to be a major concern related
to TEE.14 The use of extracellular matrix scaffolds, derived
from porcine urinary bladder, are known to promote site-
specific tissue remodeling. Recently, this technique has been
demonstrated to prevent stricture formation in the canine
esophagus after short segment (5 cm) circumferential
endoscopic mucosal resection.34,35 In further experiments,
we plan to evaluate prevention of stricture formation after
TEE with extracellular matrix scaffold deployment over the
entire length of the esophagus in a survival model.

Conclusion

Transoral endoscopic inner layer esophagectomy was
feasible and reproducible and resulted in intact, en bloc
specimens over the entire esophageal length. The inversion
technique provided a blunt dissection with an equally
distributed circumferential counter traction and this pre-
vented perforation. This technique may lead to a single step
staging and/or therapeutic approach with esophageal pres-
ervation for BE and early stage malignancy that avoids the
morbidity of traditional esophagectomy. Future work will
need to focus on stricture prevention after TEE with the use
of a xenograft biologic scaffold.
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Discussant

Dr. Lee Swanstrom (Portland, OR): Thank you for
inviting me to discuss this very interesting paper and
congratulations to Dr. Witteman, Jobe, and their team for
doing this very innovative and I think thought-provoking
study. Also thank you for sending the very nicely written
manuscript.

I think we are looking at the future of GI surgery here; it
certainly represents a developing trend toward local treatment
of early cancers. This is a porcine model of en bloc esophageal
mucosal resection, not quite esophagectomy yet. Your title is a
little challenging in this regard but I think, as you point out,
this is just step one in an ongoing study.

As you also mention, it is not a totally new concept. It
has obviously always been desirable to not excise the whole
en bloc esophagus for early cancer or for benign disease;
Akiyama and DeMeester described this over 20 years ago,
as you mentioned, as a treatment in humans for benign
disease: stripping the mucosa out with a vein stripper and
for diseases like end-stage achalasia to do a subsequent
pull-up through the muscularis tube. So it has been around
for awhile. But obviously, what is novel here is that you are
applying it to cancer, and I think that is a very important
stage because it really goes hand in hand with some of the
things like Barrett’s ablation that are increasingly popular.

I just want to point out to the audience some of the
points that need to be emphasized. The first is that this is an
extension, a surgical extension of those technologies like
Barrett’s ablation of early cancers that I think is probably
going to eliminate traditional esophagectomy for premalig-
nant mucosa and early stage malignancies. This approach is
superior to ablation in that it provides us with a pathology
specimen, so margin determination and better staging are
possible. There is no doubt in my mind that this is the way
things are obviously going to go.

I think the other thing to stress is that this was totally an
endoscopic procedure. Unlike traditional mucosal stripping
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techniques which require open or laparoscopic access, this
is essentially done with no incisions other than a peg tube.
So it is an important and “NOTES”-like development in
patient friendly care. I would also emphasize the fact that
this is a bunch of surgeons doing a very complex interven-
tional endoscopic procedure and use this as a chance to
soap box that surgeons need to be involved in flexile
endoscopy and especially interventional endoscopy.

Then, as you mentioned with your teaser at the end of
the presentation and in your previous publications, this is a
platform for future development in tissue engineering for
stricture prevention and maybe someday for esophageal
replacement and that has a very exciting future. So my
questions to you are: Please enlarge a little bit more on
what you see are the differences between doing this in the
porcine model and in humans who have a very different
esophageal physiology. If you work with pigs, you are
aware that the mucosa is pretty slippery on the submucosa,
but is it the same in humans, and what do you forecast the
difficulties being along that line? Will there be more
bleeding? And will the split on the same plain that nice
deep submuscularis in a human or will it split in a more
superficial plain?

You mentioned the possibility of fibrosis. These experi-
ments were done in a normal esophagus. How are you
going to investigate looking at a diseased esophagus
whether it is ulcerated, fibrotic, or with Barrett’s? What
impact will that have? How are you going to investigate
that before this technique goes into widespread human use?

A couple of technical questions: The procedure took 3 h,
even though the video made it look like 10 min. What steps
actually used up most of that time? It sounds like the early
experience with getting that proximal mucosectomy is a
little bit difficult, and I see that one of your video clips
shows a very elegant one-stage technique. Maybe you can
enlarge on that just briefly.

How much of this was really dissection versus stripping?
Or maybe this is a more relevant question in a human; how
much do you think is actually going to be dissection under
direct vision to get a good clean layer versus just tying a
strip to it by yanking real hard, which makes the endoscope
only needed for mopping up the bleeding? Bleeding control
in humans is a real problem with endoscopic submucosal
(ESD) kind of techniques. How do you control bleeding?
Did you use clips?

Finally, the last question: I think you tease us a bit with
this tissue regeneration thing. I think we all know that that
is probably a way out there before it is widely available. Do
you see an intermediate use of this technique of massive en
bloc lengths of Barrett’s being stripped out, i.e., could you
do a pull-up through muscular tube potentially to combine
this with maybe a minimally invasive tubularization of the
stomach and a pull-up? Can you perhaps comment on that?

Closing Discussant

Dr. Bart P. Witteman (Pittsburgh, PA): Thank you Dr.
Swanstrom for your very interesting remarks and questions.
The first question was on the expected difference in
performing this technique in humans instead of in the swine
model. We expect that this dissection will be more challenging
in the human esophagus. In the patient I showed, we used
submucosal dissection techniques, which were spearheaded by
the Japanese. I expect that these techniques will be very useful
not only to access the initial submucosal plain but also to assist
the inversion process, once the vein stripper is secured. I think
during a stepwise procedure in which the assistant carefully
draws back on the vein stripper and strips portions of the
submucosal complex down the esophagus, the surgeon can use
submucosal dissection tools endoluminally to control hemor-
rhage and dissect adhesions between the submucosa and
muscular layer. That brings me to the second question, which
was on how to perform TEE in a diseased esophagus. I think
the submucosal dissection techniques will also be very helpful
in this area, as many years of progressing disease can cause
more adherence of the submucosal layer to the muscularis
propria. In our procedures, the creation of an initial 2–3-cm
cuff was most time-consuming as for this step we tried
different techniques. We used hydrodissection techniques to
lift the submucosa from the muscularis propria and also blunt
dissection, using the transparent cap of the EMR kit at the tip
of the endoscope for dissection, but these were time-
consuming and insufficient for tight adhesions. Therefore, we
relayed on the mentioned submucosal dissection techniques.

The third question was how to control bleeding. We used
an endoscopic forceps with cautery in the swine model, which
will probably be very useful in humans too.With the inversion
technique, vessels become nicely visible and are easily
grabbed with the forceps during a stepwise dissection.

The fourth question was on howwe think about the use of a
biologic scaffold for controlling stricture formation and if
there is a role for gastric pull-up in the resected area instead.
The use of an extracellular matrix scaffold has been very
promising in the canine model after circumferential EMR and
showed site-specific tissue remodeling. We now perform a
study to explore the effects of a bioscaffold on stricture
formation after TEE in the swine model. We also have future
plans to perform a study in patients with en bloc resection and
bioscaffold substitution for treatment of Barrett’s esophagus
with high-grade dysplasia. I think the technique of a gastric
pull-up in the muscularis tube will be a less attractive option as
the laparoscopic part will add invasiveness to the procedure.
Especially after the experience in our first patient, we would
like to explore the use of TEE technique, the endoscopic
circumferential stripping of the mucosa–submucosa complex,
followed by placement of the extracellular matrix scaffold to
control postoperative stricture formation.
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Abstract
Introduction High-resolution manometry (HRM) is faster and easier to perform than conventional water perfused
manometry. There is general acceptance of its usefulness in evaluating upper esophageal sphincter and esophageal body.
There has been less emphasis on the use of HRM to evaluate the lower esophageal sphincter (LES) resting pressure and
length, both factors important in LES barrier function. The aim of this study was to compare the resting characteristics of the
LES determined by HRM and conventional manometry in the same patients.
Methods We performed both HRM and conventional manometry including a slow motorized pull-through technique in 55
patients with foregut symptoms. The characteristics of the LES analyzed were: resting pressure, total length, and abdominal
length. Four available modes of HRM analysis were used to assess resting characteristics of the LES: spatiotemporal mode
using both abrupt color change and isobaric contour, line tracing, and pressure profile. The values obtained from these four
HRM modes were then compared to the conventional manometry measurements.
Results High-resolution manometry and conventional manometry did not differ in their measurement of LES resting
pressure. LES overall and abdominal length were consistently overestimated by HRM. A variability up to 4 cm in overall
length was observed and was greatest in patients with hiatal hernia (1.8 vs. 0.9 cm, p=0.027).
Conclusion The current construction of the catheter and software analysis used in high-resolution manometry do not allow
precise measurement of LES length. Errors in the identification of the upper border of the sphincter may compromise
accurate positioning of a pH probe.

Keywords Motility . Esophagus . High-resolution
manometry . Pull-through technique . Lower esophageal
sphincter . Gastroesophageal reflux disease (GERD)

Introduction

Recent advances in catheter and transducer design coupled
with improved image processing and display techniques have
yielded significant upgrades in technology, cumulating in the
development of high-resolution manometry (HRM). The
technical advantages of HRM lie in its high density of
recording sites, advanced solid-state sensor technology, and
intuitive spatiotemporal representation of the data. High-
resolution manometry is also faster and easier to perform than
conventional water-perfused manometry and has been
reported to be superior in the assessment of the upper
esophageal sphincter (UES) and esophageal body.1 However,
high-resolution manometry has not been compared to
conventional “pull-through” manometry in the assessment
of the lower esophageal sphincter (LES). The aim of this
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study was to compare the resting characteristics of the LES
measured by HRM and those measured by a slow motorized
pull-through technique (MPT) of conventional manometry in
the same group of patients.

Materials and Methods

Prior to using HRM in our clinical practice, we prospec-
tively evaluated this new technology by comparing it to
conventional manometry. Since HRM software allows
analysis of esophageal body function in an identical manner
to conventional manometry, we focused the evaluation on
the resting characteristics of the LES since HRM does not
include a traditional pull-through technique.

The study population consisted of 55 consecutive
patients with foregut symptoms who had both HRM and
conventional manometry performed. All of these patients
had a video-esophagram to assess for the presence of a
hiatal hernia. This study was approved by the University of
Southern California Institutional Review Board.

Conventional Manometry

Conventional manometry was performed in the supine
position using a 12 French eight-channel water-perfused
catheter (Arndorfer Medical Specialties, Greendale, WI,
USA). The stationary pull-through technique was per-
formed by withdrawing the catheter through the sphincter
in 1 cm increments. The upper and lower borders of the
LES were identified using the classic definition of 2 mmHg
constant rise from the gastric baseline pressure. Values
obtained from five individual tracings were averaged.

A slow motorized pull-through technique was also per-
formed for detailed assessment of the LES.2,3 Motorized pull-
through technique was performed in the same setting with
the same catheter; a separate intubation was not required.
Four radially placed sensors at the same level were used in
MPT. The radial sensors were positioned just below the LES,
and a mechanical puller was used to withdraw the catheter at
a rate of 1 mm/s through the sphincter while the patient
breathed normally. If the patient swallowed during this time,
the procedure was repeated. The recording was analyzed
using the Polygram® software program (version 5.22 Upper
GI Edition, Gastrosoft, Medtronic Medical) to determine
LES resting pressure, overall length, and abdominal length
using the end expiratory gastric pressure as a reference. The
lower border of the LES was defined as a persistent rise in
pressure ≥2 mmHg above the gastric baseline. The upper
border of the LES was defined as the point where the
pressure dropped below the gastric baseline. The respiratory
inversion point (RIP) was defined as the location where the
positive deflections with inspiration recorded in the abdomen

changed to negative deflections recorded in the chest. The
resting pressure of the sphincter was measured at the RIP
during the middle of the respiratory cycle. The overall length
was defined as the distance in centimeters between the upper
and the lower borders of the LES and the abdominal length
as the distance in centimeters between the lower border and
the RIP. The values obtained from the four radial channels
were averaged.

High-Resolution Manometry

High-resolution manometry was performed during the same
visit in the supine position 30 min after finishing the
conventional manometry. A solid-state manometry catheter
with 36 circumferential pressure sensors spaced at 1-cm
intervals was used (Sierra Scientific Instruments; Los
Angeles, CA). The catheter was positioned so that at least
four sensors were in the stomach to optimize recording of
intragastric pressure. The sensors measured pressure over a
length of 0.25 cm, and in the remaining 0.75 cm of space
between the sensor recording area, the data was interpolated
using an algorithm to generate a pseudo-3-dimensional
topographic plot. A 25-s period of recording documented the
resting status of the esophagus and determined the location
and resting pressure profile of the upper and lower esophageal
sphincters. This was followed by ten swallows of 5 cc of water
at 20-s intervals to assess upper esophageal sphincter function,
esophageal body function, and LES relaxation.

Overall and abdominal lengths of the LES were assessed
using ManoView® analysis software (Sierra Scientific
Instruments, Los Angeles, CA). The data were first
corrected for thermal sensitivity according to the manufac-
turer’s instructions. All pressures were referenced to gastric
baseline pressure. The LES reading were analyzed using all
four available modes:

1. Spatiotemporal mode using abrupt color change
2. Spatiotemporal mode using isobaric contour=2 mmHg
3. Line tracing mode using constant rise ≥2 mmHg
4. Pressure profile mode

In the spatiotemporal mode, the lower border of LES was
defined by a distinct color change from blue (i.e., gastric
pressure) to green (i.e., high-pressure zone in distal esopha-
gus).The upper border of the LES was defined by a change
back from green to blue (Fig. 1a). In the same mode, the
upper and lower borders of the LES were determined using
an isobaric contour tool that defined a pressure domain of
≥2 mmHg above gastric pressure (Fig. 1b).

In the line tracing mode, channels can be selected by the
user to display tracings in the stomach, the entire
gastroesophageal junction, and the distal esophagus. In this
display, the most distal line tracing with a constant pressure
≥2 mmHg above gastric baseline represents the lower
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border of the LES. The most proximal tracing with a
constant pressure ≥2 mmHg above gastric baseline pressure
represents the upper border of the LES (Fig. 2).

In the pressure profile mode, the data from the 36
sensors are used to construct a dynamic graph that is shown

in the analysis software (Fig. 3). This graph represents the
pressure profile along the entire esophagus relative to
gastric baseline pressure at any given time during the
study. The borders of the LES were defined by the points
where the pressure profile line crosses the gastric baseline.

Figure 1 a Analysis of the LES in the spatiotemporal mode using
abrupt color change. The color changes at the mid respiratory points
are identified visually and marked with horizontal lines to identify the
upper and lower borders of the LES. The software calculates the
overall length of the LES as the distance in centimeters between these
lines. b Analysis of the LES in the spatiotemporal mode using isobaric

contour. The user selects a pressure threshold, and the software draws
a contour line at this pressure. The upper and lower borders are
marked with horizontal lines at the mid respiratory point of these
contour lines. The software calculates the overall length of the LES as
the distance in centimeters between these lines.

Figure 2 Analysis of the LES
in the line tracing mode. The
most distal line tracing with a
constant pressure ≥2 mmHg
above gastric baseline represents
the lower border of the LES.
The most proximal tracing with
a constant pressure ≥2 mmHg
above gastric baseline pressure
represents the upper border of
the LES. The distance between
these sensors is recorded as the
overall length of the LES.
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The respiratory inversion point was identified using
the pressure inversion point tool provided in the
software. The location of the RIP was used to determine
the upper extent of the abdominal portion of the LES in
order to calculate the abdominal length of the LES in all
four modes.

The resting pressure of the LES was determined in
two ways. In the spatiotemporal mode, with the upper
and lower borders of the LES marked as described
above, the E-Sleeve software tool identifies the highest
pressure point in the LES. The resting pressure of the
LES was also determined by positioning the smart mouse
cursor included in the software at the level of RIP at the
mid respiratory point to measure the pressure at this
location.

Statistical Analysis

Values are reported as median and interquartile range
(IQR). The Wilcoxon signed rank test was used to compare
continuous variables. The Spearman test was used to assess
correlation between variables reported as the correlation
coefficient R with 95% confidence intervals (CI). A p value
less than 0.05 was considered statistically significant. The
analysis was performed using Prism 4 statistical software
(Graphpad, San Diego, CA, USA).

Results

There were 29 male and 26 female patients with a median
age of 53 years (IQR 45–65). The resting characteristics of
the LES measured by the conventional stationary pull-
through technique are compared to those obtained by the
motorized pull-through technique in Table 1. The LES
resting characteristics were similar between these two
methods.

Overall lengths of the LES as measured by MPT and the
four modes of HRM are compared in Table 2. Overall
lengths measured by all modes of HRM were significantly
longer compared to the MPT measurements, with the
exception of the line-tracing mode. Likewise, the abdom-
inal lengths of the LES measured by HRM were signifi-
cantly longer than those measured by MPT with the
exception of the line tracing mode (Table 3).

The Spearman correlation analyses of overall and
abdominal lengths measured by MPT and HRM are shown
in Table 4. No correlation was found between overall
lengths as measured by MPT and any of the HRM modes.
There was a weak correlation between the abdominal length
measured by MPT and the pressure profile and spatiotem-
poral (color change) modes of HRM.

The overall length of the LES was overestimated by all
four modes of HRM. This overestimation was maximal for
the spatiotemporal mode using color change in which 82%
of patients had a longer overall length compared to MPT.
The corresponding percentages for other HRM modes

Figure 3 Analysis of the LES in the pressure profile mode. The
pressure profile is displayed for a representative location in the
LES at the mid respiratory point. The user places horizontal lines
where the pressure profile crosses the gastric baseline. The software
calculates the overall length of the LES as the distance in centimeters
between these lines.

Table 1 Comparison Between Stationary Pull-through (SPT) and
Motorized Pull-through (MPT) Techniques of Conventional Manom-
etry Assessment of the LES Resting Characteristics

SPT MPT p value

Overall length (cm) 3.0 (2.2–3.4) 2.8 (2.2–3.8) 0.55

Abdominal length
(cm)

1.8 (1.1–2.2) 1.9 (1–2.9) 0.19

Resting pressure
(mmHg)

13.5 (8–20.2) 12.8 (8.1–19.5) 0.69

Values expressed as median (IQR)
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Table 2 Comparison of Overall Lengths of the LES Measured by MPT and the Four Modes of HRM, Values Expressed as Median (IQR)

Conventional manometry High-resolution manometry

Motorized pull-through Pressure profile Spatiotemporal
(color change)

Spatiotemporal
(isobaric=2mmHg)

Line tracing

Overall length (cm) 2.8 (2.2–3.8) 4.7 (3.3–5.3) 3.5 (2.7–4.1) 4.4 (3.4–5.3) 3 (2–4)

p valuea – <0.0001 0.0114 <0.0001 0.94

a For comparison to MPT values using Wilcoxon signed rank test

Table 3 Comparison of Abdominal Lengths of the LES Measured by MPT and the Four Modes of HRM, Values Expressed as Median (IQR)

Conventional manometry High-resolution manometry

Motorized pull-through Pressure profile Spatiotemporal
(color change)

Spatiotemporal
(isobaric=2 mmHg)

Line tracing

Abdominal length (cm) 1.9 (1.0–2.9) 3.7 (2.6–4.6) 3.0 (2.1–3.6) 3.8 (2.7–4.5) 3 (2–4)

p valuea – <0.0001 <0.0001 <0.0001 0.094

a For comparison to MPT values using Wilcoxon signed rank test

Table 5 Comparison of Overall and Abdominal Lengths Measured by MPT and the Spatiotemporal Isobaric Contour and Line Tracing Modes of
HRM using a Threshold of 5 mmHg, Values expressed as median (IQR)

Motorized pull-through Spatiotemporal (isobaric=5 mmHg) HRM Line tracing (5 mmHg)

Overall length (cm) 2.8 (2.2–3.8) 3.7 (2.7–4.1)* 2 (1–3)

Abdominal length (cm) 1.9 (1.0–2.9) 3.5 (2.5–4.3)* 2 (1–3)

*p<0.05 vs. MPT

Table 4 Correlation Between Overall and Abdominal Lengths of the LES Measured by the Four Modes of HRM and the MPT Technique of
Conventional Manometry*

Pressure profile Spatiotemporal (color change) Spatiotemporal (isobaric=2mmHg) HRM Line tracing

Overall length n.s n.s n.s n.s

Abdominal length 0.31 (0.04–0.53) 0.40 (0.14–0.61) n.s n.s

*p<0.05, Spearman coefficient (95% CI) reported for analyses

n.s. not significant
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were: 76% for the pressure profile, 60% for the spatiotem-
poral mode using isobaric contour of 2 mmHg, and 49% for
the line tracing using the cut point of 2 mmHg.

We reanalyzed the HRM data using a threshold of
5 mmHg for the isobaric contour in the spatiotemporal
mode and a constant rise ≥5 mmHg above gastric pressure
in the line tracing mode. Using this higher pressure
threshold, the overall and abdominal lengths measured by
spatiotemporal mode (using isobaric contour) were shorter
but remained significantly different from the values
obtained by MPT. With the higher pressure threshold, the
lengths measured by the line tracing mode were similar to
MPT (Table 5).

Figure 4 compares the resting pressure of the LES
measured by MPT and HRM. The pressure measured by the
E-sleeve was significantly higher than the MPT pressure.
There was no difference between the pressure at the RIP
measured by HRM using the smart mouse and the resting
pressure measured by MPT.

The location of the upper border of the LES was
determined by stationary pull-through during conventional
manometry and in the spatiotemporal mode using color
change. There was a modest correlation between these
measurements with discrepancies as large as 3.4 cm in
individual patients (Fig. 5).

Radiologic evidence of a hiatal hernia was present in 38
patients (70%). The presence of a hernia was associated
with a greater variability in overall lengths of the LES
measured by MPT and the spatiotemporal mode using color
change [1.8 cm (1–2.5) vs. 0.9 cm (0.3–2.1), p=0.027].

Discussion

High-resolution manometry has grown in popularity since its
introduction in 2000.4 This has occurred for a number of
reasons. It is faster to perform which makes it attractive to
both patients and to foregut diagnostic laboratories
performing the test. The presence of simultaneous recording
channels from the pharynx to the stomach eliminates the

need to move the catheter during the study which simplifies
the conduct of the procedure and makes it more tolerable for
the patients. The solid state catheter eliminates the need for a
water perfusion system, which makes the exam technically
easier to perform. The sophisticated software package also
simplifies the conduct of the study and its analysis. This is
especially true when the spatiotemporal mode is used. All of
these factors combine to make this HRM popular especially
in community-based centers.

High-resolution manometry has been shown to be useful
and accurate in the assessment of motor function of the
UES5,6 and esophageal body,7,8 and it may offer unique
insights into assessment of esophageal function particularly
in evaluating bolus transport.9 To date, no studies have
assessed the use of HRM in measuring the resting
characteristics of the lower esophageal sphincter. In
particular, the impact of the elimination of the “pull-
through” component of LES analysis has not been studied.
We hypothesized that the interpolated data points over the
short segment that is the LES may lead to under- or
overestimation of the true length of the sphincter by HRM
since the pressure sensors are placed at 1 cm intervals.

We have shown that there are significant differences in
all measurements of the resting characteristics of the LES
between the results obtained using high-resolution manom-
etry and those obtained by the motorized pull-through
technique of conventional manometry. We analyzed all four
available HRM techniques for assessing the LES using two
different pressure thresholds and found that the overall and
abdominal lengths of the LES were consistently over-
estimated. The resting pressure of the LES was also
overestimated when the E-sleeve was used as recommended
by the manufacturer.

In clinical practice, the spatiotemporal mode of HRM
using color change is the most common method used to
assess the status of the LES. We have shown that the degree
of overestimation of the resting characteristics of the LES
was greatest for this mode of analysis. In fact, 82% of

Figure 5 Correlation between the upper border of the LES
determined by conventional manometry and the spatiotemporal mode
of HRM using color change (R2=0.45, p<0.001).

Figure 4 Comparison of the resting pressure of the LES measured by
MPT and two techniques by HRM.
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patients had overestimation of the LES length of up to
4 cm. There are several factors which may explain this
discrepancy. First, there is subjectivity in identifying the
exact location of the color change to localize the upper and
lower borders of the sphincter. Second, the high-pressure
zone marked by this method of analysis includes not only
the intrinsic sphincter but the impression of the crural
diaphragm. As a result, the true length of the LES is
overestimated when a hernia is present, which we have also
shown. Finally, as a consequence of catheter design, there is
the inherent inaccuracy created by mathematical interpola-
tion of the pressure values in the 0.75 cm between
recording segments.

Analyses of the LES in the other three modes result in
measurements that differ less from those obtained by
conventional manometry. This is especially true for the
line tracing mode. These methods of analyzing the LES
require more experience and considerable adjustment of the
software settings, which increases the demands on the
technician performing the study. These requirements tend to
negate many of the benefits to the diagnostic laboratory
performing HRM.

The location of the upper border of the LES is an
important landmark for placement of a pH catheter.10,11 The
location of the upper border of the LES determined by
HRM was variable when compared to the results of
conventional manometry. Overall, there was only a moder-
ate correlation between the two measurements with varia-
tion of as much as 3.4 cm noted. This degree of variation in
positioning the probe may lead to inconsistencies in pH
measurements, given the gradient of acid exposure in the
distal esophagus that has been documented in both patients
with GERD12 and in normal subjects.13 This inconsistency
in pH probe placement can affect clinical management by
reporting false positive and false negative pH monitoring.

The differences that we have observed between high-
resolution manometry and the motorized pull-through
technique highlight limitations in the high-resolution
technology. Elimination of the pull-through combined with
mathematical interpolation of the pressure values between
recording segments limits the precision of the length
measurements of the LES to 1 cm. It is anticipated that
future versions of the analytical software and pending
modifications to catheter design will overcome many of the
sources of inaccuracy in assessing the LES. In the next
generation of HRM currently under development, referred
to as high-definition manometry (Sierra Scientific Instru-
ments Inc, Los Angeles, CA), the pressure sensors are more
closely spaced such that 128 individual pressure recordings
can be made over a distance of 4.8 cm.14 With this
modification, a 3-dimensional representation of the sphinc-
ter can be constructed in a manner similar to the sphincter
pressure vector volume technique in assessment of LES that

we have shown has advantages over conventional manom-
etry in assessing sphincter incompetence.15

Conclusion

For more than half a century, the “pull-through” technique has
been the standard means of assessing the resting character-
istics of the LES.16 High-resolution manometry eliminates
this procedure and is associated with consistent overestima-
tion of the resting characteristics of the LES and errors in the
identification of the upper border of the sphincter and pH
probe positioning. It appears that this simplification in the
conduct and analysis of esophageal manometry has come at
the detriment of accuracy in LES assessment.
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Abstract
Background Studies of positron emission tomography (PET) have focused mainly on tumor staging. The role of PET in
predicting survival has received less attention. We sought to assess the relationship of pretreatment maximum standard
uptake value (SUVmax) to survival in surgical patients with esophageal cancer.
Methods The study consisted of 72 esophagectomy patients (60 with adenocarcinoma) undergoing resection between July
2005 and April 2009. PET combined with computed tomography (PET-CT) was performed at a single center, and SUVmax

was recorded prior to any therapy. Survival was assessed at a median follow-up of 19 months.
Results The median SUVmax was 6.25. A receiver operating characteristic curve identified SUVmax 4.5 to optimally
discriminate survival. Patients with low SUVmax (<4.5) had significantly (p=0.0003) better survival than those with high
SUVmax (≥4.5). Stage 3 patients with low SUVmax had significantly better survival (p=0.0069) than those with high
SUVmax. Likewise, N1 disease patients with low SUVmax had significantly better survival (p=0.008) than those with
high SUVmax. Multivariate analysis identified SUVmax to be an independent predictor of survival (p=0.0021).
Conclusion Pretreatment PET-CT SUVmax independently predicts survival in patients with esophageal carcinoma
undergoing resection. SUVmax may be a valuable marker of tumor biology that could potentially be exploited for
prognostic and therapeutic purposes.

Keywords Esophageal cancer . Positron emission
tomography (PET) .Maximum standard uptake value
(SUVmax) . Overall survival

Introduction

Esophageal carcinoma is an aggressive and complex
malignancy with a markedly increasing incidence and an
historically poor prognosis. Over the past decade, increased
awareness, advancements in diagnostic modalities, and
improved treatment strategies have resulted in a significant
improvement in survival of patients undergoing resection
for esophageal cancer.1,2 The initial assessment and
treatment planning of nearly all cancers, including esoph-
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ageal carcinoma, is based on accurate staging of the extent
of disease. Since its approval as a diagnostic modality for
esophageal cancer by the Centers for Medicare and
Medicaid Services in 2005, combined positron-emission
tomography and computed tomography (PET-CT) has
become an essential diagnostic test which has significantly
improved the accuracy of preoperative staging.3–5 The main
advantage of combined PET-CT over other diagnostic
modalities lies in an improved ability to assess metabolic
characteristics of the tumor and suspected metastases. PET-
CT utilizes radioactively labeled 18F-fluorodeoxyglucose
(18FDG), which is concentrated in metabolically active
tissues such as neoplasms and regions of inflammation. The
maximum extent of 18FDG uptake is expressed as a
maximum standard uptake value (SUVmax), a calculated
value defined as the activity concentration in the tissue
divided by the activity injected per unit body weight. An
elevated SUVmax is an indicator of heightened metabolic
activity and, thus, a potential malignancy. Studies of this
semiquantitative parameter established its role in tumor
diagnosis, staging, and monitoring of treatment efficacy.3,6,7

The utility of SUVmax in predicting survival has received
considerably less attention. Currently published data assess-
ing the prognostic value of SUVmax are inconsistent.8–11

Our aim was to study the association between SUVmax on
the initial diagnostic pretreatment PET-CT and overall
survival of esophageal cancer patients treated with esoph-
agectomy. Furthermore, our goal was to assess whether
SUVmax value on pretreatment PET-CT independently
predicts survival.

Methods

The study population consisted of 141 patients undergoing
esophagectomy for esophageal cancer between July 2005
and April 2009. Seventy-six (54%) patients had initial
diagnostic pretreatment PET-CT. Three of the 76 patients
who had high-grade dysplasia on their final pathology and one
patient who died during the 30-day postoperative period were
excluded from the study. The perioperative death occurred in

a 79-year-old woman with neurofibromatosis and dysphagia
secondary to obstructing distal esophageal adenocarcinoma.
Her pretreatment tumor SUVmax was 16 without 18FDG
uptake within lymph nodes. Although a high-risk patient,
she elected to pursue an attempt at curative resection and
underwent transhiatal esophagectomy with cervical
esophago-gastrostomy. A swallow study showed no leak
on postoperative day (POD) 8; however, on POD 9 the
patient developed fever and leukocytosis. A computed
tomography study was nondiagnostic. While a pyloroplasty
leak was suspected, the patient declined further treatment
and subsequently died.

The final study population consisted of 72 patients.
There were 60 patients with esophageal adenocarcinoma
and 12 with squamous cell carcinoma (SCC). Ten patients
underwent neoadjuvant chemotherapy, and seven combined

Table 1 Postoperative Complications

Complications Number Percent (%)

Atrial fibrillation 2 3

Pneumonia 2 3

Chyle leak 2 3

Wound infection 7 10

Pulmonary embolism 2 3

Colon ischemia requiring partial colectomy 2 3

Anastomotic leak 14 19

Table 2 Demographic and Clinicopathological Characteristics

Study population N=72

Age (median) 63

Sex (male) 57 (79%)

Adenocarcinoma 60 (83%)

Squamous cell carcinoma 12 (17%)

Median SUVmax 6.25

Median follow-up 19 months

Neoadjuvant therapy 17 (24%)

Pathologic stage

Stage 0 1 (1%)

Stage 1 17 (24%)

Stage 2A 13 (18%)

Stage 2B 15 (21%)

Stage 3 26 (36%)

Tumor location

Distal 20 (28%)

Gastroesophageal junction (GEJ) 46 (64%)

Middle 6 (8%)

Nodal involvement

N0 31 (43%)

N1 41 (57%)

Grade

Well differentiated 6 (8%)

Moderately differentiated 26 (37%)

Poorly differentiated 34 (47%)

Undifferentiated 5 (7%)

Complete pathologic response 1 (1%)

Surgery type

En bloc esophagectomy 19 (26.5%)

Ivor Lewis esophagectomy 4 (5.5%)

Transhiatal esophagectomy 41 (57%)

McKeown esophagectomy 4 (5.5%)

Minimally invasive esophagectomy 4 (5.5%)
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chemo-radiation prior to surgery. Seventeen patients had
adjuvant chemotherapy or radiation; four patients aban-
doned adjuvant treatment after one cycle due to complica-
tions, and six patients received adjuvant therapy after
discovery of metastatic disease. Only four patients (5%)
received both neoadjuvant and adjuvant treatment.

Surgical resection was performed by five surgeons. The
type of esophagectomy was individualized and based on
surgeon’s judgment, tumor location, and patient’s fitness.
Gastrointestinal continuity was reestablished with cervical
esophago-gastrostomy in all types of esophageal resection
except in Ivor Lewis esophagectomy. The majority (57%) of
patients underwent transhiatal esophagectomy as described by
Orringer et al.12 with D2 abdominal and limited posterior

mediastinal lymphadenectomy; 26.5% had en bloc esopha-
geal resection as described by Rizzetto et al.2 with extensive
infra-carinal and D2 abdominal lymphadenectomy including
intrathoracic ligation of the thoracic duct. Four patients
underwent Ivor Lewis, four McKeown, and four minimally
invasive esophagectomy (MIE) as previously described by
Luketich et al.13 with thoracosopic esophageal mobilization,
laparoscopic gastric mobilization, and cervical esophago-
gastrostomy. The mean number of harvested lymph nodes
was 32 in en bloc, 19 in MIE, 15 in transhiatal, 13 in
McKeown, and 12 in Ivor Lewis esophagectomy.

PET-CT scanning was performed at a single center prior
to any therapy. Patients were imaged in the fasting state,
and the blood glucose was measured prior to the injection
of 18FDG. Sixty minutes following the intravenous injec-
tion of 18FDG, PET images were acquired from the skull
base through the proximal thighs. A low-dose CT scan was
performed for attenuation correction and localization of
PET findings. PET-CT findings were reported by a certified
radiologist with a calculated SUVmax value representing the
highest uptake of 18FDG within the tumor.

Patients’ medical records were reviewed for the follow-
ing variables: age, gender, clinical (cL) and pathologic
tumor length, tumor location, maximum standard uptake
value (SUVmax) on the initial pretreatment PET-CT,
pathologic tumor (pT), node (pN), and metastasis (pM)
stage, number of lymph nodes in the surgical specimen,
number of lymph nodes positive for cancer, type, and grade
of tumor. Postoperative complications included atrial
fibrillation, pneumonia, chyle leak, wound infection,
pulmonary embolism, colon ischemia requiring partial
colectomy, and anastomotic leak. Complications had no
influence on patients’ survival and are documented in

0

2

4

6

8

10

12

14

16

18

20

22

24

Distribution of SUVmax values

SUVmax

* a single value 59 is not included in the graph

Patients (N=72)

Figure 1 Distribution of SUVmax values and median of the study
population. Single value 59 is not displayed on graph.

Figure 2 The ROC curve for
survival prediction based on
SUVmax yields an optimal
cut-point of 4.5.

J Gastrointest Surg (2009) 13:2121–2127 2123



Table 1. Medical records and the Social Security Death
Index were queried for information regarding survival.
Survival was calculated from the time of operation to death.
Living patients were censored as of October 7, 2008.

Statistical Analysis

The primary outcome measure was the association of
maximum standard uptake value (SUVmax) on pretreatment
PET-CT and overall survival following surgical resection.
Cox proportional hazards regression was used to test the
effects of several covariates, including clinical (cL) tumor
length, SUVmax, pN, pT, tumor grade and stage, and their
association with survival. Univariate and multivariate
analysis (with and without model selection) were both
conducted. Logistic regression was employed to study the
association between SUVmax and mortality. A receiver
operating characteristic (ROC) curve was drawn to assess
the SUVmax value most optimally discriminating survival.
Survival was assessed at a median follow-up of 19 months
for surviving patients using the method of Kaplan and
Meier. Individual survival curves were compared with log-
rank test; p value less than 0.05 was considered significant.
Statistical analyses were conducted using SAS 9.1 (SAS
Institute Inc., Cary, NC, USA).

The study was approved by the University of Rochester
Medical Center Research Subjects Review Board.

Results

There were 57 (79%) men and 15 (21%) women with a
median age of 63 years.

Table 2 summarizes patients’ demographics and clinical
characteristics. Adenocarcinoma was a more prevalent
tumor type by a ratio of almost 6:1. Ninety percent of
tumors were located in the distal esophagus or cardia and
the median clinical (cL) tumor length was 4 cm. Forty-three
percent of patients presented with node negative disease,
36% with stage 3 disease, and 57% had histopathologicaly
confirmed nodal metastasis following surgical resection.
Surgical resection consisted of en bloc esophagectomy with
abdominal and mediastinal lymphadenectomies in a quarter
and transhiatal or transthoracic esophagectomy in the
remaining.

Pretreatment SUVmax on PET-CT ranged from 0 to 59
with a median of 6.25 (Fig. 1). The SUVmax value that
optimally discriminated survival (4.5) was determined via
construction of a receiver operating characteristic curve
(Fig. 2). Table 3 compares the characteristics of patients
with SUVmax above and below 4.5. Patients with SUVmax≥
4.5 had significantly longer clinical (cL) tumor length,
more advanced stage, and a higher prevalence of cancer-

positive lymph nodes and poor differentiation than those
with SUVmax<4.5.

Patients with low SUVmax (<4.5; N=25) had significantly
(p=0.0003) better survival (median survival not reached)
than those with high SUVmax (≥4.5; N=47; 19.23 months,
Fig. 3). This was also true when comparing only stage 3
patients; those with low SUVmax (N=7) had significantly
better survival (p=0.0069) than stage 3 patients with high
SUVmax (N=19; Fig. 4). Patients with N1 disease and a low
SUVmax (N=10) had significantly better survival (p=0.0081)
than high SUVmax N1 patients (N=31; Fig. 5). Univariate
proportional hazards regression analysis (Table 4) identified
SUVmax (p=0.00149), positive nodal status pN (p=0.0201),

Table 3 Clinicopathological Characteristics of Low and High
SUVmax Groups

Low
SUVmax<4.5

High
SUVmax≥4.5

N=25 N=47

Age (median) 61 63 p=0.934

Sex (male vs female) 20/5 37/10

Adeno vs SCC 22/3 38/9

Median clinical tumor
length (cL)

2 cm 5 cm p<0.0001

Pathologic stage

Stage 0 0 1 (2%) CR

Stage 1 13 (52%) 4 (8.5%)

Stage 2A 2 (8%) 12 (25.5%)

Stage 2B 3 (12%) 11 (23%)

Stage 3 7 (28%) 19 (40%) p=0.0069

Median follow-up 24.7 months 12. 6 months p=0.0944

Tumor location

Distal 8 (32%) 12(25.5%)

GEJ 17 (78%) 29 (61.5%)

Middle 0 6 (13%)

Nodal involvement

N0 15 (60%) 16 (44%)

N1 10 (40%) 31 (66%) p=0.0272

Grade

Well differentiated 4 (14%) 2 (4%)

Moderately differentiated 8 (32%) 18 (38%)

Poorly differentiated 10 (40%) 24 (51%)

Undifferentiated 3 (12%) 3 (6%)

Surgery type

En bloc esophagectomy 4 (16%) 15 (32%)

Ivor Lewis
esophagectomy

3 (12%) 1 (2%)

Transhiatal
esophagectomy

17 (68%) 24 (51%)

McKeown
esophagectomy

0 4 (8.5%)

Minimally invasive
esophagectomy

1 (4%) 3 (6.5%)
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tumor invasion through the muscularis propria pT3 (p=
0.0128) and pathologic stages 2B+3 (p=0.0266) to be
significantly associated with mortality. On multivariate
analysis, with and without model selection, SUVmax

remained an independent predictor of survival (Tables 5
and 6). On univariate logistic regression analysis, a one-unit
rise in SUVmax increased the odds of mortality by 9.8%
(p=0.0276; Table 7).

Discussion

Our primary aim was to assess the association between
pretreatment PET SUVmax and patient survival in resectable

esophageal carcinoma. We further evaluated whether
SUVmax predicts survival independently of other well-
known variables such as tumor stage or nodal status. The
data showed that pretreatment SUVmax was strongly
associated with overall survival in patients undergoing
resection for esophageal cancer. This association remained
significant on multivariate analysis when controlling for
variables such as stage, grade, and nodal status. Logistic
regression revealed that each incremental point increase in
SUVmax on a pretreatment PET-CT translated into increased
odds of death by 9.8%. Furthermore, pretreatment PET
SUVmax retained its prognostic significance when compar-
ing subgroups of patients limited to stage 3 disease or those
with positive node metastases. In both groups of high-risk
patients, a low SUVmax resulted in significantly prolonged
survival compared to those with higher values. These
observations support the hypothesis that low 18FDG uptake
within a tumor may represent more indolent tumor biology,
and that high glucose metabolism within a cancer cell may
signify aggressive behavior of the tumor.
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Figure 4 Survival proportion of stage 3 patients stratified by low and
high SUVmax.
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Figure 5 Survival proportion of pathologic N1 patients stratified by
low and high SUVmax.

Table 4 Univariate Proportional Hazards Regression Analysis

Variable p value Hazard
ratio

95% HR CI

Clinical tumor length (cL) 0.416 1.098 0.87–1.38

SUVmax 0.0149* 1.033 1.00–1.06

pN (pN1 vs pN0) 0.02* 3.601 1.22–10.61

pT (pT2 vs pT1) 0.334 2.415 0.40–14.45

pT (pT3 vs pT1) 0.026* 3.396 1.15–10.00

Grade (well + moderate vs poor) 0.567 0.782 0.33–1.81

The asterisks mark the values that are statistically significant p<0.05.
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Figure 3 Survival proportion stratified by low and high SUVmax.
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Since the concept of positron emission tomography was
first introduced (1950s), PET has become an increasingly
useful staging modality for malignant diseases including
carcinomas of the lung, breast, head and neck, thyroid,
colon, and esophagus, as well as for melanoma and
lymphoma.4 The clinical utility of PET was underscored
in a review of 22,975 PET studies from 1,178 centers in the
USA.14 Comparing the management of patients with and
without PET, PET studies were associated with a change in
treatment decision in over one third of the patients (36.5%)
and resulted in a significant decrease in the use of other
diagnostic tests and biopsies. Studies focusing on resect-
ability of esophageal cancer including the American
College of Surgeons Oncology Group Z0060 trial have
revealed that PET upstages 4.8–12% of patients previously
deemed as surgical candidates for treatment of esophageal
cancer.3,5

The basic mechanism underlying positron emission
tomography, i.e., glucose metabolism, may not only permit
clinicians to differentiate neoplastic from normal tissue or
increase accuracy of staging but may also reflect specific
metabolic characteristics of a neoplasm that could potentially
be utilized in a manner similar to conventional histology for
therapeutic decisions and prognostication.15

Pathologic tumor–node–metastases (TNM) staging has
been considered the standard method for prognosticating
survival of gastrointestinal malignancies. The magnitude of
SUVmax uptake on the pretreatment PET-CT is presently
not considered as an important variable in prognosticating
survival. However, current TNM staging of esophageal

cancer is widely recognized to be poor and in need of
revision. Moreover, an increased use of neoadjuvant
chemoradiotherapy significantly compromises prognostica-
tion of survival based on pathologic TNM staging.16

Initial studies of the prognostic value of SUVmax,,
including both surgical and nonsurgical patients, were
conflicting. Investigators from the Netherlands studied
whether SUV can be used as a predictor of survival in 40
esophageal cancer patients including 19 who underwent
esophagectomy.8 Using multivariate Cox regression analysis,
they determined resection to be the only independent
predictor of survival. Other studies limited to surgical
candidates have suggested that SUVmax may be a predictor
of outcome. Rizk et al. from Memorial Sloan-Kettering
stratified 50 patients with esophageal cancer into low and
high SUVmax groups compared to the median SUVmax

(4.5).9 Patients with low SUVmax had significantly (p=0.02)
better survival. The survival advantage in patients with low
SUVmax remained significant in early clinical (p=0.008) and
early pathologic stage (p=0.023) tumors. They concluded
that SUVmax predicts survival; however, multivariate analysis
was not performed, making definitive conclusions difficult.
Cerfolio and Bryant reported that stage and pre-operative
SUVmax were independent predictors of survival in a cohort
of 89 patients undergoing esophagectomy.10 Linear regres-
sion showed better correlation between SUVmax and survival
when compared to disease stage and survival. More recently,
Kato and colleagues demonstrated SUVmax and the number
of PET (+) lymph nodes to be independent predictors of
survival in 184 patients treated with surgical resection for
esophageal cancer.11 This population, however, included
mainly patients with squamous cell carcinoma (91%), whereas
our study contained primarily adenocarcinoma (83%).

These results suggest that SUVmax may be a marker of
tumor biology. Westerterp et al. have demonstrated a
significant correlation between 18FDG uptake and glucose
transporter-1 (Glut-1) protein expression in esophageal
cancer specimens.15 This may suggest a molecular mech-
anism linking 18FDG uptake/glucose metabolism with
proliferative activity of a tumor and, ultimately, patient
survival. In fact, the expression of Glut-1 transporter has
been shown to be a stage-independent predictor of clinical
outcome in adrenocortical carcinoma.17 Whether or not
18FDG avidity can be exploited for more accurate molec-
ular staging or, potentially, targeted therapy remains an
intriguing question.18

Table 5 Multivariate Proportional Hazards Regression Analysis with
Model Selection

Variable p value Hazard ratio 95% HR CI

SUVmax 0.0021* 1.056 1.02–1.093

pN (1 vs 0) 0.0082* 5.73 1.57–20.90

The asterisks mark the values that are statistically significant p<0.05.

Table 6 Multivariate Proportional Hazards Regression Analysis
Without Model Selection

Variable p value Hazard
ratio

95% HR CI

Clinical tumor length (cL) 0.596 0.918 0.67–1.26

SUVmax 0.048* 1.057 1.0–1.12

pN (pN1 vs pN0) 0.0112* 6.55 0.64–66.9

pT (pT2 vs pT1) 0.533 0.452 0.03–5.47

pT (pT3 vs pT1) 0.837 0.795 0.08–7.15

Grade (well + moderate vs poor) 0.684 0.786 0.24–2.50

The asterisks mark the values that are statistically significant p<0.05.

Table 7 Univariate Logistic Regression Analysis

Variable p value Odds ratio 95% OR CI

SUVmax 0.0276* 1.098 1.01–119

The asterisk marks the value that is statistically significant p<0.05.
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The limitations of our study include its retrospective
design and relatively short patient follow-up. Despite these
limitations, the differences in survival are discernible.
Surgical resection was individualized, and not all patients
underwent extensive lymphadenectomy, which has been
demonstrated to impact patient survival.19 The prevalence
of positive lymph nodes was 40% in the group with low
SUVmax and 66% in the high-SUVmax group (p=0.0272).
Patients in the high-SUVmax group had a median 18
pathologically examined lymph nodes versus 12 lymph
nodes in the low SUVmax group (p=0.0076). Despite the
lesser lymphadenectomy in the low SUVmax group, survival
was better.

In conclusion, the utility of pretreatment PET-CT scanning
likely extends beyond staging in patients with esophageal
carcinoma. Low SUVmax predicts improved survival in
patients undergoing surgical resection of the esophagus for
malignant disease independent of tumor size, tumor differ-
entiation, and node status. A larger multi-institutional study
could potentially determine whether pretreatment SUVmax

on PET-CT could be used as an additional variable combined
with TNM staging to prognosticate outcome of esophageal
cancer patients.
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Abstract
Introduction The aim of this prospective study was to analyze the impact of different surgical techniques on patients
undergoing intestinal surgery for Crohn’s disease (CD) in terms of recovery, quality of life, and direct and indirect costs.
Patients and methods Forty-seven consecutive patients admitted for intestinal surgery for CD were enrolled in this
prospective study. Surgical procedures were evaluated as possible predictors of outcome in terms of disability status
(Barthel’s Index), quality of life (Cleveland Global Quality of Life score), body image, disease activity (Harvey–Bradshaw
Activity Index), and costs (calculated in 2008 Euros). Univariate and multivariate analyses were performed.
Results Significant predictors of a long postoperative hospital stay were the creation of a stoma, postoperative com-
plications, disability status on the third post-operative day, and surgical access (R2=0.59, p<0.01). Barthel’s index at discharge
was independently predicted by laparoscopic-assisted approach, ileal CD, and colonic CD (R2=0.53, p<0.01). The disability
status at admission showed to be an independent predictor of quality of life score at follow-up. The overall cost for intestinal
surgery for CD was 12,037 (10,117–15,795) euro per patient and stoma creation revealed to be its only predictor (p=0.006).
Conclusions Laparoscopy was associated with a shorter postoperative length of stay; stoma creation was associated with a
long and expensive postoperative hospital stay, and stricturoplasty was associated with a slower recovery of bowel function.

Keywords Crohn’s disease . Laparoscopic assisted
bowel resection . Strictureplasty . Ileostomy

Introduction

Eighty percent of patients affected by Crohn’s disease (CD)
will require at least one surgical procedure over their life-
time.1 Surgery is among the most important concerns of
patients affected by CD. In fact, concerns about having
surgery and having an ostomy bag have a significant impact
on health-related quality of life (HRQL) of CD patients, and
having surgery increases concerns about body stigma.2–4

Minimally invasive surgery and stricturoplasty may
reduce the negative impact of surgery in these patients.
However, extensive colonic resection and/or stoma creation
are still necessary in some cases. The early impact of
surgery on HRQL is an important component of the
patient’s decisions regarding immediate and future surgery
and understanding his or her recovery. Obviously, HRQL is
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expected to improve after operative procedures. In most
studies, a significant improvement in HRQL early in the post-
operative period was observed.5–7 Improvement, occurred
irrespective of the disease activity measured with CDAI, the
indication for surgery, type of procedure (abdominal or
perineal), and history of previous surgery.8 The impact on
HRQL of recovery and namely the disability status of
patients after surgery for CD have never been analyzed.

Hospitalization has been estimated to account for half of
all direct medical costs for CD9 and half of hospitalized CD
patients undergo intestinal surgery.9–11 In fact, of the total
charges incurred by patients with CD admitted to the
University of Chicago hospitals over a 12-month period,
nearly 40% of costs were for surgical management.9 In the
Markov analysis by Silverstein et al. estimated charges were
higher for patients requiring surgery but the duration of post-
surgical remission was longer than for medically treated
patients.12 There are few data available to allow a prediction
of the costs of surgical treatment and prospective, longitu-
dinal studies addressing this question would be of interest.13

This prospective study aimed to analyze the impact of
different surgical techniques on patients who underwent to
intestinal surgery for CD in terms of recovery, quality of
life, and direct and indirect costs.

Patients and Methods

Patients

The study was performed according to the Helsinki
declaration principles and all patients gave their informed
consent to be enrolled in the study. Forty-seven consecutive
patients admitted for intestinal surgery for CD in our
department from May 2006 to July 2008 were enrolled in
this prospective study. Diagnosis of CD was made with
clinical, endoscopic, and blood tests according to Lennard–
Jones criteria.14 Clinical disease activity was quantified
using a modified version of the Harvey–Bradshaw Activity
Index (HBAI).15 Patients who were admitted for surgery for
perineal CD were excluded because of the different surgical
procedures and the important impact on quality of life of
this disease location.

Study Design

Surgical predictors, such as laparoscopic-assisted bowel
resection, stricturoplasty, stoma creation, ileal resection,
and colonic resection as well as clinical predictors, such as
age, gender, CD duration, activity and localization, and
recurrent CD were evaluated. Postoperative course was
evaluated with recovery parameters such as day of first
bowel movement, postoperative hospital stay, and Barthel’s

physical disability score and complication analysis (medical
and surgical complication and need of reoperation). After at
least 3 months, patients were interviewed about their time
to return to work, their disease activity, and they were
submitted the Italian version of Cleveland Global Quality
of Life (CGQL) score and the Body Image Score.

Surgical Technique

Bowel resection was performed removing all grossly
involved bowel through a standard midline laparotomy or
with laparoscopic assistance. In the laparoscopic-assisted
ileo-colonic resection a three-trocar approach was used
(subumbilical, 10 mm; left iliac fossa, 10 mm; suprapubic,
5 mm). The distal ileum and the right colon were fully
mobilized and exteriorized by a 4–6 cm vertical incision
through the umbilicus. In case of entero-sigmoid fistula or
large inflammatory mass, a small Pfannestiel incision
(8 cm) was used instead of the transumbilical incision
(22). Vascular ligation, bowel division and anastomosis
were performed extracorporeally. Stapled anastomoses were
constructed in a side-to-side fashion using an 80-mm linear
stapler (GIA75, US Surgical Corp., Norwalk, CT, USA).
Hand-sewn anastomoses were created in a side-to-side
orientation using a running suture of 3–0 Vicryl for the
inner layer (mucosal) (Ethicon, Inc., Somerville, NJ, USA)
and a running 3–0 TiCron (US Surgical Corporation,
Norwalk, CT, USA) for the outer layer (sero-muscolar).

End ileostomy was typically used in cases of extensive
colonic CD with macroscopic rectal disease, not responding
to medical therapy. The ileal loop was delivered through a
trephine in the abdominal wall. After closure of the
laparotomy, the ileostomy was opened and the proximal
component of loop was everted and then fixed to the skin
with muco-cutaneous absorbable 3–0 Vicryl, (Ethicon, Inc.,
Somerville, NJ, USA) sutures. No stitches were placed to
fix the ileostomy to the inner layer of the abdominal wall.

Stricturoplasty was constructed in case of ileal or jejunal
skip lesions in order to minimize the extent of small bowel
resected. The main site of disease (i.e. the ileo-colonic junc-
tion) was usually resected and in case of multiple disease
sites, standard stricturoplasty was performed. The bowel was
incised along its main axis on the anti-mesenteric side on a
Crohn’s stenosis and sutured transversally with absorbable
3–0 Vicryl, (Ethicon, Inc., Somerville, NJ, USA) stitches.

Barthel’s Index

Barthel’s Index provides an objective assessment of
overall disability16 and has been shown to be reliable
with different observers in a wide variety of situations. It
is a validated measure of physical disability17 initially
used in neurological setting but now commonly used to
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assess the disability of patients in order to optimize
nursing assistance. The assessment was independently
made by ward staff during their regular rounds a minimum
of three times, including on admission, on the third
postoperative day, and at discharge.

Italian CGQL

The Cleveland Global Quality of Life instrument or
Fazio score, developed to assess health-related quality of
life (HRQL) in patients after ileal pouch-anal anastomo-
sis and with CD,18,19 consists of three items (current
quality of life, current quality of health, and current
energy level), each on a scale of 0 to 10 (with 0 the worst
and 10 the best). Given its short framework, the Italian
translation, recently validated in one of our previous
studies20 was considered a suitable instrument for tele-
phone interviews.

Body Image Questionnaire

The Body Image Questionnaire (BIQ) is an instrument that
explores body image and cosmesis after surgery and
consists of eight items. The BIQ has already been tested
in patients undergoing open and laparoscopic-assisted
intestinal surgery.21 The questionnaire consists of two
sections concerning body image and cosmesis. The body
image scale analyzes patients’ perception of and satisfac-
tion with their own body and investigates patients’ attitudes
toward their appearance. The reliability coefficients (values
of Cronbach’s alpha) for body image was 0.80.

Cost Analysis

The following assumptions were used as the basis for
determining the cost analysis of the different surgical
procedures. The median cost of the hospital stay and that
of the operation were based on estimates of standard
charges in an Italian setting (North-Eastern Italy) and were
expressed in 2008 Euros. The daily cost of the hospital stay
was estimated to be 960 euro per patient; the cost of the
instruments for an open intestinal resection was 603.26
euro while that for a laparoscopic-assisted intestinal
resection was 1,477.26 euro per patient. The social cost
of lost working days was calculated based on standard
Italian daily wages according to the different jobs. Patients
were asked about their job and their mean monthly income
were retrieved from Italian Ministry of Work database;
housewives, retired patients, and students were considered
to have no income. The overall cost was calculated by
adding the cost of the hospital stay, the cost of the
instruments necessary for the operation and the cost of
the lost working days during sick leave.

Statistical Analysis

Data were expressed as median value (range) unless
otherwise specified. Non-parametric Mann–Whitney U
two-tailed test and Kruskal–Wallis ANOVA were used to
compare dichotomous variables. Wilcoxon test and Friedman
ANOVA were used in the case of paired data. Frequency
analysis was performed using Fisher’s exact test. Kendall rank
correlation test was used to analyze the correlation between
predictors and continuous outcome parameters. Given a level

Table 1 Patients Characteristics

Patients characteristics

Patients operated on between 2007–2008 47

Gender: male/female 24 (51%)/23 (49%)

Age at operation (years) 38 (31–54)

Age at disease onset (years) 28 (19–44)

Disease duration (months) 79 (13–192)

Disease phenotype

Fistulizing (patients) 11 (23%)

Obstructing (patients) 36 (77%)

Disease site

Small bowel (patients) 38 (81%)

Large bowel (patients) 16 (34%)

Perianal (patients) 4 (9%)

Recurrent disease (patients) 9 (19%)

Operation (patients who had the procedure)

Ileal/ileocolonic resection 32 (68%)

Colonic resection 16 (34%)

Ileostomy 6 (/13%)

Stricturoplasty 10 (21%)

Laparoscopy 25 (53%)

Duration of operation (minutes) 172 (120–225)

Outcome parameters

First bowel movement Third (first to sixth)
post-operative day

Median post-operative stay 7 (5–20) days

Barthel’s Index

At admission 100 (0–100)

On the third postoperative day 45 (0–100)

At discharge 100 (30–100)

Complications

Obstruction 3 (6%)

Anastomotic leak 2 (4%)

Re-operation 1 (2%)

Follow-up

Median sick leave 30 (2–360) days

Harvey-Bradshaw Activity Index 3.5 (1–6.5)

Body image score 5 (5–8)

Cleveland Global Quality of Life score 7.7 (6.5–8.7)
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of statistical significance (α) of 0.05, a power (1-β) of 0.80
and an expected correlation coefficient of 0.45, the conse-
quent sample size required was 36 patients. Multiple linear
regression models were constructed with predictors that were
found to be significant on univariate analysis to assess the
different role of each one. When the number of predictors
exceeded 5, stepwise forward regression analysis was used.
R2 of each model, which is the proportion of variation in the
duration of post-operative hospital explained by this model,
was shown. Statistical significance was indicated by p<0.05.

Results

Patients

Median age of the patients was 38 (16–69) years and 23
(49%) of the patients were female. The median duration of
CD was 79 (3–264) months, and 11 patients presented a
fistulizing phenotype. CD was localized to the small bowel
in 38 patients and in the large bowel in nine patients; seven
patients had disease in both locations. In addition, four
patients had also perineal CD but this was not the main
indication for their surgery. Six patients had a stoma (five
end ileostomy and a loop ileostomy) created at the time of
surgery: five of them for severe colonic CD not responding
to medical therapy, and one loop ileostomy proximal to a
colo-rectal anastomosis. Patients’ characteristics are shown
in Table 1.

Predictors of Post-operative Recovery and Complications

In this series, the median time of first bowel movement was
on the third (first to sixth) postoperative day. Patients who
had stricturoplasty had their first bowel movement later
than those who had bowel resection (p=0.042). The timing

of the first bowel movement correlated significantly with
the obstructing phenotype of CD and with stricturoplasty
but none of them was found to be an independent predictor
at multiple regression analysis.

The median postoperative stay was 7 (5–20) days and, as
shown in Table 2, was significantly shorter in the group of
patients who had ileal resection, and in those who
underwent laparoscopic-assisted bowel resection. On mul-
tiple regression analysis creation of a stoma, postoperative
complications, and disability status on the third post-
operative day and open (non-laparoscopic) surgery were
found to be significant predictors of duration of post-
operative hospital stay (R2 was 0.59, p<0.01).

Median Barthel’s score at admission was 100 (0–100),
on the third postoperative day was 45 (0–100), and at
discharge was 100 (30–100; p<0.001) (Fig. 1). Barthel’s
score on the third post-operative day and at discharge was
significantly lower in patients who had a stoma created.
Barthel’s score on the third postoperative day significantly
correlated with number of intestinal sites involved by CD,
stoma creation, perianal CD, and with postoperative day of
first bowel movement. However, none of these parameters

Table 2 Surgical Techniques and Recovery Parameters

Surgical technique Outcome measure Yes: median (IQR) No: median (IQR) p level

Ileal resection Discharge (days after operation) 7 (6–8) 9 (7–10) 0.038

Sick leave duration (days) 30 (18–53) 45 (30–83) 0.063

Colonic resection Discharge (days after operation) 9 (7–12) 7 (6–8) 0.025

Barthel Index at discharge 100 (90–100) 100 (100–100) 0.016

Stricturoplasty First bowel movement (days) 4 (3–5) 3 (2–4) 0.042

Laparoscopy Discharge (days after operation) 7 (6–8) 8 (7–10) 0.001

Body Image score 6 (5–8) 5 (0–7) 0.072

Ileostomy Discharge (days after operation) 11 (8–16) 7 (6–9) 0.015

Barthel Index at third post-operative day 3 (0–25) 45 (25–70) 0.020

Barthel Index at discharge 93 (58–100) 100 (100–100) 0.048

Sick leave duration (days) 71 (48–98) 30 (20–60) 0.071

Overall disability during hospital stay for surgery for Crohn's disease

0

20

40

60

80

100

120

0 1 2 3 4 5 6 7 8 9

Postoperative days

open

laparoscopic
assisted

B
ar

th
el

 I
nd

ex

admission

3˚ postoperative day

discharge

Figure 1 Disability status after intestinal surgery for CD.
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were found to be an independent predictor at multivariate
analysis. However, Barthel’s score at discharge was
independently predicted by laparoscopic-assisted approach,
ileal CD, and colonic CD (R2=0.53, p<0.01).

In this series, two anastomotic leaks, three intestinal
obstructions, two intestinal bleeding, and a wound infection
were recorded and two re-laparotomies were necessary in
the post-operative period. Surgical complications correlated
inversely with stricturoplasty and Barthel’s Index score at
admission but none of these parameters were found to be an
independent predictor at multivariate analysis (Table 3).

Predictors of Quality of Life

Median sick leave was 30 (2–360) days and showed a trend to
be significantly longer in patients who had surgery other than
ileal resection and in those who had a stoma created. However
at multiple regression analysis only physical burden of the job
appeared to predict independently the sick leave duration.

After follow-up, CGQL score correlated with the Harvey–
Bradshaw Activity Index, with surgical complications, and

with the Barthel’s Index at admission. At multiple regression
analysis only the disability status at admission to the hospital
was shown to be an independent predictor of the health-related
quality of life score. No significant difference in terms of
health-related quality of life was observed between patients
who underwent laparoscopic-assisted colonic resection and
those who had the same procedure performed open. The
analysis of the late parameters of recovery is shown in Table 4.

At 3 months follow-up, BIQ score showed a trend to be
higher in patients who had a laparoscopic-assisted intestinal
surgery for CD and it was independently predicted by the
disease activity, namely by HBAI (p=0.006), and by the
use of laparoscopic-assisted surgery (p=0.036). BIQ scores
predictors are shown in Table 4.

Predictors of Cost of Surgery for CD

The median cost of the hospital stay was 9,120 (7,680–
11,520) euro per patient and that of the operation was
estimated at 1,477 euro per patient. The social cost of the lost
income due to hospital stay and sick leave was estimated to

Kendall’s τ p value Multiple regression β p value

Postoperative day of first bowel movement

Fistulizing CD −0.269 0.009 −0.183 0.237

Stricturoplasty 0.278 0.007 0.231 0.138

R2=0.11

Postoperative hospital stay (days)

Laparoscopic-assisted approach −0.420 0.000 −0.241 0.046

Barthel ‘s Index at third post-operative day −0.250 0.022 −0.261 0.030

Stoma creation 0.323 0.002 0.390 0.003

surgical complications 0.255 0.014 0.410 0.001

R2=0.59

Barthel ‘s Index at third post-operative day

Number of site affected by CD −0.264 0.015 −0.224 0.502

Stoma creation −0.311 0.004 −0.218 0.177

Perianal CD −0.241 0.027 −0.517 0.098

Postopertive day of first bowel movement −0.227 0.039 −0.223 0.222

R2=0.25

Barthel ‘s Index at discharge

Laparoscopic-assisted approach 0.240 0.029 0.383 0.031

Fistulizing CD −0.252 0.022 −0.254 0.091

Ileal CD 0.287 0.009 0.481 0.023

Colonic CD −0.341 0.002 −0.523 0.023

Stoma creation −0.305 0.006 −0.257 0.178

R2=0.53

Surgical complications

Stricturoplasty −0.229 0.026 −0.191 0.221

Barthel ‘s Index at admission −0.316 0.004 −0.276 0.080

R2=0.13

Table 3 Predictors of Early
Recovery Parameters
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be 750 (0–2,130) euro per patient, therefore the overall cost
for intestinal surgery for CD was 12,037 (10,117–15,795)
euro per patient. The overall cost correlated directly with
colonic resection, surgical complications onset, and with
stoma creation. However, at multiple regression analysis only
stoma creation was revealed to be an independent predictor
(p=0.006) for overall costs. Patients who had an ileostomy
reported significantly higher overall costs and higher costs
for the hospital stay (p=0.050 and p=0.017, respectively).
Patients who had laparoscopic-assisted bowel resection
reported significantly lower costs for the hospital stay (p=
0.021), but the overall costs were not different compared to
those reported by patients who had open surgery. The
analysis of cost of surgery for CD is shown in Table 5.

Discussion

More than the 75% of patients affected by CD undergo
some sort of surgery over their lifetime.1 Although

minimally invasive surgery and stricturoplasty have re-
duced the impact of surgery, extensive bowel resection and/
or stoma creation may be still necessary, and is relevant to
the HRQL of patients affected by CD.2–4 Moreover, the
burden of surgery on patients with CD is not only limited to
quality of life of patients affected and their relatives, but it
is also a significant economic burden. In fact, in 1994, the
direct costs associated with hospitalization for CD in
Sweden amounted to approximately 7.8 million US
dollars/year10 and nearly 40% of all direct medical costs
for CD were for surgical management.9 Therefore, this
prospective study aimed to analyze the impact of different
surgical techniques on patients undergoing intestinal sur-
gery for CD in terms of recovery, quality of life, and direct
and indirect costs.

The laparoscopic-assisted approach for intestinal sur-
gery for CD was associated with a significantly shorter
postoperative hospital stay and a slightly better Barthel’s
score at discharge than open intestinal surgery. Although
this was not a randomized study, the Barthel’s score at

Kendall’s τ p value Multiple regression β p value

Sick leave duration

Ileal resection 0.261 0.025 0.045 0.803

Stoma creation −0.300 0.010 0.026 0.883

Physical burden of job 0.468 0.000 0.403 0.028

R2=0.16

Body Image questionnaire

Laparoscopic-assisted approach 0.234 0.020 0.331 0.036

Ileal resection −0.254 0.012 −0.149 0.331

Harvey–Bradshaw Activity Index 0.296 0.011 0.426 0.006

R2=0.33

Cleveland Global Quality of Life score

Harvey–Bradshaw Activity Index −0.420 0.000 −0.258 0.123

Obstruction −0.238 0.041 −0.089 0.580

Barthel ‘s Index at admission 0.290 0.018 0.381 0.026

R2=0.26

Table 4 Predictors of Late
Recovery Parameters

YES: median (IQR) NO: median (IQR) p level

Laparoscopic-assisted bowel resection

Total lost working days 33 (15–53) 41 (29–71) 0.055

Lost gain for sick leave 0 (0–1,908) 1,170 (0–2,346) 0.325

Hospital stay cost 8,640 (7,680–10,560) 10,560 (8,640–13,440) 0.021

Overall cost 11,166 (10,117–14,707) 13,293 (10,203–17,056) 0.178

Stoma

Total lost working days 61 (31–83) 37 (17–53) 0.147

Lost gain for sick leave 0 (0–3,200) 870 (0–2,100) 0.774

Hospital stay cost 15,360 (11,520–20,160) 8,640 (7,680–10,560) 0.017

Overall cost 19,003 (12,123–26,991) 11,495 (10,117–15,003) 0.050

Table 5 Surgical Procedures
Significantly Affecting Costs of
Surgery for CD

All the costs are expressed in
Euro

J Gastrointest Surg (2009) 13:2128–2135 2133



admission was similar in patients who had open and those
who had laparoscopic surgery. Therefore, since this study
was conducted out of any fast track setting, the earlier
timing of discharge of these patients could be actually
attributed to the faster recovery after laparoscopic ap-
proach. Moreover, the BIQ score after 3 months follow-up
after intestinal surgery for CD was independently pre-
dicted by the use of laparoscopic-assisted approach. These
data confirm observations by Dunkers et al. in 1998.21

Despite the positive impact on body image, no improve-
ment was detected in overall quality of life. In fact, in our
series, no significant difference in terms of health-related
quality of life was observed between patients who
underwent laparoscopic-assisted colonic resection and
those who had the same procedure performed open. This
confirms the data of the Amsterdam group that in a
randomized controlled trial concluded that generic quality
of life was not different for laparoscopic-assisted com-
pared with the open ileocolic resection.22 Moreover, as
McLeod et al. had already showed in patients with severe
ulcerative colitis, in an our pervious study we showed that
quality of life after surgery for CD appeared to be a
function of therapeutic efficacy rather than of the surgical
procedure used.19,23 Laparoscopic surgery aims to reduce
the need for large abdominal incisions with potential
benefits both in terms of reduced hospital stay, recovery
time, and ‘cosmetic’ result; however, data on cost
effectiveness are limited.24 In our series, the overall costs
for open and laparoscopic-assisted surgery were medially
higher that those reported by Maartense et al. probably
because sick leave costs were included in the final count.22

Moreover, differently from what observed by Maartense et
al., in our series, patients who had laparoscopic-assisted
surgery reported significantly lower costs for the hospital
stay, but the overall costs were not different compared to
those reported by patients who had open surgery, probably
due to the higher costs of the surgical procedure itself
outside a controlled clinical trial.22

The creation of a stoma during intestinal surgery for CD
was found to be among the significant predictors of
duration of post-operative hospital stay, and the Barthel’s
Index score on the third postoperative day and at discharge
was significantly lower in patients who had a stoma
created. Moreover, median sick leave seemed to be longer
in patients who had a stoma created even if at multiple
regression analysis only the physical burden of the job
independently predicted sick leave duration. Curiously,
although stoma creation was clearly associated with a
slower recovery and it took time for patients to adapt to the
new body situation,25 it did not predict poor quality of life.
In fact, although this concern has been rated among the
most important factors in other studies of patients with
CD,26,27 in our series an ostomy bag did not seem to

influence the early postoperative quality of life. On the
other hand, failure to find significance in the quality of life
associated with ostomy creation may be due to the small
number of patients who had stoma. In addition, the slower
recovery of patients who had stoma creation may be due
also to their worse condition that leaded to a more
aggressive surgery. In fact, the need for more aggressive
surgery and the longer time to recovery were directly
reflected by the overall cost of the procedure which
correlated directly and independently with stoma creation.
Therefore, patients who had an ostomy created reported
significantly higher overall costs and higher costs for the
hospital stay.

In our series, the first bowel movement occurred later
in patients who had stricturoplasty than in those who had
bowel resection. Although stricturoplasty is an effective
means of alleviating obstructive Crohn's disease while
conserving bowel length, it is associated with a 4.4% rate
of obstruction and late recovery of the intestinal function
in the immediate postoperative period.28 In spite of a
recent meta-analysis showing that after jejuno-ileal stric-
turoplasty septic complications occurred in 4% of
patients,29 in our series stricturoplasty seemed to correlate
inversely with postoperative surgical complications. How-
ever, at multivariate analysis this unexpected association
was not confirmed. In fact, stricturoplasty did not seem to
have any influence on recovery, nor on the economic
burden of surgery. In particular, despite the prolonged
postoperative ileus stricturoplasty did not seem to affect
the early postoperative quality of life, as already described
in a retrospective German study.30

The main limit of this study is the relatively small group
of patients and multiple different operations that makes the
risk of error in statistical evaluation concrete. All consec-
utive patients presenting to our department for surgery for
CD were enrolled to improve the sample size but the
heterogeneity of manifestation of CD leaded to different
surgical procedures. Therefore, a confirmatory multicentric
study might be warranted after the results obtained with this
small series.

In conclusion, the laparoscopic-assisted approach to
intestinal surgery for CD was associated with a significantly
shorter postoperative hospital stay, stoma creation was
associated with a long and expensive postoperative hospital
stay, and stricturoplasty was associated with a slower
recovery of bowel function. Finally, health-related quality
of life appeared to be unrelated to the type of surgical
procedure adopted and it seemed related only to the
disability status of the patients.
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Abstract
Purpose Splenic injuries that occur during colonoscopies are rare. There is no available incidence of this serious
complication, and the literature is limited to case reports. Our study looks at single institution experience of splenic injuries
during colonoscopy to define the incidence and management of this serious complication.
Methods All patients from 1980 through June 2008 sustaining a splenic injury during colonoscopy were reviewed.
Results Four patients (of 296,248 colonoscopies) sustained a splenic injury directly from colonoscopy performed at our
institution (incidence 0.001%). Three additional patients were treated at our tertiary referral center after splenic injury from
colonoscopy performed elsewhere. The mean age at the time of colonoscopy was 54 years (range 40–70 years). The most
common presenting symptom was abdominal pain (n=4) with a mean decrease in hemoglobin of 6.5 g/dl (range 4.5–8.5 g/dl).
Splenic injury was diagnosed by computed tomography in five patients. Six patients received a mean of 5.5 U of packed red
blood cells (range 2–14 U). All patients were managed with splenectomy, six patients within 24 h of the index colonoscopy,
and one patient presented more than 24 h after initial colonoscopy. There was no evidence of preexisting splenic disease in any
of the patients by surgical pathology, and there were no postoperative complications or deaths. The mean duration of stay was
10 days (range 7–15 days). All patients are alive at a median follow up of 22 months (range 1–164 months).
Conclusion Splenic injury occurring during colonoscopy is a rare but serious complication. Patients presented with
abdominal pain and a precipitous decrease in hemoglobin and have all required emergent splenectomy.

Keywords Splenic injury . Colonoscopy . Iatrogenic .

Splenectomy

Introduction

Approximately 1.7 million colonoscopies are performed in
the USA annually.1 The most frequently seen complications

of colonoscopy include bleeding (as high as 4.8% with
biopsy) and perforation (0.07%).2 Splenic injury is also a
recognized complication of colonoscopy, and because this
complication occurs with such low frequency, the existing
literature is limited to case reports.1,3–28

We reviewed our experience with splenic injuries
occurring during colonoscopy to define the incidence,
management, and outcomes of this very rare but potentially
fatal complication.

Methods

With approval from our institutional review board, we
searched the Mayo Clinic Rochester medical and surgical
databases to identify all patients sustaining a splenic injury
during colonoscopy. The medical record was reviewed to
obtain patient demographic data, indications for colono-
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scopy, procedural characteristics, presenting signs and
symptoms of splenic injury, diagnosis, management, and
outcomes. Follow-up was complete for all but one patient
(she was lost to follow-up after 1 month from dismissal
from the hospital). The median duration of follow-up was
22 months (range 1–164 months).

Case Summaries

Patient 1 Patient 1 was a 70-year-old male who underwent
colonoscopy for history of colonic polyps in the operating
room immediately prior to an elective sigmoidectomy for
diverticulitis. After incision, frank blood was discovered in
the peritoneal cavity from a tear in the spleen requiring
splenectomy. The patient did not require any blood
products. There were no postoperative complications. He
died of unrelated causes 72 months later.

Patient 2 Patient 2 was a 56-year-old male who underwent
colonoscopy for intermittent bloody diarrhea. He presented
about 24 h after colonoscopy with abdominal pain and was
found to have a decrease in blood hemoglobin (Hgb) from
14.1 to 8.9 g/dl. Abdominal radiography demonstrated free
air which prompted an emergency laparotomy; a splenic
laceration was discovered, and splenectomy was performed.
No other injuries or source of intraperitoneal free air was
identified at the time of surgery, and the incision was
closed. He received 4 U of packed red blood cells (pRBC)
postoperatively. At follow-up of 32 months, he was doing
well.

Patient 3 Patient 3 was a 46-year-old female who under-
went colonoscopy for unexplained diarrhea. She presented
to the emergency department within 24 h after colonoscopy
with left lower quadrant abdominal pain, hypotension, and
a decrease in Hgb from 18.6 to 10.8 g/dl. Abdominal
computed tomography demonstrated splenic injury with
hemoperitoneum. She received 5 U of pRBC’s during
emergent splenectomy. At 18 months of follow-up, she was
doing well.

Patient 4 Patient 4 was a 40-year-old female who under-
went colonoscopy for persistent diarrhea. She presented to
the emergency department about 24 h after colonoscopy
with lower abdominal pain, hypotension, and decrease in
Hgb from 13.0 to 8.5 g/dl. Abdominal CT scan demon-
strated splenic injury with hemoperitoneum, and she
underwent an emergent splenectomy. She received 4 U of
pRBCs. At 164 months of follow-up, she was doing well.

Patient 5 Patient 5 was a 45-year-old female who under-
went colonoscopy elsewhere for chronic lower abdominal

pain. She presented to the local emergency department the
next day after an episode of syncope and was found to be
hypotensive on exam. Her Hgb was 8.5 g/dl, and a CT scan
demonstrated a splenic injury. During transfer to our
institution, she received 6 U of pRBCs and underwent an
emergent splenectomy. After 8 months of follow-up, she
was doing well.

Patient 6 Patient 6 was a 64-year-old female who under-
went colonoscopy elsewhere for chronic abdominal pain.
She presented to the emergency department the next day
with severe lower abdominal pain. Her Hgb had decreased
from 17.0 to 8.5 g/dl; CT scan revealed injury to the spleen.
She received 2 U of pRBCs prior to transfer to our facility
where she underwent an emergent splenectomy. At 1 month
of follow-up, she was doing well but has since been lost to
follow-up.

Patient 7 Patient 7 was a 59-year-old female who under-
went a screening colonoscopy at another institution. She
presented to the emergency department 24 h later with an
episode of syncope and was found to be hypotensive. Data
regarding her hemoglobin level were not available. Ab-
dominal CT demonstrated a splenic injury; she was
transfused with 14 U of pRBCs during transfer to our
institution where she underwent an emergent splenectomy.
At 22 months of follow-up, she was doing well.

Results

A total of seven patients were identified. Of 296,248
colonoscopies performed at our institution during the
study period, four patients sustained an iatrogenic splenic
injury from colonoscopy (incidence 0.001%). In addition,
three patients were treated at our tertiary care center with
splenic injuries after colonoscopy performed elsewhere.
The mean age of patients at the time of colonoscopy was
54 years (range 40–70 years). Indications for colono-
scopy and additional patient demographic data are listed
in Table 1. Two patients did have a history of prior
abdominal surgery, and two additional patients had
diverticular disease. Of those patients who underwent
colonoscopy at our institution, all were noted to have
adequate bowel prep. Two procedures were described as
difficult by the endoscopist.

Most patients (n=6) presented with signs and symptoms
of splenic rupture within 24 h of the index procedure. A
single patient presented within 36 h of colonoscopy. The
most common presenting symptoms were abdominal pain
(n=4) and syncope (n=2) (see Table 2). The diagnosis of
splenic injury was made via CT scan in five patients. Of the
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seven patients, three suffered a Grade II splenic laceration
and one patient suffered a Grade III splenic laceration. One
patient did not have a CT scan performed due to free air on
abdominal radiograph taken in the emergency department,
and the other patient was a transfer from outside facility
whose records (including a CT scan) were not available for
review. Four patients had a significant drop in Hgb (mean
6.5 g/dl; range 4.5–8.5 g/dl), and although initial Hgb
values were not available for two patients transferred to our
facility, both of these patients required blood transfusion. A
mean of 5.5 U (range 2–14 U) of packed red blood cells
were transfused in all but one patient (see Table 2).

All patients were managed with emergent splenectomy.
No abnormal pathologic findings were observed on gross or
histologic examination of the spleen. There were no
postoperative complications or deaths. The mean duration
of stay was 10 days (range 7–15 days). Median follow-up
was 22 months (range 1–164 months), and no patient
suffered any squeal from splenectomy.

Discussion

Complications after colonoscopy are unusual and are pre-
dominately limited to intraluminal bleeding (typically associ-
ated with colonoscopic biopsy) and, less often, perforation.29

Colonoscopic perforation, which occurs in less than 1 in
1,000 colonoscopies, often times necessitates emergent
operative intervention and carries morbidity and mortality
rates as high as 36% and 7%, respectively.2 Splenic injury
during colonoscopy is extremely rare. The literature is
limited to case reports, making it difficult to establish the
true incidence and management of this potentially life-
threatening complication. With this case series, we have
established a clearer incidence of splenic injury associated
with colonoscopy and confirmed that it is, in fact, an unusual
complication of colonoscopy occurring in less than 1 out of
100,000 colonoscopies. Fortunately, it also does not seem to
carry the high morbidity and mortality rates associated with
colonoscopic perforation.30,31

Table 1 Patient Characteristics and Indications for Colonoscopy in Patients Sustaining an Iatrogenic Splenic Injury

Patient characteristics and indications for colonoscopy

Pt Age (year) Sex Prior abdominal operation Diverticular disease Indication for colonoscopy Difficult colonoscopy

1 69 M No Yes History of colon polyps Yes

2 56 M No No Gastrointestinal bleeding No

3 46 F No No Diarrhea Yes

4 40 F No Yes Diarrhea No

5a 45 F Yes No Abdominal pain –

6a 64 F No No Abdominal pain –

7a 59 F Yes No Colon and rectal cancer screening –

a Patients transferred to our facility after sustaining an iatrogenic splenic injury from colonoscopy

– Data not available

Table 2 Presentation and Diagnosis of Splenic Rupture after Colonoscopy

Presentation and diagnosis

Pt Symptoms Time to presentation
(hours)

Pre-Hb
(g/dl)a

Post-Hb
(g/dl)b

Method
of diagnosis

Grade of
splenic injury

PRBCs transfused
(in units)

1 – <24 – – Intraoperative finding NA –

2 Abdominal Pain <24 14.1 8.9 Intraoperative finding NA 2

3 Abdominal Pain <24 18.6 10.8 CT II Injury 5

4 Abdominal Pain <24 13 8.5 CT III Injury 4

5 Syncope >24 – – CT II Injury 6

6 Abdominal Pain <24 17 8.5 CT II Injury 2

7 Syncope <24 – – CT – 14

a Pre-Hgb is most recent hemoglobin prior to index colonoscopy
b Post-Hgb is the initial hemoglobin at presentation with a splenic injury

Hgb hemoglobin, CT computed tomography, pRBCs packed red blood cells, NA not applicable, – data not available
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Most of the patients in this series presented in an acute
manner with abdominal pain or syncope and were found to
be hypotensive with a substantial decrease in serum
hemoglobin requiring blood transfusion. Hypovolemia in
a patient who has undergone colonoscopy recently should
raise a concern for bleeding. In the absence of a
gastrointestinal source (i.e., hematochezia), splenic injury
should be considered in the differential diagnosis. Most
patients with a splenic injury were diagnosed through the
use of CT which is also useful in evaluating patients with
suspected colonoscopic-related perforations.2

Emergency splenectomy was undertaken in all patients
in this series reflecting the precipitous nature of their
presentation. Although current literature reports a mortality
rate as high as 8% in patients undergoing splenectomy
secondary to trauma, there were no postoperative compli-
cations or deaths in the current series.32 We speculate that
this may be because the colonoscopic splenic injuries are
isolated and occur in a healthcare setting, whereas the
typical trauma patient is likely to have many other
associated injuries contributing to greater morbidity and
mortality rates. Nonoperative management of splenic
injuries, however, has changed the role of emergency
splenectomy in the setting of trauma,30 and there are
several reports of splenic injuries from colonoscopy being
managed successfully without splenectomy.33–35 However,
none of our patients were managed nonoperatively. It is
possible that there are patients who sustain splenic injuries
during colonoscopy which are never diagnosed because
they are asymptomatic or their symptoms are so mild they
do not need to seek medical attention and/or further workup
with a CT scan is never obtained. Due to this possibility, it
is likely that the rate of splenic injury due to colonoscopy is
greater than what we report and that the incidence we noted
represents symptomatic or clinically important splenic
injuries. Without prospective imaging for every patient
after colonoscopy, it is difficult to estimate the incidence of
this complication of colonoscopy.

Due to the small numbers in this case series, it is difficult
to identify any potential risk factors regarding indications
for colonoscopy or intra-procedural factors that may
predispose patients to splenic injury at the time of
colonoscopy. Many risk factors have been postulated as a
cause for splenic injury during colonoscopy which mirror
those proposed as risk factors for colonoscopic perfora-
tion.2 Operator-dependent factors could include excessive
traction on the splenic ligament particularly when travers-
ing the splenic flexure, including the alpha maneuver (a
maneuver used during colonoscopy by which the scope is
rotated counterclockwise by 180° in the sigmoid colon to
create a loop, thus, making it easier to pass the scope
beyond. The loop can be straightened by rotating the scope
clockwise once the scope is beyond the descending colon or

has reached the splenic flexure). Patient factors could include
pathology that leads to intra-abdominal adhesions such as
prior abdominal surgery, cancer, inflammatory bowel disease,
or diverticulitis.34 Review of the case reports identified 59%
of patients sustaining an iatrogenic splenic injury from
colonoscopy had a history of prior abdominal surgery, but
from our study, just two of the seven patients had prior
history of abdominal surgeries.3–13,15–22,26–28,34,35 Others
have proposed underlying splenic pathology (specifically
splenomegaly, anticoagulant medications, and pharmacologic
treatment such as hematopoietic growth factors) as possible
risk factors; again, this was not borne out by our series: no
patients in our series had underlying splenic pathology or
were receiving hematopoietic agents.33,34

Conclusion

Splenic injury after colonoscopy is a very rare but
potentially life-threatening complication of colonoscopy;
patients usually present in an acute fashion with signs and
symptoms of hemorrhagic shock. A complete blood count
and CT scan of the abdomen are usually diagnostic, and the
acute nature and presentation of these splenic injuries have
necessitated splenectomy in our experience.
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Abstract
Introduction Although 5-year survival approaches 55% following resection of colorectal liver metastasis, most patients develop
recurrent disease that is often isolated to the liver. Although repeat curative intent surgery (CIS) is increasingly performed for
recurrent colorectal liver metastasis, only small series have been reported.We sought to determine safety and efficacy of repeat CIS
for recurrent colorectal liver metastasis as well as determine factors predictive of survival in a large multicenter cohort of patients.
Methods Between 1982 and 2008, 1,706 patients who underwent CIS—defined as curative intent hepatic resection/
radiofrequency ablation (RFA)—for colorectal liver metastasis were identified from an international multi-institutional
database. Two hundred forty-six (14.4%) patients underwent 301 repeat CIS. Data on clinico-pathologic factors, morbidity,
and mortality were collected and analyzed.
Results Following initial CIS, 645 (37.8%) patients had recurrence within the liver. Of these, 246 patients underwent repeat
CIS for recurrent disease. The majority had hepatic resection alone as initial therapy (n=219; 89.0%). A subset of patients
underwent third (n=46) or fourth (n=9) repeat CIS. Mean interval between surgeries was similar (first → second,
19.1 months; second → third, 21.5 months; third → fourth, 11.3 months; P=0.20). Extent of hepatic resection decreased
with subsequent CIS (≥hemihepatectomy: first CIS, 30.9% versus second CIS, 21.1% versus third/fourth CIS, 16.4%; P=
0.004). RFA was utilized in one quarter of patients undergoing repeat CIS (second CIS, 21.1% versus third/fourth CIS,
25.5%). Mortality and morbidity were similar following second, third, and fourth CIS, respectively (all P>0.05). Five-year
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survival was 47.1%, 32.6%, and 23.8% following the first, second, and third CIS, respectively. Presence of extra-hepatic
disease was predictive of worse survival (HR=2.26, P=0.01).
Conclusion Repeat CIS for recurrent colorectal liver metastasis can be performed with low morbidity and near-zero
mortality. Patients with no extra-hepatic disease are best candidates for repeat CIS. In these patients, repeat CIS can offer the
chance of long-term survival.

Keywords Colorectal cancer . Metastasis . Liver .

Repeat . Resection

Introduction

The cumulative lifetime risk of colorectal cancer is
approximately 5%, making colorectal cancer the third most
common cancer worldwide.1,2 In the USA, over 55,000
deaths are attributed to colorectal cancer each year, making
it the second most common cause of cancer-related deaths
in the USA.3 Roughly one half of patients with colorectal
cancer develop liver metastasis during the course of their
disease.4 Of these, 15% to 25% present with synchronous
liver metastasis,5–7 while an additional 20% to 25% develop
metachronous hepatic tumors.8–10 In 30% of patients with
synchronous or metachronous liver metastasis, the liver is
the only site of metastatic disease.11 Surgical therapy of
liver metastasis remains the only therapy with potential for
cure.12,13 In most series, the overall 5-year survival rates
reported following hepatic resection with curative intent
range from 35% to 58%.14–23

Although advances in surgical and medical oncology
have resulted in prolongation of survival for patients with
colorectal liver metastasis, many patients still develop
recurrent disease. Following hepatic resection of colorectal
liver metastasis, 50% to 60% of patients will have
recurrence.24–28 In a subset of patients, the disease will
recur solely as isolated intra-hepatic disease.25,26,28,29 In
fact, our group recently reported that the first site of
recurrence following curative intent surgery for colorectal
liver metastasis was intra-hepatic only in over 40% of
patients.28 Repeat liver-directed surgery may therefore be
indicated in this subset of patients. While several single-
institution series have been published on the topic of repeat
curative intent surgery for recurrent colorectal liver metas-
tasis, the data are limited. Most studies reporting on out-
come following surgical management of recurrent colorectal
metastasis have focused solely on resection rather than
combined modality approaches that include resection plus
ablation.27,30–36 In addition, most series on the topic of
repeat liver resection of recurrent colorectal metastasis have
been single-institution series that are limited by small
sample sizes.30,36–41 Because patients with colorectal liver
metastasis often recur in the liver only and may benefit from
repeat surgery, information on the safety and efficacy of
repeat curative intent live surgery for recurrent colorectal

liver metastasis is critical. In the current study, we sought to
determine the safety and efficacy of repeat curative intent
surgery for recurrent colorectal liver metastasis. Specifically,
we examine the short- and long-term outcomes of patients
who were managed with curative intent repeat resection and/
or ablation for recurrent colorectal liver metastasis. In
addition, we identify those factors predictive of long-term
survival following repeat curative intent liver surgery in a
large international multicenter cohort of patients.

Methods

Between October 1982 and October 2008, 1,706 patients
treated with curative intent surgery for colorectal liver
metastasis were identified from five major hepatobiliary
centers in the USA (Johns Hopkins School of Medicine,
Baltimore, MD) and Europe (Hôpitaux Universitaires de
Genève, Geneva, Switzerland; Ospedale San Raffaele,
Milan, Italy; Ospedale Mauriziano Umberto I, Turin, Italy;
Saint-Luc University Hospital, Université Catholique de
Louvain, Brussels). The study was approved by the
Institutional Review Boards of the respective institutions.
Of the 1,706 patients who underwent an initial liver surgery
for colorectal liver metastasis, 246 (14.4%) patients under-
went 301 repeat liver-directed curative intent surgeries for
recurrent intra-hepatic disease and are the subject of the
current study.

Patients were selected for repeat curative intent liver
surgery based on the same criteria as for the initial
surgery.28 Specifically, only patients with colorectal liver
metastasis who were operated on with curative intent were
included in the study population. Curative intent surgery
(CIS) included resection, radiofrequency ablation (RFA),
or combined resection plus ablation. Patients were
deemed to have resectable hepatic disease only if it
was anticipated that the metastasis could be completely
resected, at least two adjacent liver segments could be
spared, vascular inflow and outflow could be preserved,
and the volume of the liver remaining after resection
would be adequate.12,42 RFA was considered curative in
intent when, under intra-operative ultrasound guidance,
the probe could be optimally positioned to achieve
complete destruction of the tumor and at least a 1-cm
zone of normal liver parenchyma. Only RFA treatments
that were performed at the time of surgery were
included; patients who underwent percutaneous RFA
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were excluded. If the patient had extra-hepatic disease at
the time of the intra-hepatic recurrence, CIS was only
considered if all disease (both intra- and extra-hepatic)
could be resected with a microscopically negative (R0)
margin.

As previously reported,28 all patients were evaluated
with a baseline history and physical examination, serum
laboratory tests, and appropriate imaging studies (e.g.,
computed tomography or magnetic resonance imaging scan
of the abdomen and pelvis and chest radiography or a chest
computed tomography) at the discretion of the treating
physician. Following surgery, all patients were regularly
followed and prospectively monitored for recurrence by
serum carcinoembryonic antigen (CEA) levels and a
computed tomography or magnetic resonance imaging scan
of the abdomen every 3 to 4 months up to 2 years and then
every 6 months thereafter. When an intra-hepatic recurrence
was noted, repeat CIS surgery was undertaken at the
discretion of the attending surgeon based on established
criteria.12,13

Data Collection

Standard demographic and clinico-pathologic data were
collected on each patient including sex, age, carcinoem-
bryonic antigen level, as well as data on tumor character-
istics. Specifically, data were collected on primary tumor
location, American Joint Commission on Cancer (AJCC)
stage (T, N, M), and presentation (synchronous versus
metachronous). Clinico-pathologic and operative data
from each CIS were recorded. Specifically, the number,
size, and distribution of the hepatic metastasis at each
repeat operation were noted. Resection at the time of
each surgery was classified as less than a hemihepatectomy
(e.g., segmentectomy or subsegmentectomy), hemihepa-
tectomy, or extended hepatectomy (>5 liver segments).43

The utilization of ablation was also noted. Dates of last
follow-up, as well as vital status, were collected on all
patients.

Statistical Analyses

Summary statistics were obtained using established methods
and presented as percentages or median values. Time to
recurrence and survival were estimated using the non-
parametric product limit method (Kaplan and Meier).44

Differences in survival were examined using the log-rank
test. Factors associated with survival were examined using
univariate and multivariate Cox regression analyses. The
hazard ratio and the 95% confidence intervals (CI) were
estimated, and a P value less than 0.05 was considered
significant. All statistical analyses were performed using
SPSS version 13.0 (Chicago, IL).

Results

Patient and Tumor Characteristics

Table 1 shows the clinico-pathologic features of the 246
patients in the study. The majority of patients were male
(n=165; 67.1%). The median patient age was 59 years
(range, 18 to 83 years) at the time of the initial CIS versus
60 years (range, 17 to 84 years) at the second CIS versus
63 years (range, 37 to 80 years) at the time of the third/
fourth CIS. Most patients who underwent liver-directed
surgery for colorectal liver metastasis had a primary colon
tumor (n=178; 72.4%), while 68 (27.6%) had a primary
rectal lesion. Most primary colorectal tumors were staged
as T3/T4 (n=181; 73.6%), while a minority of patients (n=
32; 13.0%) had T1/T2 disease. Primary tumor T stage was
unknown in 33 (13.4%) patients. Among the 218 patients
who had primary tumor data on nodal status available, the
majority of patients had colorectal primaries that were
associated with lymph node metastasis (n=139; 63.8%).
Most patients (n=163; 66.3%) received systemic chemo-
therapy sometime during their therapeutic course. Of the
137 cases in which the chemotherapy regimen was known,
some patients were treated with 5-flurouracil-based mono-
therapy (n=69; 50.4%); other patients received either
oxaliplatin-based (FOLFOX; n=61; 44.5%) or irinotecan-
based (FOLFIRI; n=7; 5.1%) therapy.

Of the 246 patients who underwent repeat CIS, all had a
second CIS, whereas a subset of patients underwent a third
(n=46) or fourth (n=9) CIS. The mean interval between
surgeries was similar (initial to second CIS, 19.1 months
versus second to third CIS, 21.5 months versus third to
fourth CIS, 11.3 months; P=0.21; Table 2). Tumor
characteristics changed with each subsequent CIS (Table 3).
Most patients had multiple tumors at the initial CIS
(56.7%); however, subsequent repeat CIS were performed
on patients who were less likely to have multiple hepatic
lesions (second CIS, 41.7%; third CIS, 35.5%; fourth CIS,
11.1%; P<0.001). The median size of the largest hepatic
lesion was smaller with each subsequent repeat CIS (initial
CIS, 3.8 cm; second CIS, 3.2 cm; third CIS, 3.3 cm; fourth
CIS, 2.5 cm; P=0.03). Bilateral involvement of the liver with
hepatic metastases was also less common with subsequent
repeat CIS (initial CIS, 33.9%; second CIS, 21.2%; third
CIS, 16.7%; fourth CIS, 22.2%; P=0.01). In contrast,
patients who underwent repeat CIS had similar rates of
extra-hepatic disease (initial CIS, 22.8%; second CIS, 15.0%;
third CIS, 19.6%; fourth CIS, 33.3%; P=0.19; Table 3).

Operative Details

The surgical procedures undertaken in the first and repeat CIS
are summarized in Table 4. At the time of the initial liver-
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directed surgery, surgical treatment was resection only (n=
219; 89.0%), resection plus RFA (n=21; 8.6%), or RFA
alone (n=6; 2.4%). Of the 219 procedures in which resection
alone was undertaken at the time of the initial CIS, the extent
of hepatic resection was less than a hemihepatectomy in 150
(68.5%), a hemihepatectomy in 53 (24.2%), and an extended
hepatectomy in 16 (7.3%). A subset of patients underwent
resection plus RFA (n=21; 8.6%) or RFA alone (n=6; 2.4%)
at the time of the initial CIS. With repeat CIS, the rate of
resection either alone or in combination with RFA decreased
(Table 4). In addition, among those patients who did undergo
resection, the extent of hepatic resection decreased with
repeat CIS (≥hemihepatectomy: first CIS, 30.9% versus
second CIS, 21.1% versus third/fourth CIS, 16.4%; P=

0.004). No patient underwent an R2 resection. On final
pathological analysis, the rate of microscopically negative
(R0) resections was higher following repeat versus initial
CIS (initial CIS, 79.8% versus second CIS, 90.2% versus
third/fourth CIS, 87.5%; P=0.01).

At the time of initial CIS, patients who underwent RFA
plus resection were less likely to undergo either a hemi-
hepatectomy (n=5; 23.8%) or an extended hepatic resection
(n=2; 9.5%; both P<0.05). Those patients who underwent
resection plus RFA at the time of initial CIS (n=2; range, 2
to 8) had a higher median number of treated hepatic
metastases compared with patients who underwent either
resection (n=1; range, 1 to 11) or RFA alone (n=1; range, 1
to 3). Nonresection isolated ablation therapy was increas-

Duration

Total (n) Number of months mean (range) <1year (%) ≥1year (%)

Colectomy to 1st CIS 246 12 (0–57) 61.1 38.9

1st → 2nd CIS 246 20 (6–76) 31.6 68.4

2nd → 3rd CIS 46 22 (5–60) 23.5 76.5

3rd → 4th CIS 9 9 (5–17) 50.0 50.0

Table 2 Intervals Between
Operations in Patients
Undergoing Liver-Directed
Therapy for Liver Metastases
of Colorectal Carcinoma

Hepatic surgery

First (n=246) Second (n=246) Third (n=46) Fourth (n=9)

Age (years) 58.6±10.0 60.0±12.2 63.4±10.4 63.1±6.3

Gender, n (%)

Male 165 (67.1) 165 (67.1) 19 (41.3) 6 (66.7)

Female 81 (32.9) 81 (32.9) 27 (58.7) 3 (33.3)

Primary tumor, n (%)

Colon 178 (72.4) 178 (72.4) 35 (76.1) 7 (77.8)

Rectum 68 (27.6) 68 (27.6) 11 (23.9) 2 (22.2)

AJCC T category (%)

T1 2.8 2.8 0 0

T2 12.2 12.2 14.3 25.0

T3 70.9 70.9 73.8 62.5

T4 14.1 14.1 11.9 12.5

AJCC N category (%)

N0 36.2 36.2 36.6 50.0

N1 44.1 44.1 43.9 37.5

N2 18.8 18.8 19.5 12.5

N3 0.9 0.9 0 0

Differentiation grade (%)

Well 5.9 5.9 0 0

Well–moderate 3.0 3.0 6.7 0

Moderate 52.7 52.7 46.7 40.0

Moderate–poor 25.4 25.4 33.3 40.0

Poor 13.0 13.0 13.3 20.0

Adjuvant chemotherapy (%) 66.3 66.3 69.6 77.8

Table 1 Characteristics
of Patients and Primary
Colorectal Tumors
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ingly utilized with subsequent CIS (initial CIS, 2.4% versus
second CIS, 15.4% versus third/fourth CIS, 20.0%; P=
0.006). In fact, ablation was utilized either alone or in
combination with resection in up to one quarter of patients
who underwent repeat CIS (Table 4).

Perioperative Morbidity and Mortality

The median length of stay following each iterative CIS was
the same (median, 6 days; Table 5). There was only one
death reported within 30 days of any CIS, regardless of the
number of CIS attempted. As such, the perioperative
mortality rate following CIS was the same for repeat CIS
compared with initial CIS.

Overall operative morbidity was also similar following
initial CIS (22.5%) compared with second CIS (21.0%) or
third/fourth CIS (21.6%; P=0.94). Most complications

following initial (72.3%) or repeat (74.3%) CIS were minor
(Clavien Grade I–II; Table 5). The most common compli-
cations included infection (n=25) or pleural effusion (n=
15). No patient developed liver insufficiency or died of
liver failure.

Long-Term Outcome and Predictors of Survival

The median overall survival following the initial CIS was
51.1 months (95% CI, 36.2–65.7), and the 1-, 3-, and 5-year
actuarial overall survival rates were 97.9%, 69.9%, and
47.1%, respectively. For patients undergoing a second CIS,
the median survival was 42.0 months (95% CI, 34.5–49.5),
and overall 5-year survival was 32.6% (Fig. 1). For patients
undergoing a third CIS, the median survival was 41.0 months
(95% CI, 24.9–57.2), and overall 5-year survival was 23.8%
(Fig. 2). For the nine patients who had a fourth CIS, the

Hepatic surgery

First (n=246) Second (n=246) Third (n=46) Fourth (n=9)

Type of liver-directed therapy, n=246

Resection only 219 (89.0) 194 (78.9) 34 (73.9) 7 (77.8)

Nonresection only 6 (2.4) 38 (15.4) 9 (19.6) 2 (22.2)

Both 21 (8.6) 14 (5.7) 3 (6.5) 0

Type of liver resection, n=240

Wedge resection 112 (46.7) 92 (44.2) 16 (43.2) 1 (14.3)

Segmentectomy (1) 51 (21.3) 64 (30.8) 15 (40.5) 5 (71.4)

Segmentectomy (>1) 33 (13.8) 22 (10.6) 0 0

(Extended) right hepatectomy 50 (20.8) 41 (19.7) 4 (10.8) 0

(Extended) left hepatectomy 26 (10.8) 11 (5.3) 4 (10.8) 1 (14.3)

Type of nonresectional liver-directed therapy, n=27

Radiofrequency ablation 22 (81.5) 41 (78.8) 9 (75.0) 2 (100.0)

Cryoablation 5 (18.5) 11 (21.2) 3 (25.0) 0

Table 4 Details of Surgical
Procedures

Hepatic surgery

First (n=246) Second (n=246) Third (n=46) Fourth (n=9)

Maximum tumor size (%)

<3 cm 41.5 47.0 55.6 55.6

3–5 cm 39.6 42.6 35.6 44.4

>5 cm 18.9 10.4 8.8 0

Number of nodules (%)

1 43.3 58.3 64.5 88.9

2 24.5 23.9 22.2 0

3 13.0 9.1 4.4 11.1

≥4 19.2 8.7 8.9 0

Serum CEA (ng/mL) 113.0±536.1 44.5±141.2 26.8±24.2 25.6±14.2

Extra-hepatic disease, n 56 (22.8) 37 (15.0) 9 (19.6) 3 (33.3)

Table 3 Characteristics of
Hepatic Metastases
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median survival was 18.8 months (95% CI, 18.8–57.2).
When estimated from the time of the initial CIS, 5-year
survival was 56.6%, 78.1%, and 89.3% for patients who
underwent two, three, or four attempts at CIS.

On univariate analyses, standard clinico-pathologic
factors were analyzed to determine their association with
survival from the time of the second CIS (Table 6). Only
the presence of extra-hepatic disease was significantly
associated with a worse long-term prognosis (P<0.001).
Location of the primary colorectal cancer, lymph node
status of the primary colorectal cancer, synchronous
presentation, CEA level prior to the second CIS, receipt
of chemotherapy, R1 margin status, tumor size and number,
and receipt of ablation were not associated with prognosis
(all P>0.05). In contrast, the presence of extra-hepatic
disease at the time of repeat CIS was strongly associated
with prognosis. Specifically, patients with extra-hepatic

disease at the time of repeat CIS had a median survival of
27.0 months compared with 50.0 months for patients who
had intra-hepatic disease only (P<0.001; Fig. 3). After
controlling for competing risk factors with multivariate
analysis, the presence of extra-hepatic disease at the time of
repeat CIS remained independently associated with a worse
survival (HR=2.26, P=0.01), whereas receipt of chemo-
therapy tended to be associated with an improved survival
(HR=0.62; P=0.07).

Discussion

Liver recurrence following initial hepatectomy is relatively
common and is associated with a poor prognosis if not
managed surgically, as long-term survival with chemother-
apy alone remains limited. In fact, roughly 50% to 70% of

Figure 2 Overall Kaplan Meier survival of patients who underwent
third CIS for colorectal liver metastasis.

Figure 1 Overall Kaplan Meier survival of patients who underwent
second CIS for colorectal liver metastasis.

Hepatic surgery

First (n=246) Second (n=246) Third (n=46) Fourth (n=9)

Operative blood loss (%)

<100 mL 50.0 53.8 61.9 100

100–500 mL 30.0 30.8 28.6 0

>500–1000 mL 14.2 11.5 4.8 0

>1000 mL 5.8 3.8 4.7 0

Perioperative mortality (%) 0 0.4 0 0

Perioperative morbidity (%) 22.5 21.0 23.7 16.7

Grade <3 (%) 72.3 69.2 100 100

Grade ≥3 (%) 27.7 30.8 0 0

Length of in-hospital stay, days 7±6 9±10 8±8 7±4

Table 5 Perioperative
Morbidity and Mortality
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patients will experience recurrence after initial hepatec-
tomy.25,27,28,45 Our group recently reported that about 40%
of patients developed intra-hepatic disease as a component
of the first site of recurrence following initial CIS.28

Repeat hepatectomy has been advocated as a treatment for
recurrent colorectal metastasis to the liver. Management of
these patients can be challenging to the surgeon, and there has
been a perception that the increased technical difficulties
associated with repeat hepatectomy lead to increased morbid-
ity and mortality.46,47 While the survival benefit associated
with repeat hepatectomy has been reported,27,30–36 these data
have been limited. Most series have been single-institutional
studies,27,30–36 with only two previous multi-institutional
studies published to date.48,49 Most of these series included

fewer than 100 patients and were limited by their small
sample size. The current study is important because it
reports the largest multi-institutional experience with repeat
CIS for recurrent colorectal liver metastasis. In addition,
unlike most previously reported studies, we included
ablative techniques in our analyses. The inclusion of both
resection and ablative approaches makes the current
analysis more relevant to the practicing liver surgeon who
frequently may employ both of these techniques—especial-
ly in the repeat CIS setting. The data in the current study
demonstrate that repeat CIS is safe with a corresponding
low perioperative morbidity and a near-zero operative
mortality. We also report that repeat CIS can provide
long-term survival for some patients with recurrent colo-
rectal liver metastasis. In aggregate, these data strongly
suggest that repeat CIS is safe and efficacious in the
treatment of recurrent colorectal liver metastasis and should
be performed when oncologically appropriate.

Most hepatobiliary centers have reported that about 10%
to 15% of patients who underwent liver resection for
colorectal metastasis eventually underwent a second oper-
ation.27,32–34,45 In the current study, we similarly reported
that 246 out of 1,706 (14.4%) patients who underwent an
initial CIS for colorectal liver metastasis went on to
undergo a repeat CIS. The clinico-morphological character-
istics of the disease for which CIS was undertaken,
however, did change with subsequent surgeries. Patients
who underwent repeat CIS were more likely to have
solitary metastasis and a smaller median tumor diameter
(Table 3). Sa Cunha et al.34 had similarly reported less
hepatic tumor burden in patients undergoing repeat liver
resection due to recurrent colorectal metastasis. The exact
reason for the difference in the clinico-morphologic features
of the intra-hepatic tumor burden of patients undergoing
repeat versus initial CIS is probably multifactorial. In part,

Figure 3 Overall Kaplan Meier survival of patients who underwent
repeat CIS stratified by the presence or absence of extra-hepatic
disease at the time of surgery.

Table 6 Prognostic Factors Associated with Risk of Worse Overall Survival

Prognostic factor Univariate Multivariate

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Rectal primary tumor 0.79 0.47–1.34 0.39 – – –

Primary LN metastasis 1.36 0.88–2.12 0.17 1.27 0.78–2.05 0.34

Synchronous metastasis 0.88 0.60–1.28 0.49 – – –

CEA <200 ng/ml 0.53 0.19–1.46 0.22 – – –

Hepatic lesion >5 cm 1.54 0.86–2.76 0.15 1.41 0.65 0.39

Hepatic lesions >4 1.40 0.71–2.77 0.34 – – –

Receipt of chemotherapy 0.69 0.43–1.11 0.12 0.62 0.37–1.05 0.07

Receipt of RFA 0.88 0.49–1.58 0.67 – – –

Extra-hepatic disease 2.59 1.63–4.12 <0.001 2.26 1.20–4.25 0.01

≥Hemihepatectomy 1.39 0.89–2.18 0.15 0.77 0.44–1.36 0.37

CI confidence interval, LN lymph node, CEA carcinoembryonic antigen
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the decrease in hepatic tumor burden at the time of repeat
hepatectomy may reflect more strict patient selection on the
part of the surgeon. Patients who have had previous liver
surgery may also have less residual hepatic parenchyma,
and therefore only patients with more limited disease may
be amenable to repeat surgery. Regardless of the extent of
disease, repeat hepatectomy should only be employed
according to the same criteria as the initial CIS.12,27,33 In
particular, surgery should only be undertaken when all
disease can be resected with a microscopically negative
(R0) margin. In the current study, the rate of microscopi-
cally negative (R0) resections actually increased following
second, third and fourth CIS versus the initial CIS.

Advances in surgical technique have made ablative
treatments of colorectal liver metastasis a safe therapeutic
option that can be used either alone or in combination with
hepatic resection.50 In patients who have had previous
major liver resections, ablative therapy may provide a
chance at CIS that otherwise may not have been feasible.
Some investigators have even advocated ablation as the
preferred alternative approach over repeat hepatectomy for
recurrent liver metastasis, stressing that repeat hepatectomy
is only indicated when ablation is contraindicated.51

Although each case has to be individualized, most inves-
tigators,39,45,48 including the current authors, still advocate
for hepatic resection of recurrent disease when it is feasible.
However, ablation is a useful tool at the liver surgeon’s
disposal, especially in patients with recurrent disease. As
noted in the current study, with each repeat CIS, the extent
of the hepatic resection decreased, while the use of ablation
increased. In fact, ablation was utilized in about one quarter
of the repeat CIS performed. Ablation of recurrent intra-
hepatic disease in patients who have no surgical resection
option due to a previous surgery should be strongly
considered. Whether such ablation of recurrent disease will
result in equivalent short- and long-term outcomes remains
controversial.52 Previous data have suggested that ablation
may be associated with the risk of intra-hepatic recurrence
but not overall survival.28,53 In the current study, receipt
of ablation was not associated with long-term survival
following repeat CIS (Table 6).

A major concern around the use of repeat CIS for
recurrent colorectal metastasis has been the perceived risk of
associated morbidity. As repeat hepatic surgery in some
ways entails a larger, more technically challenging operation
than the initial CIS, there has been a fear that perioperative
morbidity would also be increased. In the current study, both
operative estimated blood loss and length of stay were
similar for initial versus repeat CIS. Our data also indicated
that perioperative morbidity was similar following initial
and repeat CIS (Table 5). In addition, data from the current
study demonstrate that, while the morbidity rate was about
20% to 25%, the majority (70% to 100%) of perioperative

complications following repeat CIS were minor (Clavien
Grade I or II). Most complications did not require either any
therapy or a simple routine intervention. Most series report a
death rate of less than 5% for first hepatic resection.17,20,24,54

Others studies have reported a similar low mortality rate
following repeat liver surgery33,35,55 with several studies
reporting a perioperative mortality rate of zero.27,32,36 In the
current study, perioperative mortality was also very low (only
one death out of 301 repeat CIS procedures). In aggregate, the
data show that repeat CIS for recurrent colorectal liver
metastasis is safe and has comparable perioperative outcomes
as patients undergoing first resections.

The overall 5-year survival of 47.1% and 32.6%,
respectively, for the initial and second CIS are comparable
to previously published survival data.33,34,41,48 Specifically,
Brachet et al.41 reported a 5-year survival following initial
and second hepatectomy of 40% and 31%, respectively. In
a separate study, Adam et al.48 reported similar 5-year
survivals for initial and second hepatic resections, as well as
a 5-year survival of 32% following third hepatic resection—
which was comparable, albeit slightly better than, the
survival of 23.8% reported in the current study. These data
compare very favorably to the poor survival of non-operated
patients with recurrent disease (5% at 3 years), as well as the
prognosis of patients with repeat intra-hepatic recurrence
following second hepatectomy who were not offered a third
CIS (15% at 2 years).48 Repeat CIS when technically and
oncologically appropriate is therefore warranted as there
appears to be a demonstrable survival benefit. Repeat CIS
for recurrent colorectal liver metastasis should be cautiously
considered, however, in patients with extra-hepatic disease.
Specifically, long-term survival was significantly worse in
the presence of extra-hepatic disease (Fig. 3). Other
investigators32,34,56 have also noted an adverse impact of
extra-hepatic disease on outcome in patients undergoing
repeat surgery for colorectal liver metastasis. These results,
in combination with the observation that receipt of
chemotherapy tended to be associated with an improved
outcome, suggest that patients with extra-hepatic disease
may perhaps be best managed with pre-operative systemic
chemotherapy to facilitate observation of the underlying
tumor biology to best select those patients who may benefit
most from repeat CIS.

In conclusion, about 15% of patients who underwent
liver resection for colorectal metastasis eventually under-
went a second operation. The clinico-morphological charac-
teristics of the disease for which CIS was undertaken
changed with subsequent surgeries, with more patients
having solitary metastasis and smaller liver lesions on
subsequent CIS. The use of ablative techniques increased
with repeat hepatectomy, perhaps increasing the number
of patients who would otherwise not have been potential
candidates for repeat CIS. Repeat CIS was associated with
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a near-zero operative mortality and a low perioperative
morbidity. Although patients with recurrent colorectal liver
metastasis can derive a long-term survival benefit from
repeat CIS, the benefit of repeat CIS in patients with
concurrent extra-hepatic disease is more limited. Treat-
ment with systemic chemotherapy, as well as utilization of
future relevant tumor biomarkers, will hopefully help
better identify which patients can most benefit from repeat
CIS.
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Mechteld C. De Jong, presenter (medical student from
the Netherlands)

Discussant

Dr. Sean Mulvihill (Salt Lake City, UT): For those of you
who missed it, Miss DeJong is a medical student. Very

nicely done. I hope this experience encourages you to seek
a career in surgery.

This is the largest reported series of repeat, curative
intent liver surgery for colorectal metastases to the liver.
But these operations were uncommon. By my calculation,
only about two operations were done per center, per year,
given that there were five centers over 20-some years in this
study.

In our own hospital it seems like this scenario is
increasing in frequency, and I wonder if that’s been your
experience? I think we would agree that these could be
technically difficult operations in terms of dissecting the
liver off the diaphragm, stomach and colon, particularly
at the site of the prior resection. And that makes me
wonder whether we should be considering use of some
anti-adhesion barrier, such as Seprafilm, at the time of
the primary liver resection.

Staging is critically important to ensure identification of
all disease, and I’m sure that over the 20-odd years in this
study the methods of staging changed. And I wonder if
could you tell us what your current standard for axial
imaging of the chest and abdomen is, and your current use
of PET.

I was surprised that chemotherapy was only used in
about two-thirds of the patients in this series. And I think,
from what we heard today, there is some difference of
opinion about the use of chemotherapy. We would favor it
on both a neoadjuvant and postoperative adjuvant basis for
liver resection for colorectal metastasis. Please tell us what
your current standard for the use of chemotherapy is.

Closing discussant

Mechteld C. De Jong: Thank you for your questions.
Because of my English I will ask if Dr. Pawlik can assist in
responding to your questions.

Closing discussant

Dr. Timothy M. Pawlik (Johns Hopkins, Baltimore,
Maryland): Thank you very much for reviewing our paper.

With regard to your first question, there was a trend
over time whereby repeat hepatectomies were more
frequently performed over the last decade. I think repeat
hepatectomy may be more frequently used because liver
resection is now associated with a much lower operative
morbidity and mortality and we are armed with more
effective, systemic chemotherapy to complement surgery.
However, you are correct in that the study did occur over
a long time period and this should be considered when
interpreting the conclusions.

We did not investigate the use of Seprafilm or other
anti-adhesive agents. I personally do not routinely use
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Seprafilm at the time of initial hepatic resection. The
field is also quickly changing and perhaps as more and
more initial hepatectomies are performed either laparos-
copically or with the robot, we may find that repeat
hepatectomies may become an easier operation.

Your third question related to the use of cross-sectional
imaging. Most centers used CT scans. At Johns Hopkins, we
generally obtain both a CTscan as well as a pre-operative PET
scan. However, many of the centers—including those in
Europe—did not routinely obtain a pre-operative PET scan.

In general, we use chemotherapy in the adjuvant
setting for patients who have resectable liver disease
and use it preoperatively for those patients with
borderline or unresectable disease in the hopes of
converting them to surgical resection. For those patients
who present with synchronous disease with an asymp-
tomatic primary colorectal cancer in place, we strongly
favor treating this group of patients with preoperative
chemotherapy. Also, for those patients who have both
intra- and extra-extra-hepatic disease (who constituted
about 20% of the current study) we also strongly favor
preoperative chemotherapy. The use of chemotherapy in
the setting of repeat hepatectomy is more complicated
and may depend not only on the interval from their
recurrence, but also on how long the patient has been

chemo naive, what chemotherapy they may have
received in the past, etc. The chemotherapy question
in these patients needs to be addressed on an individual
case-by-case basis.

Discussant

Dr. Kaye M. Reid Lombardo (Mayo Clinic , Rochester,
MN): In the group of patients who had extra-hepatic
disease, what was the extent of their disease? Did they have
multiple sites involved? And/or whether or not they were
surgically treated as well?

Closing discussant

Mechteld C. De Jong: Thank you for your question. The
majority of patients who had extra-hepatic disease had a
solitary, lung metastasis. Only patients who had limited,
extra-hepatic disease were included in our study. In general,
patients with intra- and extra-hepatic disease were first
treated with systemic chemotherapy and had a demonstra-
ble response or stable disease following chemotherapy.
Only patients in whom both the intra- and extra-hepatic
disease could be resected with an R0 margin were included
in the study.
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Abstract
Introduction The majority of pancreatic resections for malignancy are performed in older patients with major comorbidities.
The aim of this study was to develop a preoperative nomogram based on the presence of comorbidities to predict risk of
perioperative mortality.
Materials and Methods The National Inpatient Sample database was queried to identify patients that underwent
pancreatectomy for malignancy. The preoperative comorbidities identified as predictors were used, and a nomogram was
created. Sample A (2000–2004) was utilized to develop the model, and sample B (2005) was utilized to validate this model.
Results The overall actual observed perioperative mortality rate for samples A and B was 6.3% and 5.2%, respectively. The
mean total points calculated for sample A by the nomogram was 131.7 that translates to a nomogram-predicted mortality
rate of 4.9%, which is similar to the actual mortality. The mean total points for sample B was 128.1, which translates to a
nomogram-predicted mortality rate of 4.6%. The similarity of mortality rates as predicted by the nomogram and a
concordance index of 0.76 shows good agreement between the data and the nomogram.
Conclusion This preoperative nomogram has been shown to accurately predict the risk of perioperative mortality following
pancreatectomy for malignancy.

Keywords Pancreatectomy .Malignancy .Mortality .
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Introduction

Pancreatic cancer is the fourth leading cause of cancer-
related death in the USA.1 In the year 2008, 37,680 new
cases of pancreatic cancer were diagnosed that accounted
for 34,290 deaths.2 Surgical resection is the only modality
that may offer hope for prolonging survival with reported
5-year survival rates ranging from 18% to 41% in selected
patients.3,4 The advancement of surgical techniques has led
to a significant decrease in perioperative mortality over the
decades.3–6

Pancreatic cancer is a disease that predominantly afflicts
the elderly who are more likely to be infirm and suffer from
multiple pre-existing comorbidities. The pros and cons of
subjecting these patients to such major operations need to
be carefully weighed. The preoperative counseling of these
potentially operable and high-risk patients is critical to
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obtaining an adequately informed and shared consent. The
majority of surgeons rely on the published literature to
educate the individual patient on the likely rates of
perioperative mortality associated with the proposed proce-
dures. Although we have seen a decrease in the perioper-
ative mortality overall, there is a difference in the reported
perioperative morality rates published in the literature.3–6

The single-institution studies have reported a low perioper-
ative mortality rate of 1–2%, which may not be possible to
replicate at other institutions.3–5 In contrast, population-
based studies have reported a higher perioperative mortality
rate ranging from 7.8% to 4.6%.6 Although the population-
based data are a more accurate estimate of the national
perioperative mortality rates, it may be too generalized to
be applicable to that particular patient.

There is currently no specific method available to estimate
the risk of perioperative mortality for the individual patient
scheduled to undergo pancreatectomy for malignancy.
Nomograms are graphical devices or models that use
algorithms or mathematical formulae to estimate the proba-
bility of an outcome and are optimized for predictive
accuracy for each individual patient. The aims of this study
were to (1) develop a nomogram consisting of easily
available variables that can be utilized in the preoperative
setting to counsel individual patients about the perioperative
mortality associated with pancreatectomy for malignancy and
(2) to validate the proposed nomogram.

Materials and Methods

Data Source

The Nationwide Inpatient Sample (NIS) database was used
to look at inpatient mortality following pancreatectomy for
pancreatic neoplasms. The data were obtained from the
Nationwide Inpatient Sample, a database developed as part
of the Healthcare Cost and Utilization Project (HCUP),
sponsored by the Agency for Healthcare Research and
Quality. The NIS is designed to approximate a 20% sample
of US hospitals. In 2005, the NIS data contained discharge
data from 1,054 hospitals located in 37 states (HCUP,
Nationwide Inpatient Sample, Rockville, MD: Agency for
Health Care Research and Quality; 2005). Additional
information about “NIS Overview” can be found at http://
www.hcup-us.ahrq.gov/nisoverview.jsp.

The data for this study were compiled from the 2000–
2005 versions of the NIS. All patients discharged with
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) procedure codes for
pancreatectomy (5251—proximal pancreatectomy, 5252—
distal pancreatectomy, 5253—radical subtotal pancreatec-
tomy, 5259—other partial pancreatectomy, 526—total

pancreatectomy, and 527—radical pancreatectomy) and diag-
nosis codes for malignant neoplasms of the pancreas (157.0—
head of pancreas, 157.1—body of pancreas, 157.2—tail of
pancreas, 157.3—pancreatic duct, 157.8—other specified
pancreas sites, and 157.9—pancreas, part unspecified) were
included. Data on patient age and sex, admission type,
hospital size and type, and pancreatectomy type were
extracted from the database. Perioperative mortality in the
NIS database is defined as any mortality following pancrea-
tectomy during that same hospital admission. Preoperative
comorbid conditions were identified using the taxonomy
published by Elixhauser et al.7 A sample definition of some
of the comorbidities is shown in Table 1. A detailed
description of all the comorbidities used can be found
in the taxonomy published by Elixhauser et al.7 The
years 2000–2004 (sample A) were used to create a predic-
tive model, and year 2005 (sample B) was used for
validation of the model. The analysis was limited to adults
(age ≥18 years).

Statistical Methods

SAS software (SAS Institute Inc., Cary, NC, USA) and
SUDAAN®8 software were used for all statistical analysis to
account for the complex sampling design of NIS. Weighted
sample estimates, standard errors, and 95% confidence limits
were calculated using the Taylor expansion method. All
statistical tests were two-sided, and p values less than 0.05
were considered to be statistically significant.

Chi-square tests were used to compare perioperative
mortality rates by patient and hospital characteristics. We
developed a nomogram to estimate the probability of peri-
operative mortality following pancreatectomy for pancreatic
neoplasm. We first identified potential predictors of perioper-
ative mortality with a combination of clinical experience,
significance from the univariate chi-square tests, and avail-
ability at the time of admission. Multivariate logistic
regression was used to find a predictive model of perioper-
ative mortality. A nomogram was built using the techniques
described by Iasonos et al.9 and Brittain et al.10 using NIS
data from 2000 to 2004 (sample A). This nomogram was
validated using calibration plots and with a concordance
index using data from NIS 2005 (sample B). Briefly, the
concordance index is calculated by comparing the patients
that had died to those that are alive in sample B. All possible
pairs are constructed between those who died and those
alive. For each pair, if the nomogram assigns a higher
probability of death to the patient who died than the one
alive, then the model matches the data, and the pair is said to
be concordant. The concordance index is the probability of
being concordant out of all possible dead/alive patient pairs.
A 95% confidence interval is presented for the concordance
index based on 10,000 bootstrapped samples. A calibration
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plot is constructed by plotting predicted probabilities from
the nomogram versus the actual probabilities. For sample A,
deciles (quartiles for sample B due to smaller sample size) of
the predicted probabilities for the patients who died were
found, and the observed mortality proportions were deter-
mined for the decile groups, along with 95% confidence
intervals, and plotted. A perfectly predictive nomogram
should result in the observed and expected probabilities
falling along the 45° line.

Results

The total number of patients included in the study was
5,481 (weighted frequency of n=26,958). The mean age of
our sample was 64.9 (range, 18–98) with males accounting
for 51% of the patients. The number of patients included in
samples A and B were 4,482 (weighted n=21,981) and 999
(weighted n=4,977), respectively. The overall perioperative
mortality rate for the entire cohort of patients was 6.1%.
The perioperative mortality rate for samples A and B was
6.3% and 5.2%, respectively.

Tables 2 and 3 show the demographic, hospital, tumor
characteristics, and preoperative comorbidity details for
samples A and B as well as the estimated perioperative
mortality rates. The distribution of patient characteristics
is similar between samples A and B sets. There are
some differences in the significance level of perioperative
mortality comparisons between samples A and B, but the
majority of these differences are probably due to smaller
sample sizes in the 2005 dataset.

Table 4 shows the results of the multivariate models used
to predict perioperative mortality using the 2000–2004
dataset (sample A). Variables selected for the multivariate
model were chosen from a combination of clinical
experience and statistical significance. If the variable was
significant at the 0.05 level from the univariate chi-square
tests presented in Tables 2 and 3, they were included in the
model. If they were not significant at the 0.05 level but

Table 1 Definition of Some of the Preoperative Comorbidities Used
to Construct the Nomogram as per the Taxonomy Published by
Elixhauser et al.7

Renal failure

403.11 Hypertensive renal disease, benign with renal
failure

403.91 Hypertensive renal disease, unspecified with renal
failure

404.12 Hypertensive heart and renal disease, benign with
congestive heart failure

404.92 Hypertensive heart and renal disease, unspecified
with congestive heart failure

585 Chronic renal failure

586 Renal failure, unspecified

V42.0 Kidney transplant

V45.1 Renal dialysis status

V56.0 Extracorporeal dialysis

V56.8 Other dialysis

Liver disease

070.32 Viral hepatitis B without mention of hepatic coma,
chronic without mention of hepatitis delta

070.33 Viral hepatitis B without mention of hepatic coma,
chronic with hepatitis delta

070.54 Chronic hepatitis C without mention of hepatic
coma

456.0 Esophageal varices with bleeding

456.1 Esophageal varices without mention of bleeding

456.20 Esophageal varices in diseases classified
elsewhere, with bleeding

456.21 Esophageal varices in diseases classified
elsewhere, without mention of bleeding

571.0 Alcoholic fatty liver

571.2 Alcoholic cirrhosis of liver

571.3 Alcoholic liver damage, unspecified

571.40–
571.49

Chronic hepatitis

571.5 Cirrhosis of liver without mention of alcohol

571.6 Biliary cirrhosis

571.8 Other chronic nonalcoholic liver disease

571.9 Unspecified chronic liver disease without mention
of alcohol

572.3 Portal hypertension

572.8 Other sequelae of chronic liver disease

V42.7 Liver transplant

Hypertension, uncomplicated

401.1 Essential hypertension, benign

401.9 Essential hypertension, unspecified

Hypertension, complicated

402.10 Hypertensive heart disease, benign, without
congestive heart failure

402.90 Hypertensive heart disease, unspecified, without
congestive heart failure

404.10 Hypertensive heart and renal disease, benign

404.90 Hypertensive heart and renal disease, unspecified

405.11 Secondary hypertension, benign renovascular

405.19 Secondary hypertension, benign other

405.91 Secondary hypertension, unspecified renovascular

405.99 Secondary hypertension, unspecified other

Diabetes, uncomplicated

250.00–
250.33 other

Diabetes mellitus without complication, with
ketoacidosis, with hyperosmolarity, with other
coma

Diabetes, complicated

250.40–
250.73

Diabetes with renal or ophthalmic or neurological
manifestations or peripheral circulatory disorders

250.90–
250.93

Diabetes with unspecified complications

Table 1 (continued)
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deemed important based on clinical experience, they were
also included in the model. Due to the overlap in the ICD-9
codes, statistical requirements, and to keep the nomogram
simple, we used the pancreatectomy codes for “distal,”
“radical,” and “other” only for inclusion. Presented are
adjusted odds ratios with 95% confidence intervals, the β
coefficient and standard error, the Wald p value, and the
total points for that variable estimated from the multivariate
logistic model. These variables were used to construct a
nomogram as shown in Fig. 1. For each patient, all the
variables will be plotted in the nomogram to calculate the
total number of points. The total points are now added to
obtain an estimate of the likely perioperative mortality
following pancreatectomy. For example, a patient seen in
our clinic with the preoperative comorbidities as shown in
Fig. 2 will be assigned a total of 208.2 points that translates
to a nomogram-predicted perioperative mortality of approxi-
mately 18%.

Validation of the Nomogram

The total number of points was calculated for each patient
in sample A (2000–2004 dataset). The mean total points for
the entire sample A is 131.7 (SE=1.54) and ranges from 7.7
to 339.8. The mean total points for sample A of 131.7

correspond to approximately a 5% nomogram-predicted
perioperative mortality rate which is similar to the actual
observed perioperative mortality rate of 6.3%. The nomo-
gram was validated using the NIS 2005 dataset (sample B).
The mean total points for sample B is 128.1 (SE=1.62) and
ranges from 7.7 to 367.9. This approximates to a nomogram-
predicted perioperative mortality rate of 4.6%, which is close
to the actual observed perioperative mortality rate of 5.2%.
The concordance index was found to be excellent at 0.76
with a 95% confidence interval of 0.69 to 0.83.

In addition to the concordance index, we performed
validation of the nomogram by creating calibration plots.
Calibration of the nomogram was examined by looking at the
observed perioperative mortality versus the model-predicted
perioperative mortality. First, we looked at the 2000–2004
data (sample A) that were used to build the nomogram
(Fig. 3). The predicted probabilities extend from a minimum
of 0.0054 to a maximum of 0.687. The observed perioper-
ative mortality rates were calculated for the predicted
probability deciles along with 95% confidence intervals
and plotted against the predicted probabilities. There is
excellent agreement between the observed and predicted
probabilities. In the validation set, sample B (Fig. 4), the
predicted probabilities extend from a minimum of 0.0054 to
a maximum of 0.786. The observed perioperative mortality

Table 2 Demographics, Hospital Status, Location of Neoplasm, and Type of Resection

2000–2004 (sample A) 2005 (sample B)

Weighted
frequency

Percent Mortality p Weighted
frequency

Percent Mortality p

Age ≤70 13,920 63.3 4.7 <0.0001 3,103 62.3 4.2 0.077

>70 8,060 36.7 9.0 1,874 37.7 7.0

Sex Male 11,293 51.4 7.3 0.0055 2,447 49.4 3.6 0.019

Female 10,682 48.6 5.3 2,509 50.6 6.9

Race White 13,241 79.7 5.9 0.70 2,704 76.0 4.7 0.022

Non-white 3,363 20.3 6.3 855 24.0 8.9

Admission type Non-elective 5,212 26.9 9.7 <0.0001 1,000 24.3 8.4 0.017

Elective 14,136 73.1 5.0 3,117 75.7 4.5

Length of stay ≤10 days 8,379 39.0 5.4 0.078 2,274 45.7 4.4 0.29

>10 days 13,601 61.0 6.8 2,703 54.3 5.9

Hospital size Small 1,290 5.9 9.4 0.030 345 6.9 10.1 0.0012

Medium 3,754 17.1 7.6 806 16.2 10.3

Large 16,937 77.1 5.8 3,826 76.9 3.7

Hospital type Non-teaching 6,065 27.6 9.3 <0.0001 1,175 23.6 8.9 0.0035

Teaching 15,916 72.4 5.1 3,802 76.4 4.1

Pancreas Neoplasm Location Head 13,641 62.1 6.0 0.31 3,006 60.4 5.5 0.70

Other site 8,339 37.9 6.7 1,971 39.6 4.9

Pancreatectomy type Proximal 346 1.6 5.7 0.027 51 1.0 0.0 NE

Distal 3,770 17.2 5.1 982 19.7 3.0

NE not estimable
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rates were calculated for the predicted probability quartiles
along with 95% confidence intervals and plotted against the
predicted probabilities. There is excellent agreement be-
tween the observed and predicted probabilities for the last
three quartiles and a slight over estimate of the mortality rate
in the first quartile.

Discussion

The majority of patients that present with pancreatic
malignancies are elderly with likely multiple pre-existing
comorbidities. The preoperative counseling to obtain
consent is vital before subjecting this group of high-risk

Table 3 Preoperative Comorbidities

Comorbidities 2000–2004 (sample A) 2005 (sample B)

Weighted
frequency

Percent Mortality p Weighted
frequency

Percent Mortality p

CHF No 21,092 96.0 5.8 <0.0001 4,761 95.7 4.6 <0.0001

Yes 889 4.0 18.5 216 4.3 18.5

Cardiac arrhythmia No 19,665 89.5 5.7 <0.0001 4,292 86.2 4.8 0.14

Yes 2,315 10.5 11.1 685 13.8 7.9

Valvular disease No 21,396 97.3 6.2 0.12 4,803 96.5 5.1 0.37

Yes 584 2.7 9.8 175 3.5 8.6

Pulmonary circ disorder No 21,906 99.7 6.2 0.026 4,956 99.6 5.3 NE

Yes 75 0.3 20.3 21 0.4 0.0

Peripheral vascular disease No 21,565 98.1 6.2 0.45 4,855 97.5 5.3 0.82

Yes 415 1.9 8.2 123 2.5 4.2

Hypertension, uncomplicated No 14,093 64.1 7.4 <0.0001 2,835 57.0 7.8 <0.0001

Yes 7,887 35.9 4.3 2,142 43.0 1.9

Hypertension complicated No 21,903 99.6 6.3 0.97 4,972 99.9 5.2 NE

Yes 78 0.4 6.1 5 0.1 0.0

Paralysis No 21,956 99.9 6.3 NE 4,967 99.8 5.2 NE

Yes 25 0.1 0.0 10 0.2 0.0

Other neurological disease No 21,766 99.0 6.1 0.0002 4,936 99.2 4.9 <0.0001

Yes 215 1.0 20.5 41 0.8 48.9

COPD No 19,394 88.2 6.1 0.11 4,434 89.1 5.3 0.71

Yes 2,586 11.8 7.8 543 10.9 4.5

Diabetes uncomplicated No 16,796 76.4 6.8 0.0079 3,905 78.5 6.0 0.026

Yes 5,185 23.6 4.6 1,072 21.5 2.3

Diabetes complicated No 21,638 98.4 6.3 0.92 4,886 98.2 5.3 NE

Yes 343 1.6 6.0 91 1.8 0.0

Hypothyroid No 20,655 94.0 6.5 0.014 4,611 92.6 5.4 0.40

Yes 1,326 6.0 2.9 366 7.4 3.1

Renal failure No 21,776 99.1 6.0 <0.0001 4,913 98.7 5.1 0.14

Yes 205 0.9 35.6 64 1.3 14.1

liver disease No 21,283 96.8 6.0 0.0002 4,819 96.8 5.2 0.82

Yes 697 3.2 13.6 159 3.2 6.1

Peptic ulcer No 21,597 98.3 6.3 0.29 4,903 98.5 5.2 0.79

Yes 384 1.7 3.5 74 1.5 6.8

AIDS No 21,963 99.9 6.3 NE 4,972 99.9 5.2 NE

Yes 18 0.1 0.0 5 0.1 0.0

Obesity No 21,532 98.0 6.4 0.12 4,867 97.8 5.4 NE

Yes 449 2.0 2.3 110 2.2 0.0

Comorbidities <3 19,975 90.9 6.2 0.54 4,439 89.2 5.3 0.73

≥3 2,006 9.1 7.0 538 10.8 4.5

CHF chronic heart failure, COPD chronic obstructive pulmonary disease, NE not estimable
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patients to complex pancreatic resections. It is during this
counseling that the risks and benefits of the procedure are
explained to provide the platform upon which an informed
consent is obtained. The published perioperative mortality
rates following pancreatectomy are conflicting and range
from 1–2% (single-institution data) to 7–8% (population-
based data).3–6 Asiyanbola et al.11 noted a similar discrep-
ancy in perioperative mortality rate for hepatic resections
between single-institution and population-based studies.

Similarly, the data on the effect of several variables on
the perioperative outcome following pancreatectomy for
malignancy are also conflicting. Sohn et al.12 analyzed their
single-institution database of 727 patients and noted that
pancreaticoduodenectomy can be safely performed in octo-
genarians with outcomes similar to younger patients. In an
update on the single-institution data, Makary et al.13 con-
cluded that pancreaticoduodenectomy can be safely per-
formed in nonagenarians. In contrast, a population-based
study from Texas14 found that unadjusted in-hospital mor-
tality increased with increasing age from 2.4% (<60 years) to
11.4% (>80 years of age).

The benefit of undergoing resection at high-volume
centers has led to regionalization of care for patients with
pancreatic malignancies.15,16 The data are confusing in
defining what is high volume and also whether volume
should be defined based on the physician or the hospital. In
a study of the National Inpatient Sample database, Meguid

et al.17 noted that volume alone accounted for less than 2%
of data variance in perioperative mortality following
pancreatic resection. This led them to suggest that volume
alone is an imperfect surrogate of outcomes. Similarly, Riall
et al.18 noted significant variability even among high-volume
centers reiterating that volume is not a reliable single mea-
sure of quality or outcomes following pancreatic surgery.

The current data make it difficult to estimate the individual
risk for each particular patient. The ability to estimate the
individual risk of perioperative mortality following pancrea-
tectomy for malignancy is important for the patient as well as
the surgeon. Nomograms are graphical devices or models that
use algorithms or mathematical formulae to estimate the
probability of an outcome and are optimized for predictive
accuracy for each individual patient.19,20 Nomograms allow
physicians to tailor decisions to the individual patient rather
than applying a “one-size fits all” approach to medical
decision-making. Nomograms permit the use of all the
important available parameters or risk factors so that an
accurate prediction model can be constructed. Nomograms
allow continuous variables to remain continuous to maximize
the predictive power. More importantly, nomograms can be
continuously updated based on available new clinical infor-
mation thereby adding to the accuracy of the predictions.

The benefit of post-operative nomograms in predicting
long-term survival has been proven in patients with cancer
of various organ systems.21–23 These nomograms obtained

Table 4 NIS Data 2000–2004 (Sample A) Looking at Inpatient Mortality Following Pancreatectomy for Pancreatic Neoplasm: Multivariate
Models

OR Lower 95%
CI

Upper 95%
CI

β coefficient SE β Wald F
p value

Total
points

Intercept −5.36 0.52

Renal failure Yes vs no 6.13 2.88 13.08 1.81 0.39 <0.0001 100

Other neurological disease Yes vs no 3.81 1.6 9.07 1.34 0.44 0.0025 74.0

Hypothyroid No vs yes 2.66 1.11 6.38 0.98 0.45 0.028 54.1

CHF Yes vs no 2.29 1.42 3.69 0.83 0.24 0.0007 45.9

Liver disease Yes vs no 1.99 1.08 3.66 0.69 0.31 0.026 38.1

Age >70 1.84 1.38 2.46 0.61 0.15 <0.0001 33.7

Admission type Non-elective 1.77 1.32 2.37 0.57 0.15 0.0002 31.5

Hypertension, uncomplicated No vs yes 1.66 1.22 2.26 0.5 0.2 0.0013 28.2

Hospital type Non-teaching 1.5 1.1 2.05 0.41 0.16 0.011 22.7

Cardiac arrhythmia Yes vs no 1.48 0.99 2.22 0.39 0.21 0.055 21.5

Hospital size Small/medium 1.41 1.01 1.96 0.34 0.17 0.045 18.8

Diabetes uncomplicated No vs yes 1.34 0.95 1.89 0.29 0.18 0.10 16.0

COPD Yes vs no 1.21 0.83 1.77 0.19 0.19 0.32 10.5

Sex Male 1.17 0.89 1.54 0.16 0.14 0.26 8.8

Pancreatectomy type Radical vs distal 1.15 0.78 1.69 0.14 0.2 0.52 7.7

Other vs distal 1.36 0.8 2.33 0.31 0.27 17.1

CHF chronic heart failure, COPD chronic obstructive pulmonary disease
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in the postoperative period consist of various known
prognostic factors and are used to define and predict long-
term outcome. Recently, we have seen the development of
preoperative nomograms to predict the risk of complica-
tions associated with particular surgical procedures.24,25 Lin
et al.24 developed a preoperative nomogram to predict
complications associated with various types of breast
reconstruction procedures following mastectomy. Lagarde
et al.25 constructed a nomogram that can help predict the
severity of complications in the preoperative setting for
patients scheduled for esophagectomy. The aim of this
study therefore was to develop and validate a nomogram
consisting of easily available variables that can be utilized
in the preoperative setting to counsel individual patients
about the perioperative mortality associated with pancrea-
tectomy for malignancy.

The results of our study revealed good correlation
between the nomogram-predicted perioperative mortality
rate and the actual observed perioperative mortality rate for
both samples A and B. The concordance index was found
to be 0.76 with a 95% confidence interval of 0.69 to 0.83

and is evident with the good agreement between the
predicted and observed perioperative mortality rates. In
addition, we found excellent agreement between the
observed and nomogram-predicted perioperative mortality
rates on the calibration plots for both samples A and B.

The variables selected for use in constructing the nomo-
gram were based on statistical significance on multivariate
analysis as well as clinical significance. The clinical
variables included were the ones known to have a likely
impact on clinical outcome. It is known that omitting
clinically relevant variables can compromise predictive
accuracy of the nomogram.9,26 Brennan et al.23 developed
a prognostic nomogram for patients with adenocarcinoma
of the pancreas that included several nonsignificant varia-
bles such as sex, margin status, number of negative nodes,
and T stage. Although these included variables were not
significant on multivariable analysis, the developed nomo-
gram predictions discriminated better than the American
Joint Commission on Cancer staging (0.64 vs 0.56,
p<0.001). Similarly, Wong et al.27 developed a prognostic
nomogram for melanoma patients that included clinician-

Figure 1 The constructed nomogram.
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Figure 2 An example of using the nomogram. This 68-year-old female patient seen in our clinic with multiple shown preoperative comorbidities
has a total of assigned points of 208.2 that translates to a nomogram-predicted perioperative mortality rate of approximately 18%.

Figure 4 Validation of sample B (2005).Figure 3 Validation of sample A (2000–2004).
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selected variables only based on their practical prognostic
values.

There are several limitations to our study. The nomogram
does not include some other known risk factors and perioper-
ative variables such as ASA status, serum albumin, coronary
artery disease, texture of gland, size of duct, and blood loss.
Although these other variables are important determinants of
outcome, some of this perioperative information is only avail-
able after the patient has already consented for the procedure.
Similarly, the addition of more variables may increase the
complexity and limit the universal applicability. The limitations
of the utilized data source (NIS) allowed us to use the pre-
operative comorbidities as categorical variables rather than
continuous variables. It is likely that a nomogram that incorpo-
rates them as continuous variables may be more beneficial.
The purpose of this study was to develop a nomogram by
using variables that are widely and easily available in the
preoperative setting. This nomogram is not intended to substi-
tute for experience of the surgeon or to replace the established
process of obtaining an informed and shared consent. It is
hoped that this nomogram will play an additional role in
counseling these high-risk patients prior to surgery. The
simplicity of using this nomogram in the preoperative clinic
setting makes it easy for the individual patient to understand
their individual estimated risk of the proposed procedure. In
addition, this may also permit referring physicians without
expertise in pancreatic surgery to counsel patients before
referring to specialized institutions. The nomogram is currently
available for use at the following website- http://www.unmc.
edu/publichealth/pancreas_nomogram.html.

Conclusion

In summary, we have developed a preoperative nomogram
to predict perioperative mortality following pancreatic
resection for malignancy. The nomogram was developed
by using variables that are easily and widely available in
the preoperative setting. The ease of use of this nomogram
will make it an additional tool in the preoperative
counseling of these high-risk patients prior to obtaining an
informed and shared consent. The value of this nomogram
can be confirmed following external validation.
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Discussant

Dr. Keith D. Lillemoe (Indianapolis): I’d like to con-
gratulate you for a great presentation. Your style of presenta-
tion and knowledge of the data were great. It was an
outstanding job by a medical student.

The authors have constructed a nomogram based upon
preoperative risk factors to predict perioperative mortality
following pancreatic resection. The product of their efforts
has been validated using a second patient sample from the
same database. This work seems like a natural extension
from prior publications from Memorial Sloan Kettering,
the institution where the senior author, Dr. Are did his
fellowship. Dr. Brennan and others at Memorial have
constructed nomograms to predict the long term survival
for many common tumors. The logic behind those nomo-
grams is that they can be used to guide adjuvant therapy for
patients at the greatest risk for recurrent disease.

I understand the reasons that you have provided us for
this nomogram and how it might be useful, but, again, to
bring up the point that was brought up on Saturday at the
Pancreas Club, Karl Bilimoria from Northwestern has
already demonstrated that we have a problem with people
with resectable cancers of the pancreas being denied
surgery, or even surgical consultation, because the opinions
of either their primary care physicians or other physicians,
that they are not surgical candidates.

This nomogram could provide ammunition for non-
surgeons to calculate their own predictions of mortality and
potentially deny resectable patients the potential for surgery.

Is this really what we want, to take these decisions out of
the hands of the surgeons and leave them in the hands of a
non-surgeon who can evaluate a nomogram based on a
series of risk factors that they can measure but without
surgical judgment.

I know databases have limitations, but you’re missing a
lot of important factors that might contribute to perioper-

ative risk such as serum albumin, ASA class, weight loss,
and coronary artery disease. You use size of hospital and
teaching hospitals as a surrogate, but these factors do not
necessarily reflect hospital volume or surgeon experience in
pancreatic surgery. You also could have included Leap Frog
criteria.

Finally, imitation is the highest form of flattery. At
Saturday’s Pancreas Club meeting, Jennifer Tseng and her
group presented an almost identical nomogram addressing
the same points that you did, only with a different database.

Despite the fact that these are both very nice papers, I
predict that I will never use them. Rather, I am going to sit
down with the patient, going to look at all their comor-
bidities, at my own experience, and I am going to look at
the tumor, and I am going to put all these points together,
make the decision whether to offer the patient an operation.
I am not going to make this decision based on a calculated
nomogram, but surgical judgment and experience.

I have one final question. After using the nomogram to
determine that the lady you described with an 18%
mortality, Dr. Are, did you offer her an operation? And if
you did, then I can’t believe you really are going to ever
apply this nomogram.

Discussant

Dr. Sean Mulvihill (University of Utah, Salt Lake City,
Utah): I think Dr. Lillemoe was a little hard on you. I think
it actually would be useful to have a nomogram that you
could use to sit down with a patient and predict mortality.

The problem with your study is that it’s not applicable to
any individual hospital. So, for instance, in my own
hospital, of the last 173 Whipple resections we have done
there was one perioperative death, for a mortality rate of
0.7%. But in your inpatient sample, the mortality rate is far
higher. So we couldn’t use your nomogram except to
attribute an average mortality across the country. I think
most of us would believe that the average results in the
country are unacceptably poor right now.

The other weakness is that the inpatient sample is
notoriously inaccurate at describing patient comorbidities.
And if one looks, in contrast to your nomogram, at the
model that we have previously published from the NSQIP
program where the variables are more closely controlled,
it’s quite different. And so I think your study is useful, but
probably not the answer to this problem of prediction of
outcome.

Closing discussant

Chantal Afuh: That is a good point. As Dr. Are mentioned,
this is not a tool to replace experience. It is something that
may be used to help discuss these risks with patients.
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One may say to the patient, based on your health status,
the comorbidities you have, you may have an increased
risk, whether it be slightly increased risk to another patient
who does not have these additional health concerns.

There definitely are some institutions that have better
outcomes than the national average. It is possible that this is
something you may not wish to use at your institution to
replace what you all have done, but it may be useful to
supplement the conversation you have with the patient so that
they can better understand and provide informed consent.

Dr. Carlos Fernandez Del Castillo (Boston, MA): A
quick comment as I rise and share Dr. Lillemoe’s concern
that this study, as well as the one from the University of
Massachusetts, could generate nihilism in terms of the
applicability of pancreatic resection for patients with
pancreatic cancer, and can be used as an argument against
surgery.

Currently only 30% of pancreatic resections are done for
pancreatic cancer. Many others are done for benign disease,
like cystic tumors, where the risk profile could be very
different, including a higher risk of fistula, which in turn
can be a cause of death. So, I’m not really sure this is really
generalizable.

Closing discussant

Chantal Afuh: That is a very good comment as well. The
purpose of our nomogram, however, is to be used when
patients do have a primary adenocarcinoma.

So this isn’t necessarily something that can be applicable
at large to different disease conditions of the pancreas or
periampullary conditions. It’s something to be used in this
particular situation, which is perioperative mortality fol-
lowing pancreatectomy for pancreatic malignancy.
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Abstract
Background Preoperative biliary drainage (PBD) prior to pancreaticoduodenectomy (PD) continues to be routine in many
centers despite retrospective and randomized data showing that PBD increases perioperative infectious complications.
Methods Review of a prospectively maintained database identified 340 consecutive patients with pancreatic adenocarcinoma
who underwent PD between 2000 and 2005. From this cohort, 94 PBD and 94 nonstented (no-PBD) patients were matched for
age, gender, preoperative albumin, and bilirubin levels (PBD group: prestent bilirubin; no-PBD group: preoperative bilirubin).
Results The majority of PBD patients (89%) underwent internal endoscopic biliary drainage. Stent-related complications
occurred in 46 patients (23%) and resulted in a significant delay in time to resection. In the matched-pair comparison, there was
more operative blood loss in PBD patients, but similar operative times, transfusions, and hospital stay. Bile cultures were
positive in 82% of PBD patients versus 7% no PBD. There was a statistically significant increase in infectious complications
including wound infections and intra-abdominal abscess in PBD patients, but equal incidence of anastomotic leak.
Conclusions In this case-matched control study, PBD was associated with a stent-related complication rate of 23% and
resulted in a twofold increase in postpancreatectomy infectious complications. The routine use of PBD remains unjustified.

Keywords Biliary drainage . Pancreatic cancer .

Pancreaticoduodenectomy . Complications

Introduction

Biliary drainage prior to pancreaticoduodenectomy (PD)
remains controversial.1 Proponents advocate routine preop-

erative biliary drainage (PBD) in an effort to reduce the
incidence of hepatic dysfunction and perioperative compli-
cations in patients with obstructive jaundice.2–5 Preoperative
biliary drainage was practiced by Allen O. Whipple who
reported on the potential value of performing a cholecysto-
gastrostomy 4 weeks prior to pancreatectomy in order to
allow for resolution of jaundice.6

Despite effective correction of hyperbilirubinemia, the
majority of prospective and retrospective studies of PBD
have not demonstrated improvement in operative outcomes
following this procedure. Several small prospective
randomized trials have suggested no benefit to PBD.7–9

These studies reported no difference in perioperative
mortality or complications and revealed the considerable
risk associated with drainage procedures.8 More recently,
a meta-analysis of 15 studies including one prospective
randomized trial was published.10 This study demonstrated
that PBD patients have a significant increase in wound
infections; however, no other significant differences in
complications were noted. A recent Cochrane review
reported an increase in morbidity and hospital stay in
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PBD patients and again found no identifiable benefit to
preoperative stenting.11

Numerous retrospective studies have also demonstrated a
significant increase in perioperative complications in
patients who undergo PBD. Prior work from this institution
demonstrates that PBD is associated with an increase in
complications including infectious complications, intra-
abdominal abscess, and postoperative death.12,13 Other
centers have also shown a correlation between PBD and
operative time and blood loss, positive bile cultures, wound
infections, and pancreatic fistulae.14–19 In addition to
perioperative complications, PBD procedures can result in
significant complications that can potentially delay opera-
tive intervention.16

Despite these data, PBD continues to be routine. Propo-
nents of this procedure argue that the majority of prior
randomized trials are not currently applicable because they
primarily describe external biliary drainage and often included
patients undergoing palliative bypass.7–9 The purpose of the
current study was to evaluate the complications associated
with PBD and operative outcomes in the presence and
absence of PBD in a contemporary population of patients
undergoing PD for adenocarcinoma. We utilized a prospec-
tive complication database and a matched group of patients.
The primary method of PBD was internal drainage.

Patients and Methods

A prospectively maintained database was queried for
patients who underwent pancreatic resection for pancreatic
adenocarcinoma between January 1, 2000 and December
31, 2005. Data were available for 432 consecutive patients.
Patients with lesions in the body or tail (n=79) were not
included. Patients who had undergone prior operative
biliary bypass or neoadjuvant therapy were also excluded
(n=13). Permission to perform this study was obtained
from Memorial Sloan-Kettering Cancer Center’s Institu-
tional Review Board.

Clinical variables were confirmed by retrospective chart
review. Patient variables included age, gender, comorbid-
ities (cardiac or pulmonary disease, diabetes mellitus), and
tobacco and alcohol use. Selected laboratory values
included prestent bilirubin and preoperative bilirubin and
albumin. Details of all preoperative procedures performed
including endoscopic retrograde cholangiopancreatography
(ERCP), percutaneous transhepatic cholangiography (PTC),
endoscopic ultrasound (EUS), and fine needle aspiration
(FNA) were ascertained. Details included the indication for
drainage and type of stent placed at the initial and any
subsequent procedures. Operative variables included opera-
tive time, blood loss, and hospital stay. Peak postoperative
international normalized ratio (INR) was obtained as well as

requirements for red blood cell or fresh frozen plasma
transfusion. Bile was typically sampled when the bile duct
was divided and sent for gram stain and culture. Positive
cultures were categorized into polymicrobial, gram negative,
anaerobic, and containing yeast.

Routine administration of one dose of a second
generation cephalosporin prior to skin incision is routine
and protocol for PD patients; redosing for prolonged cases
occurs at 6 h after skin incision. Patients did not routinely
undergo extended lymphadenectomy. Reconstruction was
performed almost solely by creation of a pancreaticojeju-
nostomy with duct to mucosa anastomosis. Intraperitoneal
drainage was not a standard practice due to the results of a
previous prospective randomized trial from our institution
failing to demonstrate benefit to routine placement of
operative drains.20

Postoperative complications were recorded prospectively
into the Department of Surgery complication database. This
method of complication reporting has been previously
validated and is an accurate and reproducible method for
reporting postoperative complications.21,22 All complications
were entered by surgical attendings and house staff who
were directly involved in patient care. Entries were reviewed
at weekly or monthly morbidity and mortality conferences.
All events recorded within 90 days after operation were
considered to be postoperative complications.

Complications were grouped into infectious, gastroin-
testinal, and cardiopulmonary. Infectious complications
include postoperative fever, wound infection, bacteremia,
or intra-abdominal abscess. Gastrointestinal complica-
tions include delayed gastric emptying, pancreatic leak
or fistula, gastrointestinal bleeding, ileus, and diarrhea.
For this study, pancreatic leak or fistula was evaluated as
a separate category. Cardiopulmonary complications
include any arrhythmia, myocardial infarction, pulmo-
nary embolism, respiratory failure, atelectasis, pleural
effusion, and pneumonia. The complication grading
system utilized is as follows: grade 1—oral medication
and bedside interventions; grade 2—intravenous medi-
cations, enteral nutrition, total parenteral nutrition, or
blood; grade 3—procedure required including interventional
radiology, therapeutic endoscopy, intubation, angiography, or
operation; grade 4—residual and lasting disability requiring
major rehabilitation or organ resection; grade 5—death.23

Statistical Analysis

To perform a matched case-control analysis, 94 patients who
had not undergone PBD (no PBD) were matched to 94
patients who had PBD from the data set of 340 patients. Of the
137 no-PBD patients, 43 patients (31%) were excluded due to
incomplete data or the failure to find a statistical match in the
PBD group based on the predefinedmatching criteria. Patients
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were matched 1:1 by categories of age (≤70, >70), preoper-
ative albumin (≤4, >4), prestent/operative bilirubin (<5.8, 5.8
to 12.9, >12.9), and sex. To control for bilirubin levels, the
prestent bilirubin in the PBD group was matched to the
preoperative bilirubin in the no-PBD group.

Descriptive statistics were calculated separately for the
matched patients by stent group. Differences between the
matched groups were evaluated using the Wilcoxon signed-
ranks test for continuous variables and the McNemar’s chi-
square test for paired proportions for categorical variables.
All statistical analyses were conducted using SAS software
(Version 9.1, SAS Institute). Descriptive statistics were also
calculated for the nonmatched sample of 340 patients.

Results

Demographics of 340 Patients

There were 163 males (48%) and the median age was
71 years (range 44–92). The procedures performed prior to
PD are presented in Table 1. Preoperative biliary instrumen-
tation was performed in 225 patients (66%); 24 patients had
a failed ERCP. Preoperative biliary drainage was performed
in 201 of 340 patients (60%) and was accomplished by
ERCP in 174 (87%) patients. Additional endoscopic studies
included EUS in 85 patients (25%) and FNA for cytology
in 94 patients (28%).

The procedural details of 201 PBD patients are listed in
Table 2. The most common indication for PBD was
obstructive jaundice (97%); seven patients (3%) had
cholangitis at the time of stent placement. Of the seven
patients with cholangitis, two developed cholangitis after a
failed ERCP. Prestent bilirubin was significantly higher
than preoperative bilirubin (p<0.001). Of note, 26 patients

(17%) had serum bilirubin levels ≤5 mg/dL at the time of
PBD placement. The majority of patients (89%) had
internal stents. There were 344 procedures performed in
201 patients, and 99 patients (50%) had two or more
invasive procedures performed prior to PD. A stent-related
complication occurred in 46 patients (23%). Cholangitis
occurred in 23 patients (11%) following stent placement,
and two additional patients had cholangitis with pancreatitis
(1%). Stent occlusion resulting in stent replacement was the
second most common complication occurring in 17 patients
(8%). Pancreatitis (n=3) and duodenal perforation (n=1),
although less common, resulted in significant morbidity
requiring prolonged hospitalization and antibiotics.

The median time from stent placement to resection is
outlined in Table 3. Twenty-four (17%) of the no-PBD
patients had an ERCP procedure without stent placement
and went directly to resection typically within 14 days from
presentation. The median time to operative intervention in
PBD patients without a complication was 25 days. Factors
associated with longer time to operation in uncomplicated
PBD patients were higher preoperative albumin (p=0.01)
and older age (p=0.0004). Serum bilirubin level and type of
stent were not associated with operative delays. As outlined
in Table 3, a complication from stent placement signifi-
cantly delayed operative intervention compared to PBD
patients without a complication. Time to surgery was not a
significant predictor of infectious complication rates. Of

Table 1 Procedures Performed in 340 Patients Prior to
Pancreaticoduodenectomy

Variable Number of patients (%)

Preoperative biliary instrumentation 225 (66)

ERCP with stent placement 174 (77)

ERCP without stent placement 24 (11)

Primary PTC stent 3 (1)

PTC stent after failed ERCP 24 (11)

Preoperative endoscopic ultrasound 85 (25)

Preoperative fine needle aspiration 94 (28)

During EUS 64 (68)

During ERCP 14 (15)

Percutaneous 10 (11)

Other/unknown 6 (6)

Table 2 Clinical Variables of 201 PBD Patients

Variable Number of patients (%)

Indication for biliary drainage

Obstructive jaundice 194 (97%)

Cholangitis 7 (3%)

Median prestent bilirubin (mg/dL) 10.9 (range 0.6–31.2)

Median preoperative bilirubin (mg/dL) 1.6 (range 0.4–29.2)

Type of stent

Internal 178 (89%)

Plastic stent 171 (96%)

Metal stent 7 (4%)

Internal/external 23 (11%)

Number of procedures per patient

1 procedure 102 (51%)

2 procedures 66 (33%)

≥3 procedures 33 (16%)

Stent-related complications 46 (23%)

Cholangitis 23 (11%)

Blockage requiring replacement 17 (8%)

Pancreatitis 3 (1%)

Pancreatitis and cholangitis 2 (1%)

Duodenal perforation 1 (1%)
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patients with delays to operation at or below the overall
median of 26 days, 22% experienced an infectious
complication compared to 29% of patients with delays
greater than 26 days (p=NS).

Matched Case-Control Analysis

Characteristics of 188 Matched Patients

There were 188 patients whomet criteria for matching (PBD=
94, no PBD=94). Characteristics of these patients are shown
in Table 4. Groups were similar with regard to comorbid
conditions although the PBD group had a trend toward more
alcohol use (p=0.068). The median prestent bilirubin in PBD
patients was 11.8 mg/dL (range 0.6–31.2). In the PBD
group, there were 24 patients (26%) with prestent bilirubin
levels ≤5 mg/dL, 22 patients (23%) with levels of 5.1–
10 mg/dL, and 48 patients (51%) with levels ≥10.1 mg/dL.

The median preoperative bilirubin in the no-PBD group
was significantly higher (11.2 mg/dL, range 0.2–36.6) than
the PBD group (2.2 mg/dL, range 0.4–27.4, p<0.001).
Preoperative biliary drainage was performed by ERCP with
internal stent in the majority of patients (89%). Preoperative
EUS and FNA procedures were performed equally between
groups. There were 22 patients (23%) who had a stent
related complication.

Perioperative Variables in Matched Patients

Median hospital stay was 10 days (range 6–72) for PBD
patients and 10 days (range 2–59) for no PBD (p=NS). As
shown in Table 5, there was no significant difference
between groups in operative time. Mean operative blood
loss was higher in PBD patients (964±767 mL) compared
to no-PBD patients (733±514 mL, p=0.04). Peak postop-
erative INR and requirements for red blood cell and fresh

frozen plasma transfusion were similar between groups.
PBD patients had significantly more positive intraoperative
bile cultures (82%) compared to no PBD patients (7%; p<
0.001). Both groups had gram-negative and anaerobic
organisms in the majority of the positive cultures. However,
among the patients with positive cultures, 80% of PBD
patients had polymicrobial growth and 36% had yeast; 40%
of the nonstented patients with positive cultures had
polymicrobial growth and 0% had yeast grow in their
culture.

Postoperative Complications in Matched Patients

Postoperative complications are outlined in Table 6. There
was at least one complication in 39 (41%) of the no-PBD
patients versus 48 (51%) of the PBD patients (p=NS).
Infectious complications occurred in 12 no-PBD patients
(13%) compared to 30 (32%) PBD patients (p=0.002).
Infectious complications included wound infections and
intra-abdominal abscesses. There were significantly more
patients in the PBD group with wound infections (20%
versus 7%, no PBD, p=0.01) and intra-abdominal abscesses
(12% versus 3%, no PBD, p=0.03). Wound infections were
either grade 1 or 2 complications and all intra-abdominal
abscesses were grade 3 complications. Anastomotic break-
down or fistula did not differ between no-PBD (6%) and
PBD (4%) patients (p=NS).

There were five deaths within 30 days of operation
among the 188 matched patients (mortality rate=2.7%).
The five postoperative deaths occurred in no-PBD patients
(5.3% versus 0 in PBD patients, p=0.06). Fatal pulmonary
embolism occurred in two patients, myocardial infarction
occurred in two patients, and one experienced cardiopul-
monary arrest several days after diagnosis of portal vein
thrombosis. The preoperative bilirubin was elevated in one
of the five patients.

Discussion

In patients undergoing pancreatic resection, multiple previous
reports of PBD have not only failed to show a clinical benefit
but have also suggested an adverse impact on perioperative
outcome and specifically an increase in postoperative infec-
tious complications.12–15,17–19 Despite these data, PBD
continues to be a frequently performed procedure in
patients being considered for resection of periampullary
malignancy. In the current study, the majority of patients
(59%) who underwent PD for pancreatic adenocarcinoma at
our institution between 2000 and 2005 underwent PBD
during their diagnostic evaluation. The vast majority of
patients underwent PBD at referring centers prior to
consultation at our institution.

Table 3 Time from Procedure to Operative Intervention

Procedure Number Median (range) time to
operation (days)

ERCP without stent
placement

20a 13.5 (3–56) <0.001b

ERCP or PTC with
stent placement

201 27 (4–157)

Stent placement
(no complication)

155 25 (4–157)

Stent placement
(complication)

46 33 (11–137)

a Data available for 20 of 24 patients
b Based on a Kruskal–Wallis test comparing time to procedure among
ERCP without stent placement (N=20), ERCP or PTC with stent
placement and no complication (N=155), and ERCP or PTC with
stent placement and complication (N=46)
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Variable No PBD (N=94) PBD (N=94) p value

Age (mean±SD, years)a 69±9 68±10 0.33

Gendera

Male 47 (50%) 48 (51%) 0.56
Female 47 (50%) 46 (49%)

History of cardiac disease

Yes 23 (26%) 16 (17%) 0.27
No 66 (74%) 76 (83%)

History of pulmonary disease

Yes 8 (9%) 5 (5%) 0.56
No 81 (91%) 86 (95%)

History of diabetes mellitus

Yes 17 (18%) 13 (14%) 0.43
No 77 (82%) 81 (86%)

History of tobacco use

Yes 25 (32%) 19 (23%) 0.20
No 53 (68%) 62 (77%)

History of alcohol use

Yes 16 (21%) 27 (33%) 0.07
No 62 (80%) 54 (67%)

Median prestent bilirubin (mg/dL) – 11.8 (0.6–31.2)a –

Prestent bilirubin

≤5 mg/dL – 24 (26%) –
5.1–10 mg/dL 22 (23%)

≥10.1 mg/dL 48 (51%)

Median preoperative bilirubin (mg/dL) 11.2 (0.2–36.6)a 2.2 (0.4–27.4) <0.001

Median preoperative albumin (mg/dL)a 4.0 (2.5–4.8) 3.9 (1.3–4.9) 0.51

Indication for preoperative drainage

Obstructive jaundice – 89 (95%) –
Cholangitis – 5 (5%)

Preoperative biliary stent

ERCP with internal stent – 83 (89%) –
PTC with internal/external stent – 11 (11%)

Endoscopic ultrasound

Yes 21 (23%) 24 (26%) 0.60
No 72 (77%) 70 (74%)

Fine needle aspiration

Yes 21 (22%) 25 (27%) 0.51
No 73 (78%) 69 (73%)

Complication from stent placement – 22 (23%) –

Table 4 Clinical Characteristics
and Comorbidities of 188
Matched Patients

a Groups were matched for these
variables

Variable No PBD (N=94) PBD (N=94) p value

Mean operative time (min) 288±78 302±76 0.22

Mean operative blood loss (mL) 733±514 964±767 0.04

Mean peak postoperative INR (mg/dL) 1.24±0.2 1.26±0.2 0.90

Red blood cell transfusion (patients) 48 (51%) 49 (52%) 0.88

Fresh frozen plasma transfusion (patients) 14 (15%) 13 (14%) 0.84

Positive intraoperative bile cultures 5 (7%) 72 (82%) <0.001

Table 5 Perioperative Variables
of Matched Patients
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Patients who present with symptomatic hyperbilirubine-
mia may require PBD prior to resection. Patients with
symptoms of cholangitis should undergo expeditious biliary
drainage in an effort to prevent sepsis. Patients who present
with obstructive jaundice and resultant renal failure,
dehydration, coagulopathy, or profound malnutrition should
undergo biliary drainage and resuscitation as these life-
threatening consequences of severe hyperbilirubinemia
must be corrected prior to operative resection. Recalcitrant
pruritus is an additional relative indication for PBD when
staging and operative intervention cannot be performed in a
timely manner. Arterial involvement with tumor such as
with a replaced right hepatic artery is another indication for
PBD in the jaundiced patient to prevent postoperative
hepatic necrosis if the vessel must be sacrificed. Finally,
patients with biliary obstruction being considered for
neoadjuvant therapy should undergo PBD because the risk
of developing the complications noted above during the
preoperative therapy is significant.24

The majority of patients in the current study, however,
underwent PBD in the absence of any of the above
indications. In the current study, 97% of the 201 PBD
patients were stented for obstructive jaundice during
diagnostic workup and only seven patients (3%) had
prestent cholangitis. Among the 201 patients who under-
went PBD, 17% had a serum bilirubin <5 mg/dL at the time
of drainage. None of the patients with bilirubin levels in
this range had cholangitis as an indication for PBD.

There was a complication rate of 23% associated with
PBD, similar to other reports.16 When stent-related com-
plications occur, patients frequently require prolonged
hospitalization and antibiotics with or without supplemental
nutrition. Patients who underwent ERCP without stent
placement underwent resection 12 days earlier on average
than those who had an uncomplicated procedure. A
complication from PBD such as cholangitis, pancreatitis,
or stent blockage requiring replacement delayed operation
by nearly 3 weeks and often subjected patients to multiple
additional invasive procedures.

In a study of 240 patients treated at our institution from
1994 to 1997, 126 patients (53%) had biliary drainage

performed, with significant increase in intra-abdominal
abscess in patients who had PBD (19%) compared to no
PBD (8%).13 PBD was the only predictive factor for intra-
abdominal abscess found in this study. PBD was predictive
of postoperative death on univariate analysis. The limitations
of this prior study were its retrospective nature, the primary
usage of external drainage, and the lack of a specific grading
system for complications. Preoperative bilirubin levels were
not controlled for or comparable between groups.

Wound infections were primarily managed noninvasively
while all intra-abdominal abscesses in matched PBD patients
required an invasive drainage procedure either operatively or
by interventional radiology. We have previously shown the
organisms contained in the infected bile are those found in
intra-abdominal abscesses or wound infections.25 Positive
bile cultures secondary to PBD have been linked to
infectious complications in other retrospective studies.18,26,27

There was a statistical trend toward an increased risk of
death in the no PBD patients. Among the five patients who
died postoperatively, two had known operative complica-
tions at the time of their death; one patient had an
anastomotic leak and the other patient died secondary to a
portal vein thrombosis. Among matched patients, there was
no difference in the rate of these complications. It is
difficult to draw firm conclusions regarding the impact of
stenting on operative mortality with the small number of
events in this study. Furthermore, four of the five patients
were not jaundiced preoperatively.

There are several limitations to this study. Patient data were
retrospectively collected, and therefore, there is at inherent
risk for selection bias. We attempted to control for selection
bias by including only patients with pancreatic adenocarcino-
ma and matching for preoperative factors that would affect the
decision to place a preoperative stent (i.e., prestent bilirubin in
PBD patients wasmatched to preoperative bilirubin in patients
without PBD). Furthermore, many of the patients were
referred from outside institutions, introducing the potential
for referral bias into the patient population being studied.

The recent meta-analysis by Velanovich et al. demonstrated
a marginal (5%) increase in wound infections in patients with
PBD, but failed to show an increase in significant perioper-

Type of complication No PBD (N=94) PBD (N=94) p value

Any complication 39 (41%) 48 (51%) 0.21

Cardiopulmonary complication 10 (11%) 6 (6%) 0.29

Gastrointestinal complication 7 (7%) 7 (7%) 1.00

Infectious complication 12 (13%) 30 (32%) 0.002

Wound infection 7 (7%) 19 (20%) 0.01

Intra-abdominal abscess 3 (3%) 11 (12%) 0.03

Anastomotic leak or fistula 6 (6%) 4 (4%) 0.53

Death 5 (5%) 0 (0%) 0.06a

Table 6 Postoperative Compli-
cations in Matched Patients

Patients may have had more
than one complication
a Due to the lack of events
among PBD patients, p value
was determined with an exact
test calculated using conditional
logistic regression analysis
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ative complications.10 The study also failed to demonstrate a
benefit to PBD. The study is limited by a lack of
standardized complication grading systems, heterogeneity
of patient populations, and inclusion of patients with external
drainage and prior biliary bypass. Herein, we report with a
matched controlled study using a prospective complication
database that PBD delays operative intervention is associated
with a 23% complication rate and increased rates of
infectious complications.

We await the results of a large multicenter randomized
controlled trial of PBD versus immediate surgery for patients
with periampullary tumors and obstructive jaundice.28 The
results of the present study suggest routine PBD will result
in a procedure-related complication rate of approximately
20% and an increase in operative infectious complications.
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Abstract
Background Pancreatobiliary access following Roux-en-Y gastric bypass (RYGBP) is challenging. We reviewed 32 cases of
surgical gastrostomy for complex transgastric upper gastrointestinal endoscopy.
Methods Retrospective review of prospectively collected database of patients with history of RYGBP that had surgical
gastrostomy for pancreatobiliary and duodenal access at a single institution from 2004–2008. Indication for procedure,
surgical findings, successful cannulation, and complications are reported.
Results Thirty patients (25 female), with age ranging from 27 to 72, underwent 32 procedures. The indications to access the
gastric remnant were sphincter of Oddi dysfunction (13), pancreatitis (six), common bile duct stone/obstruction (five),
cholangitis (three), pancreatic mass evaluation (two), gastrointestinal bleed (two), and cystic duct leak after cholecystectomy
(one). Mean operative time was 200 min (98–338) and estimated blood loss (mean) 85 cc (10–500). Laparoscopic
gastrostomy was attempted in 28 cases with one conversion to open (3.6%). Four planned open procedures were also
performed. All 30 patients underwent successful endoscopy and 28 had an endoscopic retrograde cholangiopancreatog-
raphy, all with successful cannulation of the pancreatobiliary tree (100%).
Conclusions Surgical gastrostomy is an effective means to gain access to the upper GI tract and pancreatobiliary tree
following RYGBP. This technique should be considered when traditional endoscopic approaches are impossible.

Keywords Roux-en-Y. Gastric bypass . Gastrostomy .

ERCP. Endosopy
Background

Roux-en-Y gastric bypass (RYGBP) as a treatment for
morbid obesity has increased in popularity in recent years,
producing lasting weight loss in appropriately selected
patients.1

Morbidly obese patients have multiple comorbidities,
which make them high-risk surgical candidates. In
addition, procedures such as RYGBP may entail specific
complications related to the surgery, such as cholelithi-
asis, choledocholithiasis, stomal ulceration, bleeding
ulcers, anastomotic strictures, and difficult pancreatobili-
ary access.2–6 Shiffman et al.6 report up to 50% of patients
develop sludge in the gallbladder after RYGBP. Due to
this high incidence, some centers advocate the use of
ursodiol or cholecytectomy at the time of the bypass.
Alterations in biliary physiology and the resulting pathol-
ogy may increase the need to obtain pancreatobiliary
access postoperatively.

This data was presented in poster form at the 50th annual meeting for
surgery of the alimentary tract/ digestive diseases week in Chicago,
IL, May 2009.
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Since RYGBP creates bypassed structures, including
gastric remnant, duodenum, proximal jejunum, and the
pancreatobiliary tree, endoscopic access to these areas for
diagnosis and therapy is severely limited. Traditional push
enteroscopy allows retrograde access up the afferent limb
after RYGB inconsistently, particularly following long limb
bypasses as is the case with weight loss procedures. Newer
deep enteroscopy systems, such as single balloon entero-
scopy, double balloon enteroscopy, and spiral endoscopy,
allow consistent endoscopic access to the afferent limb but
have limited therapeutic options because of the small
caliber working channel and very long length and
forward-viewing nature of the endoscopes employed.7 In
addition, push enteroscopy can be technically challenging
in similar cases, with a perforation rate as high as 10%.7–9

Our aim in this study is to report our experience with
surgical access to the upper gastrointestinal tract following
RYGBP at a single institution. We present the largest series
to date, evaluating 32 cases of surgical gastrostomy for
transgastric endoscopic access in patients with a previous
RYGBP.

Methods

We performed a retrospective chart review of a prospectively
collected database on patients with history of previous
RYGBP who had laparoscopic or open gastrostomy for
pancreatobiliary and duodenal access at a single institution
[Hennepin County Medical Center (HCMC)] between 2004
and 2008. Patient demographics, indications for surgery,
operative findings, and short-term outcomes are reported.
The study was approved by the institutional review board at
HCMC (protocol 08-1804X).

Description of Procedure

The gastrostomy was done either laparoscopic or open
depending on surgeon preference with consideration for
previous surgical history, etc. In general, the laparoscopic
approach was preferred and was used in the majority of our
cases. If it was deemed that the patient was likely to require
more than one intervention, a gastrostomy tube was left in
place following the initial surgical/endoscopic intervention.

Laparoscopic Gastrostomy

We first established a carbon dioxide pneumoperitoneum to
a pressure of 12–15 mm using either a veres needle or
visiport in the left upper quadrant. Additional ports were
placed at the umbilical level, upper midline, and right
lateral abdomen (Fig. 1). The port placement may require
some variation depending on the patient’s anatomy and

previous surgeries. Diagnostic laparoscopy is performed in
all cases, and any open hernia defects are corrected. The
gastric remnant is then dissected, and an appropriate site for
gastrostomy is chosen. A small anterior gastrotomy is then
made to allow passage of the left upper quadrant 15 mm
port directly into the gastric remnant lumen. The anterior
gastric wall is then circumferentially tacked to the abdom-
inal wall. Endoscopy is performed through the secure
gastric access. In open cases, the endoscope can be passed
directly into the lumen of the gastric remnant. Following
the completion of the endoscopic intervention, the gastro-
stomy is either closed or a gastrostomy tube is placed at the
site to allow for additional future endoscopies.

Results

We identified 30 patients who underwent surgical gastro-
stomy for upper gastrointestinal endoscopic access between
2004 and 2008. Women made up 83% of the cohort (n=
25). Median age was 46, with an age range from 25 to 72.
A total of 32 procedures were performed. Two patients had
repeat gastrostomy placement after closure of the initial
gastrostomy due to recurrence of symptoms and need for
repeat endoscopic retrograde cholangiopancreatography
(ERCP). Table 1 summarizes demographics, indications,
procedures performed, operative findings, and postopera-
tive complications for this group of patients.

The indications for endoscopic intervention were as
follows: sphincter of Oddi dysfunction (SOD, n=13), acute
pancreatitis (n=6), common bile duct stone/obstruction (n=
5), cholangitis (n=3), pancreatic mass evaluation (n=2),
upper gastrointestinal bleed (n=2), and cystic duct leak
after cholecystectomy (n=1).

For individuals requiring ERCP, mean time from RYGBP
to ERCP was 3.4 years (range, 1–10 years). Mean operative
time was 200 min (range, 98–338), mean estimated blood loss

Figure 1 Star indicates position of gastrostomy tube.
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Table 1 Summary of Patients with RYGBP that had Gastrostomy for Pancreatobiliary and Duodenal Access

Patient Age
(year)

Gender Indication Procedure Findings Complications

1 35 F Cholangitis Lap gastro, ERCP,
Chole

Cholecystitis, no CBD stone

2 51 F Pancreatitis Lap gastro, ERCP Biliary papillary stenosis Gastrostomy site
infection

3 45 F SOD Open gastro SOD

4 71 M CBD Stone Lap gastro, ERCP CBD stone

5 27 M Pancreatitis Lap gastro, ERCP Biliary and pancreatic sphincter dysfunction

6 52 F Pancreatitis Lap gastro, ERCP Papillary stenosis

7 31 F SOD Lap gastro, ERCP Peterson’s defect, Biliary papillary stenosis,
pancreatic sphincter dysfunction

8 58 F Pancreatitis Lap gastro, ERCP Peterson’s defect, Biliary sphincter
dysfunction

Converted to open

9 45 F SOD Lap gastro, ERCP Peterson’s defect, Pancreatic sphincter
dysfunction,
Biliary sphincter dysfunction

10 42 F SOD Lap gastro, ERCP Small bowel mesenteric defect, Biliary
sphincter
dysfunction

11 50 F SOD Lap gastro, ERCP Biliary papillary stenosis

12 37 F CBD stone Lap gastro, ERCP, chole CBD stone

13 45 F SOD Lap gastro, ERCP Pancreatic sphincter dysfunction

14 62 F CBD stone Open gastro, ERCP CBD stone

15 48 F Pancreatitis Lap gastro, ERCP No stones, no abnormalities

16 44 F Pancreatic cyst Lap gastro, EUS Small pancreatic cyst, ulcer in gastric
remnant

17 30 F SOD Lap gastro, ERCP Biliary sphincter dysfunction Re-operation (leak after
g-tube removal)

18 68 F Cholangitis Lap gastro, ERCP Peterson’s defect, No CBD stone

19 45 F SOD Lap gastro x2, ERCP Biliary and pancreatic sphincter dysfunction

20 38 F SOD Open gastro, ERCP Small bowel defect, Biliary sphincter
dysfunction, Pancreatic duct stricture

Re-operation
(pancreatitis)

21 72 F CBD stone Lap gastro, ERCP CBD stone

22 31 F SOD Lap gastro x2, ERCP Pancreatic duct stricture, Biliary
sphincter disfunction

23 61 M Cystic duct leak Open gastro, ERCP Bile leak

24 56 F CBD obstruction Lap gastro, ERCP Peterson’s defect, Distal
biliary obstruction due
to pancreatic cancer

25 37 F Pancreatic mass Lap gastro, ERCP, Lap
U/S

Small bowel mesenteric defect, Biliary
sphincter dysfunction, No pancreatic mass

26 34 M SOD Lap gastro, ERCP Stenotic pancreatic and biliary orifices

27 63 F Cholangitis Lap gastro, ERCP Papillary stenosis

28 31 F Recurrent GI
bleed

Lap gastro, EGD Petersen’s defect, Small bowel
mesenteric defect, Jejunal bleed

29 34 F Pancreatitis Lap gastro, ERCP Small bowel mesenteric defect, transverse
colon mesenteric defect, peterson’s
defect, pancreatic papillary stenosis,
pancreatic duct stricture

Re-operation (suspected
gastrostomy leak)

30 34 M GI bleeding Lap gastro, EGD, Chole Gastric ulcer, chronic cholelithiasis

Lap gastro Laparoscopic gastrostomy, open gastro open gastrostomy, SOD sphincter of Oddi dysfunction, CBD common bile duct, EGD
esophagogastroduodenoscopy, ERCP endoscopic retrograde cholangiopancreatography, EUS endoscopic ultrasound, chole cholecystectomy
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was 85 ml (range,10–500). Twenty-eight patients had
attempted laparoscopic gastrostomy with one conversion to
open (3.6%) due to inability to visualize the gastric remnant.
In addition, we performed four planned open procedures, all
due to patients with multiple previous open surgeries.

All 30 patients underwent successful endoscopic access;
28 had an ERCP, two patients had an esophagogastroduo-
denoscopy, and two patients had endoscopic ultrasound
(EUS). For cases requiring ERCP, successful cannulation of
the pancreatobiliary tree was performed in all cases (100%).
In addition to endoscopic access, during surgical exploration,
13 internal hernias were found in ten patients: seven
Peterson hernias, five small bowel mesenteric defects, and
one transverse mesocolic defect. In all cases, the defects
were closed at the time of the gastrostomy. Operative
findings are included in Table 1.

Surgical complications occurred in four patients. One
patient developed a superficial wound infection at the
gastrostomy tube (g-tube) site, which was resolved with
antibiotics and no further intervention. Three patients
were re-explored. The first was due to peritonitis and
suspected intra-abdominal leak, ultimately determined to
be pancreatitis secondary to ERCP, with no leak
identified. One patient developed free air following
removal of the gastrostomy tube (47 days after initial
placement) and was found to have an intra-abdominal
leak at the gastrostomy site. Our final patient developed
significant subcutaneous air following repeat transgastric
ERCP (performed 44 days after initial gastrostomy tube
placement). The existing gastrostomy was taken down
and re-sited due to concern for leak. There were no
mortalities in our series.

Discussion

Obtaining access to the duodenum for pancreatobiliary
endoscopy and other endoscopic interventions after
RYGBP is a difficult problem. Gaining access to the
duodenum via a gastrostomy tube for the sole purpose of
reaching the papilla was first described in 1998 by Baron
and Vickers.10 Since then, there have been multiple
techniques reported to obtain transgastric access.11–16

Purely endoscopic access to the ampulla after Roux-en-Y
bypass can be achieved in some cases using pediatric
colonoscopes and/or conventional duodenoscopes. Our
group has previously reported a series of 15 patients in
which successful ERCP was possible in 67% of cases.17

Several other techniques have also been described to obtain
pancreatobiliary and duodenal access: direct percutaneous
transgastric, surgical gastrostomy, percutaneous transhe-
patic instrumentation of the common bile duct, and surgical
transenteric endoscopy.11,15,18,19

In the current series, surgical gastrostomy allowed
universal success for ERCP at a single step with cannula-
tion and therapy. We did elect to leave gastrostomy tube in
83% of our patients due to possible need of further
intervention. Ceppa et al. reported their experience with
ten patients in which they had successful endoscopic access
to gastric remnant. Five patients required ERCP, and they
were successful in four of the five (80%) patients. In one
patient, ERCP was unsuccessful due to an impacted stone,
which required open common bile duct exploration.15

They elected to close all their gastrostomies after the
procedure.

The indications for intervention described in previous
reports are varied. Forty percent of our patients required an
ERCP for suspected SOD, 18% due to pancreatitis, these
being the most common two indications. This patient
population is reflective of referral patterns at our institution
for complex ERCP. SOD was suspected in individuals who
presented with refractory, recurrent, focal right upper
quadrant or epigastric pain in association with elevated
pancreatic or hepatic enzymes on at least two separate
occasions. For individuals who had an intact gallbladder,
ultrasound, and cholecystokinin stimulation hepatobiliary
iminodiacetic acid scans were performed. If evidence of
stones, sludge, or dyskinesia were identified, laparoscopic
cholecystetomy was performed prior to ERCP for SOD. All
patients underwent CT scan prior to gastrostomy. The
majority also had MRCP to rule out other potential
pathology. Our patient selection was based on previous
experience with predictors of outcome after biliary and
pancreatic sphincterotomy for SOD.20 In this series, all
patients underwent sphincterotomy.

The complexity and high risk of ERCP for suspected
SOD, including sphincter of Oddi manometry, placement of
a pancreatic stent, and biliary plus often pancreatic sphinc-
terotomy require access to the papilla with a duodenoscope
rather than the small caliber forward viewing endoscopes
that can be used with deep enteroscopy systems. In addition,
such maneuvers are not possible via a percutaneous trans-
hepatic approach. Given these factors, direct endoscopy
through the gastric remnant provides optimal access in these
cases.

While diagnostic endoscopy of the afferent limb can be
performed using deep enteroscopy, one of the two patients
undergoing “”EGD also underwent cholecystectomy at the
same setting, justifying the laparoscopy over the push
enteroscopy approach. In addition, EUS was performed in
two patients, which cannot, as of yet, be performed via
deep enteroscopy.

In addition to the preoperatively suspected pathology,
we found 13 internal hernias in ten patients. This is a
known complication of RYGBP that could have contrib-
uted to chronic abdominal pain in these patients.2 These
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hernias would have been missed if the gastrostomy would
have been placed via CT or US guidance or if deep push
enteroscopy had been performed. Internal hernias are more
common after laparoscopic than open RYGBP with an
incidence between 2.5% and 3%. Higa et al.21 reported
that 40% of cases presented with abdominal pain. We
believe therefore that it is crucial to identify and repair
them.

In this series, we had a 10% re-exploration rate, with no
mortalities. One of our patients had pancreatitis after ERCP.
Pancreatitis is a known complication of ERCP. Wang et
al.22 reviewed 2,691 patients undergoing ERCP and found
an incidence of pancreatitis in 4.31%. In the setting of
morbid obesity, it is still challenging to rule a possible
surgical complication in the setting of acute abdominal
findings without abdominal exploration.

Complications related to the gastrostomy tube accounted
for our other two re-explorations in our series. Both of these
occurred in the early half of our experience with this
technique. We have tried various methods of securing the
gastric remnant to the abdominal wall, including T-tacks
and absorbable suture. We currently prefer 2-0 silk suture to
ensure a secure gastrostomy, which will stand up to
multiple endoscopic interventions if necessary. It is possible
that closing the gastrostomy after the first ERCP could have
prevented the need for both re-explorations, but due to the
high likelihood of repeat ERCP in both patients, a gastro-
stomy tube was felt to be necessary. Both of our patients
had a first attempt at laparoscopic re-exploration; however,
for safety reasons, both had to be converted to open. These
cases demonstrate a major difficulty facing morbidly obese
patients who require invasive procedures. Others have
shown that postoperative complications after revisional
bariatric surgery either for inadequate weight loss or for
complications are higher than primary operation with
morbidity rates up to 20%.23 We continue to recommend
initial attempts at laparoscopic re-exploration whenever
feasible.

In this report, we present the largest series to date to
utilize a surgical gastrostomy as an effective means to gain
access to the upper GI tract following RYGBP. The main
advantage of this approach for ERCP and other complex
upper gastrointestinal endoscopy is the ability to perform
ERCP in a single step procedure and to perform complex
procedures requiring side viewing duodenoscopes, which
are not possible via a deep enteroscopic approach. We had
successful ERCP cannulation in 100% of patients, indicat-
ing that this approach provides excellent access for
pancreatobiliary and proximal gastrointestinal disorders. In
addition, we identified additional unsuspected hernias in
33% of our cases. In the absence of significant past surgical
history, the laparoscopic approach is feasible and can be
performed in the majority of patients.
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Abstract
Introduction Liver mass is regulated in precise proportion to body mass in health and is restored by regeneration following
acute injury. Despite extensive experimental analyses, the mechanisms involved in this regulation have not been fully
elucidated. Previous investigations suggest that signals from the bowel may play an important role. The purpose of the
studies reported here was to determine the effect of proximal partial small bowel resection on liver mass in a murine model.
Methods Mice were subjected to a 50% proximal small bowel resection or sham surgery followed by primary anastomosis,
then sacrificed at serial times for determination of liver:body mass ratio and analyses of liver tissue.
Results Liver:body weight ratio was significantly decreased 72 h after small bowel resection, and this decrease correlated
with reduced functional liver mass as assessed by determination of total hepatic tissue protein and alanine transaminase
(ALT) activity. Liver from bowel-resected animals demonstrated increased expression of LC3-II, a marker of autophagy,
and also of pro-apoptotic Bax compared to anti-apoptotic Bcl-2.
Conclusion These data support a role for signals from the intestine in liver mass regulation, and they have potential
implications regarding the pathogenesis of liver injury following small bowel resection.
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Introduction

Liver mass is regulated in precise proportion to body
mass in health, and this ratio (liver:body weight) is
specifically restored by regeneration following acute
injury.1,2 Although extensive analyses have been con-
ducted investigating the mechanisms that regulate liver
mass and regeneration, the precise nature of the signals
involved has not yet been fully elucidated. We hypothe-
size that signals derived from the intestine and delivered
via the portal circulation contribute to the regulation of
liver:body mass. This possibility has previously been
suggested. For example, in a prior study from our group,
we demonstrated that resection of the proximal 50% of the
small intestine was associated with significantly decreased
total liver weight.3 Furthermore, the role of the small
intestine in regulating recovery of liver mass after injury, i.e.
regeneration, has also been investigated with some studies
suggesting that the intestinal tract is the source of a humoral
factor essential for normal hepatic regeneration after partial
hepatectomy,4,5 and others indicating that the small intestine
may not be required for this regenerative response.6,7 Finally,
recent analyses demonstrating the farnesoid X receptor
(FXR)-dependent effects of enterally absorbed bile acids on
regulation of liver mass and recovery from injury 8 provide
additional support for the role of the small intestine in liver
mass regulation. Based on our hypothesis and these data, in
the studies reported here we used a mouse experimental
model of partial small bowel resection (SBR) to more
carefully elucidate the temporal pattern of change in the
liver:body mass ratio and investigate the molecular signaling
events associated with such change.

Materials and Methods

Animal Husbandry and Surgery Male, 7–9-week old, 20–
30 g C57Bl/6J mice (Jackson Laboratory, Bar Harbor, ME,
USA) were maintained on 12 h dark–light cycles with ad
libitum access to standard rodent chow and water, allowed
to acclimate to their new environment for at least 7 days
prior to surgery, and placed on a preoperative complete
liquid diet (Micro-stabilized Rodent Liquid Diet LD101;
Purina Mills, St. Louis, MO, USA) 1 day prior to surgery.
Proximal partial small bowel resection or sham surgeries were
performed as previously described.3,9 Briefly, SBR was
performed by transecting the small bowel in two places,
12 cm proximal to the cecum and immediately distal to the
duodenum, and removing the ~12 cm of intervening small

bowel (jejunum). Intestinal continuity was subsequently
restored with an end-to-end, single-layered, interrupted
jejuno-ileal anastomosis using 9–0 monofilament suture. A
sham operation was performed by a simple transection of the
bowel 12 cm proximal to the cecum and immediately
restoring intestinal continuity with a similar anastomosis.
After the operation, animals received only water for the first
24 h, followed by the complete liquid diet until sacrifice.
Some mice were individually housed to permit quantification
of post-operative intake of the liquid diet. Animals were
sacrificed at serial times including 1, 2, 3, and 7 days after
surgery. At the time of sacrifice, which was by subcutaneous
injection of ketamine:xylazine:acepromazine (4:1:1) fol-
lowed by cervical dislocation, the liver was rapidly removed
and weighed, and the left lobe was sectioned with one
portion placed in formalin for histology and other portions
snap frozen in liquid nitrogen and saved at −80 C for
subsequent analysis. In a separate series of experiments,
mice were subjected to distal SBR by transecting the small
bowel 12 cm proximal to the cecum and at the ileo-cecal
junction, removing ~12 cm of intervening distal small bowel
(ileum), and performing a primary jejuno-colonic anastomo-
sis. Three to ten animals were examined at each time point in
each surgical group. Animals that appeared ill (pilorection,
lethargy) or obstructed (dilated bowel proximal to the
anastomosis) at the time of sacrifice and tissue harvest (three
out of 54 animals) were excluded from further analysis. No
animals died prior to sacrifice. All experiments were
approved by the Animal Studies Committee of Washington
University and conducted in accordance with institutional
guidelines and the criteria outlined in the “Guide for Care
and Use of Laboratory Animals” (NIH publication 86–23).

Total Hepatic Protein and Transaminase Activity
Determination Whole tissue lysates were made from snap
frozen liver as previously described.10

–13 Protein determina-
tion was performed on lysates using the BCA Protein Assay
Kit (Thermo Scientific, Rockford, IL, USA) and the results
used to quantify total protein content in harvested liver.
Alanine (ALT) and aspartate (AST) transaminase activity in
the liver lysate were determined by the St. Louis Children’s
Hospital Clinical Laboratory and the results used to quantify
total activity of each transaminase in harvested liver.

Histology, Immunohistochemistry, and Cell SizeMeasurements
Formalin-fixed, paraffin-embedded liver tissue was stained
with hematoxylin and eosin. MicroSuite Five Biological Suite
(Olympus, Center Valley, PA, USA) was used to quantify
hepatocyte cross-sectional area by examination of six different
images from each liver, which were obtained with a Nikon
Eclipse 80i microscope using a video-assisted computer
program (Metamorph, UIC, Dowington, PA, USA). TUNEL
staining was performed by the Digestive Disease Research
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Center Histology Core using the ApopTag Peroxidase In Situ
Apoptosis Detection Kit (Chemicon International/Millipore,
Billerica, MA, USA).

Protein Expression Analysis Forty micrograms aliquots of
protein lysate, made as previously described,10–13 were
subjected to sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), followed by electrophoretic
transfer to nitrocellulose. Filters were probed with primary
antibody (LC3B, Bax, Bcl-2, Caspases 3, 9, 12, PARP,
Cell Signaling Technology, Danvers, MA, USA) followed
by either a horseradish peroxidase- or fluorophore-
conjugated secondary antibody, and then developed using
ECL (Amersham, Piscataway, NJ, USA) or the Odyssey
Infra-Red Imaging System (LI-COR BioSciences, Lincoln,
NE, USA). Densitometric analysis was performed with
Scion Image data analysis software (Scion Corporation,
Frederick, MD, USA) or with Odyssey System software.

Gene Expression Analysis Total RNA was analyzed for
expression of specific genes of interest using real-time
reverse-transcriptase polymerase chain reaction with stan-
dardization to the expression of β2-microglobulin as
described previously.14 Target-specific forward and reverse
primers, from Primer Bank (http://pga.mgh.harvard.edu/
primerbank) or published literature,15 include: Bax, for-
ward: 5’-GCT AGC AAA CTG GTG CTC AA-3’, reverse:
5’-TCT TGG ATC CAG ACA AGC AG-3’; Bcl-2 forward:
5’-GTC ACA GAG GGG CTA CGA GT-3’, reverse: 5’-TCA

GGC TGG AAG GAG AAG AT-3’; XIAP, forward: 5’-CGA
GCT GGG TTT CTT TATACC G-3’, reverse: 5’-GCA ATT
TGG GGA TAT TCT CCT GT-3’; cIAP1, forward: 5’-TGT
GGC CTG ATG TTG GAT AAC-3’, reverse: 5’-GGT GAC
GAATGT GCA AAT CTA CT-3’; cIAP2, forward: 5’-ACG
CAG CAA TCG TGC ATT TTG-3’, reverse: 5’-CCT ATA
ACGAGGTCACTGACGG-3’; survivin, forward: 5’-GAG
GCT GGC TTC ATC CAC TG-3’, reverse: 5’-CTT TTT
GCT TGTTGT TGGTCTCC-3’; BRUCE, forward: 5’-CGC
GGG ACC ATC AAA GTC AT-3’, reverse: 5’-GCA GTG
TCTAGC AAC AAG ATC C-3’.

Statistical Analyses Data were analyzed using SigmaStat
software (SPSS, Chicago, IL, USA). Unpaired Student’s t test
for pair-wise comparisons was used to compare liver:body
mass, dietary intake, cell size, and mRNA and protein
expression levels between experimental groups, with signif-
icance (alpha) set at 0.05. Data are reported as mean+
standard error.

Results

Functional Liver Mass is Reduced after Proximal and Distal
Partial Small Bowel Resection

We have previously reported that liver size is reduced in a
murine model of partial small bowel resection (SBR) in
which the proximal 50% of mouse small intestine is

Figure 1 Change in liver:body
mass after small bowel resec-
tion. a Liver:body mass ratio
after proximal and distal small
bowel resection (SBR) and sham
surgery (*p<0.03). b Total he-
patic protein (*p<0.02) and c
total hepatic ALT (*p<0.003)
after proximal SBR and sham
surgery. d Daily complete liquid
diet intake after proximal SBR
or sham surgery (day 2, p=0.1;
day 3, p=0.3).
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resected followed by primary anastomosis.3 Based on this
study, we wanted to further characterize the temporal
regulation of changes in liver mass after SBR. The results
of this analysis showed that liver:body mass is unchanged
at 24 h after SBR, then declines significantly reaching a
nadir 72 h after surgery, and subsequently recovers to near
normal by 7 days (Fig. 1a). In order to determine whether
this decreased liver mass represented loss of functional
hepatic parenchyma, we quantified total protein and
alanine transaminase activity (ALT) content in the hepatic
tissue recovered at the serial times after surgery. In each
case the results showed a significant decrease following
SBR compared to sham-operated animals (Fig. 1b and c),
indicating that metabolically active liver mass was
reduced specifically in response to intestinal resection.
Comparable changes were also seen in total hepatic
aspartate transaminase activity (AST) after proximal SBR
(data not shown). As in the case of liver:body weight, total
tissue protein, and transaminase activity demonstrated
recovery by 7 days after intestinal resection. Finally, we
investigated the effect of a distal 50% SBR on liver
weight. The results showed comparable decline in liver:
body mass 72 h after surgery (data not shown), indicating
that the influence of SBR on liver mass was not dependent
upon the site of bowel resected.

Dietary Intake is not Significantly Reduced in Mice
Subjected to SBR Compared to Control Animals In order
to address the possible contribution of differences in enteral
intake between SBR and sham-operated mice to changes in
liver:body mass, a subset of operated animals were individu-
ally housed for determination of daily liquid diet intake. The
results showed a trend towards modestly reduced complete
liquid diet intake in SBR versus sham-operated animals on
post-operative day 2, which did not achieve statistical
significance (p=0.1), and comparable intake between SBR
and sham-operated animals on day 3 (p=0.3, Fig. 1d).

Hepatocyte Size is Reduced After SBR

Morphometric analysis showed a significant reduction in
average hepatocellular cross-sectional area in SBR versus
sham-operated animals without any apparent differences in
liver histology (Fig. 2), suggesting that at least some of the
decrease in liver mass results from decreased hepatocyte size.

LC3-II is Activated in Liver After SBR

Based on the SBR-induced changes in hepatocyte size,
we next examined whether autophagic signaling is

Figure 2 Hepatocyte size after small bowel resection. Hematoxylin
and eosin stained sections of mouse liver after sham (left) or SBR
surgery (middle) and summary of hepatocellular cross sectional area

measurement (right) after proximal SBR and sham surgery (*p<0.02).
A 100 µm bar is shown in lower left corner of left panel.

Figure 3 Increased hepatic
expression of LC3-II, an auto-
phagic marker, after small bowel
resection. a Representative pro-
tein immunoblot and b summary
of densitometric analysis show-
ing relative LC3-II expression in
liver after proximal SBR and
sham surgery (*p<0.03).
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activated in livers from mice subjected to partial bowel
resection. Autophagy is a process by which eukaryotic
cells degrade and remove redundant or defective proteins
and organelles.16,17 This pathway can be stimulated by
nutrient deprivation 17 and is a central regulator of cell growth
and size.18 Autophagic activation can be detected by protein
immunoblot analysis of LC3, a component of the autophagic
machinery that undergoes lipidation during such activation.19

This modification results in a change in electrophoretic
mobility of LC3 on denaturing SDS-PAGE analysis from
the slower migrating parent molecule (LC3-I) to the faster
migrating modified form (LC3-II). Immunoblot analysis
of whole protein lysates of liver recovered at serial times
after SBR showed significantly increased levels of LC3-II at
48 h after surgery compared to sham-operated animals
(Fig. 3a and b). These data suggest that hepatic autophagy
may be activated after resection of the proximal small bowel.

The Ratio of Bax:Bcl-2 Expression is Increased After SBR

Apoptosis represents another mechanism by which organ
size can be regulated;20 therefore, we investigated whether
hepatic apoptotic signaling is activated in liver after SBR. First
we examined expression of pro-apoptotic Bax and anti-
apoptotic Bcl-2 mRNA and protein expression. The results
showed a significant increase in the ratio of Bax:Bcl-2 protein
expression 72 h after proximal SBR (Fig. 4a–c). Despite this
significant change in expression favoring increased apopto-
sis, we did not observe any corresponding increase in hepatic
TUNEL staining, Caspase 3, 9, or 12 activation, or PARP
cleavage (data not shown). Together, these observations raise
the possibility that apoptotic progression may be inhibited in
liver by specific mechanisms after SBR, for example by
induction of expression of inhibitor of apoptosis (IAP)
family members.21,22 To address this possibility, we quanti-
fied hepatic mRNA expression of several IAPs. The results
showed that hepatic expression of the IAPs XIAP, cIAP1,

cIAP2, survivin, or BRUCE was not significantly increased
after SBR versus sham surgery, though several showed a
trend towards increased expression after SBR (Fig. 5).

Discussion

The precision with which the liver:body mass ratio is
regulated in health and restored by regeneration after injury
has been recognized for thousands of years, as indicated by
the legend of Prometheus from ancient Greek mythology,23

and extensive experimental analyses have been conducted
to identify the responsible mechanisms. Nevertheless, the
specific signals that regulate liver:body mass with such
remarkable fidelity have not been fully elucidated, and
further studies are needed before the potential benefits that
such understanding might offer towards clinical manage-
ment of patients with liver diseases are fully realized.

Figure 4 Increased Bax:Bcl-2 expression after small bowel
resection. a mRNA expression analysis, b representative protein
immunoblot, and c summary of densitometric analysis of protein

expression showing relative Bax:Bcl-2 expression in liver after
proximal SBR and sham surgery (*p<0.001).

Figure 5 Hepatic mRNA expression of XIAP, cIAP1, and cIAP2,
survivin, and BRUCE after small bowel resection. Expression is
shown in proportion to expression in liver from unoperated animals.
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Several lines of evidence suggest that important signals
involved in regulating liver mass may come from the small
intestine. For example, some studies have shown that
hepatic regeneration is impaired after extensive SBR,4,5

and we have previously reported that liver mass is
decreased after proximal SBR.3 Based on these observa-
tions, the studies reported here were conducted in order to
further characterize the changes that occur in liver:body
mass after partial small bowel resection, including determi-
nation as to whether such changes involve both physical
and functional liver mass and identification of candidate
mechanistic mediators of this effect. The results showed
that following proximal SBR, liver:body mass is signifi-
cantly decreased with comparably decreased total hepatic
tissue protein and transaminase activity, indicating that
SBR results in loss of functional, metabolically active liver
tissue. A similar decrease in liver:body mass was noted after
distal SBR, indicating that the mechanisms responsible for
decreased liver mass in this model do not depend on region-
specific functions of the small intestine. For example, these
mechanisms are not likely to depend on bile-acid-dependent
regulation of FXR activity, which has been shown to regulate
liver mass 8 but depends primarily on active reabsorption of
bile acids in the distal small intestine.24 Our data also
showed that by 7 days after SBR liver:body mass, total
hepatic transaminase activity, and total hepatic protein had
recovered. This timing of recovery correlates with, and may
result from, signals derived from the intestinal adaptive
response, whose onset is detectable as early as 24 h after
SBR and which plateaus 7 days after such surgery.25,26

Our studies also identified a molecular marker of
autophagic activation (LC3-II) increased in liver tissue
recovered from mice subjected to bowel resection, raising
the possibility that autophagy may contribute to loss of
liver tissue in this model. Autophagy is an ancient,
evolutionarily conserved mechanisms by which eukaryotic
cells degrade and remove redundant, senescent, or defective
proteins and organelles.16,17 This pathway has been shown
to regulate cell size,18 which is intriguing in light of our
observation that partial bowel resection also results in
decreased hepatocellular cross-sectional area. Autophagy is
increasingly being studied because of emerging links
between its dysregulation and human diseases, including
liver diseases. For example α1-antitrypsin deficiency
associated liver disease has been associated with increased
hepatocellular autophagy.27 In addition, autophagy has
recently been implicated as a candidate mediator of acute
liver cell damage in patients with anorexia nervosa.28 Given
the established link between nutritional deprivation and
autophagic activation,17 these data highlight the possibility
that, despite comparable post-operative dietary intake in
SBR versus sham-operated mice, the bowel resected
animals may suffer from some degree of relative nutritional

deprivation related to reduced small bowel absorptive
capacity. Alternatively, the small bowel may be the source
of a non-nutritive signal that regulates autophagy. Based on
the data presented here, future studies should investigate the
impact of pharmacological or genetic interventions that
disrupt autophagy on regulation of liver:body mass after
SBR.

Finally, our studies also showed increased hepatic
expression of the pro-apoptotic protein Bax in proportion
to the anti-apoptotic protein Bcl-2 after partial bowel
resection. However, our inability to detect evidence of
hepatic activation of downstream markers of apoptotic
activation, such as caspase 3 and 9 activation, PARP
cleavage, or TUNEL staining raised the possibility that
hepatic apoptotic progression may be specifically inhibited
in this setting. To address this we investigated hepatic
mRNA expression of several IAP family members. None of
these was identified as significantly up-regulated after SBR.
It is intriguing to note that hepatocellular apoptosis was not
identified in anorexia nervosa patients with acute liver
injury.28 Nevertheless, the functional role that apoptosis
plays in the changes that occur in functional liver mass after
small bowel resection remains to be further defined, and
future analyses investigating the effects of genetic or
pharmacological disruption of apoptotic pathways on
changes in liver mass after SBR may provide additional
insight.

Conclusion

The data presented here define the temporal pattern of
change in functional liver mass after SBR in an experi-
mental mouse model, and identify autophagy and, perhaps,
apoptosis as candidate mediators of this effect. These data
raise the interesting possibility that similar signaling events
may effect hepatic mass and function after partial bowel
resection in human patients, which could contribute to liver
dysfunction after extensive small bowel resection, for
example in neonates with necrotizing enterocolitis.
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Abstract
Background Detection of common bile duct (CBD) stones in patients with acute biliary pancreatitis (ABP) proves
challenging. We hypothesized that grouping clinically significant predictors would increase reliability of detection.
Methods A retrospective review was performed of 144 consecutive patients who presented to a single tertiary care
institution from 2002 to 2007 with ABP.
Results Of the 144 patients, 32 had a persistent CBD stone. Following multivariate analysis, admission CBD size on
ultrasound, gamma glutamyl transferase (GGT), alkaline phosphatase (AP), total bilirubin (TB), and direct bilirubin (DB)
significantly correlated with persistent CBD stone. Receiver operator curve analysis and linear regression were applied to
obtain optimal and equitable predictive values, and variables combined. Optimal values were: CBD≥9 mm; AP≥250 U/l;
GGT≥350 U/l; TB≥3 mg/dl; and DB≥2 mg/dl. Presence of five variables had an associated odds ratio (OR) of 53.1 (p<
0.001) and four variables an OR of 8.97 (p=0.004) for presence of persistent CBD stone. Zero variables conferred a
significantly decreased probability of CBD stone, OR 0.15 (p<0.001). Presence of one to three variables did not predict
presence of CBD stone.
Conclusion Presence of four or five variables significantly correlated with persistent CBD stone. Biliary evaluation by
endoscopic retrograde cholangiopancreatography is suggested, as initial magnetic resonance cholangiopancreatography
(MRCP) may only increase cost and delay time to intervention. In the absence of any variable, biliary evaluation by
intraoperative cholangiogram may be sufficient. Decisions regarding patients with one to three variables should occur on a
case-to-case basis. Initial biliary evaluation by MRCP is likely preferable, however, as no increased probability of CBD
stone was identified, thus not warranting risks associated with intervention.

Keywords Gallstone pancreatitis . Choledocholithiasis .

ERCP.MRCP. Laparoscopic cholecystectomy . Common
bile duct

Introduction

Acute biliary pancreatitis (ABP) accounts for 40% of
pancreatitis cases diagnosed worldwide.1,2 Proposed mech-
anisms for ABP pathogenesis include reflux of bile into the
pancreatic duct or transient obstruction of the ampulla of
Vater by biliary sludge or stone.2,3 The majority of biliary
stones pass spontaneously; however, risk of persistent
ampullary obstruction increases with advanced patient age
and stone size less than 5 mm.3 Complications of persistent
common bile duct (CBD) stone include sepsis, hemorrhage,
and necrotizing pancreatitis, and occur with increased
frequency when duct obstruction persists greater than
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48 h.3–6 Persistent CBD stones may also increase ABP
mortality rate. Autopsy studies demonstrate CBD stones in
up to 60% of patients with mortality secondary to ABP.5

Detection of persistent CBD stones in patients presenting
with ABP remains challenging, as no reliable predictive
parameters exist.7–9 Proper identification of ABP patients
with CBD stone is central for selective biliary evaluation,
prevention of disease progression, and assistance with
perioperative planning.10–16 The purpose of this study was
to increase reliability of CBD stone detection in patients
presenting with ABP. We hypothesized that grouping
clinically significant predictors, as opposed to individual
values, would increase reliability of detection. Identifying
the subset of patients with a high probability of persistent
stone will facilitate appropriate selection of biliary evalu-
ation modality, potentially decreasing negative imaging and
intervention.

Methods

Following approval by the Mount Sinai School of
Medicine Institutional Review Board, a retrospective
review was performed of 144 consecutive patients with
ABP who presented to The Mount Sinai Medical Center
from 2002 to 2007. Patients were identified through an
administrative database by use of ICD-9 577.0 identifica-
tion code for acute pancreatitis alone and in conjunction
with ICD-9 codes for cholecystectomy (51.2, 51.21,
51.22, 52.23, and 51.24). Clinical diagnosis of ABP was
confirmed by elevated pancreatic enzymes and ultrasound
findings of cholelithiasis at time of hospital admission.
Minors, patients with history of alcohol abuse, known
history of pancreatitis secondary to hereditary or medical
factors, patients with cholangitis, and patients with history
of cholecystectomy were excluded from the study.
Standard of care at our institution is performance of
cholecystectomy during same hospital admission for ABP
when feasible.

Patient demographics, medical, social, and surgical
history, and physical exam on admission were assessed.
Ranson’s score was determined from presentation labora-
tory values. Hospital course including laboratory values,
radiographic studies (ultrasound, computed tomography
scan, and magnetic resonance cholangiopancreatography
[MRCP]), interventions (endoscopic retrograde cholangio-
pancreatography [ERCP] and cholecystectomy), pathology
report, length of hospital stay, morbidity, and mortality
were reviewed. Laboratory values were trended daily from
admission to discharge. Decisions regarding preoperative
biliary evaluation, choice of ERCP versus MRCP for
biliary assessment, and time to laparoscopic cholecystecto-
my were determined by the individual physician.

Statistical Evaluation

Univariate analysis by unpaired Student t test with two-tail
distribution was used for quantitative variables and chi-
square test for categorical variables. Multivariate logistic
regression models were used to estimate odds ratios and an
associated 95% confidence interval. Final multivariate
models were created by elimination of non-significant
variables from univariate analysis. Once significant values
were identified, “cut-off” points were determined. Receiver
operator curves (ROC) were plotted and linear regression
applied to obtain optimum predictive values. Optimum
values were determined as data points that provided the
most favorable and equitable combination of sensitivity and
specificity between variables. Significant variables were
grouped and odds ratio with 95% confidence interval
calculated for patients based on total variables present on
admission. PRISM 2.0 software (San Diego, CA, USA;
2003) was used for all analysis and statistics were reviewed
with a statistician.

Results

From 2002 to 2007, 144 patients with ABP qualified for the
study. Analysis of initial management demonstrated 69
(48%) patients underwent biliary evaluation, 29 patients by
MRCP, and 40 ERCP. All biliary evaluation occurred
within 72 h of admission. Of the 29 patients who underwent
MRCP, 11 (38%) patients had CBD stone. Of the 11
patients with positive MRCP, 100% had CBD stone on
subsequent ERCP. One subsequent ERCP failed secondary
to anatomical difficulty and the patient required CBD
exploration. Forty patients underwent initial ERCP of
which 16 (40%) were positive for CBD stone. All ERCP
were successful. Twelve patients underwent sole sphincter-
otomy, two sole stent placement, two both sphincterotomy
and stent placed, and three patients had neither.

Of the 144 patients, 100 (69%) underwent cholecystec-
tomy on same admission. Mean time to cholecystectomy
was 7.6 days (range 4–22 days). Sixty-one (61%) patients
underwent cholangiogram at time of cholecystectomy, of
which five patients had incidental discovery of CBD stone.
All five patients did not undergo preoperative biliary
evaluation and were successfully managed by postoperative
ERCP.

A total of 32 patients (22%) were identified with a CBD
stone. Table 1 demonstrates univariate comparison of
patients with and without persistent CBD stone. Patients
were well matched by age, gender, comorbidity, history of
pancreatitis, and severity of ABP as assessed by Ranson’s
score on presentation. Following univariate analysis of
admission variables, multivariate logistic regression models
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were created by elimination of non-significant univariate
variables. Increased CBD size on admission ultrasound
(US), increased admission alkaline phosphatase (AP), total
bilirubin (TB), direct bilirubin (DB), and gamma glutamyl
transferase (GGT) significantly correlated with presence of
persistent stone. Significant variables with associated odds
ratio (OR) and 95% confidence interval (CI) are presented
in Table 2.

Receiver operator curves were plotted and linear
regression applied to determine optimum cut-off values.
Optimal values were those that maintained the most
equitable and favorable balance of sensitivity and specific-
ity between variables and are demonstrated by Fig. 1 and
Table 3. Optimal values were determined as admission
ultrasound CBD≥9 mm, AP≥250 U/l, GGT≥350 U/l, TB≥
3 mg/dl, and DB≥2 mg/dl. Selected cut-off points had
comparable sensitivity and specificity for correlation with
CBD stone, which allowed for equal weighting when
variables were grouped. Table 4 demonstrates results after
variable grouping and application to our patient population.
Patients with five clinical variables present on admission
had an OR of 53.1 (p<0.001) for presence of persistent
CBD stone. Patients with any four clinical variables had an
OR of 8.97 (p=0.004) for presence of CBD stone. No
increased correlation with persistent CBD stone was
demonstrated in patients with any combination of one to
three variables.

Parameter (+) CBD stone (−) CBD stone p value

(n=32) (n=112)

Mean age (years) 58 58 0.84

Gender

M 15 (47%) 57 (51%) 0.66

F 17 (53%) 54 (49%) 0.66

History of pancreatitis 5 (15%) 18 (16%) 0.94

Symptom duration (n=23) (n=75)

<24 h 5 (22%) 32 (43%) 0.07

24–48 h 4 (17%) 20 (26%) 0.33

>48 h 14 (61%) 23 (31%) 0.009

Admission ultrasound (n=30) (n=109)

CBD size (mm) 10.0 6.2 <0.0001

Mean admission values (n=32) (n=112)

AP (U/l) 315.3 158.9 <0.0001

GGT (U/l) 548.7 320.9 0.031

TB (mg/dl) 4.3 2.2 0.002

DB (mg/dl) 3.2 1.4 0.006

AST (U/l) 222.3 233.5 0.88

ALT (U/l) 229.4 201.4 0.61

LDH (U/l) 350.3 450.2 0.20

Amylase (U/l) 1,057.2 1,079.7 0.64

Lipase (U/l) 12,458.2 13,012.5 0.48

WBC (×103/mm3) 10.1 10.7 0.51

Admission Ranson’s score (n=22) (n=80)

0–1 16 (73%) 43 (54%) 0.11

2 4 (18%) 24 (30%) 0.27

3 2 (9%) 11 (14%) 0.56

4 0 1 (1%) 0.60

5 0 1 (1%) 0.60

Table 1 Univariate Analysis of
Patients with ABP with and
without CBD Stone

Table 2 Significant Variables Following Multivariate Analysis of
Significant Univariate Variables

Parameter OR 95%CI p value

CBD≥10.0 mm 6.6 [2.1–20.71] 0.0014

AP≥315 U/l 22.43 [5.7–88.8] <0.0001

TB≥4.3 mg/dl 5.7 [1.7–19.7] 0.0025

DB≥3.2 mg/dl 3.2 [1.1–9.0] 0.03

GGT≥548 U/l 4.3 [1.6–12] 0.003
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Retroactive application of grouped variables to the 69
patients who underwent preoperative biliary evaluation
demonstrated 78% of patients with one to three variables
had negative biliary evaluation (variables present [negative
evaluation]=0 [78%], 1 [71%], 2 [57%], 3 [63%]). For

patients with four to five variables, 92% had CBD stone on
biliary evaluation.

Discussion

Our study identified five clinical variables on hospital
presentation: CBD size on ultrasound, AP, GGT, TB, and
DB, which significantly correlated with presence of
persistent CBD stone. Several studies have also identified
individual clinical parameters that correlate with persistent
CBD stone.7–9,17 Lin et al. identified initial CBD size on
ultrasound and AST as significant predictors of CBD stone
in patients with ABP.18 A study by Chang et al.
demonstrated TB, ALT, and AP as significant clinical
variables, with hospital day 2 TB as the most accurate
predictor.7 Cohen et al. demonstrated rise in any serum
chemistry within 24–48 h of hospital admission correlated
with a persistent CBD stone in 31% of patients.8 To date,
however, no individual laboratory value or trend has proven
to reliably identify ABP patients at high risk of persistent
CBD stone. As the majority of CBD stones pass spontane-
ously within 48 h, it is not surprising that a significant
proportion of biliary evaluation in patients with abnormal
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Figure 1 ROC analysis area under the curve (AUC) calculation for
individual clinical predictors of CBD stone in patients with acute
biliary pancreatitis.

“Cut-off” Sensitivity 95% CI Specificity 95% CI

Admission CBD on ultrasound

<5 mm 5 mm 0.35 0.26–0.46 0.94 0.88–0.97

5.1–8.9 mm 9 mm 0.49 0.41–0.57 0.87 0.79–0.94

9–11 mm 11 mm 0.77 0.71–0.82 0.49 0.39–0.59

>11 mm

Admission AP

<150 U/l 150 U/l 0.36 0.30–0.43 0.96 0.92–0.98

151–250 U/l 250 U/l 0.51 0.47–0.56 0.84 0.78–0.89

251–350 U/l 350 U/l 0.71 0.68–0.74 0.49 0.4–0.56

>351 U/l

Admission GGT

<150 U/l 150 U/l 0.42 0.31–0.52 0.82 0.75–0.86

151–350 U/l 350 U/l 0.62 0.57–0.74 0.64 0.59–0.72

351–450 U/l 450 U/l 0.93 0.88–0.96 0.45 0.39–0.42

>451 U/l

Admission TB

<2 mg/dl 2 mg/dl 0.27 0.17–0.38 0.9 0.83–0.94

2.1–3 mg/dl 3 mg/dl 0.49 0.39–0.59 0.8 0.75–0.85

3.1–4 mg/dl 4 mg/dl 0.65 0.55–0.73 0.72 0.65–0.77

>4 mg/dl

Admission DB

<1 mg/dl 1 mg/dl 0.29 0.21–0.38 0.95 0.91–0.98

1.1–1.9 mg/dl 2 mg/dl 0.47 0.4–0.54 0.87 0.81–0.91

2.0–2.9 mg/dl 3 mg/dl 0.61 0.54–0.67 0.75 0.69–0.82

>3.0 mg/dl

Table 3 Determination of Opti-
mal Clinical Values Based on
Sensitivity and Specificity with
95% Confidence Interval [CI] of
Clinical “Cut-Off” Values
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liver function tests result in negative studies. We hypoth-
esized that the combined predictive ability of significant
admission clinical variables would be more reliable at
identifying patients with persistent, rather than passed,
CBD stone.

Based on this hypothesis, cut-off points with compa-
rable sensitivity and specificity were selected to allow
variables to be equally weighted and grouped. Assess-
ment of our study population demonstrated that patients
with four or five clinical variables were at significantly
increased risk for persistent CBD stone. Patients with
five variables had an OR of 53.1 (p<0.001) with 100%
PPV for presence of CBD stone and for those with four
variables, a calculated OR of 8.97 (p=0.004) with 71%
PPV. In addition, 92% of patients with four or five
variables on admission who underwent preoperative
biliary evaluation were found to have persistent CBD
stone. While the retrospective nature of this paper
precludes definitive recommendations, this finding strong-
ly supports biliary evaluation by ERCP for patients in
whom four or five variables are present, as MRCP may
only delay time to intervention. Endoscopic ultrasound
(EUS) is recommended prior to ERCP where available.
Within the past several years, EUS has emerged as a
highly sensitive and specific modality for detection of
biliary stones.19 Studies demonstrate that the use of EUS
prior to ERCP decreases negative ERCP rates in up to
75% of patients with ABP.20,21 Performance of EUS prior
to ERCP adds minimal procedural time and precludes
performance of unnecessary intervention.19–21

Patients in whom any one to three clinical variables
were present demonstrated no significantly increased
probability of persistent CBD stone. However, when
retroactively assessed, 22% of patients were found to
have persistent CBD stone on biliary evaluation. While
decisions regarding biliary evaluation for this patient
subset should occur on a case-to-case basis, preoperative
biliary imaging by MRCP is likely preferable with
subsequent ERCP in patients with positive imaging.
MRCP has a 91% sensitivity and 98% specificity for
detection of choledocholithiasis and is advantageous as

it is a non-invasive procedure with negligible complica-
tion rate.22,23 MRCP is preferential as many studies will
likely be negative, not warranting the 5–10% morbidity
rate associated with ERCP.10,15

Of note, patients with zero clinical variables were at
significantly decreased risk for persistent CBD stone. For
this subset of patients, our study suggests biliary evaluation
by cholangiogram (IOC) at time of cholecystectomy may
be sufficient. Although debated within the literature, at our
institution biliary, evaluation with IOC at time of cholecys-
tectomy in patients with ABP remains the standard of care.9

The authors strongly recommend performance of cholan-
giogram, in the absence of preoperative biliary imaging, as
a means to ensure patients with asymptomatic choledocho-
lithiasis are identified.

The necessity for improved reliability of persistent
CBD stone detection in patients with ABP is empha-
sized by the significant rate of negative MRCP and
ERCP reported within literature, varying from 50% to
80% and 40% to 70%, respectively.8,17,18,21 Our institu-
tion is no exception. Sixty-two percent of patients
underwent negative MRCP and 60% negative ERCP
which is disconcerting as biliary evaluation for ABP
patients is not standard and based on physician assess-
ment. This finding further highlights the inaccuracy of
current evaluation criteria utilized to identify persistent
CBD stones in patients with ABP. Grouping clinical
variables may facilitate appropriate selection of initial
biliary evaluation in patients presenting with ABP. While
future prospective application is necessary, this study
identified a combination of clinical variables which
significantly correlated with presence of persistent CBD
stone. In addition, we identified a subset of patients with a
significantly negligible risk. Although methodological
limitations preclude conclusive recommendations, this
study suggests that evaluation by ERCP for patients with
four or five clinical variables and cholangiogram for
patients with zero variables is appropriate. For patients
presenting with one to three variables, individual assess-
ment is necessary; however, initial evaluation by MRCP,
rather than ERCP, appears preferable.

Table 4 Combined Variables and Associated Positive Predictive Value (PPV), Odds Ratio (OR), and 95% Confidence Interval (CI)

No. of variables (+) CBD stone (n=32) (−) CBD stone (n=112) PPV OR±95% CI p value

0 18% 60% 0.09 0.15 [0.04–0.48] 0.0007

1 14% 21% 0.19 0.61 [0.16–2.4] 0.47

2 13% 6% 0.43 2.3 [0.5–11.4] 0.36

3 5% 10% 0.14 0.43 [0.1–6.4] 0.44

4 23% 3% 0.71 8.97 [1.6–50.4] 0.004

5 27% 0% 1.0 53.1 [6.8–581.2] 0.0002
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Abstract
Introduction Pancreatic ductal adenocarcinoma (PDA) is one of the most lethal cancers with an overall median survival of less
than 9 months and a 5-year survival rate of less than 5%. Increasing evidence indicates that inflammation facilitates PDA growth.
Discussion Angiotensin II (AngII), the principal hormone of the renin–angiotensin system, is actively generated in the
pancreas and has been proposed as a key mediator of inflammation. Monocyte chemoattractant protein (MCP)-1 is a
chemokine that plays an important role in the recruitment of mononuclear cells into sites of inflammation. In this study, we
investigated the potential proinflammatory role of AngII in PDA through studying its effect on MCP-1. AngII significantly
increased the expression of MCP-1 mRNA and protein in PDA cells and induced its promoter activity. Constitutive and
AngII-induced MCP-1 transcription was inhibited by an AngII type 1 receptor (AT1R) blocker, but was unchanged by an
AT2R blocker. AngII activated the phosphorylation of extracellular signal-regulated kinase (ERK)1/2, but not p38 or c-Jun
NH2-terminal mitogen-activated protein kinases. Inhibition of ERK1/2 activation reduced the AngII-induced MCP-1
synthesis. AngII induced the activation and nuclear translocation of nuclear factor-κB (NF-κB), an effect that was inhibited
by AT1R blockade. Inhibition of NF-κB by pyrrolidine dithiocarbamate decreased the AngII-mediated increase in MCP-1
mRNA. Our data provide a novel insight into an AngII-initiated signal transduction pathway that regulates MCP-1 as a
possible inflammatory mechanism in PDA and suggest that AngII blockade may regulate chemokine-induced signal
transduction to prevent or reduce inflammation in PDA.

Keywords Pancreatic cancer . Angiotensin II .

Inflammation .Monocyte chemoattractant protein-1

Introduction

Pancreatic ductal adenocarcinoma (PDA) is the fourth
leading cause of cancer-related death in the USA1 and is

characterized by rapid disease progression, highly invasive
tumor phenotype, and resistance to chemotherapy. Patient
prognosis is extremely grim, with an overall 1-year survival
rate of just 10% and only a 5% chance of surviving beyond
5 years.2 These facts stress the need to elucidate the
mechanisms underlying PDA carcinogenesis and to find
new treatments.

An increased incidence of PDA in patients with chronic
pancreatitis has been observed,3–7 and various inflammato-
ry cytokines in chronic pancreatitis have been linked to
pancreatic carcinogenesis. Hereditary pancreatitis, which
accounts for less than 1% of all cases of pancreatitis, is also
associated with increased risk of PDA,8,9 especially with
longer duration of the disease process.10 In human PDA
and in animal models that recapitulate the disease
progression, an intense fibroinflammatory reaction com-
posed of mesenchymal fibroblasts and inflammatory cells
accompanies the progression from normal histology to
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PDA.11–13 Inflammatory cells secrete cytokines and other
factors that constitute a tumor microenvironment favoring
angiogenesis, anti-apoptosis, cell migration, and metasta-
sis and, thus, potentially contribute to cancer development
and progression.14,15

Monocyte chemoattractant protein-1 (MCP-1) is a
member of the C–C chemokines that accumulate and
influence macrophages/monocytes and lymphocytes and
has been suggested to be involved in tumor progression
and metastasis.16 The expression of MCP-1 has been
reported in several tumor types including human melano-
ma, ovarian cancer, and esophageal cancer17–19 and has
been shown to be involved in the recruitment of mast cells
and survival of pancreatic islet tumors.20 These observa-
tions suggest that MCP-1 produced by cytokine-stimulated
tumor cells is involved in the recruitment and activation of
stromal immune cells. However, the upstream effector
molecules and the signaling cascades involved in its
regulation in PDA cells have not been elucidated.

The circulating renin–angiotensin system (RAS) is well
known to play important roles in the cardiovascular and
renal systems. The RAS cascade contains several key
components including the bioactive octapeptide angiotensin
II (AngII), as well as multiple G-protein-coupled receptor
subtypes including AngII receptors 1 and 2 (AT1R,
AT2R).21 AngII signaling through AT1R activates nuclear
factor-κB (NF-κB) and increases the expression of NF-κB-
dependent genes.22 NF-κB triggers the expression of
proinflammatory genes such as MCP-1 in several cell
types.23,24

The pancreas possesses its own AngII-generating sys-
tem23–26 that may finely tune specific functions via para-
crine/autocrine actions.25,26 Recent data from our lab have
demonstrated that the RAS cascade may play a significant
role in PDA cell survival and angiogenesis.27,28 In this
study, we tested the hypothesis that AngII may contribute to
PDA inflammation through induction of MCP-1 in PDA
cells. We analyzed its effect on MCP-1 synthesis and
protein production in two human pancreatic cancer cell
lines—HS766T and BxPC-3—and evaluated the signaling
mechanisms involved.

Materials and Methods

Materials Angiotensin II was purchased from AnaSpec Inc.
(San Jose, CA, USA). Losartan was from Merck (White-
house Station, NJ, USA), and PD123319 was from Sigma
(St. Louis, MO, USA). MEK1/2 inhibitor U0126 and rabbit
polyclonal antibodies for total and phospho-extracellular
signal-regulated kinase (ERK)1/2 (Thr185/Tyr189), total and
phospho-c-jun NH2-terminal protein kinase (JNK; Ser473),
and total and phospho-p38 (Thr180/Tyr182) were purchased

from Cell Signaling Technology, Inc. (Beverly, MA, USA).
Anti-p65 NF-κB and anti-IκBα were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA), and anti-actin
was purchased from Chemicon (Temecula, CA, USA).
Human-specific MCP-1 ELISA kit was from Assay Design
(Ann Arbor, MI, USA). Horseradish peroxidase-conjugated
donkey antigoat and antirabbit IgG were from Vector
Laboratories Inc. (Burlingame, CA, USA).

Cell Lines and Culture We used the HS766T and BxPC-3
cells, generously donated by Dr. Scott Kern, Johns Hopkins
University School of Medicine, Baltimore, MD, USA. Cells
were cultured at 1×104 to near confluence in 96-well plates
and maintained in Dulbecco’s modified Eagle medium
supplemented with 10% fetal bovine serum in a humid
atmosphere of 5% CO2/95% air. Cells were treated with
AngII (10−8–10−6 mol/L) for 3 h then collected and
examined for MCP-1 mRNA expression. To examine
MCP-1 protein secretion in the media, cells were treated
with AngII for 48 h, after which the media were harvested
and analyzed. We then examined the detailed signaling
involved in the AngII-mediated increase in MCP-1 in
HS766T cells. To evaluate the effect of AngII blockade on
MCP-1 production, cells were preincubated for 1 h with or
without an AT1R blocker, losartan (10–100 μM) before
stimulation with AngII. Cells were also preincubated with
the AT2R blocker, PD123319 (10–100 μM). To evaluate
the role of NF-κB signaling in the AngII-MCP-1 activa-
tion, cells were preincubated with NF-κB inhibitor,
pyrrolidine dithiocarbamate (PDTC; 1–100 μM) before
adding AngII. The concentrations used were based upon
our preliminary concentration studies with reference to the
values of MCP-1 mRNA expression and based upon our
previous studies.24,27,28

RNA Extraction and Real-Time Reverse Transcription
Polymerase Chain Reaction Total RNA was isolated from
cells using Trizol reagent (Life Technologies, Gaithersburg,
MD, USA), according to the manufacturer’s protocol.
RNAs were quantified and input amounts were optimized
for each amplicon. Primers and probes were designed with
the help of Primer Express Software (Applied Biosystems;
Foster City, CA, USA). The specificities of the primers were
validated using semiquantitative polymerase chain reaction
(PCR). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as the housekeeping gene. MCP-1 and
GAPDH were purchased as “assays on demand” (Applied
Biosystems) and were utilized according to the manufacturer’s
instructions. cDNA was prepared, diluted, and subjected to
real-time PCR using the TaqMan technology (7500 Sequence
Detector; Applied Biosystems). The mRNA level of each
sample for each gene was normalized to that of the GAPDH
mRNA. The relative mRNA levels were presented as unit
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values of 2 ^ CT GAPDHð Þ � CT MCP�1ð Þ
� �

, where CT is the
threshold cycle value defined as the fractional cycle number
at which the target fluorescent signal passes a fixed threshold
above baseline.

ELISA MCP-1 concentration in the media was measured
using a human-specific ELISA kit (Assay Design, Ann
Arbor, MI, USA). Spectrophotometric evaluation of MCP-1
levels was made by Synergy HT multidetection Microplate
reader (BioTeck, Winooski, VT, USA).

MTT Assay To examine the effect of AngII on in vitro cell
growth, cells were plated in quintuplicate in 96-well plates
and incubated in full growth media at 37°C and 5% CO2.
Cells were treated with or without AngII (10−8–10−6 mol/L)
for 72 h. Cell viability was examined using the 3-(4, 5-
methylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide
(MTT) conversion assay. MTT (Sigma) was added
(50 µg/well) for 4 h. Formazan products were solubilized
with acidic isopropanol, and the optical density was
measured at 570 nm. Optical density is directly correlated
with cell quantity. Experiments were made in triplicate and
repeated three times.

Transient Transfection and Promoter Studies To evaluate
the effect of AngII and losartan on MCP-1 and NFκB
transcription, we used the MCP-1 gene promoter (Gen-
Bank™ accession number AF079313) and NFκB gene
promoter (GenBank™ accession number in progress) in
luciferase expression vector pGL3 basic (Promega). To
evaluate the involvement of NF-κB in the AngII-induced
activity of the MCP-1 promoter in vitro, we used MCP-1
promoter that was mutated at NF-κB binding site
position −2,276. All promoter constructs were kindly
provided by Dr. Decio Ezirik, Free University Brussels,
Belgium.23 Cells were seeded into 24-well culture plates
(105). At ∼80% confluence, they were cotransfected by
TransFast reagent (Promega) and 0.5 μg of pGL3 vectors
containing the luciferase-labeled MCP-1/mut MCP-1 or NF-
κB promoters and 0.1 µg of green fluorescence protein as
transfection control. Two hours later, serum-containing
medium was overlaid and the cells were incubated for
additional 24 h. The cells then were incubated with serum-
free medium for 18 h after which AngII or losartan or
PD123319 were added for 3 h. Luciferase activities were
assayed with the Dual-Luciferase Reporter Assay System
(Promega) in a Veritas Microplate Luminometer (Turner
Designs, Sunnyvale, CA, USA). Transfection efficiency was
normalized using the total protein concentration of the cell
lysates. The results for losartan-treated cells were expressed
as a fold induction of the luciferase activity of the same
construct in the control condition, taking the control (no
treatment) value as 100.

Western Immunoblotting Western blot analysis was per-
formed as described previously.28 Cells were lysed in
modified radioimmunoprecipitation assay lysis buffer, and
the protein concentrations in the supernatant were deter-
mined using the bicinchoninic acid protein assay reagent
(Pierce; Rockford, IL, USA). Equal protein concentrations
(50 μg) were denatured in a gel loading buffer at 100°C for
5 min and then loaded onto 10% sodium lauryl sulfate
(SDS)-polyacrylamide slab gels and transferred to poly-
vinylidene difluoride membranes and incubated at 4°C
overnight with primary antibodies diluted in phosphate
buffered saline plus Tween 20: antitotal and antiphospho-
ERK1/2 mitogen-activated protein kinase (MAPK), anti-
total and antiphospho-p38 MAPK, and antitotal and
antiphospho-stress-activated protein kinases (SAPK)/JNK
(Cell Signaling Technology, Beverly, MA, USA), anti-
IκBα (Santa Cruz Biotechnology, Santa Cruz, CA, USA),
and anti-actin (Chemicon, Temecula, CA, USA). The blots
were washed and incubated with horseradish peroxidase-
conjugated secondary antibodies. The protein bands were
visualized with enhanced chemiluminescence reagents
(ECL Plus Western Blotting Detection System; Amersham
Pharmacia Biotech).

NF-κB Activation Assay NF-κB activation was analyzed
using quantification of nuclear translocation using NF-κB/
p65 ActivELISA kit to detect the active form of the p65
subunit (Imgenex; San Diego, CA, USA). Briefly, whole-
cell extracts were prepared from 5×105 cells that were
subjected to AngII (10–7 mol/L) for 30 min, followed by
1 h incubation with losartan (100 μM). In some experi-
ments, cells were treated with tumor necrosis factor (TNF)-
α (25 ng/mL) as a positive control. Cytoplasmic and
nuclear extracts were prepared according to the manufac-
turer’s instructions. Briefly, the cytoplasmic fraction was
collected in the supernatant of the whole cell lysates after
centrifugation for 30 s at 28,487×g in a cold micro-
centrifuge. Nuclear fraction was collected in the supernatant
of the nuclear pellet after its resuspension in 100 μl nuclear
lysis buffer, incubation at 4°C for 30 min, and centrifuga-
tion in a microcentrifuge at 28,487×g for 10 min at 4°C.
Nuclear fractions were subjected to ELISA using specific,
anti-NF-κB antibodies, according to the manufacturer’s
instructions. Absorbance was read at 405 nm wavelength
using a Synergy HT multidetection microplate reader
(BioTeck, Winooski, VT, USA).

Immunohistochemical Staining of PDA Cells Cells were
grown in chamber slides (lab-tech, Nunc, Thermo Fisher
Scientific, Rochester, NY, USA). To study the localization
of p65 NF-κB subunit, cells were treated with AngII
(10−7 mol/L) for 30 min before adding losartan (100 μM)
for 1 h, after which they were washed with Hanks balanced
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salt solution, pH 7.4, at 37°C after aspiration of the culture
medium. Cells were then fixed in 4% formaldehyde in PBS
at room temperature for 10 min and were then treated with
0.1% Triton X-100 for 30 s to permeabilize nuclear
membranes. Following blocking nonspecific reaction with
normal donkey serum, the cells were incubated overnight
with antirabbit p65 IgG (400 ng/mL) at 4°C. Cells were
then washed three times for 5 min each with PBS and
incubated for 30 min at room temperature with biotinylated
goat antirabbit IgG, diluted 1:200 in PBS (Vector Labora-
tories, Inc., Burlingame, CA, USA), as the secondary
antibody. 3,3′-Diaminobenzidine tetrahydrochloride chro-
mogenic substrate (Vector Laboratories Inc.) was used
according to the manufacturer protocol to visualize the
chromogenic reaction. Cells were rinsed three times for
5 min each with PBS, counterstained with hematoxylin,
mounted on glass slides, and viewed by light microscopy
(Nikon), and images were analyzed with Image Pro analysis
Image analysis software. The number of clearly stained
nuclei in ten fields was averaged, and the data were
calculated as the percentage of nuclear staining/total
number of nuclei.

Statistical Analyses All experiments were performed four
to six times. Data were analyzed for statistical signifi-
cance by analysis of variance (ANOVA) with post hoc
Student’s t test analysis. Data are presented as mean ±
standard error of the mean (SEM). Continuous normally
distributed variables were analyzed by Student’s t test.
These analyses were performed with the assistance of a
computer program (JMP 5 Software SAS Campus Drive;
Cary, NC, USA). Differences were considered significant
at p≤0.05.

Results

AngII-Induces MCP-1 mRNA Accumulation and Protein
Secretion in Cultured PDA Cells To investigate whether
AngII can directly increase MCP-1 mRNA accumulation in
PDA cells, HS766T and BxPC-3 cells were treated with or
without AngII (10−8 and 10−7 mol/L) for 3 and 24 h.
Significant induction of MCP-1 mRNA expression was
seen with a maximum increase at 24 h at 10−7 mol/L of
AngII in HS766T cells (Fig. 1a). In BxPC-3 cells, the
increase in MCP-1 mRNA levels could be detected after 3 h
of AngII stimulation, and levels were reduced after 72 h of
AngII treatment (Fig. 1b). To examine whether the increase
in MCP-1 mRNA levels in response to AngII is associated
with MCP-1 production, MCP-1 protein levels in the media
were determined by ELISA. Extracellular MCP-1 protein
concentration increased markedly from 1.2 to 5.5 and

51.75 pg/mL after 24 and 48 h of AngII stimulation in
HS766T cells, respectively (Fig. 2a). In BxPC-3 cells,
MCP-1 levels were increased from 11.23 to 17.2 and
101.35 pg/mL after 48 and 72 h of AngII stimulation,
respectively (Fig. 2b). These data indicate that while basal
MCP-1 levels may vary between PDA cell lines, MCP-1
induction by AngII is a general phenomenon seen in the
tested PDA cells lines.

Since AngII has been shown to increase cellular
proliferation in smooth muscle and cardiac muscle
cells,29,30 we tested whether it has similar effect in PDA
cells. MTT assay was performed on HS766T cells treated
with or without AngII (10−8–10−6 mol/L) for 24 and 72 h.
Addition of AngII did not affect cellular proliferation when
compared to control values (data not shown). These data
suggest that the AngII-mediated increase in MCP-1 is
independent of cellular proliferation.

AngII Induces MCP-1 Promoter Activity in PDA
Cells H766T cells were transfected with MCP-1 promoter/
luciferase gene construct. After 24 h of transfection, the
cells were incubated with AngII (10−7) for 1–2 h, after
which the luciferase activity in the cell lysates was
measured. A significant increase in MCP-1 promoter
activation is seen after incubation with AngII (Fig. 3).
These data show that the MCP-1 promoter responds
directly to AngII.

AngII-Induced MCP-1 Transcription in PDA Cells Is
Blocked by an AT1R Antagonist To determine the receptor
that mediates the AngII-induced MCP-1 gene expression in
PDA cells, the AT1R blocker, losartan, and the AT2R
blocker PD123319 were added for 1 h prior to addition of
AngII to the cells. Losartan at 100 μM inhibited the
constitutive and AngII-mediated increase in MCP-1 pro-
moter activity. Interestingly, pretreatment of the cells with
PD123319 significantly increased the constitutive and
AngII-mediated increase in MCP-1 promoter activity
(Fig. 3). These data suggest that the induction of MCP-1
gene expression by AngII is mediated through AT1R in
PDA cells. These data also suggest a contrasting role for
AT2R in PDA cells that might mediate signaling pathways
opposite to those of AT1R.

AngII-Induced MCP-1 Gene Expression Requires ERK1/2
MAP Kinase Activity AngII signaling through AT1R
activates members of the MAPK family, ERK1/2, p38
MAPK, and JNK/SAPK in different tissues.29,30 We tested
whether AngII-induced MCP-1 mRNA expression involves
activation MAP kinase in PDA cells. After washing, the
HS766T cells were lysed and 40-μg protein aliquots were
subjected to Western blot analysis. We probed the blots
with antibodies specific for phosphorylated ERK1/2
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(Thr183/Tyr185), phosphorylated p38 (Thr180/Tyr182),
and phosphorylated JNK/SAPK (Thr183/Tyr185).

AngII increased ERK1/2 phosphorylation within 5 min
of treatment (Fig. 4a), but not p38 or JNK or (data not
shown). Preincubation of the cells with the MEK1/2
selective inhibitor U0126 reduced the AngII-induced
MCP-1 gene expression (Fig. 4b). This suggests that
specific activation of ERK1/2 kinase may play an important
role in AngII-induced MCP-1 expression in PDA cells.

AngII-Induced MCP-1 Gene Expression Requires Activation
of NF-κB Activation of the transcription factor NF-κB is an
essential step for activating the transcription of MCP-1.23

We investigated whether for AngII to mediate its MCP-1-
regulatory effect requires the activation of NF-κB. Incuba-
tion of HS766T cells with NF-κB inhibitor, PDTC,
dose-dependently decreased the AngII-mediated increase
in MCP-1 mRNA (Fig. 5a, left panel). To further evaluate
the role of NF-κB in the induction of MCP-1 by AngII, we
transfected the cells with MCP-1 promoter that was mutated
at NF-κB binding site position −2,276. As seen in Fig. 5a
(right panel), AngII failed to enhance mutMCP-1 promoter

activity, suggesting an essential role for NF-κB in the
regulation of MCP-1 by AngII in PDA cells.

AngII Activates NF-κB Signaling in PDA Cells We
investigated whether activation of MCP-1 transcription
by AngII is mediated through regulation of NF-κB
activity and/or transcription. We also explored whether
AT1R blockade by losartan could reverse these effects.
First, we used Western blotting analysis to analyze the
degradation of the IκBα protein, which is a requisite for
the binding of NF-κB to κB sites in the promoter
region. As seen in Fig. 5b, AngII induced IκBα protein
degradation, an effect that was inhibited by losartan.
Losartan did not affect the TNF-α-mediated IκBα
degradation.

Next, using immunohistochemical staining with antirab-
bit p65 IgG, we analyzed the nuclear translocation of NF-
κB after pretreatment with AngII alone or with subsequent
treatment with losartan. The number of clearly stained
nuclei in ten fields was averaged, and the data were
calculated as the percentage of nuclear staining/total
number of nuclei. In the control untreated cells, a diffuse

Figure 1 AngII-induced MCP-
1 accumulation in PDA cells. a
Hs766T and b BxPC-3 cells
were treated with AngII (10−8–
10−6 mol/L) for 3 and 24 h.
Significant induction of MCP-1
mRNA expression is seen with
the maximum induction after 3 h
at 10−7 mol/L of AngII. Values
are expressed as mean ± SEM of
three experiments Values are
expressed as mean ± SEM of
three experiments. *p<0.05,
#p<0.02 vs. control untreated
cells using one-way repeated
ANOVA with subsequent all
pairwise comparison procedure
by Student’s t test.

J Gastrointest Surg (2009) 13:2189–2200 2193



cytoplasmic staining was observed, while cells treated with
AngII had a clear nuclear staining, indicating nuclear
translocation of p65. Adding losartan to the cells signifi-
cantly (p<0.02) prevented the AngII-induced nuclear
translocation of p65 in HS766T cells (Fig. 5c; control 8±
0.8 stained nuclei/105 nuclei; +TNF-α 94±21; +AngII 65±
20 stained nuclei/105 nuclei; +AngII + losartan 15±0.4
stained nuclei/105 nuclei).

To analyze the effect of AngII and losartan on NF-κB
activation, cells were pretreated with AngII (10−7 mol/L)
for 30 min and then treated with losartan (10–100 μM) for
1 h. Cells were analyzed for the presence of the active
forms of NF-κB p65 using the ActivELISA kit (Imgenex;
San Diego, CA, USA). The anti-p65 antibody coated plate
captures free p65 and the amount of active p65 is detected
by colorimetric detection at OD 405 after adding a second
anti-p65 antibody followed by alkaline phosphatase-

conjugated secondary antibody. AngII increased the activa-
tion of NF-κB by 1.54-fold, an effect that was dose
dependently and significantly reduced by losartan
(Fig. 5d). Losartan alone also significantly (p<0.005)
reduced the constitutive activity of NF-κB in HS766T
cells. These findings suggest that AngII, through activation
of NF-κB, could be responsible for mediating inflammation
in PDA, an effect that can be potently inhibited by AT1R
blockade.

AT1R Blockade by Losartan Dose Dependently Reduces
the Constitutive and AngII-Induced Activation of NF-κB
Promoter To further elucidate the effect of AngII and its
blockade on NF-κB, we investigated whether AngII or
losartan has a direct effect on NF-κB transcription. Cells
were transfected with luciferase-labeled NF-κB promoter,
then treated with AngII (10−7 mol/L) alone or with
subsequent treatment with losartan (10–100 μM). As seen
in Fig. 5e, AngII induced an approximate 1.3-fold increase
in NF-κB promoter activity, an effect that was dose
dependently blocked by losartan. Losartan alone induced
a dose-dependent reduction in the endogenous activity of
NF-κB promoter. These data suggest that AngII regulates
not only the activity of NF-κB but also its transcription.
AngII blockade by losartan reverses these effects.

Discussion

The molecular and cellular mechanisms that contribute to
the insidious nature of PDA are poorly understood. MCP-1
is probably the CC chemokine most frequently found in
tumors.31 Human tumors shown to express MCP-1 in vivo
include sarcomas, gliomas, lung tumors, carcinomas of the
breast, cervix, ovary,16–19,32 and pancreas.33 Several inves-
tigations have provided recent evidence for the potential
contribution of monocyte chemoattractants to cancer pro-
gression.34–36 However, only a few studies have investigat-
ed the upstream effector molecules and the signaling
cascades involved in the regulation of MCP-1 in PDA
cells. In the present study, we introduce AngII as a novel
trigger for MCP-1 expression in PDA cells and propose a
previously undescribed role for AT1R as a novel participant
in PDA progression and inflammation

We previously reported the presence of constitutive
AngII generating system in PDA tissue and showed
significant elevation of the mRNA and protein levels of
the enzyme responsible for AngII generation, ACE, when
compared to matching control tissue levels.27 We show here
that AngII is a potent stimulator of MCP-1 expression in
PDA cells. AngII induced MCP-1 accumulation rapidly in
PDA cells and with significant magnitude, a process that

Figure 2 MCP-1 protein in culture media was measured using
human-specific ELISA kit. Significant induction of MCP-1 protein
secretion is seen in HS766T (a) and BxPC-3 cells (b) with a
maximum at 48 h. Each experiment was repeated three times for
reproducibility. Values are expressed as mean ± SEM of three
experiments. *p<0.05, #p<0.005 vs. control levels, using one-way
repeated ANOVA with subsequent all pairwise comparison procedure
by Student’s t test.
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was independent of cell proliferation, since the same doses
that induced MCP-1 failed to increase cell proliferation.
Dose–response studies demonstrated a significant induction
of MCP-1 mRNA and protein levels at a physiological
concentration of AngII (10−7 mol/L). Although it is not
known whether the circulating levels of AngII would match
its tissue levels, the maximal effect concentration at
10−7 mol/L is similar to other AngII actions that have been
reported.37,38 It is yet to be determined, however, whether
the levels of circulating MCP-1 in PDA patients are
correlated with both ACE and MCP-1 tissue levels. Studies
in this regard are currently ongoing in our laboratory.

We also show that AngII-induced MCP-1 gene expres-
sion occurs through an AT1R-mediated mechanism and
through induction of its promoter activity, as demonstrated
by our promoter studies (Fig. 3). Our data show that MCP-
1 promoter was induced significantly as early as after 1 h of
stimulation. The implications of this acute response to
AngII could be critical in conditions where pancreatic
AngII generation is increased. Further studies are required
to analyze the AngII-specific response elements on MCP-1
promoter. Studies in this regard are currently ongoing in our
lab.

The addition of losartan, an AT1R antagonist, prevented
the AngII-MCP-1 transcription, an effect that was not
observed when PD123319, an AT2R antagonist, was added.
As a matter of fact, AT2R blockade leads to activation of
MCP-1 transcription (Fig. 3). AT1R and AT2R belong to
the heterotrimeric G-protein-coupled receptor superfamily.
Our lab and others have shown that increased expression of
AT1R mRNA results in elevation of the functional response
to AngII.28,39 Thus, it is possible that AngII induces MCP-1

Figure 4 AngII-induced MCP-1 gene expression requires ERK1/2
MAP kinase activity. a Time-dependent activation of ERK1/2 MAP
kinase signaling pathway by AngII in HS766T cells. Representative
Western blot probed with phospho-antibody against the activated from
of ERK1/2 showing increased phosphorylation of ERK1/2 after
incubation of AngII (10−7 mol/L) 5–60 min. Blots were stripped and
developed with antitotal ERK1/2 and beta-actin as controls for equal
protein loading. b Effect of MEK1/2 inhibitor, U0126, on AngII
induced increase in MCP-1 mRNA. Cells were pretreated with the
inhibitor (10–30 μM) for 10 min before incubation with AngII
(10−7 mol/L) for 3 h. Data represent three independent experiments.
*p<0.05 vs. AngII treated cells using one-way repeated ANOVAwith
subsequent all pairwise comparison procedure by Student’s t test.

Figure 3 AngII induces MCP-1 promoter activity in HS766T cells.
After 24 h of transfection, the cells were incubated with AngII
(10−7 mol/L) for 2 h with or without adding losartan (1–100 μM) or
PD123319 (1–110 μM). After incubation, the luciferase activity in the
cell lysates was measured. AngII causes a dose-dependent increase in
MCP-1 promoter activity. Losartan dose dependently reduced the

constitutive and the AngII-mediated activation of MCP-1 promoter.
Relative luciferase activity was calculated after deduction of the
activity levels with pGL3 vector alone. Results represent mean ± SEM
of triplicate determinations. All experiments were repeated at least
three times to confirm the reproducibility of the observations.
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Figure 5 a AngII-induced MCP-1 gene expression requires activation
of NF-κB. Left panel: Incubation of HS766T cells with NF-κB inhibitor,
PDTC, dose dependently decreased the AngII-mediated increase in
MCP-1 mRNA. Data represent three independent experiments. *p<
0.05, #p<0.02 vs. AngII treated cells using one-way repeated ANOVA
with subsequent all pairwise comparison procedure by Student’s t test.
Right panel: After 24 h of transfection with nonmutated and mutMCP-1
promoters at site 2-276, cells were incubated with or without AngII
(10−7 mol/L) for 2 h. After incubation, the luciferase activity in the cell
lysates was measured. The AngII-mediated increased in MCP-1
promoter activity was significantly inhibited in the mutMCP-1 promoter
transfected cells. Relative luciferase activity was calculated after
deduction of the activity levels with pGL3 vector alone. Results
represent mean ± SEM of triplicate determinations. All experiments
were repeated at least three times to confirm the reproducibility of the
observations. p<0.05 vs. non-mutMCP-1 transfected cells using one-
way repeated ANOVA with subsequent all pairwise comparison
procedure by Student’s t test. b AngII stimulates NF-κB signaling in
PDA cells. Hs766T cells were treated with losartan (100 μM) without
30 min pretreatment with AngII (10−7 mol/L) or TNF-α (25 ng/mL) as a
positive control. Total cellular proteins (25 μg) were separated on 8%
SDS-PAGE and the levels of IκBα protein (37 kDa) were measured by
Western blot analysis. Equal loading of protein was verified by probing
the same blot for actin (43 kDa). Losartan reversed the AngII-mediated

IκBα protein degradation. c Immunohistochemical staining for p65 NF-
κB subunit showing mostly cytoplasmic staining in the control cells
(black arrows). Cells treated with AngII show intense nuclear staining
(red arrows). Losartan-treated cells show inhibition of the AngII-
induced nuclear translocation in most of the cells (black arrows), while
few cells retained their nuclear staining (red arrows). d Losartan inhibits
the constitutive and AngII-mediated activation of NF-κB. Lysates from
HS766T cells treated with losartan (100 μM) with or without
pretreatment with AngII were analyzed for the presence of the active
forms of NF-κB p65 using the ActivELISA kit. TNF-α (25 ng/mL) was
added as a positive control AngII-mediated and constitutive NFκB p65
activations were potently inhibited by losartan. Values are expressed as
mean ± SEM of three experiments. *p≤0.05 vs. control untreated
values; #p<0.02 vs. control untreated values, using one-way repeated
ANOVA with subsequent all pairwise comparison procedure by
Student’s t test. e Losartan dose dependently reduces the constitutive
and AngII-induced activation of the NF-κB promoter. HS766T cells
were transfected with luciferase-labeled NF-κB promoter. Relative
luciferase activity was calculated after deduction of the activity levels
with pGL3 vector alone. Results represent mean ± SEM of triplicate
determinations. *p≤0.05, #p<0.02 vs. AngII-treated values; **p≤0.05,
## p<0.02 vs. control untreated values vs. control untreated values,
using one-way repeated ANOVA with subsequent all pairwise compar-
ison procedure by Student’s t test.
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transcripts in PDA cells directly through acting on its
promoter and indirectly through AT1R upregulation. None-
theless, the exact role of AT2R in PDA is not clear at this
point and its contribution to mediating an opposing anti-
inflammatory effect for AngII is yet to be determined.

Studies to elaborate on the role of AT2R in PDA are
currently ongoing in our laboratory.

MAP kinases encoded by the ERK genes are a family of
serine/threonine protein kinases activated as early responses
to a variety of stimuli involved in cell growth, transforma-

Figure 5 (continued).

J Gastrointest Surg (2009) 13:2189–2200 2197



tion, and differentiation.40 They are also involved in the
activation of AP-1 and NF-kB.41 Two isoforms of ERK
(referred to as p44 (ERK1) and p42 (ERK2)) are activated
by phosphorylation of threonine and tyrosine residues by
MAP kinase kinase (MEK).42,43 AngII rapidly activates
MAP kinases, particularly ERK1 and ERK2, in vascular
smooth muscle cells40,44 and in pancreatic cancer cells.28

Using a selective inhibitor for MEK activation, U0126, we
demonstrated that AngII-induced MCP-1 mRNA occurs
through a MEK-sensitive mechanism (Fig. 4b). AngII had
no effect within this time period on the phosphorylation of
either P38 or SAPK/JNK. Further studies are now required
to fully delineate the specific signaling pathway by which
AngII ultimately modulates MCP-1 synthesis in PDA cells.

The differential induction and binding of activated
transcription factors to the promoter region of the MCP-1
gene provide a critical regulatory step, allowing expression
of the chemokine in a cell- and stimulus-specific manner.45

Studies on models of inflammation-associated cancer have
implicated NF-κB in cancer progression.46,47 The NF-κB
pathway may have dual effects in tumor progression: first
by preventing the death of cells with malignant potential
and second by stimulating the production of proinflamma-
tory cytokines by inflammatory cells in the tumor micro-
environment.46 Constitutive activation of NF-κB has been
observed in a number of different PDA cell lines,48,49 in
animal models of pancreatic cancer,49 and in human
pancreatic tissue.50 NF-κB activation also may contribute
to the characteristic resistance of pancreatic tumor cells to
the apoptotic effect of chemotherapeutic agents.51,52 Thus,
inhibiting the activation of NF-κB could be a useful adjunct
in the treatment of the disease. In our data here, we show
the specificity of NF-κB to mediating the AngII-MCP-1
induction, first through using a specific NF-κB inhibitor,
PDTC, and second through using MCP-1 promoter where
an NF-κB binding site has been mutated. In both studies,
AngII failed to induce MCP-1 transcription (Fig. 5a).

Our data also demonstrate, for the first time, that blocking
AT1R by losartan inhibits the constitutive and AngII-induced
activation of NF-κB (Fig. 5b, d) and inhibits the transloca-
tion of NF-κB to the nucleus in PDA cells (Fig. 5c). Most
interestingly, AngII stimulated the transcription of NF-κB
through increasing its promoter activity (Fig. 5e), an effect
that was potently inhibited by losartan. Thus, AngII may
have a dual stimulatory effect, the first through triggering the
NF-κB signaling pathway and the second through activating
its transcription. The details of the mechanism by which
losartan downregulates NF-κB promoter activity are still
unclear. Losartan may induce binding of transcription factors
to the promoter or to a suppressor region. Alternatively,
losartan may induce changes in the secondary and tertiary
structure of the promoter. Studies addressing transcription
factor binding are ongoing in our laboratory.

Our study demonstrates that AngII elicits a proinflam-
matory response in PDA cells by stimulation of MCP-1
production through an AT1R-ERK1/2–NF-κB-dependent
mechanism. It is not clear from this study that AngII
regulates MCP-1 in vivo. However, the existence of AngII
as a potential endogenous trigger for MCP-1 in PDA is
unique and suggests that targeting AngII could be used as a
novel target for prevention of monocyte recruitment and as
a preventive and therapeutic strategy in PDA and in chronic
pancreatitis.
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Abstract The 43rd Meeting of the Pancreas Club was held on May 30 and 31, 2009 at Northwestern University coincident
to the meetings of the Society for Surgery of the Alimentary Tract and Digestive Disease Week. For the first time, the
Pancreas Club meeting was extended to 1.5 days. There were 115 abstract submissions of which 42 were chosen for oral
presentation, and 67 were assigned to the poster category. Within the oral category, 30 were allowed 10 min for presentation
and 5 min for discussion, while 12 were assigned to 3-min presentations followed by 2 min for discussion. In the poster
group, 20 abstracts were selected for “Professor Rounds” discussion by senior pancreatologists during the formal poster
viewing sessions.
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Diseases of the pancreas

Session I, held on Saturday afternoon May 30, 2009
concerned topics related to both clinical and basic science
aspects of pancreatic cancer. The first paper, “Targeted
Nanotherapy of a Suicide Gene (Diphtheria Toxin DNA)
Effectively Kills Pancreatic Cancer Cells” by Showalter et
al, reported efforts to target mesothelin (MSLN) over-
expression in pancreatic cancer cells using a proven
nanoparticle technique to deliver Diphtheria toxin A (DT-
A) to human pancreatic cancer cell lines in vitro. This
suicide gene was transfected to the cancer cell lines using a
previously described technique. One dose of DT-A nano-
therapy kills over 85% of pancreatic cancer cells in 6 days.
There was some discussion following the presentation
concerning the reason for the survival of the remaining
cells. It was proposed that either the cells were MSLN
negative, or there was a failure of DT-A transfection. The
overall result of this experiment revealed that high MSLN-
expressing pancreatic cancer cells responded to a nano-
particle suicide gene delivery system by a greater than 95%
inhibition of protein translation as a marker for cell death.

The investigators concluded that these findings might be
used as a therapeutic technique against pancreatic cancers.

The next paper, “Heat Shock Factor-1 is Critical for the
Survival of Pancreatobiliary Tumors” explored a previous
finding that because HSF1 (a transcription factor for
multiple cell survival proteins such as HSP70) is overex-
pressed in pancreatobiliary cancer cell lines compared to
normal, it might be possible to produce cancer cell
apoptosis by inhibition of expression of HSF1. Cancer
and normal cell lines were studied by western blot and
human pancreatic cancer specimens by immunohistochem-
istry. The authors, including Dudeja et al., confirmed the
overexpression of both HSF1 and HSP70 in cancer cell
lines and cancer specimens. Inhibition of both HSF1 by
HSF1siRNA and of HSP70 by Tripotolide significantly
reduced the viability of pancreatic and cholangiocarcinoma
cell lines. This effect seemed related to activation of caspase-3,
cell apoptosis, increased annexin V staining, and cell death.
The authors proposed development of this technique as a new
therapeutic modality against pancreatic cancer.

The following paper, “Beta-Lapachone Induces NQO1
Dependent Pancreatic Cancer Death” explored another
mode of chemotherapy against human pancreatic cancer.
Beta-lapachone (β-lap) is a cancer-selective agent that kills
cells that overexpress NAD(P): quinone oxidoreductase
(NQO1). Since NQO1 is overexpressed in pancreatic
cancer by a factor of 20 compared to normal cells, the
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authors, including Bey et al., hypothesized that pancreatic
cancers would be killed in an NQO1-dependent manner
when exposed to β-lap. Laboratory induced expression of
NQO1 in both human and murine pancreatic cancer cell
lines was used in vitro to provide an experimental target for
varying concentrations of β-lap for 2 h to determine the
LD50 of the drug. They reported in this preclinical model
that β-lap is lethal in an NQO1 dependent manner in both
murine and human pancreatic cancer cells. They proposed
further refinement of this modality to produce a nontoxic
chemotherapeutic agent.

In the next paper entitled “Perioperative Mortality after
Pancreatectomy: A Simple Risk Score,” Hill et al. used a
national dataset to create a risk score to predict in-hospital
mortality after pancreatic resection for benign and malig-
nant disease. Logistic regression and bootstrap methods
were used to analyze 16,116 records for variables such as
age, gender, comorbidities, diagnosis, type of resection, and
hospital volume. Coefficients from these analyses were
used to create integer scores for each variable and calculate
an additive risk score. They described stratification into
low-, medium-, and high-risk groups with observed
mortality of 1.3%, 4.9%, and 14.3%, respectively; p<
0.001. The additive scores were constructed so that 0–9 was
assigned to the low-risk group, 10–17 to the medium-risk
group, and 18–28 to the high-risk group. They described
this predictive tool as disease-specific and able to account
for differences in procedure type. They proposed that a
score greater than 17 might indicate prohibitive risk.

Poultsides et al. reported their experience with mucinous
neoplasms of the pancreas in a presentation entitled
“Malignancy in Intraductal Papillary Mucinous Neoplasms
of the Pancreas: Does Size Matter?” The objective of this
study was to test the validity of the International Associ-
ation of Pancreatology guidelines for the management of
IPMNs. They described their experience with 303 resected
IMPNs, where preoperative imaging data had classified as
main duct neoplasms in 12%, branch duct neoplasms in
46%, and combined lesions in 42%. The incidence of
invasive and in situ carcinoma was 58% and 22% in main
duct lesions and 56% and 21%, respectively, in combined
IPMNs. Branch-duct IPMNs harbored invasive carcinoma
in 27% and in situ carcinoma in 20% of cases. Branch-duct
IPMNs with invasive carcinoma were radiographically
larger (5.2 vs. 2.7 cm, p<0.001) than branch duct IPMNs
without invasive carcinoma. Additionally, the incidence of
invasive and in situ carcinoma in branch duct IPMNs with a
solid compartment was 58%, and only 13% in branch duct
IPMNs without a solid component. Furthermore, in branch
duct IPMNs without a solid component, the incidence of in
situ carcinoma (25%) did not correlate with size greater
than 3 cm or the presence of symptoms. Discussants
following the presentation indicated their predominant

opinion that symptomatic lesions should be resected.
Dr. Sushanth Reddy was the presenter of this study and
received the Kenneth Warren Research Foundation Award.

The next paper by Correa-Gallego et al. was entitled
“Incidental Pancreatic Cysts: Do We Really Know What
We are Watching?” The management of asymptomatic
cystic neoplasms of the pancreas, usually discovered
incidentally is still being debated since a specific preoper-
ative diagnosis is often inaccurate. The authors reviewed
the records of 330 such patients whose lesions had been
discovered by radiographic or ultrasound techniques. Of the
330 patients, 136 were operated upon at the time of
diagnosis. The majority of the patients were female (62%)
and of the 136, the mean age was 61 years and the mean
cyst size was 37 mm. Among the lesions presumed to be
main duct or combined IPMNs, 15 of 16 were confirmed
after resection, as were 11 of 12 lesions preoperatively
throught to be serous cystadenomas. However, in 50 lesions
thought to be branch duct IPMNs, only 32 were confirmed
as such by histopathology. Ten of this remainder group
revealed main duct extension while eight others were
categorized as a variety of neoplastic and benign pancreatic
cysts. In those patients not treated surgically, 79% were
believed to have branch duct IPMNs.The authors summa-
rized by stating that their preoperative diagnosis was
incorrect in one third of cases, and 5% of cases were not
neoplastic. Their conclusion was that better diagnostic
methods are needed in order to formulate more appropriate
treatment strategies.

The first of the short presentations was entitled “Histo-
pathologic Basis for the Favorable Survival After Resection
of Intraductal Papillary Mucinous Neoplasm-Associated
Invasive Adenocarcinoma” by Poultsides et.al. This study
was designed to analyze pathological features that could
account for improved survival of patients with IPMN as
compared to pancreatic duct adenocarcinoma (PDA) after
curative resection. Median survival rate was 43 months
after resection for IPMN-associated vs 19 months for
standard PDA (p<0.001). To that end, a single institution’s
experience of 1,260 consecutive patients was examined
using Log rank and Cox regression analysis to identify
factors associated with survival. Their presentation revealed
that the favorable biologic behavior of IPMN-associated
cancer compared to PDA is based on the lower rates of
advanced T-stage and lower incidence of five factors:
lymph node metastases, high tumor grade, positive resec-
tion margin, and perineural and vascular invasion. Further
discussion indicated that the increased survival of IPMN-
associated tumors was clearly associated with the lower
incidence of lymph node metastases. The two types of
tumors seem to be biologically different.

The next short session was entitled, “Is It Safe to
Observe Asymptomatic Branch Duct or Mixed-Type Intra-
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ductal Papillary Mucinous Neoplasms (IPMN) less than
3 cm and Without a Solid Component: The Pathological
Findings of 16 Patients Who Underwent Pancreatectomy
for this Condition” by Weiss et.al. The international
consensus guidelines of 2006 recommended observation
of asymptomatic branch duct IPMNs less than 3 cm in
diameter and without a solid component. In order to
provide additional data regarding the validity of this
guideline, this paper concerns a retrospective analysis of
16 patients who underwent pancreatic resection for BD or
MT IPMN lesions fitting these criteria prior to the
publication of these guidelines. Pathological analysis of
these 16 specimens revealed the following: 44% low-grade
dysplasia, 38% moderate-grade dysplasia, and 18% carci-
noma in situ (CIS). None of the specimens revealed
invasive cancer or nodal metastasis. One patient died
95 days postoperatively of preexisting renal failure.
Surveillance computed tomography (CT) of the 15 postop-
erative survivors indicate that 12 patients have no evidence
of disease, two have stable disease in the pancreatic
remnant, and one has recurrent IPMN in the pancreatic
remnant. These findings support the 2006 recommendation
that close surveillance alone is appropriate for these IPMN
lesions. Whether the lesions with CIS will progress to
invasive carcinoma remains uncertain; thus, their overall
management is unresolved. The subsequent discussion
began with an inquiry regarding the rationale for subjecting
these 16 patients to surgical resection. The attending
surgeons apparently had concerns regarding malignant
potential of the frequently observed cellular atypia com-
monly observed in these tumors. The audience expressed a
lack of confidence in the nonoperative management of
patients with tumors of the type in question.

The last short presentation for the first day was entitled
“Toward Improving Uniformity and Standardization in the
Reporting of Pancreatic Anastomoses: A New Classifica-
tion System by the International Study Group of Pancreatic
Surgery (ISGPS).” A systematic search was performed by
the authors Shukla et al. to determine the various factors,
either related to the pancreatic remnant after resection or to
the types of pancreatic anastomoses that have been shown
to influence failure rates of pancreatic anastomoses. Based
on multi-institutional data, the authors formulated a new
classification that incorporates remnant factors such as duct
size, length of mobilization, gland texture, and reconstruc-
tion factors such as jejunal or gastric anastomoses with the
pancreatic remnant, use of duct-to-mucosa anastomoses,
invagination of the remnant, and the use of a stent across
the anastomosis. This study is an attempt to standardize
future reports on outcomes after pancreatic surgery.

The remainder of this session was devoted to the first of
two 1-h poster sessions augmented by poster-side Professor
Rounds for a group of preselected abstracts.

The second afternoon session began with a paper by
Bausch et al. entitled, “Plectin-1 as a Novel Imaging
Biomarker for Pancreatic Cancer.” Using immunohistochem-
ical staining methods, the authors assayed the expression of
Plectin-1 in patients with normal pancreas, chronic pancre-
atitis, pancreatic inflammation, and pancreatic cancer. In
addition, they used Plectin-1 targeting peptides conjugated to
magnetofluorescent nanoparticles (PTP-NP) together with in
vivo MRI fluorescence molecular tomography (FMT) in
human xenografted pancreatic cancer to test the suitability of
Plectin-1 as an imaging biomarker. They detected staining for
Plectin-1 in all specimens of pancreatic cancer while being
absent in normal pancreas. It was not detectable in the
majority of specimens with either chronic or acute pancreatic
inflammation, weak staining being observed in a majority of
specimens. Plectin-1 staining was present in all metastatic
foci which were assayed. In vivo imaging of the xenografted
pancreatic cancers by MRI and FMT using PTP-NP resulted
in observation of significant accumulation of the targeting
probe. These data suggest that Plectin-1 is a sensitive and
specific marker for pancreatic cancer and may be used
clinically to improve detection and staging. Discussants
seemed in agreement that it is unknown as to why Plectin-1
is over-expressed in patients with pancreatic cancer. Dr. Dirk
Bausch was the presenter of this paper and recipient of the
Pancreatic Cancer Action Network Award for this basic
science investigation of pancreatic cancer.

The goal of the next paper entitled, “Somatic Mutations
of SMAD4 are Associated with Poor Prognosis in Pancre-
atic Cancer: Functional Annotation of the ‘Pancreatic
Cancer Genome’ Project” was to correlate the presence of
specific mutations in somatic genes with survival following
resection for pancreatic adenocarcinoma (PA). The authors,
including Serrano et al., sequenced over 750 million base
pairs of DNA from 23,219 transcripts in a series of 24 cases
of PA. In addition, 39 genes that were mutated in more than
one of these 24 cancers were sequenced in an additional
panel of 90 well-characterized pancreatic cancers. Of these
114 patients, 91 underwent pancreatoduodectomy, and the
somatic mutations in 89 of the 91 cancers were correlated
with patient survival. When adjusted for age, lymph node
status, margin status, and tumor size, only SMAD4 gene
inactivation was significantly associated with shorter
survival. Patients with SMAD4 gene inactivation survived
a median of 11.5 months, compared to 14.2 months for
patients without SMAD4 inactivation (p=0.006.) It was
observed by the discussants that either intragenic mutation
or homozygous deletion may result in SMAD4 inactivation.
Evaluation of SMAD4 status might be feasible as a clinical
guide as to whether to provide aggressive therapy or not
based on predicted effectiveness.

Berger et al. presented “Does the Type of Pancreatico-
jejunostomy After Pancreaticoduodenectomy Decrease the
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Rate of Pancreatic Fistula? A Randomized, Prospective,
Multi-Institutional Trial,” in which they tested the hypoth-
esis that a duct-to-mucosa pancreaticojejunostomy would
reduce the rate of pancreatic fistula (PF). Two institutions
performed the trial wherein 197 consented patients were
stratified by pancreatic texture then randomized to either
invagination or duct-to-mucosa pancreaticojejunal anasto-
mosis by a total of eight experienced pancreatic surgeons.
There were 97 patients randomized to the duct-to-mucosa
group and 100 patients assigned to the invagination group.
The primary endpoint was the PF rate, while secondary
endpoints included PF grade, postoperative length of stay
(LOS), and other morbidities and mortality. While the
overall incidence of PF was 17.8%, there was an incidence
of 24% in the duct-to-mucosa group but only 12% in the
invagination group (p<0.05). The median LOS was similar
for both groups. Only 8% of patients with a hard pancreatic
texture developed PF, while in those determined to have
soft texture, PF developed in 27% of patients. When the PF
grade was determined, there were five patients from each
reconstructive group in Grade A (mild), 14 duct-to-mucosa
patients in Grade B compared to five with invaginated
gland, and three duct-to-mucosa compared to two patients
in the invagination cohort classified as Grade C. There were
two postoperative deaths, both thought to be as a direct
consequence of PF following duct-to-mucosa anastomosis.
Duct-to-mucosa reconstruction did not improve the pancre-
atic fistula rate as was hypothesized.

The last paper of the first meeting day was entitled,
“Pancreatogastrostomy Versus Pancreaticojejunostomy af-
ter Pancreatoduodenectomy—Interim Results of a Single
Center Prospective Randomized Trial” by Keck et al.
Intraoperatively, 59 patients with diagnoses including
pancreatic cancer (45%), chronic pancreatitis (12%), and
other pathologies (43%) were randomized to either PG or
PJ reconstruction. The pancreatic texture in the total study
was classified as hard in 48%, although there were more
cases of soft pancreas in the PG group than in the PJ group
(63% vs 39%). PF occurred in 31% of patients with Grades
B and C fistulas being observed in 12% of the total group.
There was no difference of the PF between the PG and PJ
group (10% and 14%, respectively). In a subgroup of
patients classified as having a soft pancreas (n=30), there
was a nonsignificant trend for fewer fistulas in the PG
group compared to the PJ group (11% vs 36%, p=0.16).

The first paper of the Sunday session by Sullivan et al.
was entitled “Expression of a Pro-Metastatic Splice Variant
of Osteopontin, OPN-C, in Human Pancreatic Ductal
Adenocarcinoma.” The authors state that their recent
studies have revealed a concordant expression of osteo-
pontin (OPN) in primary invasive PDA from patients who
are smokers. In this report, they investigated the effect of
nicotine on OPN and a splice variant OPN-C in PDA cell

lines and related the cellular expression and serum levels of
OPN and OPN-C to patient smoking habits. They examined
the mRNA and protein expression in PDA tissue and in cell
lines treated with and without nicotine. The authors studied
invasive PDA (n=40, 29 smokers and 11 nonsmokers) and
IPMN (n=6, two smokers and four nonsmokers). Serum
levels of OPN were analyzed in the different patient groups
by ELISA. PDA cells expressed variable basal levels of
OPN and nicotine treatment increased OPN expression in
all cell lines. Nicotine also induced expression of OPN-C in
cells and in patient samples. OPN-C was found in 87% of
invasive PDA specimens of which 73% were smokers.
Levels of OPN-C correlated well with higher expression
levels of total OPN in tissue and serum from patients with
invasive PDA. Serum levels of OPN seemed not to be a
good marker for PDA. The findings of this study suggest
that OPN-C may have value as a diagnostic and prognostic
marker of invasive PDA, especially in the smoking
population.

“Core Signaling Pathways in Human Pancreatic Cancers
Revealed by Global Genomic Analysis” by Jones et al.
described a comprehensive genetic analysis of 24 pancre-
atic cancers. They found that pancreatic cancers contain an
average of 65 genetic alterations. These alterations con-
sisted of various amplifications, deletions. and point
mutations. The changes defined a core set of 12 cellular
signaling pathways and processes that were each altered in
67% to 100% of tumors. They reported that 541 genes were
at least 10-fold overexpressed in greater than 90% of the 24
cancers in the study. Included were 54 overexpressed genes
predicted to be on the cell surface or secreted by the
neoplasm. Genetic alterations were found at increased
incidence in smokers and in those with family history of
pancreatic cancer, compared to those with none of the
above-risk factors. They stated that genetically altered core
pathways and regulatory processes only became evident
once the coding regions of the genome are analyzed in
depth. Dysregulation of these core pathways and processes
through mutation can explain the major features of
pancreatic tumorigenesis.

The next paper was entitled “Obesity Potentiates the
Growth and Dissemination of Pancreatic Cancer” by
Zyromski et al. who used a novel in vivo model to
demonstrate the influence of obesity on pancreatic cancer
growth. They studied three strains of mice which included
lean animals and adipokine (leptin)-related obese animals,
either those with leptin resistance or those in which leptin
was absent. These obese mice were of interest because of
their lack of satiety control secondary to diminished leptin
expression which may increase the risk of pancreatic cancer
development. These numerically equal experimental groups
were prepared by injection into the flank of murine
pancreatic cancer cells with the intent to allow a 5-week
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study period. Serum adipokine and insulin levels were also
determined. Both obese strains of mice developed larger
tumors and had significantly (p<0.05) greater metastases
and mortality compared to lean mice. Serum adipokine
concentrations in all three strains correlated negatively,
while serum insulin concentrations correlated positively
with tumor proliferation (p=0.04 and <0.01, respectively).
This study supports the hypothesis that obesity may
modulate tumor microenvironment and thereby promote
pancreatic cancer growth and dissemination. The pro-
inflammatory state associated with obesity appears to result
in increased incidence of lymph node metastases and
decreased survival times following experimental tumor
implantation. The discussants questioned the origin of the
increased numbers of adipocytes seen in the tumors of
obese mice. These adipocytes might be considered as
having originated from the tumor itself or from the host
during growth of the implanted tumor.

Hamilton et al. presented a paper entitled, “Targeted
Alteration of Peptide Sequence Improves Efficacy of a
Pancreas Cancer Vaccine.” Mesothelin is an immunogenic
protein that is expressed at high levels on pancreatic cancer
but at low to nonexistent levels in normal tissues. The
authors assume this protein to be a suitable target for
immunotherapy. The binding affinity for experimentally
optimized mesothelin peptides to mouse MHC Class I
molecules was compared to their respective native and
unoptimized peptide sequences. Survival was examined by
challenging mice with cancer cells injected into the flank
2 weeks following vaccination with optimized mesothelin
peptide. Median survival was significantly prolonged in
mice receiving vaccination with the optimized peptides for
which there was demonstrated increased MHC binding
stability. There was no survival benefit observed in groups
vaccinated with the peptides that did not have improved
MHC stability. The investigators theorized that this same
strategy might be used to develop an optimized vaccine for
humans. The first paper presented the previous day of the
program seemed to confirm the potential use of mesothelin
overexpression in pancreatic tumor cells as a basis for
targeted therapy.

The next paper by Kennedy et al. was entitled, “HuR
Expression Level Dictates Gemcitabine Efficacy Against
Pancreatic Cancer and Correlates with Survival After
Surgical Resection.” Care of patients with PDA includes
surgical resection when appropriate and gemcitabine
(GEM)-based chemotherapy. GEM is administered as a
prodrug which is activated within cells by the enzyme
deoxycytidine kinase (dCK) producing two phosphorylated
GEM metabolites that inhibit DNA chain elongation and
cause cell death. Hu antigen R (HuR) is a stress-related
protein that binds RNA and regulates gene expression post-
transcriptionally. Because it has been reported that alter-

ations in HuR expression have prognostic significance in a
variety of cancers, the investigators studied the consequen-
ces of modulating HuR levels in PDA and documented
possible chemical value of HuR expression levels in
resected PDA patients. HuR cDNA sequence was trans-
fected into several pancreatic cancer cell lines which were
then validated for stable overexpression of HuR. These
transfected cells were seeded into 96-well plates and treated
with various chemotherapeutic agents. They reported that
HuR-overexpressing pancreatic cancer cells were up to 30-
fold more sensitive to treatment with GEM compared to
control cells. They found that HuR overexpression elevates,
while HuR silencing reduces dCK protein expression in
PDA. In a parallel clinical study, they found a 7-fold
increase in risk of mortality in PDA patients with low
cytoplasmic HuR levels compared to patients with high
HuR levels treated with GEM. Median survival for the low
expression group was 15.3 months while the median
survival for the high expression group had not yet been
reached at 40 months follow-up. Their conclusion was that
HuR levels in PDA modulate the therapeutic efficacy of
GEM through its activating enzyme dCK and targeted
therapeutic HuR up-regulation in pancreatic cancer cells
may enhance the current GEM-based treatment strategy.

Another paper regarding the use of Gemcitabine entitled
“Does Gemzar Improve Survival in Resected Cancer
Patients?” was presented by Androutsopoulos et al. A
prospective surgical database identified 579 patients who
had undergone resection for PDA. For the entire group,
1-, 3-, and 5-year survival rates were tabulated by whether
adjuvant treatment included gemcitabine (G). Patients who
received G (n=199, 34%) compared to no gemcitabine
(n=379, 65%) had a significantly improved survival at 1
(80% vs 55%), 3 (35% vs 20%), and 5 (20% vs 12%) years.
The addition of gemcitabine as an adjuvant treatment resulted
in a statistically significant increase in survival including
patients with moderately differentiated tumors, perineural or
vascular invasion and those with positive lymph nodes.

A third paper in the session regarding the use of adjuvant
Gemcitabine for pancreatic cancer was entitled, “Impact of
Gemcitabine-based Neoadjuvant Chemoradiotherapy
(NCRT) for Locally Advanced Resectable and Unresectable
Pancreatic Adenocarcinoma.” The authors, including Kato
et al. reported 58 patients with locally advanced pancreatic
carcinoma. These patients received radiotherapy over
5 weeks and weekly infusion of gemcitabine preoperatively
and then underwent restaging 4 to 6 weeks after completion
of NCRT and were taken to surgery. Overall cumulative 1-
and 3-year survival rates for all 58 patients were 60.3% and
23.4%. They concluded that NCRT for locally advanced
pancreatic carcinoma can select the patients who are likely
to benefit from aggressive resection, even if the tumor is
determined unresectable due to the involvement of the
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major vessels such as celiac and/or superior mesenteric
arteries. Discussants inquired concerning the protocol for
restaging of treated patients and the potential planning for
refining this type of therapy.

A short presentation entitled, “Novel Biomarkers for
Pancreas Cancer in the Plasma Peptidome” by DeMeure et
al. concerned the search for biomarkers to allow for early
detection of pancreatic cancer. Plasma is a complex bodily
fluid; therefore, the authors chose to study a low molecular
weight fraction which they referred to as plasma peptidome.
This plasma fraction is stable over time and contains
peptides from 259 different genes and/or proteins. Peptides
from QSOX1 and from Serpin F2 genes were detected in
the peptidome of 67% and 71% of specimens, respectively,
but never in normal healthy donors. These genetically
expressed peptides were also observed in 80% of patients
with IPMN. When patients with subsequently resected
pancreatic cancers were evaluated for these specific
peptides, QSOX1 was detected in 60% of these patients
and Serpin F2 in 73% of those evaluated. These peptides
were also demonstrated by immunohistochemical staining
of cancer cells in 12 of 14 operative tumor specimines. The
authors summarized by stating that plasma QSOX1 and
Serpin F2 warrant further investigation as potential bio-
markers in pancreatic cancer.

The last of the morning short presentations was given
by Bildzukewicz et al. The paper was entitled, “An
Evaluation of a New Chemotherapeutic Strategy: Exoge-
nous Mutant PARP-1 Expression Sensitizes Pancreatic
Cancer Cells to Chemically Available Platinum-Based
Agents.” Poly(ADP-ribose) polymerase-1 (PARP-1) is a
nuclear protein that regulates many cell functions includ-
ing differentiation, proliferation, and apoptosis. It has
been shown that cells that are deficient in BRCA-2 and
related genes are sensitive to PARP inhibitors. The aim of
this study was to determine whether increased expression
of the PARP-1 protein and functional mutants would lead
to changes in sensitivity against various chemotherapeutic
agents and PARP inhibitors. Plasmids containing three
different point mutants in various domains of the PARP-1
enzyme were transfected into pancreatic cancer cell lines.
These cells were then tested against a panel of chemo-
therapeutic agents and PARP-1 inhibitors. Although there
was no difference in cell viability when treated with
PARP inhibitors alone, treatment of the two PARP-
mutated overexpressed cell lines with cisplatin and
carboplatin resulted in a significant sensitivity to these
agents. The experiment showed that mutations in PARP-1
can allow pancreatic cells to become sensitized to
chemically available platinums, possibly by interfering
with the ability of PARP-1 to bind to DNA. This strategy
may be especially applicable to BRCA-2-deficient pan-
creatic cancers.

The first paper of the second morning session was
entitled, “10-Year Follow-up Following Pancreaticoduodec-
tomy (PD) and a Novel Interferon-Based Adjuvant Chemo-
radiation (IFN-CRTx) for Pancreatic Head Cancer.” The
authors, including Picozzi et al., presented their 10-year
data from a national trial using external beam radiation plus
a simultaneous three-drug chemotherapy regimen including
5-FU, cisplatin, and interferon-alpha administered follow-
ing PD for pancreatic cancer. The report included 43
patients, mean age 62 years, and a history of positive
surgical margins in 51%. The follow-up reported was a
mean of 64 months. The 1-, 2-, and 5-year overall survival
rates were 90.7% (95% confidence interval, 82–99%),
55.8% (41–71%), and 44.2% (29–59%), respectively. This
study represents one of the best survival benefits reported to
date with resected pancreatic cancer. The discussion
included acknowledgement that this regimen is toxic and
requires skilled and dedicated care by the oncology team.

The next paper by Fatima et al. was entitled “Pancrea-
toduodenectomy for Ductal Adenocarcinoma: Implications
of Positive Margin on Survival.” The goal of this study was
to explore the impact on survival of a positive pancreatic
resection margin beyond a general concept of it being a
poor prognostic factor. A retrospective study of 617
patients who had undergone pancreatoduodenectomy in
the time period between 1981 and 2007 was reported of
whom 24% had a positive resection margin (R1 or R2).
Median survivals after R0 (n=468), R1 (n=127) and R2

resections (n=22) were 19, 15, and 10 months, respectively
(p<0.001). In patients with en-block resection (n=411) vs
R0 resection after re-resection of an initial positive margin
(n=57), there was no difference in survival (19 vs
18 months, p=0.28). The presence of a residual positive
margin was significantly associated with death (p=0.001).
They concluded that while a negative margin is the goal
during resection of pancreatic cancer, a similar long-term
survival duration can be achieved with intraoperative
resection of an initially positive margin.

Naito et al. presented a paper entitled “Patterns of
Disease Failure at Autopsy Following Resection for Stage
I/II Pancreatic Adenocarcinoma.” Despite surgical resec-
tion, most patients with Stages I or II disease will develop
disease recurrence and eventually die of their disease. This
study was designed to compare the clinicopathologic
features and genetic status of Dpc4 in pancreatic cancers
at diagnosis and after death in 222 patients who had
undergone autopsy. The median overall post-surgical
survival was 24 months. There were two patterns of
recurrence, either local tumor recurrent growth or develop-
ment of widespread metastases. Gross evidence of recurrent
cancer was found in 20 of the 22 patients whereas the
remaining two patients had died of other causes. Metastatic
recurrence was seen in 85% of patients. Recurrent
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carcinoma within the remnant pancreas was seen in 50% of
20 patients who died from their disease, and in three of
these patients, it was the sole site of recurrent disease. Local
recurrence was seen in 87% of patients with a positive
surgical margin but only in 36% of patients with a negative
margin (p=0.07). There was no relationship between
disease burden at death and treatment history. Loss of
Dpc4 immunolabeling was observed in 47% of the
operative specimens and all patients so identified had
metastatic disease, also exhibiting loss of Dpc4 labeling.
Conversely, among the remaining patients with intact Dpc4
labeling in the resected specimens, five patients demon-
strated intact Dpc4 in the recurrent tumor specimens
whereas three showed Dpc4 loss and two patients had no
evidence of recurrent tumor at autopsy. A predominant
feature of the discussion included the issue of how
chemoradiation therapy was administered since it is known
that radiation therapy decreases the incidence of local
recurrence.

The last paper of the morning entitled “Pancreatectomies
Associated with Vascular Resection for Ductal Adenocar-
cinoma of the Pancreas: A Single Institution Experience”
by Del Chiaro et al. documented the effect on survival of
vascular resection in association with pancreatic resection.
A 20-year retrospective experience with vascular resection
plus pancreatectomy for pancreatic cancer yielded 160
patients for further evaluation. Overall, 185 vascular
segments were resected in this group on suspicion of being
invaded by the pancreatic neoplasm. Pathology confirmed
vascular infiltration in 62% of this patient group. They
concluded that when these vascular resections were
performed, there was a fraction of patients who exhibited
prolonged survival and some were able to reach the 5-year
survival cohort.

The final hour of the morning was committed to formal
viewing of the posters with Professor Rounds poster-side
for Posters of Note. These abstracts may be viewed online
at www.PancreasClub.com.

The relationship of activated tryspin to acinar cell death
was the subject of the first paper of the afternoon session
entitled “A New Paradigm of Cell Death during Pancrea-
titis: Role of Cytosolic Cathepsin B.” The aim of this study
by Dawra et al. was to elucidate whether tryspin or
cathepsin B released during the inflammatory process
contributes to apoptotic cell death. Supramaximal stimula-
tion of pancreatic acinar cells with caerulein in vitro
resulted in a significant increase in trypsin and cathepsin
B activity in the cytosol. This was accompanied by a
significant increase in cytochrome c and caspase 3.
Inhibition of cathepsin B resulted in a significant decrease
in caspase 3 activity. Addition of cathepsin B but not active
trypsin to unstimulated permeabilized acinar cells resulted
in caspase 3 activation. The results of their experiments

showed that release of cathepsin B into the cytosol of
pancreatic acinar cells is sufficient to produce apoptotic cell
death by means of mitrochondrial changes and that
activated trypsin does not directly cause the apoptosis
observed during pancreatitis.

The next paper represented an attempt to address the
issue of whether early and/or persisting organ failure (OF)
outweighs the role of such local complications of acute
pancreatitis (AP) as necrosis or pancreatic infection in
determining outcome and was entitled “Early and Persisting
Organ Failure is a Risk Factor for Pancreatic Infections and
Prognosis in Severe Acute Pancreatitis: A Prospective
Multicenter Analysis.” The authors included Hermeneit et
al. from six European surgical referral centers. The study
included 188 patients who were enrolled within 96 h of
disease onset. Intrapancreatic necrosis was observed in 140
of these patients by means of CT imaging. Sixty-nine
patients in the total group developed pancreatic infections,
and 27 patients (14%) died. Most instances of OF occurred
within the first week of the onset of symptoms, and
prognosis seemed consistently related to the type and
severity of OF. Pulmonary failure had the lowest impact
on mortality, while renal and cardiocirculatory failure were
associated with 50% mortality. The presence of intra-
pancreatic necrosis and pancreatic infections resulted in a
mortality rate of 14% and 30%, respectively. In 70% of all
pancreatic infections, recurring subsequent intervention or
surgery (n=59), early and persisting multiple organ dys-
function syndrome (MODS) was evident during the first
week of AP, whereas in only 25% of these patients MODS
developed as a consequence of the mere presence of
infection. Eight patients with FNA-proven infection or
necrosis without MODS were successfully treated by
conservative means. They concluded that early and persist-
ing OF seems to be of higher prognostic importance than
local morphological complications in determining mortality.

Nealon et al. presented “A Follow-up Report: Functional
Status is Preserved in Long-Term Follow-up in Patients
with Chronic Pancreatitis (CP) Treated with Ductal De-
compression Compared to Non-operated Patients: A Pro-
spective Analysis.” The authors presented data up to
20 years after enrollment in a prospective study of
functional status following pancreatic ductal decompression
procedures in patients with CP. They also documented the
validation procedure for a revision of their system for
stratifying severity in these individuals. Operations for
decompression included the Puestow longitudinal pancrea-
tojejunostomy and the Frey procedure. The comparison
cohort of nonoperatively treated patients was accumulated
due to factors such as patient choice, small ducts, non-
debilitating pain and prohibitively poor risk. The total
group comprised 491 patients, 138 of whom were enrolled
in the non-operative group. The severity staging system
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stratified the group into 319 patients with mild to moderate
disease while 172 patients were designated as severe. They
reported that operative drainage durably delayed the
progressive loss of function in CP patients. Pain relief (as
defined by being free of narcotic use) was documented in
84%, 77%, and 89% at the 5-, 10-, and 15-year follow-up,
respectively. Quality-of-life improvement was reported in
89% of the operated compared to 20% of the nonoperative
group. Weight gain was observed in 77% of the operated
compared to 26% of the nonoperative group.

The next paper entitled “Spot Urinary IFABP on
Admission is Superior to Apache II Scores as a Prognostic
Tool in Acute Pancreatitis” was presented by Villatoro et al.
Intestinal fatty acid binding protein (IFABP) is a small
protein located at the tip of microvilli, which assists in fatty
acid absorption. While IFABP excretion is a sensitive
marker of shock and intestinal ischemia, this paper
addressed the question as to whether spot analysis could
reliably replace 24-h urine collections as a technique for
performance of this test. Admission urine specimens
followed by samples collected at 24, 48, and 72 h post-
admission were utilized for this laboratory determination in
56 patients who required urinary catheterization as part of
their medical treatment. These specimens were analyzed by
ELISA and variables such as daily APACHE II scores,
severity and outcome as determined by Atlanta criteria,
admission to intensive care and length of hospital stay were
collected. There was a significant positive correlation with
outcome (p<0.01) with APACHE II scores (p<0.01),
intensive care admission (p<0.05), and hospital stay (p<
0.05). The accuracy of IFABP determinations decreased
after 24 and at 72 h and bore no significant correlation with
the study variables. This decreased accuracy after the initial
24 h of admission was thought to be a consequence of an
IFABP level decrease secondary to fluid resuscitation.

“Predictors of Common Bile Duct Stones during Early
Endoscopic Retrograde Cholangiopancreaticography
(ERCP) in Acute Biliary Pancreatitis” was presented by
van Santvoort et.al. The aim of this study was to evaluate
common radiological and biochemical predictors for com-
mon bile duct stones (CBDS) in a large prospective cohort
of 173 patients in 15 Dutch hospitals with acute biliary
pancreatitis (ABP) undergoing early ERCP within less than
72 h after onset of symptoms. Abdominal ultrasound (US)
and/or CT were performed on admission and liver bio-
chemistry indices were obtained daily. Patients were
stratified according to severity of ABP and the clinical,
ratiological and biochemical predictors were assessed by
univariate logistic regression. Analysis revealed that 57% of
the 173 patients enrolled in the study had predicted severe
ABP, 12% exhibited dilated bile ducts and 9% had CBDS
on US/CT. When ERCP was performed, CBDS were found
in 53% of the group. Only gamma-glutamyltransferase and

alkaline phosphatase showed a significant association with
CBDS, but both tests proved to have low discriminatory
power. They summarized by stating that common predictors
for CBDS do not seem valuable in APB and suggested that
magnetic resonance imagery might be more selective,
especially when choosing patients for ERCP and stone
removal.

The next paper assessed whether a proposed TNM-based
staging and proliferative activity-based grading has clinical
value for pancreatic endocrine tumors (PETs). The study,
entitled “Pancreatic Endocrine Tumours: Improved TNM
Staging and Histopathological Grading Allow a Clinically
Efficient Prognostic Stratification of Patients” by Falconi et
al. contained information from 274 patients with PET
operated upon from 1991 to 2005. According to the WHO
classification, 246 were well-differentiated neoplasms (51
benign, 56 uncertain, and 139 carcinomas), and 28 were
poorly differentiated carcinomas. Grading was based on
Ki67 immunohistochemistry. The prognostic value of this
system was ascertained by survival analysis. This analysis
highlighted the fact that in the absence of nodal and distant
metastases, infiltration, and tumor dimensions over 4 cm
had prognostic significance. The T parameters of the
grading system were appropriately modified to reflect this
finding. The 5-year survival for the improved TNM stages
I, II, III, and IV were 100%, 93%, 65%, and 35%,
respectively, and multivariate analysis identified TNM
stages as independent predictors of death. Ki67-based
grading resulted in independent prediction of survival.
They concluded that both the improved TNM grading
system and Ki67 index allowed for prognostic stratification
of patients.

“Clinical Utility of Secretin MRCP for Pancreatic
Diseases” was presented by Kent et.al. This paper repre-
sents an effort to define the clinical usefulness of
administering secretin to selected patients in whom MRCP
is performed (sMRCP) in order to evaluate pancreatic
function and ductal anatomy more clearly. Use of sMRCP
was reported in 174 patients for five different indications.
Overall, use of sMRCP provided additive diagnostic value
in 36% of cases. The sMRCP technique produced the
highest yield of information in the postoperative setting and
in those patients with a history of pancreatitis. It was of
little use in situations involving poorly characterized
abdominal pain and there was a low yield of additional
information in patients with cystic lesions.

The first of the afternoon short sessions, “Nesidioblas-
tosis Following Roux-en-Y Gastric Bypass Surgery: A
Difficult Balance,” was presented by Morgan et al.
Nesidioblastosis has been described in bariatric patients
who have undergone Roux-en-Y gastric bypass procedures
as a significant cause of hypoglycemia postoperatively.
Female patients with this syndrome and documented
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elevated serum insulin levels were the subject of this report.
Five of the six patients in this study were treated by
pancreatic resections, and one of these subsequently
required insulin for glucose control. The sixth patient was
apparently controlled by an insulin regimen alone. They
noted that the optimal volume of pancreatic removal is
poorly defined as indicated by the necessity for re-resection
in two patients (for persistent hypoglycemia) and the
resultant diabetic status of two others. They concluded that
additional experience is needed to define the optimal
management of this syndrome.

Another short presentation was entitled “Anti-inflamma-
tory Effects of the Nigella Sativa Seed Extract, Thymoqui-
none, in Pancreatic Cancer Cells.” The authors, including
Chehl et al. noted that in some patients, pancreatic
inflammation is a precursor to the development of pancre-
atic cancer. In this study, they evaluated the anti-
inflammatory properties of thymoquinone (Tq) which is
known to cause apoptosis and inhibition of PDA cell
proliferation. They found that Tq significantly reduced the
PDA cell-culture production of TNF-, IL-1β, IL-8, Cox-2,
and MCP-1. Tq also inhibited the intrinsic and TNF-,
mediated activation of NF-kB in PDA cells, and reduced
the transport of NF-kB from cytosol to the cell nucleus.
They summarized by stating that Tq provides a promising
strategy that combines anti-inflammatory and proapoptotic
modes of action.

Following this paper, the annual “How I Do it” Session
entitled “Laparoscopic Pancreatic Resection: Pearls for
Open Pancreatic Resection” was presented by Michael L.
Kendrick. A video recording of this session is available
online.

The final session of the day began with a paper entitled
“Predictive Factors for Pancreatic Fistula After Distal
Pancreatectomy Using the International Study Group of
Pancreatic Fistula (ISGPF) Severity Scale” by Hashimoto,
Y. and Traverso, L.W. The aim of this study was to analyze
a single institutional experience with distal pancreatectomy
(DP) with attention to predictive factors for the develop-
ment of postoperative PF using the ISGPF severity scale.
Their database yielded 215 cases of DP who were operated
upon by a single surgeon using suture closure of the
pancreatic stump and closed-suction drainage. Drain amy-
lase and volume were measured daily postoperatively. The
ISGPF definition of PF was Grade A (asymptomatic for
PF), Grade B (any case with evidence of PF), and Grade C
(severe symptoms of PF, reoperation, sepsis, or death). For
pain management, all patients used patient-controlled
epidural anesthesia, and those who failed this technique
were managed by intravenous patient controlled analgesia
(IV-PCA). Soft gland texture; blood loss >700 ml; and need
for IV-PCA were associated with a clinically relevant PF as
diagnosed by the ISGPF grading system. The use of IV-

PCA was thought to predispose to PF due to a tendency to
pharmacologically produce sphincter of Oddi spasm.

Cho et al. presented their paper entitled “Laparoscopic
Versus Open Left Pancreatectomy: Can Preoperative Fac-
tors Indicate the Safer Technique?” The authors performed
a multi-institutional analysis of laparoscopic left pancrea-
tectomy (LLP) and open left pancreatectomy (OLP) to
determine if risk factors associated with operative morbidity
differed between the two techniques and to develop guide-
lines for the use of each method. The analysis consisted of
693 cases (439 OLP, 254 LLP) in whom patient age and
ASA score were similar. Body mass index was higher in
patients undergoing LLP while OLP was more often
performed for adenocarcinoma and larger tumors. The
OLP patients tended to have greater blood loss and longer
operative times. Fistula formation after OLP was associated
with splenic preservation, operative time greater than
200 min and operative blood loss greater than 300 ml.
Variables associated with significant fistula formation after
LLP were obesity (BMI>27) and resection specimen length
greater than 8.5 cm. They concluded that lower BMI, non-
adenocarcinoma diagnosis, and pancreatic tail lesions
would be preoperative factors indicating the safety of LLP
as the operative technique. Furthermore, no patient cohorts
had higher postoperative complication rates after LLP as
compared to OLP. They recommended a more definitive
prospective and randomized comparative study of these two
techniques.

Keck et al. presented “Morbidity after Distal Pancreatic
Resection: Analysis of Pancreatic Leak Using the New
ISGPS Classifications.” A retrospective analysis of 102
patients undergoing DP for risk of postoperative pancreatic
fistulas (POPF) was undertaking using the ISGPS classifi-
cation. Indications for DP were pancreatic cancer (30%),
chronic pancreatitis (CP; 34%), or various other malignant
or benign diseases (36%). Abdominal drains were always
used and in 82% a splenectomy was also performed.
Management of the pancreatic stump was performed in
54% by a jejunal Roux-en-Y anastomosis, by suture closure
in 42% and by stapler closure in 4% of the group.
According to the ISGPS classification, the POPF were
divided into grades A, B, or C. The rate of POPF was
20.6% (n=21) with eight patients exhibiting a grade A, nine
with grade B, and four with grade C. Risk factor analysis
revealed increased development of POPF with stump
closure compared to drainage into the jejunum (32% vs
11%) and with female gender (27% vs 10%). The
postoperative mortality for the group was 2% and overall
morbidity was 35%. In the series, 40% of POPF occurred
without any clinical morbid consequences. There was a
higher rate of POPF after stump closure; however, the
relative frequency of severe leak was higher after pancrea-
tojejunostomy. While other factors such as pancreatic
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consistency, BMI or renal function were important in their
experience after pancreaticoduodenectomy, they seemed
not to influcence POPF rates after distal resection.

The next paper “Delay in Diagnosis of Pancreatic
Cancer” was presented by Straub et al. They documented
the incidence of a delay in diagnosis of PDA due to an early
misdiagnosis and assessed the clinical impact of this
diagnostic delay. This study included 198 patients treated
for PDA, whose records were reviewed for demographics,
symptom description, date of symptom onset, date of true
diagnosis, diagnoses attributed to the presenting symptoms
during the 1 year prior to true diagnosis, stage at the time of
true diagnosis, and operations, procedures, or tests per-
formed prior to true diagnosis. The average age at diagnosis
was 66 years. A total of 57 of the patients were
misdiagnosed within the year prior to true diagnosis, and
of these, 25 patients were subjected to an operation as a
result of the misdiagnosis. The most common misdiagnoses
were pancreatitis (17.5%), gallbladder disease (12.6%), and
gastroesophageal or peptic ulcer disease (10.6%). Disease
stage at diagnosis and overall survival were not judged by
the authors to have been adversely affected by the delay. An
initial misdiagnosis led to an average of 1.4 unnecessary
diagnostic or surgical procedures costing on average $4,640
per patient. The most common of these misguided
procedures was laparoscopic cholecystectomy. Patients
with a delay in diagnosis frequently had symptoms not
typically attributed to their misdiagnosis, most commonly
jaundice (34%) and weight loss (78%).

“Barriers to Surgical Therapy for Pancreatic Cancer”
was presented by Vanderveen et al. addressing the issue that
not all patients with potentially resectable pancreatic
adenocarcinoma undergo surgical therapy. Using the Cal-
ifornia Cancer Registry, they identified 3,204 patients with
radiographic Stage I/II A tumors. They analyzed such
factors as age, gender, urban vs rural residence, time period
of treatment, race, and socioeconomic status (SES) as
determinate factors impacting delivery of curative-intent
surgical therapy. This group of patients was stratified by the
performance of resection with curative intent in 27.8%,
while 62.2% of these patients had no such procedure.
Historic time periods seemed not to be an influence on this
phenomenon. Significant barriers based on age were
observed with surgical treatment performed in 44.3% of
patients less than age 60 compared to only 13.7% of
patients greater than age 75. Black race was associated with
the lowest rate of surgical therapy (23% vs 28% overall)
and patients from rural and small towns were more likely
than urban residents to undergo surgical therapy (41% vs
27%). Patients in the highest SES quintile received surgical
treatment in 33% of cases, while surgical treatment was
only observed in 25% of cases from the lowest SES
quintile. Although 58% of patients not subjected to surgical

treatment with curative intent were treated with chemother-
apy or radiation therapy, the survival benefit of this
treatment was minimal compared to no treatment (7 vs
5 months, respectively). The authors concluded that these
findings indicated a specific bias against surgical therapy
rather than against therapeutic treatment in general. They
postulated that targeted education of patients and commu-
nity providers might improve the ratio of patients to whom
surgical care is delivered.

The next paper, presented in the short format, concerned
the question of whether the accuracy of CT can be enhanced
by the addition of diagnostic laparoscopy and peritoneal
lavage (DLPLC) for cytology. “Positive Peritoneal Lavage
Cytology is a Predictor of Worse Survival in Locally-
Advanced Pancreatic Cancer” was authored by Clark et al.
who studied 196 consecutive patients following determination
of not being a surgical candidate. They reported that the
DLPLC protocol resulted in upstaging of 55 patients (28%) to
Stage IV disease. The most common determinant of this
advanced staging was positive cytology in the lavage fluid
followed by diagnosis of hepatic metastases and peritoneal
tumor deposits. These 55 patients with positive DLPLC
results had a significantly shorter mean overall duration of
survival compared to the remainder of the study group (11 vs
18 months; p=0.011). Positive peritoneal cytology as an
individual variable was a predictor of shorter survival
duration independent of serum CA 19–9, tumor size,
multiple mesenteric vessel involvement, location of tumor
and evidence of peritoneal or liver metastases by diagnostic
laparoscopy (p=0.005). This improved accuracy of staging
by DLPLC should be considered in the planning of patient
treatment and also considered in the execution and interpre-
tation of chemoradiotherapy trials.

The final paper of the meeting by Schneider et al. was
entitled “Racial Differences in Survival for Pancreatic
Adenocarcinoma: a Case-Controlled Population-Based
Analysis using Propensity-Score Matching.” The authors
addressed the issue regarding the registry-based conclusion
that African–Americans (AA) have an increased incidence,
higher surgical mortality, and lower survival rate for
pancreatic adenocarcinoma (PA) relative to the white (W)
population in the USA. They performed a retrospective and
matched study to mitigate the effects of baseline heteroge-
neity in the study population and to examine the true effect
of race on survival in PA. Using the data from the
Surveillance, Epidemiology, and End Results (SEER)
registry to identify an initial patient pool of 35,946 patients,
they were able to utilize their propensity score matching
technique to perform a case-controlled analysis to better
delineate the effect of race on survival. A one-to-one
matching scheme produced a final cohort of 7,140 patients
(3,635 AA and 3,505 W). After matching, survival
functions were determined for the AA and W groups and
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compared. There was a significantly better survival duration
in W as opposed to AA patients (median 4 months for AA
vs 5 months for W., p<0.001). However, there were
significant differences between AA and W patients in terms
of demographics, year of diagnosis, tumor size and grade,
and receipt of radiation and surgical therapy. These findings
make direct comparison between two groups prone to bias,
possibly resulting in distorted statistics as a result of
confounding. When the matched cohort was examined in
depth, taking these disparities into account, the survival

advantage of white patients persisted. This study suggests
that this difference in survival may be the result of such
confounding factors as combined conditions, socioeconom-
ic factors, and access to care not currently measured by the
SEER registry.

This paper concluded the 43rd annual meeting of the
Pancreas Club. Northwestern University Feinberg School of
Medicine was the site of the initial meeting of the Pancreas
Club in 1966 under the leadership of Marion C. Anderson,
MD.
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Abstract
Background The initial response of esophageal mucosa to gastroduodenal reflux is inflammation and hyperplasia. Secretory
phospholipase A2 (sPLA2) is a known mediator of gut inflammation, and its levels are increased in Barrett’s esophagus. We
hypothesized that the sPLA2 gene is required to produce esophageal mucosal hyperplasia in response to gastroduodenal reflux.
Methods C57BL/6 (n=5) sPLA2

−/− mice and C57BL/6Cg-Tg(PLA2G2A)703N16 mice (n=4) sPLA2
−/+ underwent a side-to-side

surgical anastomosis between the duodenum and gastroesophageal junction (DGEA). Control animals [sPLA2
−/− (n=5), sPLA2

−/+

(n=4)] underwent laparotomy with incision and repair of the esophagus. Tissue was harvested after 4 weeks, and H&E staining
was performed to quantify esophageal mucosal thickness. Ki67 and sPLA2 immunostaining were performed to quantitate
differences in cell division and sPLA2 expression.
Results Mice expressing human sPLA2 had a 2.5-fold increase in thickness of the esophageal mucosa as compared to
controls (p=0.01). A 6.5-fold increase in proliferation (p=0.02) and a twofold increase in sPLA2 expression (p=0.04) were
demonstrated in animals exposed to gastroduodenal reflux.
Conclusions The presence of sPLA2 is necessary for early mucosal hyperplasia produced by exposure of the esophagus to
gastroduodenal contents. sPLA2 expression is upregulated by gastroduodenal reflux, strengthening its role as a critical
mediator of early mucosal hyperplasia.

Keywords Gastroesophageal reflux (GERD) .

Esophageal mucosal inflammation

Introduction

Gastroesophageal reflux disease (GERD) is the most
common disorder of the esophagus affecting 7% of the
USpopulation.1 Gastroesophageal reflux disease can lead to

reflux esophagitis as well as the metaplasia of Barrett’s
esophagus.2 The characteristic lesion produced by GERD is
one of hyperplasia and mucosal thickening. The central
factor in the development of these problems related to
GERD is inflammation of the esophageal mucosa.3,4

Understanding the cellular mechanisms behind the ob-
served hyperplasia is integral to understanding the subse-
quent pathology produced in the esophageal mucosa such
as esophagitis and transformation to malignancy.4 To date,
only limited investigation into the cellular mechanisms
underlying esophageal inflammation has been undertaken
as most studies have focused only on clinical aspects of the
disease.

Histological evidence of exposure of esophageal mucosa
to reflux includes basal cell hyperplasia, acanthosis, or
thickening of the squamous epithelium, and eosinophilic
infiltration of the mucosa.5 The study of the events that lead
to this pre-neoplastic lesion can provide valuable insight
into chemoprevention of esophageal adenocarcinoma. Re-
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cently, the group of phospholipase A2 enzymes has been
implicated as a mediator of intestinal inflammation and
identified as playing a possible role in tumor development.
This group of enzymes is responsible for liberating
arachidonic acid from phospholipids for eicosanoid
production.6 A subtype of this group, group IIa secretory
phospholipase A2 (sPLA2), is thought to play a role in the
pathogenesis of inflammatory bowel disease,7 mucosal
apoptosis,8 as well as in antigen-presenting cell-mediated
intestinal tumorigenesis.9 Levels of sPLA2 have also been
shown to be elevated in samples of human Barrett’s
esophagus as well as adenocarcinomas, indicating a
potential role of sPLA2 in the development of both of
these pathologic lesions.10

We have observed in a murine model of gastroduodenal
reflux that species of mice reported to be deficient in sPLA2

do not manifest the usual histologic changes of hyperplasia
and mucosal thickening in response to reflux.11 In the
present study, we demonstrate that the introduction of
group IIa sPLA2 into the naturally deficient C57BL/6
mouse restores its ability to generate mucosal hyperplasia in
response to gastroduodenal reflux.

Materials and Methods

Generation of Gastroduodenal Reflux in Murine Model

Eight to 10-week-old C57BL/6 (n=5) sPLA2
−/− (Jackson Labs,

Bar Harbor, ME, USA) and C57BL/6Cg-Tg(PLA2G2A)703N16

(C57BL/6 microinjected with human sPLA2 gene) sPLAV2
−/+

(n=4; Taconic Farms, Germantown, NY, USA) mice aged
8–10 weeks weighing 18–22 g were fed regular chow
(Harlan Teklad #2018 Madison, WI, USA) and water ad
libidum. Animals were allowed to acclimatize for 10 days
prior to surgery. Animals were fasted but allowed access
to water for 24 h prior to experimental procedure. Mice
were anaesthetized by the intraperitoneal injection of
ketamine (80 mg/kg, Fort Dodge Animal Health, Fort
Dodge, IA, USA) and xylazine (12 mg/kg, VEDCO, St.
Joseph, MO, USA). Body temperature was monitored
rectally and maintained at 36.5°C using a heating lamp.
Under sterile conditions and with the aid of an operating
microscope (Leica MZ95, Wetzlar, Germany), a side-to-
side anastomosis was performed between the first portion of
the duodenum and the gastroesophageal junction using 10–0
nylon sutures [duodenogastroesophageal anastomosis
(DGEA)].12 Animals were then recovered under a heating
lamp. Control animals underwent similar anesthesia and
laparotomy with incision and closure of the esophagus
superior to the gastroesophageal junction without anastomo-
sis (n=5 C57BL/6; n=4 C57BL/6Cg-Tg(PLA2G2A)703N16)).
Animals then were fed ad libitum and weighed weekly to

monitor weight gain. The Animal Care and Use Committee
at the University of Colorado at Denver Health Sciences
Center approved the protocol to perform the necessary
survival surgery and tissue harvesting for this project
[protocol #77205206(05)1E].

Tissue Harvesting

The mice were euthanized 28 days after surgical induction
of gastroduodenal reflux using inhaled carbon dioxide. The
entire esophagus and stomach was then removed and
flushed with OCT medium (O.C.T. Tissue-Tek, Torrance,
CA, USA). Care was taken to identify and use only tissue
above the anastomosis for study. Three segments of tissue
originating just above the anastomosis were cut into 5-mm
lengths, embedded in OCT medium, and frozen in a way
that would allow axial sectioning of the esophageal lumen.
Serial 5-μm sections were then mounted onto glass slides
for histological analysis. This study presents data obtained
only from the blocks that were closest to the anastomosis,
thus comparing the same segment from all animals.

Morphological Analysis of Esophageal Tissue

Hematoxylin and eosin staining was performed to evaluate
mucosal morphology. Four digital images taken around the
circumference of each specimen were acquired and three
measurements of mucosal thickness were made at equal
intervals within each digital image by a blinded observer.
This technique was used to accurately estimate average
response in light of some variation in mucosal thickness
around the circumference of the esophagus. The use of
thickness measurement has been suggested and described
previously both for mucosal hyperplasia as well as basal
cell hyperplasia.13,14 Data were compared by ANOVA with
post hoc Tukey’s test for a significance level of p<0.05.

Immunofluorescent Staining

Cryosections (5 μm thick) of esophageal tissue were
prepared with a cryostat (IEC Minotome plus, Needham
Heights, MA, USA) and collected on poly-L-lysine-coated
slides. Sections were treated with a mixture of 70% acetone
and 30% methanol for 5 min, then fixed with 4%
paraformaldehyde for 10 min. Sections were washed with
phosphate-buffered saline (PBS), blocked with 10% normal
serum for 30 min, and incubated overnight with either
polyclonal goat anti-human group II sPLA2 [Santa Cruz
Biotechnology, Santa Cruz, CA, USA, cross-reaction with
mouse group II sPLA2, 5 μg/ml in PBS containing 1%
bovine serum albumin (BSA)] or polyclonal rabbit anti-
human Ki67 (Novus Biologicals, Littleton, CO, USA,
cross-reaction with mouse Ki67, 5 μg/ml in PBS containing
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1% BSA) antibodies. After washing with PBS, sections were
incubated with Cy3-conjugated matched IgG (Jackson Immu-
noresearch, West Grove, PA, USA, 1:150 dilution with PBS
containing 1% BSA). To assess specificity, adjacent sections
were incubated with non-immune matched IgG (5 μg/ml in
PBS containing 1% BSA) and otherwise processed identical-
ly. Primary incubation was performed at 4°C, and all other
incubations were performed at room temperature. bis-
Benzimide was used to stain nuclei (DAPI, imaged on the
blue channel) andWGA to stain cell membranes (labeled with
Alexa 488 and imaged on the green channel). sPLA2 and
Ki67 were imaged using the red (Cy3) channel. Microscopic
observation and photography were performed with a Leica
DMRXA confocal microscope (Leica Mikroskopie und
Systeme GmbH, Wetzlar, Germany).

Image Quantitation

sPLA2 and Ki67 images were quantitated with SlideBook
version 4.0 software (I. I. I, Denver, CO, USA). Four random
images were taken from each esophageal section at ×40
magnification. All images were taken while blinded to the
Cy3 channel. Images were masked to exclude 95% of
nonspecific fluorescence as determined from images of
negative controls. SlideBook was then used to determine the
area (μm2) of positive staining. Mean area/field was
calculated for each section. Data were compared by ANOVA
with post hoc Tukey’s test for a significance level of p<0.05.

Results

Outcome of Surgical Procedure and Health of Mice

In this study, there was no surgical mortality. Weight at
completion of study was not different between DGEA and
control group, consistent with the previous study (24.6±0.4
vs. 25.5±0.8 g, p=0.13). There was no mortality to 28 days.
The animals appeared grossly normal at the termination of
the experiment. Upon visual inspection of the esophageal
tissue after harvest, there grossly did not appear to be any
differences among the study groups. Tumor tissue was not
grossly identified in any of the specimens. The anastomotic
areas in all DGEA animals were identified to be patent as
demonstrated by passing a probe through the anastomosis
in each animal.

Mucosal Thickness Increased only in the Presence of Both
Reflux and sPLA2

Mucosal thickness was measured as an indicator of
hyperplasia. C57BL/6 sPLA2

−/− mice had no significant
change in mucosal thickness in response to DGEA at

4 weeks. However, C57BL/6 mice microinjected with
human Group IIa sPLA2 (sPLA2

+/−) undergoing DGEA
developed a 2.5-fold increase in thickness of the esophageal
mucosa as compared to (sPLA2

+/−) sham-operated animals
(p=0.01). There was no significant difference between
strains with respect to mucosal thickness in the control
sham-operated groups (Fig. 1).

Introduction of sPLA2 Leads to Cell Proliferation
in Response to Reflux

There was no change in cell proliferation in wild-type
C57BL/6 sPLA2

−/− animals undergoing DGEA as com-
pared to sham controls at 4 weeks. However, in keeping
with the change in epithelial thickness, C57BL/6 (sPLA2

+/−)
animals had a 6.5-fold increase in Ki67 staining (p=0.02),
demonstrating a greater number of proliferating cells in
response to reflux only in the presence of sPLA2 (Fig. 2).

sPLA2 Levels in the Esophagus are Increased in Response
to Gastroduodenal Reflux

In this study, we found that there was no significant
staining for sPLA2 in the esophagus of C57BL/6 sPLA2

−/−

mice both in the control and DGEA groups. In the C57BL/6
sPLA2

+/− mice, there was a basal level of enzyme expression
in the sham-operated animals at 4 weeks. Animals undergo-
ing reflux surgery had a twofold (p=0.04) increase in levels
of the enzyme after 4 weeks (Fig. 3).

Discussion

Mucosal hyperplasia is known to be one of the earliest
responses of the human esophagus to gastroesophageal
reflux.5,15 This study demonstrates a requirement for group
IIa secretory phospholipase A2 for the development of
mucosal thickening and increased cell proliferation in a
murine model of gastroduodenal reflux. These changes are
only apparent in a strain of animal which has been
reconstituted with human sPLA2. Importantly, production
of this inflammatory enzyme is increased in response to
gastroduodenal reflux in the transgenic animals, suggesting
a mechanistic link between reflux, sPLA2, and subsequent
mucosal proliferation.

This model, utilizing a duodenogastroesophageal junc-
tion anastomosis to expose the esophagus to gastric and
biliary secretions, had been originally developed in rats and
was described to produce esophageal adenocarcinoma
and changes similar to Barrett’s esophagus in rats over a
40-week period.12 We have recently adapted this model in
mice due to the wider choice of genetically manipulated
models. We previously demonstrated that BALB/c mice,
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Figure 1 Only sPLA2 express-
ing animals develop mucosal
hyperplasia in response to
reflux. Esophageal epithelial
thickness was unchanged in
C57BL/6 wild-type animals
exposed to reflux as compared
to sham controls at 4 weeks. In
contrast, C57BL/6 animals
expressing sPLA2 had a
significant increase in epithelial
thickness in response to reflux.

Figure 2 Number of dividing
cells is increased in reflux
animals with sPLA2 expression
as evidenced by increased Ki67
staining area. There was no
significant difference in Ki67
staining area among wild-type
animals and transgenic control
animals.
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which naturally express sPLA2, had a robust hyperplastic
response of the esophageal epithelium in response to
gastroduodenal reflux.11 This led us to hypothesize about
a causative role for sPLA2 in this model.

Phospholipase A2 refers to a group of enzymes which
catalyze the rate-limiting step in the metabolism of
phospholipids to produce arachidonic acid. Group IIa
secretory PLA2 is a 14-kDa member of this family that
has been implicated in a variety of inflammatory diseases
including pancreatitis, septic shock, and inflammatory
bowel disease.16–18 Studies of human esophageal tissue
have revealed elevated levels of sPLA2 in both Barrett’s
mucosa as well as esophageal adenocarcinoma, indicating a
possible role of sPLA2 in growth and metaplastic transfor-
mation of these cells.10 It is unclear whether the role of
sPLA2 in these observed changes is related to arachidonic
acid metabolites19,20 or whether there is another as yet
undescribed mechanism. The potent effects of sPLA2 on
inflammatory disease are well established; however, its
mechanistic link to carcinogenesis remains unknown.

Epidermal growth factor (EGF) and its receptor epider-
mal growth factor receptor (EGFR) play a fundamental role
in the regulation of cell proliferation, differentiation, and
survival (anti-apoptosis) and are constitutively expressed
in esophageal epithelium.21 EGFR activation induces
nuclear expression of proto-oncogenes such as Fos, Jun,
and Myc. EGF receptor and c-myc are overexpressed in
Barrett’s specialized columnar epithelium and esophageal
cancer.22,23 Interestingly, there is a link between ara-

chidonic acid metabolites and EGF signaling. The release
of arachidonic acid and subsequent metabolism is an early
requirement for EGF-induced mitogenesis.24–26 Addi-
tionally, exogenous prostaglandin F2 in the presence of
EGF is required for the significant induction of c-myc RNA
levels, suggesting a synergy between exogenous ara-
chidonic acid metabolites and EGF in the expression of
proto-oncogenes.27 These are relevant findings considering
that EGF/EGFR signaling is an important pathway regulat-
ing cell proliferation in the esophageal mucosa as well as its
described role in esophageal malignancy.28,29 In a non-
EGF-dependent pathway, sPLA2 expressed by macrophages
has been demonstrated to mediate phosphorylation of Akt
which leads to downstream growth regulatory effect in
these cells.30 We have planned studies using these surrogate
markers of EGF signaling pathways to establish the link
between sPLA2 and EGF, which may increase our
understanding of sPLA2 as a growth-regulating factor in
the esophageal mucosa.

The transgenic mouse used in this study was first
generated by Grass et al.31 in 1996 via microinjection of
the human Group IIa sPLA2 gene along with promoter sites
to a C57BL/6 embryo. These animals were viable and were
found to express high levels of the enzyme in multiple
tissues including serum, liver, skin, and intestine. They had
a unique phenotype which consisted of hyperkeratosis,
epidermal hyperplasia, and adnexal hyperplasia. In contrast
to skin disorders such as psoriasis which are characterized
by epidermal hyperplasia with inflammation, these animals

Figure 3 Immunofluorescent
staining for sPLA2 demonstrates
no significant staining in
C57BL/6 wild-type animals as
expected. There is a low basal
level of expression in sPLA2

(+/−)

control animals which is signif-
icantly induced by gastroduode-
nal reflux.
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did not have inflammatory change in the skin. The authors
hypothesized that the reconstituted enzyme likely had a
direct effect on cell proliferation and/or apoptosis in the
epidermis. The current study capitalized on the natural
disruption of sPLA2 in the wild-type C57BL/6 animal and
this transgenic model to definitively explore the require-
ment of sPLA2 for reflux-induced mucosal hyperplasia.

In support of a causative role of sPLA2 in reflux-induced
mucosal hyperplasia, we have demonstrated significant
induction of sPLA2 expression in esophageal mucosa
exposed to reflux for 4 weeks. Though sPLA2 induction
in the setting of an inflammatory insult is not surprising,
this is the first report of such in an animal reflux model. It is
also consistent with previous reports of sPLA2 overexpres-
sion in the setting of metaplastic change11 and implies a
sPLA2-dependent effect on esophageal mucosal prolifera-
tion in the setting of reflux.

Our observations suggest that sPLA2 is an important
regulator of esophageal mucosal growth and the hyper-
plasia produced by GERD. The relevance of histologic
changes seen in this model with respect to Barrett’s
esophagus as well as esophageal carcinoma remains
unknown. However, in similar rodent models, the progres-
sion from epithelial hyperplasia to Barrett’s metaplasia has
been demonstrated, suggesting that these are indeed
clinically significant changes.32

Given the potential role of sPLA2 in esophageal
malignancy as demonstrated by Lagorce-Pages et al.,10 we
will focus our future efforts on studying the role of sPLA2
in the growth and proliferation of human esophageal cancer
cells as well. These studies will focus mainly on the use of
established human esophageal carcinoma cell lines. Drug
inhibitor studies performed in sPLA2-competent mice will
also provide further evidence to the importance of this
mediator in reflux-related epithelial changes.

Conclusion

In summary, we have shown that the presence of sPLA2 is
required for reflux to induce histologic change in otherwise
genetically identical animals, highlighting sPLA2 as a
potential agent to be studied in the treatment of GERD-
related mucosal changes as well as chemoprevention of
esophageal cancer.
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Abstract
Background Some patients with suspected achalasia are found on manometry to have preserved peristalsis, thereby excluding
that diagnosis. This study evaluated a series of such patients with functional esophagogastric junction (EGJ) obstruction.
Methods Among 1,000 consecutive high-resolution manometry studies, 16 patients had functional EGJ obstruction
characterized by impaired EGJ relaxation and intact peristalsis. Eight patients with post-fundoplication dysphagia and
similarly impaired EGJ relaxation were studied as a comparator group with mechanical obstruction. Intrabolus pressure
(IBP) was measured 1 cm proximal to the EGJ. Sixty-eight normal controls were used to define normal IBP. Patients’
clinical features were evaluated.
Results Functional EGJ obstruction patients presented with dysphagia (96%) and/or chest pain (42%). IBP was significantly
elevated in idiopathic and post-fundoplication dysphagia patients versus controls. Among the idiopathic EGJ obstruction
group treated with pneumatic dilation, BoToxTM, or Heller myotomy, only the three treated with Heller myotomy responded
well. Among the post-fundoplication dysphagia patients, three of four responded well to redo operations.
Conclusion Functional EGJ obstruction is characterized by pressure topography metrics demonstrating EGJ outflow
obstruction of magnitude comparable to that seen with post-fundoplication dysphagia. Affected patients experience
dysphagia and/or chest pain. In some cases, functional EGJ obstruction may represent an incomplete achalasia syndrome.

Keywords Esophagus . Achalasia . Dysphagia .Manometry

Introduction

The physiological defects in achalasia are attributable to
loss of function by myenteric plexus ganglion cells,

particularly inhibitory neurons.1 However, because achala-
sia is rarely diagnosed on the basis of histopathology, this
neural defect is usually inferred from its functional
consequences rather than directly demonstrated. Hence,
achalasia is diagnosed by demonstrating impaired esoph-
agogastric junction (EGJ) relaxation and absent peristalsis
without an obstructing lesion to otherwise explain these
anomalies.2 However, it is also clear that some dysphagic
patients with suspected achalasia exhibit heterogeneity with
respect to how completely the achalasia syndrome is
expressed; while many have a flaccid esophagus, others
have spastic contractions of the esophagus, many have
preserved esophageal longitudinal muscle contraction, and
some may have preserved peristalsis with manometric
evidence of outflow obstruction.3,4 The latter group, with
functional EGJ obstruction, is particularly interesting, as
this group would be detectable only by manometry; there
would be no anticipated endoscopic or fluoroscopic
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abnormalities. However, esophageal manometry is a test
that has been historically plagued by limitations with
respect to accuracy and reproducibility calling the very
existence of this syndrome into question.5–7

Recent years have witnessed an evolution in esophageal
manometry to a methodology that is now more accurately
termed high-resolution esophageal pressure topography.
With this technology, intraluminal pressure is plotted as a
continuum both in time and spatially along the length of the
esophagus facilitating an objective, quantitative analysis
beyond that which was possible with conventional manom-
etry. Furthermore, esophageal pressure topography plots
can be “interrogated” using customized algorithms to
calculate objective numerical indices of EGJ relaxation,
peristaltic function, or intrabolus pressure (IBP), all with
excellent reproducibility.8–10 As such, high-resolution
esophageal pressure topography would seem an appropriate
methodology with which to evaluate functional EGJ
obstruction. Is this a novel clinical entity, perhaps an
incomplete expression of an achalasia syndrome? Or is this
simply a manifestation of the imperfect specificity of the
tools available to quantify EGJ relaxation? The aim of this
study was to address these questions by identifying patients
with isolated functional EGJ obstruction and exploring both
the physiological consequences of that finding in terms of
esophageal IBP and the associated clinical syndromes with
which these individuals present.

Methods

Patient Population and Clinical Assessment

A series of 1,000 consecutive high-resolution esophageal
pressure topography studies performed between February
2004 and January 2007 at Northwestern Memorial Hospital
was reviewed to identify patients with functional EGJ
obstruction defined by the combination of intact peristalsis
and impaired EGJ relaxation, defined as a mean EGJ
integrated relaxation pressure (IRP) of 15 mmHg or
greater.11 Manometric studies and clinical records of
patients with functional EGJ obstruction were then ana-
lyzed in detail to further characterize the syndrome.
Endoscopic records were retrieved to identify and exclude
patients with mechanical EGJ obstruction. Patients who had
previously undergone anti-reflux surgery and were under-
going evaluation for dysphagia were analyzed as a com-
parator group to the idiopathic functional obstruction
patients with respect to consequences on peristaltic function
and esophageal IBP. In addition to the study group, 68
asymptomatic volunteer subjects without hiatus hernia were
studied with the identical manometry protocol to serve as
the control arm for the esophageal pressure topography

analysis of esophageal IBP. The study protocol was
approved by the Northwestern University Institutional
Review Board.

An investigator blinded to manometric analysis reviewed
the medical records of each patient with functional EGJ
obstruction to evaluate the predominant symptom at time of
the manometry study, subsequent medical or surgical
treatment rendered, and clinical response to that treatment.
A successful treatment was defined as one with satisfactory
symptom response such that no further intervention was
recommended for 12 months as documented at a follow-up
clinic visit. An unsuccessful treatment response was
defined as one followed by the need for an additional
intervention within 12 months or poor symptomatic
response documented during the follow-up visit.

Manometry Protocol

Patients underwent a standardized manometry protocol after
a brief interview and exam to assess symptoms. A solid-
state manometry assembly with 36 pressure sensors spaced
at 1-cm intervals (OD 4.2 mm) was used (Manoscan™,
Sierra Scientific Instruments Inc., Los Angeles, CA). The
recording characteristics of this device have been previous-
ly described.12 The transducers were calibrated at 0 and
100 mmHg using externally applied pressure prior to the
study. The manometric assembly was placed transnasally
and positioned to record from the hypopharynx to the
stomach with approximately five intragastric sensors.
Studies were performed in a supine position after at least
a 6-h fast. The protocol included a 3-min baseline period
and ten 5-ml water swallows.

Esophageal Pressure Topography Analysis

All pressure topography analysis was done using Mano-
View™ software with data tracings viewed in the color
pressure topography mode. End-expiratory EGJ pressure
was measured during the 3-min baseline recording using
the eSleeve™ tool spanning the entire EGJ. In instances
that there was a double-peaked EGJ pressure profile during
inspiration, the proximal peak was taken to be the lower
esophageal sphincter (LES) and the distal the crural
diaphragm (CD). Hiatus hernia was defined using the
criterion of ≥1.5 cm separation between the LES and CD
during the baseline recording. In instances of hiatus hernia,
end-expiratory LES and CD measurements were made by
restricting the eSleeve™ domain to each of these elements
respectively.

EGJ relaxation was analyzed using the ManoView™
IRP tool.11 The default settings on the IRP tool establish a
6 cm×10 s domain after the swallow and calculates the
lowest mean eSleeve™ pressure for four contiguous or
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non-contiguous seconds of relaxation within that window.
However, in the setting of hiatus hernia, the IRP could
conceivably be indicative of either LES relaxation or CD
relaxation. Thus, the default IRP setting spanning both the
LES and the CD components was reported as IRPEGJ, and
the IRP boundaries were adjusted to a 2-cm domain
capturing each EGJ element independently. Separate mea-
surements were then made of IRPLES and IRPCD. All IRP
measurements through the EGJ were referenced to concur-
rent intragastric pressure.

After characterizing EGJ relaxation, a detailed analysis
was done of the associated distal esophageal IBP, reflecting
the pressure within the fluid compartmentalized between the
EGJ and distal esophageal contraction. IBP was measured
using a new ManoView™ tool denoted in the software as
IBP2. IBP2, hereafter designated max-IBP, is the greatest
IBP obtained for a contiguous or non-contiguous 3-s period
within the same temporal boundaries used to calculate the
IRP. Typically, the 3 s of greatest IBP occurred close to the
end of the relaxation window as the peristaltic contraction
arrived at the distal esophagus. All IBP measurements were
referenced to atmospheric pressure. Hence, the value of max-
IBP could exceed the value of IRPEGJ, as they were
measured at different times within the relaxation window
and the latter was referenced to intragastric pressure. The
derivation of these measures is illustrated in Fig. 1.

Manometry studies were then further analyzed to
characterize distal peristaltic weakness or dysfunction. This
was done using: (1) the isobaric contour tool set at

30 mmHg to ascertain whether the peristaltic wavefront
was intact, (2) the contractile front velocity (CFV) to
ascertain normal propagation velocity, and (3) the distal
contractile amplitude to identify hypertensive contractions.
Each swallow was characterized as: (1) normal (intact
isobaric contour, CFV <10 cm/s, mean contractile ampli-
tude <180 mmHg), (2) hypotensive (>3 cm break in the
30 mmHg isobaric contour between the distal segment and
the EGJ), (3) absent peristalsis (complete failure of
contraction), (4) hypertensive (CFV <10 cm/s and mean
contractile amplitude >180 mmHg), (5) spastic (rapidly
propagated contraction with CFV ≥10 cm/s), (6) elevated
IBP (>30 mmHg IBPmax), or (7) panesophageal pressuri-
zation (simultaneous esophageal pressurization to greater
than 30 mmHg extending from the upper esophageal
sphincter to the EGJ).2

Statistical Analysis

The manometric parameters and clinical variables obtained
from medical records were summarized using mean, median,
95th percentile, and standard deviation. IRP and IBP
measures were also summarized as the overall mean among
the ten test swallows or the worst three values among the ten
test swallows to accentuate the observed variability. Un-
paired two-sample two-tail Student’s t test was used to
compare the mean values of manometric parameters and
clinical variables among the asymptomatic control, idiopath-
ic functional obstruction, and post-fundoplication groups.

Results

Study Population

Of the 1,000 patients evaluated, 78 had evidence of
impaired EGJ relaxation on the basis of elevated IRP but
did not meet diagnostic criteria for achalasia, a typical
example of which is illustrated in Fig. 2. From this group,
38 patients exhibited a high frequency of peristaltic defects,
but insufficient to meet criteria for achalasia, and were
excluded. Additionally, 16 patients were excluded because
of mechanical EGJ obstruction: five with paraesophageal
hernia, four with esophageal cancer, three with eosinophilic
esophagitis, two with strictures, one with a gastroplasty, and
one with obstructing gastroesophageal varices. This left 16
patients with idiopathic functional obstruction as exempli-
fied in Fig. 1 and eight patients with post-fundoplication
dysphagia. Age and sex were similar between these groups.
Healthy controls, however, were younger than the patient
groups (Table 1). For comparison, 129 of the 1,000 patients
evaluated in the consecutive series had achalasia; 30 had a
prior diagnosis, and 99 were newly diagnosed. The pressure

Figure 1 Representative example of a patient with functional EGJ
obstruction. Max-IBP (yellow) is the greatest IBP obtained for a
contiguous or non-contiguous 3-s period within the same 10-s
temporal boundary used to calculate the IRP (white). This patient
later responded favorably to Heller myotomy. The IRP is calculated
with ManoViewTM. Pressure is referenced to atmospheric with the
30 mmHg isobaric contour highlighted in black.
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topography characteristics of the achalasia patients were
reported on earlier.3

Dysphagia was the dominant symptom among the
functional EGJ obstruction patients (Table 1). All patients
presented with a dominant complaint of either dysphagia or
chest pain. The post-fundoplication group was notable for
complaining of chest pain significantly more than the
idiopathic group. Seven patients were found to have hiatus
hernia: four post-fundoplication and three idiopathic.

Manometric Variables

The idiopathic functional obstruction patients exhibited
similar manometric characteristics compared to the post-
fundoplication dysphagia patients, a model of mechanical
obstruction (Table 2). Both groups exhibited impaired (but
similar) EGJ relaxation pressures. Furthermore, distal
esophageal max-IBP was significantly greater than in the
control subjects in both subject groups, especially in post-
fundoplication dysphagia patients. In addition to max-IBP,
the other discriminating variable between the patient groups
was EGJ pressure, which was greater in the idiopathic EGJ
obstruction patients. The index that most accentuated the
IBP abnormality in the patient groups was the max-IBP
(worst 3; Table 2 and Fig. 3).

Specific to patients with hiatus hernia, the IRP analysis
was done both to encompass the entire EGJ as well as
restricted to the LES and CD components (Table 3).
Although the IRPEGJ was numerically greater in the post-
fundoplication dysphagia group, this difference was not
significant. More notable was that one of the three
idiopathic EGJ obstruction patients with a hernia had EGJ
relaxation pressures entirely dependent on the CD rather
than the LES, whereas in others, the IRPLES was greater
(Fig. 4). This suggests that, in some hiatus hernia patients,
the CD and not the LES is responsible for functional EGJ
obstruction.

The composite characteristics of all individual swallows
for functional obstruction subjects are provided in Table 4.
The majority of swallows demonstrated functional esoph-
ageal obstruction as defined by an elevated max-IBP.
Swallows displaying hypertensive peristalsis were seen
more frequently in patients with idiopathic functional
obstruction. Rarely, pressure topography findings associat-
ed with achalasia such as pan-esophageal pressurization or
spasm were evident on isolated swallows. On the whole,
only 4.6% of swallows demonstrated absent peristalsis.

Figure 2 High resolution esophageal pressure topography study
consistent with classic achalasia exhibiting aperistalsis and impaired
EGJ relaxation. Compare this study to that in Fig. 1 consistent with
functional EGJ obstruction exhibiting intact peristalsis and impaired
EGJ relaxation. The IRP is calculated with ManoViewTM in both
examples. In this example, pressure is referenced to intragastric
pressure and the 15 mmHg isobaric contour is highlighted in black.

Table 1 Demographic Characteristics and Symptom Profile Among
Subject Groups

Subject group

Asymptomatic
controls
(n=68)

Post-
fundoplication
dysphagia
(n=8)

Idiopathic
functional EGJ
obstruction
(n=16)

Age 27±5 57±15* 57±13*

Gender, % male 53 38 31

Hiatus hernia (%) 0 4 (50%) 3 (19%)

Dysphagia (%) 0 8 (100%) 15 (94%)

Chest Pain (%) 0 6 (75%)** 4 (25%)

Heartburn±
regurgitation (%)

0 6 (75%) 9 (56%)

Globus (%) 0 0 3 (19%)

*p<0.05, vs. asymptomatic controls; **p<0.05, vs. idiopathic
functional obstruction

Table 2 EGJ and IBP Measures Among Subject Groups

Manometric measure Subject group

Normal
subjects
(n=68)

Post-
fundoplication
dysphagia
(n=8)

Idiopathic
functional EGJ
obstruction
(n=16)

EGJ pressure (mmHg) 16±8 25±17* 40±17*,**

Mean IRP (mmHg) 9±3 21±7* 22±5*

Max-IBP (all)
(mmHg)

11±4 40±12* 32±6*,**

Max-IBP (3 worst)
(mmHg)

13±3 47±15* 40±14*

*p<0.05, vs. asymptomatic control; **p<0.05, vs. post-fundoplication
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Clinical Outcomes

The clinical response of idiopathic functional obstruction
patients to conventional achalasia therapies (BoToxTM,
pneumatic dilation, and Heller myotomy) was assessed.
Regarding the idiopathic group, the hiatus hernia patient
with CD functional obstruction was eliminated from
analysis leaving 15 patients subject to an average of 1.1
interventions per patient over a mean follow-up period of
16 months; three patients were lost to follow-up. Overall,
nine patients were treated with one or more of these
therapies (three pneumatic dilation, three Heller myotomy,
two BoToxTM, and one standard dilation) and generally
exhibited a poor response to therapy with an overall success
rate of only 33% for the final intervention. There was no
instance in which non-surgical therapy was effective,
whereas Heller myotomy was successful in all three
individuals so treated (one of whom is illustrated in
Fig. 1). Among the eight post-fundoplication dysphagia
patients, four underwent redo operations to which three
responded favorably.

Discussion

The aim of this study was to characterize the clinical
characteristics of patients with functional EGJ obstruction
and preserved peristalsis. The major findings were that
these patients experience dysphagia as a dominant symp-
tom and that the physiology of idiopathic functional EGJ
obstruction mirrors that of a known model of mechanical
EGJ obstruction, post-fundoplication dysphagia. In both
cases, swallowing is associated with significantly elevated
distal esophageal IBP, arguing that these patients truly have
EGJ outflow obstruction as opposed to a measurement
artifact. Furthermore, a subset of patients with idiopathic
functional EGJ obstruction with preserved peristalsis
respond to treatment for achalasia, suggesting that, in some
cases, this condition likely represents the incomplete
expression of an achalasia syndrome. The extent of overlap
between the diagnoses of functional EGJ obstruction and
achalasia depends on how strictly one defines absent
peristalsis. In the current study, we excluded 38 patients
from the functional EGJ obstruction group because they
exhibited such a high proportion of peristaltic defects that
some might consider them achalasics; we did not but were
not willing to rule out that possibility either. Another
rationale for excluding these indeterminate patients was that
the degree of their peristaltic dysfunction was so severe as
to preclude the measurement of IBP.

Post-fundoplication dysphagia serves as the iatrogenic
model of idiopathic functional esophageal obstruction: EGJ
relaxation is impaired, flow through the EGJ is reduced,
and distal esophageal IBP is increased.13 In a series of 34
post-fundoplication patients, IBP was found to be signifi-
cantly increased, remaining elevated for at least 2 years
after surgery.14 The development of secondary achalasia as
a late consequence has also been observed following anti-
reflux surgery.15 Furthermore, post-fundoplication dyspha-
gia has been shown to resolve in parallel with the reduction
of IBP following conversion to partial fundoplication.16 In
the current series, we applied a systematic analysis of IBP
using an algorithm devised for pressure topography plots to
demonstrate that the degree of IBP developed in idiopathic
functional EGJ obstruction was similar to that observed in
post-fundoplication dysphagia. Among several indices of
IBP tested, we found that, comparing the maximal IBP in
the post-deglutitive window for the three most abnormal
swallows (max-IBP) was the best discriminator between
normal controls and functional obstruction patients due to
the large variation in IBP observed in a ten-swallow series.

Of the 16 patients with idiopathic functional obstruction,
three were noted to have hiatus hernias. In one instance, it
was the CD rather than the LES that appeared to be the
focus of deglutitive resistance to bolus transit, suggesting
the hernia itself to be the cause of dysphagia in this

Figure 3 Comparison of IRP, max-IBP, and max-IBP (worst 3)
among subject groups. All of these manometric measures are
significantly elevated in functional EGJ obstruction compared with
controls. Among them, max-IBP (worst 3) best discriminated
functional EGJ obstruction from controls.

Table 3 Relaxation Pressures of EGJ Components in EGJ Obstruc-
tion Patients with Hiatus Hernia

Manometric
measure

Subject group

Post-fundoplication
dysphagia (n=4)

Idiopathic functional
EGJ obstruction (n=3)

IRPEGJ (mmHg) 24.8±9.2 17.5±2.7

IRPLES (mmHg) 24.3±9.4 16.9±2.3

IRPCD (mmHg) 18.4±13.0 8.5±6.5
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individual. In the remaining 15 patients, we had no
explanation for their dysphagia other than functional EGJ
obstruction. Nonetheless, we expect this to be a heteroge-
neous group with some individuals having a variant
expression of achalasia and others likely having an
undetected mechanical etiology of EGJ outflow obstruc-
tion. Certainly, the treatment efficacy that we experienced is
consistent with that hypothesis. In fact, the only patients
who experienced a satisfactory response to treatment were
the three treated with laparoscopic Heller myotomy. While
these data perhaps serve to demonstrate a proof of concept,
they also emphasize the need to further characterize these
patients to find better predictors of treatment response and
physiological markers of treatment effect. Were failed
therapies a consequence of misdiagnosis or inadequate
treatment? Was treatment response paralleled by decreased

Figure 4 High-resolution esophageal pressure topography (top) and
landscape (bottom) plots of a hiatus hernia patient with functional EGJ
obstruction attributable to the CD (left) and another hiatus hernia

patient with EGJ functional obstruction attributable to the LES (right).
In each case, the corresponding IRPCD and IRPLES values are shown.

Table 4 Characterization of Individual Swallows Among Functional
Obstruction Subtypes

Esophageal contraction Subject Group

Post-
Fundoplication
Dysphagia

Idiopathic
Functional
EGJ Obstruction

Normal (%) 15 (19%) 33 (21%)

Hypotensive peristalsis (%) 1 (1%) 9 (6%)

Absent peristalsis (%) 1 (1%) 10 (6%)

Hypertensive peristalsis (%) 0 13 (8%)

Spasm (%) 0 5 (3%)

Panesophageal pressurization (%) 0 4 (3%)

Max-IBP > 30 mmHg (%) 63 (79%) 86 (54%)
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IBP? Were there histopathological markers of achalasia in
treatment responders? Clearly, we need to address these
questions in future studies.

IBP is attributable to the balance between peristaltic
forces acting to move the bolus through the esophagus and
downstream resistance to that movement. As evident from
data in Table 2 and Fig. 3, normal values of esophageal IBP
are low, on the order of 10 mmHg, confirming that the
esophagus and EGJ are normally relatively compliant.
However, with functional EGJ obstruction, IBP values will
often exceed 30 mmHg. This degree of IBP can be likened
to balloon distention, a stimulus known to elicit symptoms
of chest pain, pressure, and heartburn.17,18 The genesis of
these symptoms is presumably by wall strain activating
tension-sensitive afferent nerves in the esophageal submu-
cosa and muscularis propria.19,20 Physiologically, the range
of pressure thresholds stimulating vagal and spinal afferents
varies from 5 to 50 mmHg,21,22 values consistent with those
observed in functional EGJ obstruction patients, arguing
that elevated IBP may be the primary stimulus for the
perception of dysphagia. Future research into the relation-
ship between sensory thresholds, IBP, allodynia, and
hyperalgesia will likely shed further light on this.

In summary, idiopathic functional EGJ obstruction with
preserved peristalsis is associated with quantifiable outflow
obstruction from the esophagus comparable in severity to
post-fundoplication dysphagia. This functional defect was
well demonstrated by elevated maximal IBP in the worst
three of ten test swallows (max-IBP). Lastly, some patients
with idiopathic functional EGJ obstruction may represent
an early or variant expression of achalasia. To what degree
this might progress, over what length of time, and with
what frequency will need to be addressed by long-term
follow-up studies.
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Abstract
Background Redo fundoplication has acceptable outcomes in patients with failed previous fundoplications. However, a
subset of patients require Roux-en-Y (RNY) reconstruction for symptom relief.
Aim The aim of this study was to demonstrate safety and efficacy of RNY reconstruction for failed fundoplications.
Method Retrospective review of data on patients who underwent short-limb RNY gastrojejunostomy (GJ) or
esophagojejunostomy (EJ) between the years 2005 and 2007 was performed.
Results Twenty-two patients underwent RNY reconstructions. Fourteen (64%) patients had one, six (27%) patients had two,
and 2 (9%) patients had three previous anti-reflux procedures. RNY GJ was performed in 18 patients and EJ in four
patients. Gastrectomy was performed in 13 of these patients. Seven patients (32%) had ten major or minor complications
within the 30-day postoperative period, without any mortality observed. At a mean follow-up of 23 months, completed in 21
of these patients (95%), the average heartburn score was 0.38 (range, 0–2). The average regurgitation score was 0.23 (range,
0 to2) and the average dysphagia score was 0.7 (range, 0–2). The mean postoperative BMI was 25.4 compared to a
preoperative BMI of 31.
Conclusion RNY reconstruction with GJ or EJ for failed anti-reflux procedures is a safe, valid surgical option in difficult
situations, where a redo fundoplication is either non-feasible or expected to fail. However, it is associated with higher morbidity.

Keywords Gastroesophageal reflux disease . Roux-en-Y.

Gastrojejunostomy . Esophagojejunostomy . Fundoplication

Introduction

The lower esophageal sphincter complex acts as a physiologic
barrier, preventing continuous reflux from the high-pressure
stomach into the low-pressure esophagus. Gastroesophageal
reflux disease (GERD), which affects nearly 20% of the
population in the USA, is a result of this barrier dysfunction.
Surgical fundoplication re-creates a barrier between the
stomach and the esophagus, restoring near-normal physiolo-
gy. With the advent of minimally invasive surgery, laparo-

scopic anti-reflux procedures have gained widespread
acceptance. Excellent long-term results have been reported
with greater than 90% patient satisfaction on a 5- to 10-year
follow-up.1–4

Postoperatively, recurrence of previous symptoms or
emergence of new undesirable symptoms should be
considered surgical failure and has been reported in 2–
30% of patients.3,5–10 A subset of these patients require
reoperative intervention, which may include redo fundopli-
cation, esophagogastric resection, and/or diversion of the
gastric reservoir.

Gastrectomy with Roux-en-Y (RNY) reconstruction has
been used as an antireflux procedure before.11,12 The RNY
gastric bypass (with the distal stomach left in situ) has also
been shown to be an effective surgical treatment for GERD in
obese patients13–17 as well as in patients with scleroderma.18

The role of RNY for primary and reoperative treatment
of GERD continues to evolve. We present our initial
experience with RNY gastrojejunostomy (GJ) and esoph-
agojejunostomy (EJ) for previously failed fundoplications.
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Materials and Methods

Data Collection

All patients undergoing primary and reoperative antireflux
surgery at the Creighton University Medical Center (CUMC)
were entered into a prospectively maintained database.
After approval from the Institutional Review Board, the
database was queried to retrieve patients who underwent
RNY GJ or EJ as reoperative intervention after previous
antireflux surgery.

All of the patients had undergone an extensive preoper-
ative workup, consisting of upper endoscopy, barium
swallow, manometry, 24-h pH monitoring, and gastric
emptying study.

Data regarding presenting symptoms, previous proce-
dures, preoperative work-up, operative findings, postopera-
tive course, and complications were collected. Attempt was
made to contact all patients at least 1 year after surgery. A
standard questionnaire (Table 1) used at our center pertaining
to foregut symptoms, use of antireflux medications, and
patient satisfaction was administered. The data was entered
into an Excel database (Microsoft Excel ®) and analyzed.

Surgical Technique

Our operative approach consisted of two steps. The first
step was to dismantle the previous fundoplication and
repair the recurrent hiatal hernia, if present. The second step
was to perform an EJ or GJ, depending on the primary
pathology. In patients with undilatable esophageal stricture
or significant intraoperative damage to the gastroesophageal
junction (GEJ), an EJ was performed. Otherwise, a small
gastric pouch (70–100 cc) was created using linear staplers.
In some patients, a larger gastric pouch was left in place
with recreation of a fundoplication above the GJ. Early in
our series, we performed open procedures and resected the
distal stomach. However, with growing experience, we
performed more laparoscopic procedures and preferred to
leave the distal stomach in situ. Gastrointestinal tract
continuity was reestablished in all patients with a short

(60-cm long) RNY alimentary limb to prevent bile reflux.
The biliary limb was 20 cm long. Schematic representation
of the postoperative anatomy is shown in Fig. 1.

Results

Demographics

Thirty-five patients underwent RNY GJ or EJ for failed
antireflux surgery from January 2005 to October 2007 by
the senior author (SKM) at the CUMC. Twenty-two
patients (14 female and eight male) with at least 1 year
follow-up are included in this study. Their mean age is
55 years (range, 34–78 years) and preoperative mean body
mass index (BMI) was 31 (range 20–49). A total of 32
antireflux procedures had previously been performed on
these 22 patients with a mean of 1.45 per patient (range, 1–
3; Table 2).

Preoperative Assessment

The primary presenting symptom for reoperative surgery was
heartburn in seven patients (32%), dysphagia in seven (32%),
and chest pain in four (18%). Three (14%) presented with
epigastric complaints and one (5%) with combined chest pain
and dyspnea from an acutely herniated intrathoracic stomach.
The preoperative findings are shown in Table 3.

In the majority of cases, the preoperative anatomical
deformity was confirmed by the intraoperative findings.
However, in one case, a tight GEJ due to scarring was
identified during the operation, whereas a prolapsing gastric
polypoid lesion was preoperatively thought to be the cause
of symptoms (dysphagia).

Procedures and Postoperative Care

Fourteen of the 22 operations were done via laparotomy,
four laparoscopically, two were converted to open, and two
procedures were completed with a combined abdominal
and thoracic approach. Four of the patients had EJ

Table 1 Creighton University Foregut Symptom Severity Scoring System

Score Heartburn Dysphagia Regurgitation Chest pain Nausea/vomiting

0 None None None None None

1 Minimal—episodic, no treatment
is required

Once a week or less Mild—after straining or
large meal

Minimal—episodic Minimal—episodic

2 Moderate—controlled with
medication

More than once a week,
requiring dietary
adjustment

Moderate—positional Moderate—reason
for visit

Moderate—reason
for visit

3 Severe—interferes with daily
activity or not controlled
with medication

Severe, preventing
ingestion of solid
food

Severe—constant
regurgitation with or
without aspiration

Severe—interferes with
daily activity

Severe—interferes
with daily activity
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reconstruction, while 18 had GJ, of which five had a larger
gastric pouch with a recreated fundoplication. In 13
patients, the distal stomach was resected, and in nine, it
was left in situ. The types of the procedures performed are
summarized in Table 4, and the postoperative anatomy is
demonstrated in Fig. 1.

The diet was advanced in a stepwise fashion from clear
liquids to full liquids and then to six small meals daily. The
patients were not placed on bariatric diet, but they were
counseled by a dietician and instructed on dumping
syndrome symptoms with high-sugar food consumption.
Most patients had a temporary gastrostomy or jejunostomy
tube placed at the time of surgery, especially if the
procedure was done via laparotomy. Tube feeds were
administered if prolonged nothing by mouth status was
required. Discharge criteria included diet tolerance, ade-
quate bowel function, and satisfactory pain control.

Perioperative Morbidity and Mortality

There was no in-hospital or 30-day mortality. Ten compli-
cations occurred in seven (32%) patients (Table 5) within
the 30-day postoperative period. The mean hospital stay
was 10 days (range, 4–46). The majority of the patients
remained in the hospital for less than 10 days. Only five
patients were hospitalized for more than 10 days because of
complications.

One-Year Outcomes

The follow-up, performed via telephone interviews, was
completed in 21 out of the 22 patients (95%) and consisted
of at least a 12-month postoperative period. The mean
follow-up was 23 months (range, 12–44).

The average heartburn score was 0.38 (range, 0–2). The
average dysphagia score was 0.7 (range, 0–2), the average
regurgitation score was 0.23, all chest pain scores were 0,
and the average nausea score was 0.42 (Table 6). Two
patients complained of diarrhea and three of abdominal pain.

Three (14%) patients remained on proton pump inhibitors
for reflux, of which one graded his subsequent reflux

Figure 1 Postoperative RNY anatomy. a GJ (n=5); b GJ with
gastrectomy (n=8); c GJ with gastrectomy and fundoplication (n=
5); d EJ (n=4). RNY Roux-en-Y, GJ gastrojejunostomy, EJ
esophago-jejunostomy.

Table 2 Demographic Data

Total number of patients 22

Male/female 8:14

Age (years) 55 (range, 34–78)

BMI 31 (range, 20–49)

Mean number of previous operations 1.45 (range, 1–3)

Number of patients with 1 previous operation 14 (64%)

Number of patients with 2 previous operations 6 (27%)

Number of patients with 3 previous operations 2 (9%)

Table 3 Preoperative Findings (Coexistent Findings Are Accounted
For Separately)

Preoperative findings Number

Sliding hiatal hernia 6

Paraesophageal hiatal hernia 6

Intrathoracic fundoplication 2

Slipped Nissen 7

Tight/twisted Nissen 3

Disrupted fundoplication 3

Delayed gastric emptying 9

Distorted stomach 1

Esophageal stricture 2

Gastric polyp prolapse into esophagus 1

Esophageal diverticulum/ intraluminal stitch 1

Perforated gastric ulcer (Cameron) 1
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symptoms as 0 and two as 2. Three (14%) different patients
required continuation of metoclopramide for intermittent
nausea.

The mean satisfaction level reported was eight on a scale
from 1 to 10. Eleven patients (52%) rated their satisfaction
level as 9–10, seven patients (33%) as 7–8, and three
patients as 6 or less. Twenty patients (95%) would
recommend their procedure to a friend if needed.

The mean postoperative BMI of the 21 patients followed-
up was 25.4. As shown in Fig. 2, most of the weight loss
was observed in patients with a BMI of greater than 30. The
patients with a BMI of 30 or less essentially maintained
their weight. No patient was postoperatively found to have
a BMI of less than 20.

Discussion

Reoperations for previously failed antireflux procedures
have increasingly become common with an estimated
doubling of their occurrence over the last decade.4 They

are technically more challenging due to obscured anatomy
and scarring, resulting in a higher incidence of hollow
viscus perforations and vagal injury. Other factors, such as
short esophagus3 and delayed gastric emptying, further
compound the complexity of the procedure. These anatom-
ical and physiological factors account for a higher morbid-
ity and a lower success rate of reoperative fundoplicatons
compared to primary surgery.19,20 A morbidity of 4–40%
and a mortality rate of 0–4.9% have been reported.3,19–21

Traditional antireflux surgery aims to restore the incom-
petent barrier between the gastric reservoir and the
esophagus. An alternative surgical approach is the removal
or redirection of the gastric reservoir. This option appears
especially attractive in situations where a redo fundoplica-
tion would be expected to have a high failure rate. RNY
diversion has been used as a valid antireflux surgical option
for many years.11,12

Csendes et al. have reported excellent outcomes with
RNY reconstruction as a primary anti-reflux procedure both
after antrectomy and vagotomy22 and after duodenal switch
and vagotomy.23 Signs of regression of Barrett’s metaplasia
were demonstrated in these patients. Given their radical
nature, widespread application of these procedures as
primary surgical treatment for GERD has not gained
acceptance.24

Many studies13–17 have demonstrated the effectiveness
of weight-loss-directed RNY gastric bypass in the treatment
of GERD in obese patients. This is a particularly difficult
group of patients to treat, in which poorer outcomes have
been reported with fundoplications.25,26 Additionally, in the
obese patients with previously failed antireflux procedures,
conversion to a RNY gastric bypass has been shown to be
feasible with significant subsequent reduction of reflux
symptoms.27,28

Williams et al.29 reported better outcomes for patients
undergoing RNY GJ as compared to those undergoing redo
fundoplications, even though preoperatively, they had more
esophageal changes and greater number of previous
procedures. They showed improved symptom control and
decreased need for further operative interventions, though
they experienced significantly higher complication rate. In

Table 4 Type of Roux-en-Y (RNY) Procedures Performed

Number

Surgical approach

Open 14

Laparoscopic 4

Laparoscopic—converted to open 2

Combined thoracotomy and laparotomy 2

Total 22

Type of RNY reconstruction

EJ 4

GJ to small gastric pouch 13

GJ with fundoplication above 5

Total 22

Distal stomach

Resected 13

Left in situ 9

Total 22

Postoperative complications Number

Abdominal compartment syndrome, multi-organ system failure 1

Acute transhiatal stomach/small bowel herniation 1

Anastomotic bleeding 2

Anastomotic stricture 1

Fascial dehiscence, evisceration/wound infection 1

Large pleural effusion requiring thoracocentesis 1

Small bowel obstruction 3

Total 10

Table 5 Postoperative 30-Day
Morbidity
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our series, we show similar symptom resolution and high
patient satisfaction with RNY reconstructions.

A recent study demonstrated the safety and efficacy of
near-EJ with RNY reconstruction for recurrent GERD,
although significant morbidity was reported.30 Most of the
procedures were completed laparoscopically. The charac-
teristic feature of this procedure was an extremely small
pouch of 5–10 ml capacity, with the intention to maximally
reduce the amount of acid-producing stomach remaining
connected to the esophagus. A gastrostomy tube was placed
in the distal stomach.

The indications for RNY as a treatment option for failed
antireflux surgery have not been clearly defined. Situations
where a redo fundoplication would be expected to have
a high failure rate should bring RNY into consideration.
These situations include obesity (where not only fundopli-
cation has higher failure rate, but weight loss is also
desirable), short esophagus (since Collis gastroplasty with
fundoplication has poorer results than a straight forward
fundoplication), delayed gastric emptying, history of
multiple failed fundoplications, injured or scarred fundus,
and very poor esophageal motility (where a fundoplication
may result in disabling dysphagia).

A short-limb RNY GJ to a small gastric pouch is an
attractive alternative to a redo fundoplication. Occasionally,

patients with an undilatable distal esophageal stricture
(either primary peptic or secondary to previous operation)
or patients who sustain significant damage to the GEJ
during the dismantling of the previous fundoplication, will
require resection of the distal esophagus and proximal
stomach with RNY EJ.

The answer to the question of whether the distal gastric
remnant should be left in situ or resected is not clear.
Obvious concerns about leaving the distal stomach include
retained antrum syndrome and possible bleeding from
gastroduodenal ulcerations. However, the major advantage
of leaving the distal stomach in place is its availability for a
possible gastric pull-up if the patient needs an esophageal
resection in the future. This is particularly important in
patients with Barrett’s esophagus or poor esophageal motility.
In our study, we found no difference in patient symptom
resolution and satisfaction, either with or without distal gastric
resection.

There are three important technical differences between
RNY reconstruction for failed fundoplications and the
bariatric procedure. First, we leave a larger gastric pouch
(70–100 cc) to allow improved meal size. Although we do
not have objective data to compare patient satisfaction
between different pouch sizes, our patients report high
satisfaction without recurrent GERD symptoms. There is
always a concern with bleeding from the GJ anastomosis,
and more recently, we have started fashioning our pouch in a
vertical fashion with little or no fundus included. Second, we
create a large GJ to allow rapid transit of food out of the
gastric pouch, preventing regurgitation into the esophagus.
Third, we measure the biliary limb to be about 20 cm long,
with a 60-cm-long alimentary limb, in order to limit the
malabsorption associated with the usual bariatric procedure.
As a result of these modifications, the majority of the patients
maintain a healthy BMI, with the more obese ones losing a
significant amount of weight (although not to the extent of a
bariatric procedure). We anticipate that with short-limb
reconstructions, patients will have decreased nutritional
problems. We are in the process of obtaining nutritional
parameters for our patients to objectively assess this.

Morbidity is not negligible with RNY procedures as has
previously been reported by Williams and Awais.29,30

However, in our view, this can be considered a safe surgical
approach in the context of reoperative surgery on patients

Severity score Symptoms, number of patients

Heartburn Dysphagia Regurgitation Chest pain Nausea

0 16 9 17 21 13

1 2 9 3 0 7

2 3 3 1 0 1

3 0 0 0 0 0

Table 6 One-Year Symptom
Follow-up

Figure 2 Postoperative BMI changes.
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who have undergone multiple previous operations. Signif-
icant adhesions are encountered and the gastric blood
supply can be compromised by the previous operations.
Sound surgical technique and experience with these
reoperative interventions can mitigate the complication
rate. High patient satisfaction and symptom resolution is
attained with the RNY procedures in this difficult-to-treat
group of patients with incapacitating symptoms.

The conclusions that can be drawn are limited by the
retrospective nature of our study and the relatively small
number of patients included in this initial reporting of our
experience. The heterogeneity of the procedures performed
may be considered confounding; however, the common
underlying physiologic antireflux effect of the RNY
reconstruction is of great importance. Longer follow-up,
beyond the minimum duration of 1 year reported in our
study, will also be needed to validate the initial results of
patient satisfaction.

Conclusion

RNY reconstruction with GJ or EJ for failed antireflux
procedures is a safe, valid surgical option in difficult
situations, where a redo fundoplication is either non-
feasible or expected to fail.
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Abstract
Purpose X-ray repair cross complementing group 1 (XRCC1) is one of the major DNA repair proteins involved in the bas-
excision repair pathway. Several single-nucleotide polymorphisms in the XRCC1 gene are identified and related with
increased cancer risk development. In particular, the -77T>C polymorphism located on the promoter region relates with
lung cancer risk development. The aim of this study is to analyze the -77T>C allelic frequencies in a population composed
of 456 primary gastric cancer patients (GC) and 507 blood donor controls.
Methods GC patients were observed at the University of Siena, Italy; clinicopathological data and family history were
available for the cancer group. The control group is composed of blood donors. Constitutional genomic DNA was PCR
amplified, and XRCC1 -77T>C was detected using restriction enzyme BsrB I and analyzed in a 3% agarose gel.
Results The -77C>C homozygous genotype was significantly associated with increased risk of gastric cardia carcinoma
(p=0.023) with an odds ratio of 1.65 (95% confidence interval 1.14 to 2.4). In the family history stratification, we report a
significant association (p=0.043) between the -77T>C polymorphism and GC cases with familial lung cancer aggregation.
Conclusions Our results suggest that the XRCC1 -77T>C polymorphism is a relevant host susceptibility factor for gastric
cardia cancer development and specific subsets of familial clustering of GC.

Keywords Gastric cancer . Single nucleotide genetic
polymorphism . Risk factor

Introduction

Gastric cancer (GC) remains the second leading cause of
cancer-related death and the fourth most common epithelial

neoplasia worldwide.1,2 Recently, a gradual decrease in
incidence and mortality rate in intestinal GC has been
observed;3 conversely, the diffuse histotype is showing a
constant trend of increasing incidence in other geographic area.

Several genetic, epigenetic, and environmental factors
interact causing a cumulative effect in the early steps of gastric
carcinogenesis; among these, human genetic polymorphisms
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in some inflammation-related genes are related with an
increased risk of Helicobacter pylori related GC.4–8 Continu-
ous exposure to etiological risk factors, like H. pylori, causes
an alteration of the DNA repair system leading to an increase
mutation rate in the epithelial cells of the host.

9

Functional polymorphisms in DNA repair genes have
been demonstrated to alter the DNA repair activity and
have been associated with different types of neoplasia,
namely lung cancer.10 One of such genes is the X-Ray
Cross-Complementing Group 1 (XRCC1; OMIM *194360)
that is one of the major DNA repair proteins involved in the
base-excision repair pathway.11,12

In XRCC1, the functional polymorphism -77T>C
(rs3213245), located in the promoter region, decreases the
DNA repair efficiency leading to increased cancer suscep-
tibility.12 Recently, Hao and colleagues demonstrated that
the -77T>C polymorphism in the XRCC1 gene 5′ untrans-
lated region contributes to its diminished function since it
shows high affinity to Sp1 leading to XRCC1 reduced
transcriptional activity. Further, C allele of XRCC1 gene has
been associated with increased risk of lung cancer.13

In the present study, we aimed at determining the
association between T>C polymorphism of the XRCC1
gene and risk of GC development using a series of 507
controls and 456 patients with primary GC from two Italian
geographic areas (with high and low incidence of GC).
Moreover, we studied the clinicopathologic features of
patients and tumors, including the family history of these
GC patients, namely, history related to members affected
with lung cancer within the family.

Methods

Study Population

A total of 963 subjects were enrolled in this study; 456
cases were GC patients who underwent surgical treatment
for resectable GC between 1989 and 2008 at the Depart-
ment of Human Pathology and Oncology, Hospital of the
University of Siena, Italy. The control group included 507
unselected healthy blood donors, recruited after obtaining
informed consent in the period 2001–2003 at the same
Hospital Center; all blood donors were case-unrelated.

We studied 176 women in the cases and 129 women in
controls. The recruitment of the patients and controls was
concentrated in two geographic areas: Central Italy (748
cases, 77.7%) and Southern Italy (215 cases, 22.3%).
Central Italy represents a high-risk area and Southern Italy
a low-risk area for GC.

In the GC group, 303 cases (66.4%) were of intestinal
histotype and 153 (33.6%) of diffuse type; tumor location
was subdivided into cardia (70 cases, 15.3%) and noncardia

(386 cases, 84.7%) carcinoma. In the cancer group, we
evaluated the correlation between GC, the genotype
polymorphism of XRCC1 gene, and the smoking habits.
Smoking history was available in 381 GC patients; overall,
we stratified all individuals as smoker or no smoker and
correlated the cigarette tobacco consumption with the
-77T>C genotype. In the control population, no report of
smoking habits was available.

Family History for Lung Cancer

This study was approved by the Local Ethics Committee,
and informed consent was obtained from all recruited
subjects. Oncological anamnesis and family history were
investigated, adopting the detailed method described previ-
ously.14,15 Family history was available for 443 GC
probands; familial data were not obtained from 13
individuals. A detailed family history of GC was carefully
collected including the presence of patients with lung
cancer in first-degree relatives within the family. Forty-
three (9.4%) GC probands showed a family history for lung
cancer at first-degree relatives in the patient’s family.

DNA Extraction, Promoter Amplification, and Genotyping

For GC patients constitutional DNA was extracted from
50 mg of normal gastric tissue after histopathological
examination, in accordance with the Puregene DNA
Purification Kit Protocol (Gentra Systems, Minneapolis,
USA); for healthy blood donors, constitutional DNA was
extracted from whole blood using the same protocol. The
XRCC1 -77T>C was detected by using the polymerase
chain reaction (PCR) restriction fragment length polymor-
phism assay. PCR conditions and adopted primers were
described previously.12 A 219-bp PCR product was
digested with the restriction enzyme BsrB I (New England
BioLabs, Beverly, MA, USA) and separated on a 3%
agarose gel. The -77T allele has two restriction sites and
produces three fragments of 116, 57, and 46 bp, and the
-77C allele has only one restriction site, resulting in two
fragments of 173 and 46 bp (Fig. 1). The accuracy of the
assay was checked by direct sequencing of samples from
-77T, -77T>C, and -77C polymorphism variant carriers.

Hardy–Weinberg Equilibrium and Statistical Analysis

The Hardy–Weinberg equilibrium in the control group was
calculated with the formula:

p2 � 2pqþ q2¼ 1

where p is the frequency of dominant allele and q the
frequency of the recessive allele. Deviation between
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expected and observed values was analyzed by means of
Pearson’s chi-square test. Comparison between genotype
frequencies in the two groups under study was evaluated by
means of Pearson’s chi-square test. The genotypic specific
risks were estimated as odds ratios with associated 95%
confidence intervals (CI) by using correlation analysis and
compared with Fisher’s exact test. This analysis was
repeated by stratifying for age (≤50/>50), gender (male/
female), and area of residence (high-risk versus low-risk
areas). Furthermore, the genotypic specific risks were also
estimated separately for cardia/noncardia tumor location,
intestinal/diffuse histotype, tumor advancement (early GC
versus advanced GC), and family history for lung cancer.
For statistical analysis, SPSS statistical package (version
15.0) was used.

Results

Table 1 summarizes the genotype frequencies for the XRCC1
-77T>C polymorphism among the 456 controls and among
the 507 patients with primary GC. Considering both

populations, the polymorphisms did not deviate significantly
from those expected under Hardy–Weinberg equilibrium. In
controls, the frequency of T allele was 0.61, and the
frequency of the C allele was 0.39 (χ2 0.3; p=0.96). In the
cancer group, the allelic frequency was 0.58 for the T allele
and 0.42 for the C allele (χ2 0.07; p=0.96). The frequencies
of the TT, TC, and CC genotypes were 34%, 48%, and 18%
in the cancer group versus 37%, 47%, and 16% in normal
healthy individuals, respectively. The distribution was not
statistically different between the two groups (p=0.577).
Odds ratios (95% confidence interval) associated with TC,
CC, and C carrier were 1.05 (0.93–1.19), 1.13 (0.88–1.45),
and 1.05 (0.96–1.15), respectively; no significant cancer risk
appeared to be associated with the distinct genotypes.
Further, in Table 1, we stratified the genotype frequencies
for the XRCC1 - 77T>C polymorphism and the genotype-
specific risk according to age of onset (before and after
50 years), gender, and geographic risk areas (high-risk and
low-risk areas). No significant difference in genotype
frequencies and corresponding odds ratios was found.

The analyses between the genotype frequencies for the
XRCC1 -77T>C polymorphism and pathological character-

Figure 1 Genotype analysis at -77 promoter polymorphic site of XRCC1 by digestion of PCR product with BsrB I restriction endonuclease. Band
patterns of heterozygote with CT, homozygote with CC and TT.

Table 1 XRCC1 Genotype Frequencies in Cancer and Control Groups with the Correlated Genotypic Specific Risks (Odds Ratios and 95%
Confidence Limits)

Number
of cases

Cancer group
(%) n=456

Control group
(%) n=507

p value Odds ratio (95% CI)

TT CT CC TT CT CC CT CC C carrier

Age

≤50 405 39 47 14 39 47 14 1.000 1.00 (0.71–1.40) 0.99 (0.45–2.17) 1.01 (0.76–1.33)

>50 558 34 48 18 33 45 22 0.612 1.02 (0.85–1.23) 0.88 (0.63–1.23) 1.01 (0.77–1.33)

Gender

Male 658 35 47 18 37 47 16 0.779 1.01 (0.97–1.17) 1.12 (0.82–1.51) 0.96 (0.78–1.18)

Female 305 33 50 17 40 44 16 0.487 1.14 (0.91–1.43) 1.17 (0.74–1.86) 0.83 (0.62–1.12)

Risk areas

High-risk 748 35 47 18 39 44 17 0.465 1.09 (0.95–1.26) 1.13 (0.84–1.50) 0.89 (0.74–1.07)

Low-risk 215 32 50 18 28 57 15 0.522 0.91 (0.73–1.13) 1.07 (0.63–1.84) 1.13 (0.75–1.72)

Total 963 34 48 18 37 47 16 0.577 1.05 (0.93–1.19) 1.13 (0.88–1.45) 1.05 (0.96–1.15)
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istics of the tumors is presented in Table 2. No significant
associations were found between the distinct genotypes and
Lauren’s classification of the tumors and wall invasion
(early versus advanced). In contrast, when GC patients
were divided according to tumor site (cardia and noncardia
cancer), a significant difference in XRCC1 -77T>C geno-
type frequencies was observed. In individuals with cardia
carcinoma, the risk was higher for XRCC1 -77C homozy-
gote [odds ratio (OR)=1.65, 95% CI 1.14 to 2.4; p=0.015
(Fisher’s exact test)] (Table 2). Interestingly, XRCC1
heterozygous individuals did not show an increased risk
of cardia cancer (OR=1.18 CI 1.02–1.38).

Additionally, we investigated the family history of
cancer taking in account, specifically, the presence of
family members affected with lung carcinomas, since
XRCC1 -77T>C polymorphism has been previously asso-
ciated with lung cancer. We verified a significant associa-
tion between GC cases with XRCC1 -77C homozygote
genotype and -77C carriers (p=0.043) and familial aggre-
gation of lung cancer.

Since tobacco exposure is a well-known carcinogen
involved in lung cancer development, we analyzed,
whenever described in the clinical reports, the smoking
habits of the patients enrolled in the study. Considering the
smoking habits (smoker versus nonsmoker), we found a
significant association between GC smokers and the
genotype -77C>C (p=0.038; Table 2).

Discussion

XRCC1 protein is required for maintenance of DNA repair
activity during single-strand break events caused by
damaging agents. Human cell lines carrying XRCC1-
deficient function are hypersensitive to DNA-damaging
agents.16 The -77C>C promoter polymorphism of XRCC1
induces a functional deficiency in the gene, and its presence
has been associated to human cancer, namely, with non-
small cell lung cancer.13 The association between the
presence of the -77C>C promoter polymorphism of XRCC1
and increased risk of lung cancer was verified by case
control studies.12,17,18

Recently, we verified that some of the families with
clustering of GC also show members affected with lung
cancer,15 leading us to hypothesize that, in this particular
subset of GC, a susceptible genetic factor and/or a
particular environmental factor are likely to play a pivotal
role. In accordance to this hypothesis and as the first step of
our analyses, we studied the putative relationship between
XRCC1 -77T>C polymorphisms and familial aggregation
of GC, in particular familial cases of GCs also harboring
lung cancer in direct relatives. Regarding family history of
GC patients, we analyzed 43 GC cases with positive family
history for lung cancer and demonstrated a significant
correlation with XRCC1 -77C allele and the presence of
lung cancer in first-degree relatives. This data confirms that

Table 2 Stratification According to Lauren Histotype, Tumor Site and Stage, Family History, and Smoking Status

No. of
cases

Cancer group (%) n=456 p valuea Odds ratio (95% CI)

TT CT CC CT CC C carrier

Lauren

Intestinal 303 34 47 19 0.473 1.05 (0.92–1.21) 1.19 (0.90–1.56) 1.06 (0.95–1.17)

Diffuse 153 35 49 16 0.863 1.05 (0.88–1.24) 1.02 (0.70–1.48) 1.03 (0.90–1.18)

Tumor site

Cardia 70 26 48 26 0.059 1.18 (0.95–1.46) 1.65 (1.14–2.4)** 1.18 (1.02–1.38)

Noncardia 386 36 48 16 0.897 1.03 (0.91–1.17) 1.03 (0.79–1.36) 1.02 (0.93–1.13)

Tumor advancement

Early 61 43 46 11 0.554 0.93 (0.71–1.22) 0.70 (0.35–1.38) 0.92 (0.73–1.15)

Advanced 395 33 48 19 0.334 1.07 (0.95–1.21) 1.20 (0.93–1.55) 1.07 (0.97–1.18)

Family history for LC

Positive 43 21 51 28 0.043 1.28 (1.01–1.63) 1.89 (1.25–2.85)*** 1.26 (1.07–1.49)*

Negative 400 36 48 16 0.893 1.03 (0.91–1.17) 1.05 (0.80–1.37) 1.02 (0.93–1.13)

Smoking status

No 185 34 52 14 0.679 1.14 (0.77–1.67) 0.83 (0.53–1.43) 1.08 (0.76–1.53)

Yes 196 34 43 23 0.0038 1.11 (0.75–1.62) 1.78 (1.12–2.8) 1.28 (0.90–1.82)

LC lung cancer

*p=0.032; **p=0.023; ***p=0.015, Fisher’s exact test
a Comparison with 507 cases of the control group
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familial aggregation of gastric and lung cancer is associated
to susceptible genetic risk factors that do not occur in
familial forms of stomach cancer associated to germ line
defects of tumor suppressor genes, namely, E-cadherin and
p53, as previously suggested by Pedrazzani and col-
leagues.15,19,20 In addition, we analyzed the association
between the -77C>C promoter polymorphism of XRCC1
and the clinicopathologic characteristics of the patients and
tumors. Since in GC clear differences exist concerning the
epidemiological data, etiological factors, and clinical differ-
ences, between cardia and noncardia tumors21 and between
intestinal and diffuse histotypes,22 a stratified analysis was
performed.

We found an association between the XRCC1 -77C>C
and increased risk for developing cardia carcinoma.
According to our findings, GC cases with cardia location
and homozygous genotype for the XRCC1 -77C allele show
an increased risk for GC. As reported previously, cardia
adenocarcinoma is considered a distinct clinical entity with
different prognostic factors. In accordance to this, it has
been proposed that cardia cancer needs a different classi-
fication considering the different characteristics of cardia
cancer since the current tumor–node–metastases staging
system has been considered inadequate.23,24 Moreover, the
association between XRCC1 -77C allele and cardia carci-
noma is novel, and it is one of few genetic alterations
described in this subtype of GC since till now no specific
molecular phenotypes are related with this carcinoma. In
contrast, no associations were found between XRCC1 -77C
allele and other clinicopathologic features of the patients
and tumors.

Further, it has been suggested that exposure to various
environmental factors represent essential components of
GC tumorigenesis. Factors such as tobacco consumption,25

dietary habits,26 and H. pylori infection27 have been
demonstrated to be involved in the multifactorial process
of gastric carcinogenesis. Our results show that GC patients
carrying the genetic susceptibility for some DNA repair
genes, as the promoter XRCC1 -77T>C polymorphism,
concomitantly are exposed to tobacco consumption. Our
results allow us to speculate that gastric cardiac carcinoma
is associated to deficient activity of the XRCC1 gene due
to -77T>C polymorphism and a concomitant history of
smoking habits.

Our study reports some limitations that should be
explained. Firstly, because our study was a hospital-based
study, with cases recruited from hospitals and controls
recruited from the community population as blood donors,
the study subjects may not be representative of the general
population. However, we believe that our results are
unlikely to be attributable to selection bias because we
used a relatively large number of incident cases and
matched the controls to the cases on age, sex, and

residential area. Second, because both populations, cancer
and control groups, were recruited from different incidence
area, Southern and Central Italy (respectively, low and high
incidence areas), the -77T>C polymorphism may not
explain a common risk factor. Nevertheless, our results
did not identify significant correlation between stratified
populations and -77T>C polymorphism, and both groups
were in Hardy–Weinberg equilibrium. Third, smoking
status and family history were evaluated only in cancer
groups without correlation in respect to control group; we
will provide to assess a complete smoking status also in
control group in a further study to quantify the risk of
cardia GC development in -77C allele carriers. This is the
first study reported in literature; furthermore, other case
control studies from different population in multicenter
groups should confirm our results to improve the increased
risk of cardia GC in subjects carrying this single nucleotide
polymorphism.

Conclusion

In conclusion, we identified a novel biomarker involved
in DNA repair for assessing cardiac GC risk that occurs in
patients with a positive history of tobacco consumption. In
familial clustering of GC, the presence of lung cancer
in relatives may indicate that these patients can be carriers
of XRCC1 - 77T>C polymorphism risk allele.
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Abstract
Introduction Multifocal early gastric cancer (MEGC) is frequently observed and represents a serious risk when minimally
invasive treatments are performed.
Patients and Methods We present the experience of two Italian centers situated in a relatively high incidence area for gastric
cancer. Out of a total of 791 surgical resections for EGC carried out in two Italian centers from 1976 to 2006, we identified
98 patients with multifocal EGC (12.3%). Two hundred and sixteen lesions were observed. Generally sited near the
principal tumors, secondary lesions were, however, sometimes detected distally from the upper primary lesion. No
secondary lesions were detected in the upper third when the principal lesion was sited at the lower third.
Results Survival of MEGC patients was not significantly lower than that of patients with monofocal EGC. No cases of
gastric remnant relapse were observed at a mean follow-up of 9 years (range 1–28) after subtotal gastrectomy.
Discussion When EGCs are detected, the possibility of MEGC must always be investigated by endoscopy and
chromoendoscopy. When a MEGC is found in the lower third of the stomach and chromoendoscopy of the upper third
has been performed, subtotal gastrectomy can be considered as sufficient treatment.

Keywords Early gastric cancer .

Multifocal early gastric cancer . Subtotal gastrectomy .

Surgical treatment

Introduction

Multifocality is a rare condition in advanced gastric cancer,
but not unusual in early gastric cancer (EGC) lesions, with
an incidence of about 10%. In 1957, Moertel presented the
following criteria for the diagnosis of multifocal early
gastric cancer (MEGC): each lesion is histopathologically
malignant, and each one is separated from the others by a
normal gastric wall; lesions are not the result of local
extension of or metastasis from another gastric tumor.1

Moertel also affirmed that if the depth of invasion is the
same in two or more lesions, the one extending over the
greatest area should be regarded as the main lesion, with
the others considered as accessories. Although more
accurate endoscopy techniques, such as chromoendoscopy
and magnified imaging, are frequently used to identify
MEGC, this condition is often only diagnosed by a
pathologist and, therefore, not before surgical treatment.
For this reason, some surgeons submit EGC patients to total
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gastrectomy, thus, avoiding the risk of missing gastric
remnant lesions. This approach is generally considered too
aggressive, especially if we take into account comorbidities
and quality of life in patients submitted to total gastrectomy.

The aim of this retrospective study was to report the
experience of two Italian surgical units situated in two
hospitals in north-central Italy. In particular, clinical
outcome after subtotal gastrectomy for multifocal EGC
was evaluated and compared to that of patients with
unifocal EGC.

Patients and Methods

From 1976 to 2006, 791 patients underwent resection for
early gastric cancer in two Italian surgical units (Depart-
ment of General Surgery, Morgagni-Pierantoni Hospital,
Forlì and the Surgical Oncology Unit of Siena University).
Ninety-eight of these patients (12.3%) had multifocal
lesions according to Moertel’s criteria. All patients were
classified according to tumor size, Japanese macroscopic
type,2 Lauren’s histological type,3 and TNM classification.4

Patients with synchronous advanced gastric cancer or other
tumors were excluded. Age, sex, histologic and macro-
scopic type, size, and site were compared to identify risk
factors for multifocal EGC.

Subtotal gastrectomy was performed for tumors located
in the lower two thirds of the stomach, with removal of the
greater and lesser omentum and gastrojejunal Billroth II
reconstruction. Total gastrectomy was carried out for
tumors located in the upper gastric third, with Roux-en-Y
reconstruction. D1 lymph node dissection was generally
performed in elderly or critical patients, while en bloc D2
lymphadenectomy, in accordance with Japanese Gastric
Cancer Association recommendations, was preferred for all
other patients.2 Although hand-sewn anastomosis was
usually performed, we used staplers for esophagojejunal
anastomosis and sometimes for duodenal remnants.

Death from postoperative complications was considered
an event if it occurred during hospitalization. No patients
were submitted to adjuvant or neoadjuvant therapy. Follow-
up ultrasonography and serum-marker evaluation were
carried out every 6 months for the first 5 years. Endoscopic
checkups were carried out annually after surgery for a
period of 5 years given the incidence of gastric remnant
carcinoma and the importance of evaluating for esophagitis
or reflux, both treated pharmacologically. Once 5 years had
passed, endoscopy was performed after a further 2 years
and every 3 years thereafter.

Survival times were measured from the date of surgery
until death. Univariate analysis was performed by tracing
Kaplan–Meier survival curves,5 and comparison of survival
curves was based on the logrank test. Multivariate analysis

was carried out according to the logistic regression model
for categorical variables. All p values were based on two-
sided testing (threshold value p=0.05) and statistical
analysis was carried out using SPSS test (software package
13.0 version Chicago Inc.).

Results

Ninety-eight MEGC patients were operated on between
1976 and 2006, representing 12.3% of the 791 patients
consecutively submitted to surgery for EGC in the two
hospital departments. Patient characteristics are summa-
rized in Table 1. The variable most at risk for multifocality
in our patients was mucosal EGC<1 cm sited at the lower
third, but only tumor site (OR 2.007 [95%CI: 1.15–3.49],
p=0.014 ) and T infiltration (OR 1.747 [95%CI: 1.05–2.88]
p=0.029) were considered as independent risk factors at
multivariate analysis, the former being the most significant
(Table 2). Conversely, we did not find any correlation
between multifocality and sex, age >70 years, macroscopic
type, histologic type, differentiation, or lymphatic diffusion.
With regard to tumor size, we also considered 2 or 3 cm as
cutoff values, but these did not prove to be statistically
significant. Macroscopic type did not represent a risk factor
even when polipoid (I, IIa) and ulcerated lesions (IIc, III)
were considered together. We generally found two EGCs
and only rarely three or more multifocal tumors; principal
and secondary lesions were sited at the lower third of the
stomach. In particular, of the 216 lesions detected, 82
patients had two lesions, 12 patients had three, and four had
four. In four patients the principal lesion was sited at the
upper third, in 21 at the middle third and in 73 at the lower
third; two secondary lesions were detected at the upper
third, 31 at the middle third, and 86 at the lower third
(Fig. 1). Chromoendoscopy during endoscopy improved
detection of MEGC, but as it has only become standard
practice for EGC in the last few years, no definitive
conclusions on differences before and after its application
can be drawn.

Twenty-nine patients presented diffuse gastric cancer
and 69 intestinal histologic type. With respect to the known
association between familial gastric cancer and multi-
focality, more frequent in younger adults with diffuse type,
four patients from the former group were under 50 years of
age, but none had a family history of the disease.

Eighty-nine patients with distal multifocal EGC were
submitted to subtotal gastrectomy with Billroth II recon-
struction, while nine patients with upper third lesions
underwent total gastrectomy with Roux-en-Y reconstruc-
tion. No patient with distal multifocal early gastric cancer
was submitted to total gastrectomy if >2 cm of normal
mucosa was observed from the resection line. As the study
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was conducted over a relatively long period, and as D2
lymphadenectomy was still infrequent during the 1980s,
only 24 D2 dissections were performed, with a mean
number of 24.9 lymph nodes dissected. Taking into account
all the patients, a mean of 17.7 lymph nodes were dissected,

18.1 in MEGCs (range 4–54) and 17.2 in single EGCs
(range 3–62). The relatively low number of lymph nodes
obtained stems from the fact that during the first few years
of the study, sampling of fresh lymph node tissue was not
performed by the surgeon station by station but rather “en
bloc,” with only one piece of formalin-embedded tissue
sent to the pathologist. MEGC patients had a lower,
nonsignificant number of lymph node metastases than those
with EGC, and 10 patients were classified as N1 (11.3%
vs.16.2%, respectively; p=0.42).

Five- and 10-year survival of MEGC patients was 92.6%
and 89.8%, respectively, not significantly different from those
with unifocal EGC (93.3% and 89.6%, respectively; p=0.41;
Fig. 2). Patients submitted to subtotal gastrectomy had 5- and
10-year survival rates of 91.9% and 88%, respectively, while

Unifocal (%) N=693 Multifocal (%) N=98 P value

Sex ns
Male 396 (57.1) 62 (63.3)

Female 297 (42.9) 36 (36.7)

Age (years) ns
<70 401 (57.9) 48 (49)

>70 292 (42.1) 50 (51)

Macroscopic type ns
1 94 (13.5) 12 (12.3)

2a 55 (7.9) 6 (6.1)

2b 34 (4.9) 3 (3.1)

2c 328 (47.3) 50 (51)

3 168 (24.3) 26 (26.5)

Unknown 14 (2.1) 1 (1)

Site 0.001
Fundus/corpus 275 (39.7) 25 (25.5)

Antrum 418 (60.3) 73 (74.5)

Size 0.049
≤ 1 cm 126 (18.2) 21 (21.4)

>1 cm 512 (73.9) 54 (55.1)

Unknown 55 (7.9) 23 (23.5)

T1 0.002
a 346 (49.9) 62 (63.3)

b 347 (50.1) 36 (36.7)

Histological type ns
Intestinal 530 (76.5) 69 (70.4)

Diffuse/mixed 158 (22.8) 29 (29.6)

Unknown 5 (0.7)

Histological grade ns
1 221 (31.9) 38 (38.8)

2 190 (27.4) 24 (24.5)

3 272 (39.3) 34 (34.7)

Unknown 10 (1.4) 2 (2)

Lymphatic diffusion ns
N0 598 (86.3) 88 (89.8)

N+ 95 (13.7) 10 (10.29

Table 1 Clinicopathological
factors of patients with and
without multifocal early gastric
cancer

ns not significant

Table 2 Logistic regression analysis for variables associated with
multifocality

Explanatory variable Odds ratio 95% CI P value

Site 2.007 1.15–3.49 0.014

T1a/b 1.747 1.05–2.88 0.029

Size ns

ns not significant
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all patients who underwent total gastrectomy for upper
lesions showed 100% 10-year survival. Although this
difference is important, it must be remembered that only
nine total gastrectomies were performed.

No gastric remnant recurrence was observed in MEGC
patients after a median follow-up of 9 years (range 1–28),
while 10 of the 574 patients with single EGC who
underwent subtotal gastrectomies developed a new gastric
cancer or had gastric remnant relapse (1.7%) during the
same follow-up period. One of the 10 patients was
diagnosed with a new, well-differentiated T2 gastric
remnant adenocarcinoma (histologically similar to the first
one radically resected) only 11 months after the first
surgical treatment and was submitted to total gastrectomy.
The other nine patients developed gastric remnant recur-
rence or new gastric cancer after a median follow-up of
7.4 years (range 3–21).

Discussion

Multifocality is a condition described in 0.8–22% of EGC.6

Often diagnosed by the pathologist after surgical treatment
rather than preoperatively by the endoscopist (about 35% of
missed lesions are reported in Eastern studies7 and even
more in Western series8), multifocality represents a risk for
undertreatment. Generally observed in early lesions, multi-
focality is not very frequent in advanced gastric cancer.
Kitamura, reporting a 7.4% incidence of MEGC but only
3.02% of multifocal advanced gastric cancer, tried to
explain this difference by referring to the theory of collision
cancer, which suggests that two different early synchronous
lesions may fuse together after lateral and vertical growth,
becoming a single advanced cancer.9

Similarly, in our experience, MEGC represents around
12% of EGCs and is rare in advanced stages. Some authors
consider the large areas of intestinal metaplasia and
dysplasia, frequently present in elderly patients, as a
precursor of multifocality. Furthermore, an average age of
65 years is generally believed to be a risk factor for MEGC,
5–8 years higher than the age considered most at risk for
monofocal lesions.10,11

The male sex, mucosal lesions, differentiated histologic
type, elevated macroscopic type, tumor size <2 cm, and lower
third site have been found to be the most important risk factors
for MEGC. Literature data is, however, still somewhat
contradictory. Takeshita found a higher incidence of depressed
macroscopic type in his series of 61 MEGCs,7 while Huguier
observed a high number of nondifferentiated histologic type
EGCs in his relatively small patient population.12 Genetic
factors such as germline mutations in the E-caderin gene
have also been reported to be involved in a small number of
signet ring cell diffuse histotype EGCs with multiple
foci.13,14 Twenty-nine of our patients presented diffuse
carcinoma, but as no hereditary cancers were hypothesized,
genetic studies were not conducted.

Our data identified mucosal EGC sited in the antrum as
an independent risk factor for MEGC. Tumors <1 cm were
considered a significant, albeit not independent, risk factor.
Although MEGC was also rarely diagnosed preoperatively
in our series (50%), the increasing use of chromoendoscopy
and magnifying endoscopy gradually led to a higher
number of endoscopic diagnoses during the study period.

With regard to secondary lesions, two are generally
observed, although four or five are not uncommon and
as many as 43 synchronous lesions have also been
reported.6,9,10,15,16 In our series, 12 patients presented three
lesions and only four had four lesions. Secondary lesions are
generally observed in the same gastric third as the first tumor
or in a lower third and are only rarely located in the proximal
third. Kodama noticed that when the major lesion was
located in the upper gastric third, the others were sited in the
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lower one, whereas when the first lesion was in the lower
third, the secondary lesions were generally in the same
third.6 In our case series, we likewise observed that
secondary lesions were usually located near the principal
one and were generally observed in the lower gastric third. In
particular, 79.8% of the lesions were sited in the same area,
18.2% in an area near the principal lesion, and only 2% of
main upper lesions showed secondary antral lesions (Fig. 1).

Secondary lesions, when differentiated, generally present
the same histologic characteristics. Takeshita reported that
in his case series, 61% of well-differentiated main lesions
had well-differentiated secondary lesions, and only 13% of
undifferentiated lesions showed the same histologic char-
acteristics as the accessory lesions.7

In the literature, treatment of multifocal early gastric
cancer does not differ from that of monofocal lesions, and
endoscopic mucosal resection or subtotal gastrectomy are
recommended if indications for each tumor are satisfied.7,16

We agree with this approach and currently perform, when
possible, endoscopic mucosal resection (EMR) or endo-
scopic submucosal dissection (ESD). When criteria for
EMR or ESD are not satisfied and distal MEGC is detected,
we generally carry out subtotal gastrectomy for the
following reasons: secondary lesions are generally sited in
the lower third near the main lesion; secondary EGC sited
in the upper gastric third are rare; randomized and
retrospective studies have shown that patients submitted
to subtotal gastrectomy have lower morbidity and mortality,
a better quality of life and similar survival with respect to
those who undergo total gastrectomy, in both early and
advanced antral disease.17,18

The high incidence of misdiagnosis in MEGC makes it
important to perform chromoendoscopy, a simple and
inexpensive technique that allows small, hidden lesions to
be detected in all EGC patients. Such a strategy could help
reduce the incidence of missed lesions and gastric remnant
carcinoma, reported in 1.1–2% of EGC patients submitted
to subtotal gastrectomy.10,19 The incidence of gastric
remnant cancer in MEGC is no higher than that of unifocal
EGC. Kodera and coworkers, in a series of 2061 EGC,
observed a 2% incidence of gastric remnant cancer after a
follow-up of 16 years, and only one (0.8%) patient in this
subgroup had been diagnosed with MEGC.10

Although we did not observe any relapses or metachro-
nous gastric remnant cancers in patients operated on for
MEGC, 10 (1.7%) of the 574 patients who underwent
subtotal gastrectomies for monofocal EGC had a gastric
remnant cancer incidence similar to that reported in the
literature. One of these was a patient treated for a single
EGC of the lower third who was diagnosed with a second
lesion in the upper third only 11 months after subtotal
gastrectomy. In our opinion, this was a case of a missed
synchronous lesion. The other relapses were detected over a

period ranging from 3.5 to 16 years after subtotal
gastrectomy.

Five- and 10-year survival rates in patients with distal
MEGC treated with subtotal gastrectomy do not differ
greatly from those with single EGC,10 and MEGC is not
considered as a prognostic factor.20,21 The results from the
present study would seem to confirm this observation, with
survival curves similar for the two groups. Our findings
also indirectly point to the effectiveness of subtotal
gastrectomy in distal MEGC. Although patients with upper
lesions treated with total gastrectomy presented better
5- and 10-year survival, few patients were treated, and data
are not significant. However, we must underline that this is
a retrospective study, and a control group (distal MEGC
treated with total gastrectomy) is lacking.

In conclusion, MEGC is a rare occurrence, generally
involving the lower gastric third and usually not detected
by preoperative endoscopy. It is more frequent in patients
with small differentiated mucosal EGC. The prognosis of
MEGC is good, and treatment does not differ from that of
monofocal EGC. For this reason, subtotal gastrectomy
could be considered adequate treatment for lower and
middle third MEGC. However, secondary lesions in the
upper gastric third may be present, making preoperative
chromoendoscopy and postoperative endoscopic follow-up
strongly indicated.
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Abstract
Introduction In a previous uncontrolled study, a reduction of rectal distensibility and volume thresholds for sensations have
been related to the occurrence of fecal urgency and/or increased stool frequency after stapled hemorrhoidopexy.
Aim of the study The aim of this study was to compare rectal symptoms and sensory-motor function after stapled
hemorrhoidopexy and Milligan–Morgan hemorrhoidectomy.
Methods The clinical records of 12 (four women) and ten patients (four women) with third- and fourth-degree hemorrhoids,
respectively, who underwent stapled hemorrhoidopexy or Milligan–Morgan’s hemorrhoidectomy, were evaluated. One
week before and 6 months after surgery, rectal motor and sensory response to distension was assessed by an electronic
barostat, and bowel and rectal symptoms were recorded by means of a 7-day diary and Bristol Index scale and
psychological symptoms with SCL-90 questionnaire.
Results Rectal distensibility and volume thresholds for sensations were significantly lower after surgery (P<0.02) in the
stapled group. Increased stool frequency and/or fecal urgency arose in 41% of patients in the stapled group and associated
with altered rectal distensibility. No difference within and between groups could be demonstrated in SCL-90 score.
Conclusions Rectal distensibility and volume thresholds for sensations decrease after stapled hemorrhoidopexy. Altered
rectal distensibility was associated with rectal urgency and/or increased stool frequency.

Keywords Hemorrhoids . Barostat . Rectal motor function .

Rectal sensory function . Postoperative symptoms

Introduction

In 1998, Longo introduced an alternative approach to the
treatment of hemorrhoidal disease. Since then, randomized

studies and systematic reviews have shown that the procedure
is as safe as conventional hemorrhoidectomy and is associated
with shorter operating time, convalescence, less pain, and
postoperative disability.1

However, persistent postoperative symptoms, such as pain,
fecal urgency, or increase stool frequency, have been
described after this procedure.2,3 According to some authors,
anal pain could be avoided if rectal mucosa excision is
performed at a distance of at least 2–4 cm above the dentate
line.4–6 On the contrary, the pathophysiological mechanisms
underlying fecal urgency and increased stool frequency are
still unclear.

In a previous study, we have demonstrated a reduction of
rectal distensibility and volume thresholds for sensations in
patients treated with stapled hemorrhoidopexy, and a possible
correlation between rectal functional alterations and postoper-
ative disorders was postulated.7 However, that study was
uncontrolled, and the patients’ symptoms were not evaluated.

Aim of the present study was to compare the effect of
stapled hemorrhoidopexy and of Milligan–Morgan hemor-
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rhoidectomy on rectal motor and sensory function and
postoperative symptoms of patients with third- and fourth-
degree hemorrhoids.

Patients and Methods

Patients

The present is a retrospective study involving 22 consecutive
patients with third- and fourth-degree hemorrhoids referred to
the Surgical Department between June and November 2007.
Twelve patients (four women, mean age 48±9 years) under-
went stapled hemorrhoidopexy (SH) and ten patients (four
women, mean age 45±11 years) Milligan–Morgan hemor-
rhoidectomy (MMH). Type of surgical procedure was
determined by surgeon’s and patient’s choice. Preoperative
assessment included a full medical history, accurate procto-
logical evaluation, and proctosigmoidoscopy or colonoscopy.
No patient had previous proctological, rectal, or pelvic
surgery; concomitant anal, rectal, or inflammatory bowel
disease; chronic organic disease; and chronic medical treat-
ments (including laxatives, psychotropic drugs, and analge-
sics) during the previous 6 months. The study was performed
in accordance with the Declaration of Helsinki. All of the
patients gave their written informed consent to the surgical
procedure, to the rectal evaluations with the electronic barostat
(which are routinely performed in our Gastroenterology Unit
with the symptoms questionnaire to study the patients before
and after surgery), and to the use and the publication of their
data for scientific reasons. The gastroenterologist who
performed analysis of the tracing was blind to the kind of
surgical operation performed as another gastroenterologist
placed and made the barostat to the patients.

Questionnaires

As routinely performed in our Gastroenterology Unit,
during the week preceding each rectal evaluation, all the
patients were asked to fulfill a daily questionnaire reporting
the frequency and consistency of their bowel movements,
episodes of fecal urgency in association with each defeca-
tion, of abdominal pain, and of fecal incontinence. The
consistency of their stool was registered according to the
seven-point scale of the Bristol Index8 in which: 1=
separate, hard lumps—like nuts; 2=sausage-shaped and
lumpy; 3=sausage-shaped, cracked surface; 4=sausage or
“snaky,” smooth, soft; 5=soft blobs, clear-cut edges; 6=
fluffy pieces, ragged edges, “mushy”; 7=watery, no solids.

They also completed a psychological symptoms checklist
(SCL-90) that assesses symptom severity in the following
areas: anxiety, depression, hostility, interpersonal sensitivity,
obsessive–compulsive behavior, paranoia, phobic behavior,

psychosis, and somatization. The checklist consists of 90
items that subjects are asked to score 0–4 (0=absent, 1=mild,
2=moderate, 3=intense, 4=severe) on the basis of the severity
of their symptoms.9 The same questionnaires were completed
during the 6-month follow-up visit.

Materials

Visceral Distension Device

The rectal distensions were controlled by an electronic
device consisting of a pressure transducer linked by means
of an electronic feedback mechanism to a computer-driven
air injection–aspiration system (Synectics Visceral Stimu-
lator, Medtronic Synectics Medical, Milan, Italy).10 A thin-
walled plastic bag (Mobile Chemical Company, Pittsford,
New York, USA) was tied 0.5 and 8.5 cm from the distal
end of a double-lumen polyvinyl tube (Salem Sump Tube,
Sherwood Medical, Petit Rechain, Belgium; outer diameter
4.7 mm). One lumen of the tube was attached to the
pressure sensor and the other to the air injection–aspiration
system. The intrabag pressure and volume were recorded
by a computer using version 1.11 of the Polygram for
Windows® program.

Experimental Procedure

As described in detail elsewhere,7 briefly, the rectum was
cleaned with 130 ml of a 16% sodium biphosphate and 6%
sodium phosphate solution (Clismalax, Sofar SpA, Milan,
Italy) the evening before the study and the same morning
at least 2 h before the test. After an overnight fast, the
patient was placed in the left-lateral position on a padded
bed. The deflated bag was placed in the rectum with the
caudal end 6 cm from the anal verge. To unfold the bag
and for conditioning purposes, a first volume-controlled
distension (100 ml/min) was performed up to a volume of
300 ml (a smaller volume in the case of intolerance), and
the bag was then deflated. Each patient then underwent
two distensions: a pressure-controlled stepwise (4 mmHg/
2 min) and a volume-controlled ramp at 100 ml/min.
During all the distension periods, the patients were asked
to report their sensations of first distension, desire to
defecate, urgency, or discomfort (1=first sensation, 4=
discomfort) by means of a subject-operated marker device
electronically connected to both the distending device and
the computer.

Surgery

For both surgical procedures, bowel preparation was
performed the same day of operation with a 250-ml enema.
Antibiotic prophylaxis with a single dose of metronidazole
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(500 mg intravenously) was administered before the
induction of anesthesia. Deep-vein thrombosis prophylaxis
was performed with low molecular weight heparin
(3,000 IU/day) for patients older than 40. The procedures
were performed under regional anesthesia with the patients
in lithotomic position. Stapled hemorrhoidopexy was
performed with PPH 03™, Ethicon Endo-Surgery device,
according to the recommended technique.11 MMH was
performed with diathermy.12 Clear liquid diet was started
4 h after operation and solid diet the following morning.
There were no postoperative complications, and the patients
were discharged the day after surgery. Postoperatively, the
patients were encouraged to drink plenty of fluids and take
a high-fiber diet. No laxative was prescribed unless already
taken preoperatively. Oral analgesic were prescribed
according to patients’ needs.

Patients were reviewed at 1week and 1, 3, and 6 months
after surgery.

Data Analysis

Rectal distensibility was analyzed in terms of the slope of
the linear pressure/volume (mmHg/ml) or volume/pressure
(ml/mmHg) relationships, respectively, during pressure-
controlled or during volume-controlled rectal distensions.
During stepwise pressure-controlled distension, the intra-
balloon pressure was calculated by averaging the values
during each 2-min step of distension. During ramp volume-
controlled distension, intraballoon pressure was recorded at
10 ml intervals. To calculate the slopes of the pressure–
volume and of the volume–pressure relationships, the
values of pressure and volume tolerated by at least 75%
of patients (third quartile) were considered. The third
quartile was 20 mmHg during pressure-controlled stepwise
distension and 160 ml during volume-controlled ramp
distension. The slope of volume-pressure relationship
during volume ramp distension in healthy control subjects
in our laboratory is 0.06±0.02 ml/mmHg.13

The thresholds for sensations were defined, respectively,
as the first level of pressure and volume evoking sensation
of first distension, desire to defecate, urgency, and
discomfort.

Within- and between-group differences in stool frequen-
cy, stool form, symptom frequency, SCL-90 scores, rectal
distensibility, and thresholds for sensations before and after
surgical operation were assessed by using Wilcoxon’s and
Mann–Whitney U tests. Chi-square was applied to com-
parison of frequency data. P=0.05 (two-sided) was consid-
ered statistically significant.

With 12 and ten subjects in each group and a power of
0.80, it was possible to assess a difference in the variability
of the investigated phenomena by using Wilcoxon’s and
Mann–Whitney U tests for paired and unpaired data with a

significance level of 0.05 (two-tailed). Data are reported as
mean values ± standard deviations (SD).

Results

Symptoms

During the week preceding the surgical operation, the
frequency of bowel movement was 8±4 per week (bm/w)
in the SH group and 6±2 bm/w in the MMH, without
statistical difference (P=0.14). The Bristol index was,
respectively, 3.6±1 and 3.8±1 (P=0.79). No patients
referred abdominal pain, fecal urgency, or incontinence.

After surgical operation, the frequency of bowel
movement was 14±10 bm/w in the SH group and 7±
4 bm/w in the MMH, without statistical difference (P=
0.12). In four out of 12 patients (33%) in SH group, the
frequency of bowel movements per week increased from
10±7 to 22±8 (P=0.006). Four patients (33%) of the SH
group showed new onset of fecal urgency on a daily
basis. Overall, five out of 12 (41%) patients in the SH
group reported urgency or increased bowel movements.
Only one patient in each group reported urgency
without modification in number of bowel movements
and vice versa. The Bristol index did not change
significantly in both groups (3±1 in the SH and 4±1
in the MMH group, P=0.10). None of the patients
reported fecal incontinence.

At postoperative check-up, no late complications were
recorded. At 6 months follow-up, staple line was always
placed above the dentate line, with height between 1.5 and
2.5 cm. from the dentate line. No correlation between site
of anastomosis and symptoms were found. Four patients
had staples retained at anastomosis line. However, no
correlation was observed between presence of staples and
severity of symptoms.

Psychological Symptoms

The SCL-90 total scores did not differ significantly between
the two groups before surgery (32±23 vs 42±26, P=0.45)
and after surgery (24±18 vs 46±36, P=0.19) and in each
group before and after surgery. Likewise, the SCL-90 total
scores did not differ significantly before and after surgery in
each group (respectively, P=0.42 and P=0.84).

Rectal Distensibility

Before surgical operation, the two groups were comparable
for rectal distensibility during pressure stepwise distension
(10±4 mmHg/ml in SH vs 13±6 mmHg/ml in MMH
group, P=0.30) and during volume ramp distension (0.06±
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0.03 ml/mmHg in SH vs 0.05±0.04 ml/mmHg in MMH
group, P=0.62).

After surgery, rectal distensibility significantly de-
creased in all the patients of SH procedure during
pressure stepwise distension (3.8±3 mmHg/ml, P=
0.001) and during volume ramp distension (0.12±0.05,
P=0.009), while it did not change in patients of MMH
group (13±3 mmHg/ml during pressure stepwise disten-
sion, P=0.90 and 0.04±0.02 ml/mmHg during volume
ramp distension, P=0.54, respectively).

After surgical operation, rectal distensibility was signif-
icantly different in the stapled group compared to Milligan–
Morgan group during pressure stepwise (P=0.0002) and
ramp volume distensions (P=0.01). Figures 1 and 2 show
pressure–volume and volume–pressure relationships in both
groups during each different rectal distension before and
after surgical operation.

Before surgery, none of the patients in the two
groups had a value of rectal distensibility above the
mean±2 SD of the values of rectal distensibility in healthy
subjects in our lab (>0.10 ml/mmHg). After surgery, all
the patients with symptoms of increased stool frequency
and/or urgency to defecate after stapled hemorrhoidopexy
had a value of rectal distensibility above that value,
whereas none of the patients in the MMH group and of
the remaining patients in the SH group had rectal
distensibility above that value.

Thresholds for Sensations During Rectal Distensions

Tables 1 and 2 show thresholds for sensations of first
perception, desire to defecate, urgency, and discomfort in
SH and MMH groups before and after surgery during
pressure stepwise distension and during volume ramp
distension, respectively. In MMH group, pressure and
volume thresholds for sensations did not change signifi-
cantly after surgical operation. On the contrary, in the SH
group, volume thresholds for desire to defecate, urgency,
and discomfort were lower after surgery during both
distensions, and volume threshold for first perception was
also significantly lower after surgery during volume ramp
distension. Pressure thresholds for sensations were not
significantly different before and after surgery in both
groups.

Discussion

The aim of the present restrospective study was to compare
functional outcome after stapled hemorrhoidopexy and
Milligan–Morgan hemorrhoidectomy in order to clarify
the possible pathophysiological mechanisms underlying the
occurrence of increased stool frequency and/or fecal
urgency after stapled operation. The results demonstrate
that stapled operations reduce rectal distensibility and

Figure 1 Pressure–volume relationship during pressure-controlled stepwise distension before and after stapled (a) and Milligan–Morgan
hemorrhoidectomy (b).

Figure 2 Volume–pressure
relationship during
volume-controlled ramp
distension before and after
stapled (a) and Milligan–
Morgan hemorrhoidectomy (b).
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thresholds for rectal sensations, while these are not
modified by Milligan–Morgan hemorrhoidectomy. More-
over, the occurrence of urgency and/or increased bowel
movements is reported only by the patients with a value of
rectal distensibility above the upper limits of the normal
values that in the present study is the 41% of the patients
subjected to stapled procedure.

Previous studies, conducted by means of anorectal ma-
nometry, did not demonstrate alteration of rectal distensibility
even if they reported reduced thresholds for sensations during
rectal distension.14 A reduced threshold for sensations, in
absence of a concomitant evaluation of rectal motility, does
not allow the discrimination between a primary alteration in
the sensory afferent pathways or in the rectal motor response
to distension. As recently pointed out, electronic barostat is
the appropriate method to evaluate rectal sensitivity as it
permits also the concomitant evaluation of rectal distensibil-
ity.15 By means of the barostat, we reported in a previous
paper a reduced distensibility after stapled hemorrhoido-
pexy.7 The present study confirms the results of the previous
one also demonstrating that this motor alteration is associ-

ated with the presence of symptoms of fecal urgency and/or
increased bowel frequency.

Fecal urgency and/or increased stool frequency have
been associated with a number of alterations, such as
psychological factors influencing selective attention or a
perceptual response bias for the sensation,16 failure of
colonic absorption inducing abnormal rectal distension by
stool,17 hypersensitive rectum,18 and reduced rectal disten-
sibility that limits the reservoir function of the rectum and
increases the chance that stool induces the sensation.19 In
the present study, the inclusion of a psychological evalua-
tion in all the patients before and after surgery demonstrat-
ed that there were no differences in psychological distress
between and in the two groups. The stool consistency did
not change after surgery as documented by the Bristol
index. On the contrary, rectal distensibility and the thresh-
olds for sensations became significantly reduced after
stapled but not after Milligan–Morgan hemorrhoidectomy.
Moreover, a value of rectal distensibility above the upper
limit of normal values was recorded only in patients with
symptoms of increased bowel movements and/or urgency.

Stapled procedure Milligan–Morgan

Before surgery After surgery P Before surgery After surgery P

Pressure thresholds

FP 6±4 6±4 0.78 9±4 10±7 0.80

DD 12±7 9±3 0.15 16±11 16±16 0.94

UD 18±10 12±5 0.17 20±10 20±11 0.93

D 26±9 16±9 0.05 23±9 24±9 0.90

Volume thresholds

FP 35±44 30±21 0.77 33±39 50±40 0.46

DD 107±71 47±17 0.009 131±40 137±114 0.66

UD 132±79 85±22 0.03 135±70 179±8 0.50

D 196±68 95±46 0.001 224±119 273±102 0.83

Table 1 Pressure and Volume
Thresholds for Sensations
During Pressure Stepwise
Distension Before and After
Stapled and Milligan–Morgan
Procedure

FP first perception, DD desire to
defecate, UD urgency, D
discomfort

Stapled Procedure Milligan–Morgan

Before Surgery After Surgery P Before Surgery After Surgery P

Volume thresholds

FP 117±91 36±22 0.01 125±63 140±42 0.63

DD 155±87 62±21 0.009 167±60 180±14 0.48

UD 152±75 86±59 0.02 150±99 205±21 0.83

D 207±69 126±73 0.03 230±72 250±45 0.30

Pressure thresholds

FP 11±7 6±4 0.08 13±6 14±5 0.84

DD 14±7 9±6 0.13 14±7 17±5 0.50

UD 19±13 12±5 0.18 18±6 19±7 0.84

D 25±16 21±10 0.48 20±8 20±6 0.52

Table 2 Volume and Pressure
Thresholds for Sensations
during Volume Ramp Distension
Before and After Stapled and
Milligan–Morgan Procedure

FP first perception, DD desire to
defecate, UD urgency, D
discomfort
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Theoretically, stapled hemorrhoidopexy should not alter
rectal reservoir function, as it should consist only in
excision of a ring of redundant mucosa of the rectum
above the dentate line. However, previous papers have
shown that some smooth muscle is invariably excised in
stapled hemorrhoidopexy.20–24 One of these papers clearly
demonstrated that, in about 80% of the cases, the excised
specimens contained not only mucosa and submucosa but
more frequently than expected also smooth muscle of the
internal anal sphincter (38% of the cases) and of the rectum
(42% of the cases).21 It is possible that the partial resection
of muscular layer of rectal wall could alter the activation
status of mechanoreceptors demonstrated to be present and
to be involved in the motor and sensory response to
distension of the rectum.25

Several papers investigated the occurrence of symptoms
after stapled procedure with a follow-up of at least
6 months;26–34 however, only few assessed the presence
of urgency and of an increased stool frequency. The results
of these studies are in line with those of the present study
and reported a percentage of patients with urgency between
0% and 45%. Moreover, a recent consensus of expert
surgeons on stapled hemorrhoidopexy reported the occur-
rence of urgency as a possible symptom after the
procedure.35

The correlation between retained staples and postopera-
tive symptoms is still not clear. In a recent review,
Kubchandani et al.36 published the results of a question-
naire distributed to the members of the American Society of
Colon and Rectal Surgeons and reported 23.5% symptom-
atic and 37.1% asymptomatic unexpelled staples. On the
other hand, excision of the staple line with staple removal
has been advocated as effective for chronic pain, but no
data on urgency and frequency have been reported so far.

Previous studies have suggested that stapled hemorrhoi-
dopexy could induce alteration of anal continence as effect
of anal dilatation during stapler introduction in the anus or
of the resection of part of the anal sphincter muscle.37 In the
present study, the function of anal sphincter was not
systematically studied, but none of the patients developed
fecal incontinence after surgical operation. However,
considering the demonstrated effect of stapled hemorrhoi-
dopexy on rectal distensibility and the role that this
alteration of rectal function could have on the occurrence
of fecal incontinence,15 a careful assessment of patients
with factors predisposing to fecal incontinence should be
encouraged in preoperative patients’ selection

The present study has some weak points as it is
retrospective and on a small number of patients. However,
even with such a small population, we were able to
demonstrate a statistically significant difference between
the two groups of patients and, more important, to
demonstrate a relationship between symptoms and altered

motor and sensory rectal function. Even if these results
have to be confirmed in larger and randomized controlled
studies, they suggest that a careful selection of the patients
should precede the stapled operation in order to avoid
major problems for the patients.
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Abstract
Introduction Perforation of the colon is associated with significant morbidity and mortality. Pathologies arising from the
right colon differ greatly between Asians and the Western population. The aims of our study were to evaluate the
implications of perforated right colon in an Asian population and to identify factors that could predict the perioperative
outcome.
Methods A retrospective review of all patients who underwent operative intervention for peritonitis from right colonic
perforation from July 2003 to April 2008 was performed. Patients were identified from the hospital’s diagnostic index and
operating records. The severity of abdominal sepsis for all patients was graded using the Mannheim peritonitis index (MPI).
All the complications were graded according to the classification proposed by Clavian and colleagues.
Results Fifty-one patients with a median age of 60 years (range, 22–93 years) formed the study group. Diverticulitis
(47.1%) and malignancy (37.3%) accounted for the majority of the pathologies. Right hemicolectomy without diverting
stoma (n=34, 66.7%) was performed most commonly. Of our patients, 74.5% had perioperative morbidity with 19 (37.3%)
patients having grade III or worse complications. In our series, five (9.8%) patients died. On univariate analysis, American
Society of Anesthesiologists (ASA) score ≥3, ≥2 premorbid conditions, raised MPI, raised creatinine, and stoma creation
were related to more severe complications (grade III/IV). The following variables were correlated with in-hospital mortality:
ASA score ≥3, raised MPI, hematocrit <33%, raised creatinine, malignant perforation, and stoma creation. On multivariate
analysis, a higher ASA score ≥3 was predictive of significant morbidity, while both malignant perforation and stoma
creation were associated with mortality.
Conclusion Diverticulitis is the commonest cause of right colonic perforation in Asians. Patients with higher ASA score and
malignant perforation are at risk of higher morbidity and mortality. Resection with primary anastomosis is safe and patients
who require stomas are more likely to do worse.

Keywords Perforation . Right colon . Outcome . Surgery Introduction

Perforation of the colon is a serious abdominal emergency.
The commonest causes include malignancy and diverticu-
litis.1,2 The operative mortality and morbidity in these
patients remain significant despite advances in surgical
techniques and perioperative care.1,2

Most of the published literature on the consequences of
perforation of the colon has focused on the left colon due to
the high incidence of diverticulitis and malignancy in the
descending and sigmoid colon in the Western population.3

However, numerous studies have shown that pathologies in
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the right colon differ significantly between Asians and the
Western population.4,5

Colonic diverticulosis in Asians is more commonly
confined in the right and in young adults.5 This preponder-
ance has been postulated to be genetically linked. This is in
stark contrast to the Western population where diverticular
disease is deemed an acquired disease affecting mostly the
sigmoid and descending colon, with less common involve-
ment of the cecum and ascending colon.6

Furthermore, the incidence of right-sided colon cancer
was shown to be markedly lower in Asians compared to
Whites and African Americans.7 This phenomenon has also
been attributed to genetic risk factors or other uncharac-
terized carcinogens.

In addition, while the appropriate surgical technique
(Hartmann’s procedure versus primary resection with/
without diverting stoma) in handling left-sided colonic
perforation is not firmly established despite extensive
discussion,3 the literature reviewing the need for a stoma
in right-sided colonic perforation is lacking.

Thus, in view of the numerous unresolved issues
surrounding perforation of the right colon, the primary
aim of this study was to review the treatment and early
outcome of patients who underwent emergency surgery for

right colonic perforation. In addition, factors that might
predict morbidity and mortality were also evaluated.

Methods

Study Population

Tan Tock Seng Hospital is a 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 all patients who underwent operative intervention
for peritonitis from right colonic perforation from July 2003 to
April 2008 was performed. Patients were identified from the
hospital’s diagnostic index and operating records. Right-sided
pathologies were regarded if it was located from the cecum till
the transverse colon. Patients who suffered perforated colonic
injuries from abdominal trauma were excluded.

The data collected included age, gender, American
Society of Anesthesiologists (ASA) score, comorbid con-
ditions, presenting signs and symptoms, and clinical
parameters. Laboratory values, including full blood count
and renal panel, were also recorded. In addition, duration
from symptoms to surgery, duration from admission to
surgery, operative findings and interventions, length of
surgery, perioperative complications, mortality, and length
of hospital stay were also documented.

The severity of abdominal sepsis for all patients was
graded using the Mannheim peritonitis index (MPI; Table 1)
with a score of >26 being defined as severe.8 Classification
of diverticulitis was assessed using Hinchey’s classifica-
tion,9 and all colorectal cancers were staged according to
the guidelines of the American Joint Committee of
Cancer.10 The grades of complications (GOC) were in
concordance with the classification proposed by Clavian
and colleagues (Table 2).11–13

Statistical analysis was performed using both univariate
and multivariate analyses. The variables were analyzed to
the various outcomes using Fisher’s exact test, and their
odds ratio and 95% confidence interval were also reported.
For the multivariate analysis, the logistic regression model
was applied. All analyses were performed using the SPSS
13.0 statistical package (Chicago, IL, USA) and all p values

Table 1 The MPI

Risk factor score Score

Age >50 years old 5

Female sex 5

Organ failure 7

Malignancy 4

Preoperative duration of peritonitis 4

Origin of sepsis not colonic 4

Diffuse generalized peritonitis 6

Exudate

Clear 0

Cloudy, purulent 6

Fecal 12

Kidney failure=creatinine level>177 µmol/L or urea level>
167 mmol/L or oliguria<20 ml/h; pulmonary insufficiency=PO2<
50 mmHg or PCO2>50 mmHg; intestinal obstruction/paralysis>24 h
or complete mechanical ileus, hypodynamic or hyperdynamic shock

Table 2 Classification of surgical complications

Grade I Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical,
endoscopic, and radiological interventions

Grade II Requiring pharmacological treatment with drugs other than such allowed for grade I complications.
Blood transfusions and total parenteral nutrition are also included

Grade III Requiring surgical, endoscopic, or radiological intervention

Grade IV Life-threatening complication(s) requiring intensive care unit management (including organ dysfunction)

Grade V Death of a patient
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reported are two-sided, and p values of <0.05 were
considered statistically significant.

Results

During the study period, 51 patients underwent surgery for
perforation of the right colon. The median age of the study
group was 60 years (range, 22–93 years). There were more
females (n=28, 54.9%) in the study group and the majority
of patients had an ASA score of 2 or 3 (n=39, 76.5%).
Hypertension (n=22, 43.1%) was the commonest comorbid
condition, with 23.5% having at least two comorbid
conditions. There were four (7.8%) patients who were
immunosuppressed from either chronic corticosteroid con-
sumption (n=3) or human immunodeficiency virus (HIV)
infection.

A total of 30 (58.8%) patients underwent preoperative
computed tomographic (CT) scans before surgery, while the
remaining 21 (41.2%) were operated after clinical assess-
ment and may be assisted by the associated chest and/or
abdominal X-rays. Table 3 illustrates the various character-
istics of this study group.

Operative Findings

As shown in Table 4, diverticulitis accounted for majority
of the perforations in 24 (47.1%) patients, with malignancy
in another 19 (37.3%). Ten of these patients had perforation
at the tumor site, while the other nine had perforation of the
right colon due to a distal obstructing tumor. Some of the
other causes included ischemic colitis (n=3, 5.9%), severe
appendicitis causing cecal perforation (n=4, 7.8%) and
tuberculosis (n=1, 2.0%).

The commonest site of perforation was at the cecum (n=
30, 58.8%), followed by the ascending colon (11, 21.6%;
Table 4). The median MPI score was 15 (0–37), with 10
(19.6%) patients having a score of >26. There were a total
of 36 (70.6%) colonic anastomoses for which 32 (88.9%)
were stapled, with the remaining four (11.1%) handsewn.
Right hemicolectomy without diverting stoma (n=34,
66.7%) was performed most commonly while ileocolic
resection with stoma was created in 14 (27.5%) patients. Of
these 14 patients, only one had perforated diverticulitis,
while the rest had either malignant perforation (n=8) or
ischemic colitis (n=3). The time from symptoms or
admission to surgery and the median duration of surgery
were also described in Table 4.

Outcome

Significant proportion (74.5%) of our patients had associ-
ated perioperative morbidity, with 19 (37.3%) of them

having GOC III or worse complications (Table 4). The
majority of these arose from respiratory and wound
complications. Five (9.8%) patients died in our series.
There was no patient with postoperative anastomotic leak,
but there was one patient with ischemic stoma that
necessitated revision. The median length of stay was 8 days
(range, 3–141 days).

Analysis—Complications

Worse complications (GOC III or IV) occurred more
commonly in patients who had a higher ASA score (3–4),
≥2 premorbid conditions, MPI >26, raised preoperative
creatinine levels, and in patients who had stoma created.
Factors such as age, gender, site, and pathology of
perforation were not shown to be significant. Duration
from symptoms or admission to surgery and the median

Table 3 Characteristics of the 51 patients who underwent surgery for
right colonic perforation

n (%)

Median age, range (years) 60 (22–93)

≤60 26 (51.0)

>60 25 (49.0)

Gender

Male 23 (45.1)

Female 28 (54.9)

ASA status

1 8 (15.7)

2 18 (35.3)

3 21 (41.2)

4 4 (7.8)

Premorbid condition

Hypertension 22 (43.1)

Diabetes mellitus 6 (11.8)

Hyperlipidemia 8 (15.7)

Ischemic heart disease 4 (7.8)

History of cerebrovascular accident 5 (9.8)

Number of premorbid condition

0–1 39 (76.5)

2–5 12 (23.5)

Immunosuppression

No 47 (92.2)

Yes 4 (7.8)

One patient who is HIV positive

One patient with systemic lupus erythematosus and
two patients with rheumatoid arthritis on
corticosteroids

Preoperative CT scan

Performed 30 (58.8)

Not performed 21 (41.2)
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duration of surgery were also not related. ASA score was
the only independent variable related to significant mor-
bidity (GOC III or IV) after multivariate analysis (Table 5).

Analysis—Mortality

Mortality from perforated right colon was more likely in
patients who had a higher ASA score (3–4), higher MPI,
lower hematocrit (<33.0%), and raised preoperative urea
and creatinine levels. Malignant perforation and creation of
stoma were the only independent variables associated with
higher mortality after multivariate analysis (Table 6).

Comparison—Malignancy Versus Diverticulitis

Patients with malignant perforation were older and had a
higher ASA score compared to those with perforated
diverticulitis. Lower white blood cell and hematocrit were
also associated with malignant perforation. Factors such as
MPI, site of perforation, and the grading of complications
were not associated. Lower hematocrit was the only
independent variable predictive for malignancy after mul-
tivariate analysis. However, patients with malignant perfo-
ration were more likely to have stoma created and perish
from their conditions (Table 7).

Comparison—Stoma Versus No Stoma

Creation of stoma was more likely in patients with higher
ASA scores and raised creatinine level. Both higher MPI
and low hematocrit were the only independent variables
associated with stoma creation. Patients with stoma also
fared worse than those without (Table 8).

Discussion

Even though our series showed that diverticulitis and
malignancy are responsible for majority of right colonic
perforation, the distribution is vastly different compared to
the West. Malignant perforation accounted for the majority
of right colonic perforation in the West, while diverticulitis
is the main pathology in our series.2,14 This has been
attributed to the genetic differences between Asians and the
Western population.5–7

In the acute setting, differentiation between malignant
and diverticular-related perforation is difficult and may only
be evident after resection. Some of the differences between
the two groups included advanced age and higher ASA
score in malignant perforation. This is not surprising as
cancer patients are typically older and associated with more
premorbid conditions, while right-sided diverticular disease
are more common in younger Asians. Another important

Table 4 Surgical observations and procedures of the study group

n (%)

Site of perforation

Cecum 30 (58.8)

Ascending colon 11 (21.6)

Hepatic flexure and transverse colon 10 (19.6)

Cause of perforation

Diverticulitis 24 (47.1)

Hinchey II 15

Hinchey III 8

Hinchey IV 1

Malignancy 19 (37.3)

Perforation at tumor 10

Perforation proximal to tumor 9

Stage II 5

Stage III 6

Stage IV 8

Severe appendicitis causing cecal perforation 4 (7.8)

Ischemic colitis 3 (5.9)

Tuberculosis 1 (2.0)

Median MPI 15 (0–37)

≤26 41 (80.4)

>26 10 (19.6)

Nature of anastomosis

Handsewn 4 (7.8)

Stapled 32 (62.7)

No anastomosis (no stoma) 1 (2.0)

No anastomosis (stoma created) 14 (27.5)

Surgery performed

Right hemicolectomy without stoma 34 (66.7)

Right hemicolectomy with stoma 10 (19.6)

Total colectomy with end ileostomy 4 (7.8)

Total colectomy with ileorectal anastomosis 2 (3.9)

Appendectomy and primary closure of perforation 1 (2.0)

Time from symptoms to surgery

Within 48 h 28 (54.9)

After 48 h 23 (45.1)

Time from admission to surgery (h)

<24 33 (64.7)

≥24 18 (35.3)

Median duration of surgery (min) 125 (60–315)

≤120 24 (47.1)

>120 27 (52.9)

GOC

No complications 13 (25.5)

Grade I 7 (13.7)

Grade II 12 (23.5)

Grade III 6 (11.8)

Grade IV 8 (15.7)

Death or grade V 5 (9.8)

Median length of stay (days) 8 (3–141)
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clue that our series highlighted was that lower hematocrit of
<33.0% was more suggestive of malignant perforation.

Hinchey classification has often been used to predict
operative intervention and the associated morbidity and
mortality.9,15 In our series, patients with Hinchey III and IV
(four out of nine patients) had more severe complications
than patients with Hinchey II (two out of 15 patients).
While the ideal surgical procedure for perforated left
colonic diverticulitis remains controversial, our series
showed that right hemicolectomy with primary anastomosis
(23 out of 24 patients, 95.8%) for perforated right colonic
diverticulitis was associated with good outcome and
minimal complications.16,17

Perforation in colorectal cancers occurs due to either
direct perforation from tumor necrosis or proximally to an
obstructing tumor from a resultant closed-loop syndrome.
Recent data has suggested that factors such as perforation
proximal to the cancer and number of metastatic lymph
nodes were associated with higher perioperative morbidity
and mortality.18–20 In our series, though there were no
differences seen in the perioperative outcome between

patients who had proximal or tumor site perforation, this
could be because of our small numbers.

Mortality rate from perforated colorectal cancers has
been reported to be over 40%.20,21 In our series, the
mortality rate was 26.3%. Similar to other studies, the
majority of our malignant perforations were either stage 3
or stage 4. Furthermore, malignant perforation has been
shown to be associated with an increased risk of local
recurrence and carcinomatosis peritonei.22,23 In these
patients, apart from managing the peritoneal contamination
and the resultant septicemia, complete oncologic surgery
should be attempted to offer the best long-term outcome,
but only if the patient’s condition allows.

ASA score has been used for decades and is highly
predictive of morbidity and mortality in surgical patients.24–
26 In our series, a higher ASA score was the only
independent variable predicting severe complications.
However, ASA score has been criticized for its failure to
include the impact of numerous comorbidities and age.
Though our patients with two or more comorbid conditions
were associated with worse complications, an increased age

Table 5 Analysis of patients who developed serious versus minor or no complication

Characteristics GOC 0–II (n=32), n (%) GOC III–IV (n=14), n (%) OR (95%CI) p value

>60 years old 14 (43.8) 8 (57.1) 1.71 (0.48–6.09) >0.05

ASA score 3–4 8 (25.0) 12 (85.7) 18.00 (3.30–98.27)a <0.001a

≥2 premorbid conditions 4 (12.5) 7 (50.0) 7.00 (1.59–30.80) 0.010

MPI >26 1 (3.13) 6 (42.9) 23.25 (2.44–221.73) 0.002

WBC >10.0×109/L 24 (75.0) 10 (71.4) 0.83 (0.20–3.41) >0.05

Hematocrit <33.0% 7 (21.9) 6 (42.9) 2.68 (0.69–10.31) >0.05

Serum creatinine >110 µmol/L 1 (3.1) 4 (28.6) 12.4 (1.24–124.22) 0.025

Perforated diverticulitis 18 (56.3) 6 (42.9) 0.58 (0.16–2.07) >0.05

Malignant perforation 9 (28.1) 5 (35.7) 1.42 (0.37–5.41) >0.05

Creation of stoma 3 (9.4) 6 (42.9) 7.25 (1.47–35.71) 0.015

a Statistically significant on multivariate analysis

Table 6 Comparison of patients who died and the rest

Characteristics Alive (n=46), n (%) Death (n=5), n (%) OR (95%CI) p value

>60 years old 22 (47.8) 3 (60.0) 1.64 (0.25–10.73) >0.05

ASA score 3–4 20 (43.4) 5 (100.0) NA 0.023

≥2 premorbid conditions 11 (23.9) 1 (20.0) 0.80 (0.08–7.88) >0.05

MPI >26 7 (15.2) 3 (60.0) 8.36 (1.18–59.43) 0.046

WBC >10.0×109/L 34 (73.9) 1 (20.0) 0.09 (0.01–0.87) 0.029

Hematocrit <33.0% 13 (28.3) 4 (80.0) 10.20 (1.04–100.00) 0.037

Serum creatinine >110 µmol/L 5 (10.9) 3 (60.0) 12.30 (1.64–92.33) 0.023

Malignant perforation 14 (30.4) 5 (100.0) NA 0.005a

Creation of stoma 9 (19.6) 5 (100.0) NA 0.001a

a Statistically significant on multivariate analysis
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did not have a similar relationship. It has been shown in
many studies that chronological age is not an independent
predictor, but it is logical to deduce that patients who are
older are more likely to have more comorbid conditions and
a higher ASA score.27,28

The severity of peritonitis, and not the surgical proce-
dure or the underlying diagnoses, has also been shown to
be directly accountable for the surgical outcome;2,29–30

however, these data were predominantly based on left
colonic pathologies in the Western population.29 In our
series, MPI was used as it is easy to apply, can be used for
all diagnoses, and is able to prognosticate the patients
according to the severity of the peritonitis.2,8,29,30 To our
knowledge, MPI has never been used for right-sided
colonic perforation in an Asian population. Our series
concurred with the others that a higher MPI is associated
with stoma creation, severe complications, and
death.2,8,29,30 Some of its criticisms included the difficulty
in determining the exact timing from perforation to
operation and the neglect of patients’ hemodynamic and
physiological derangement.31 Nonetheless, even though our

series supported the usage of MPI in patients with colonic
perforation, a prospective study would be required to
further validate its usefulness in Asians.

Though emergency resection for right-sided colonic
pathologies has been shown to be technically easier, it still
carries an overall morbidity of up to 44%.32,33 The method
of anastomosis, be it handsewn or stapled, has not been
shown to be significantly related to the development of an
anastomotic leak or other complications in emergency right
hemicolectomy.33–35 This is supported in our series as there
was no patient with primary anastomosis from either method
that had any anastomotic complications. In addition, right
colectomy is associated with a lower rate of anastomotic
leakage compared to colocolic or colorectal anastomosis,
especially in the presence of an unprepared colon.36–38

In our series, stoma was created more often in patients
with more severe peritoneal contamination. Patients who
required stoma also had worse perioperative outcome. This
is not surprising, as diverting stoma has always been
advocated in patients who are hemodynamically unstable or
in those who are suspected to fare worse.3,16 However, as

Table 7 Comparison of patients with diverticulitis against malignancy

Characteristics Diverticulitis (n=24), n (%) Malignancy (n=19), n (%) OR (95%CI) p value

>60 years old 8 (33.3) 14 (73.7) 5.6 (1.48–21.13) 0.014

ASA score 3–4 6 (25.0) 15 (78.9) 11.25 (2.67–47.43) 0.001

≥2 premorbid condition 5 (20.8) 6 (31.6) 1.75 (0.44–6.98) >0.05

MPI >26 3 (12.5) 5 (26.3) 2.50 (0.51–12.18) >0.05

WBC >10.0×109/L 20 (83.3) 9 (47.4) 0.18 (0.04–0.73) 0.021

Hematocrit <33.0% 1 (4.2) 10 (52.6) 25.64 (2.84–250.00) <0.001a

Serum creatinine >110 µmol/L 2 (8.3) 5 (26.3) 3.93 (0.67–23.10) >0.05

Creation of stoma 1 (4.2) 8 (42.1) 16.67 (1.86–142.86) 0.006

Death 0 (0.0) 5 (26.3) NA 0.012

a Statistically significant on multivariate analysis

Table 8 Comparison of patients who had stoma created against those who did not

Characteristics No stoma (n=37), n (%) Stoma created (n=14), n (%) OR (95%CI) p value

>60 years old 18 (48.6) 7 (50.0) 1.06 (0.31–3.61) >0.05

ASA score 3–4 12 (32.4) 13 (92.9) 27.08 (3.16–231.87) <0.001

≥2 premorbid conditions 8 (21.6) 4 (28.6) 1.45 (0.36–5.87) >0.05

MPI >26 2 (5.4) 8 (57.1) 23.33 (3.95–137.68) <0.001a

WBC >10.0×109/L 28 (75.6) 7 (50.0) 0.32 (0.09–1.17) >0.05

Hematocrit <33.0% 7 (18.9) 10 (71.4) 10.75 (2.58–43.48) 0.001a

Serum creatinine >110 µmol/L 3 (8.1) 5 (35.7) 6.30 (1.26–31.47) 0.028

Noncecal perforation 14 (37.8) 7 (50.0) 1.64 (0.48–5.68) >0.05

Malignant perforation 11 (29.7) 8 (57.1) 3.15 (0.88–11.24) >0.05

GOC 3–4 8 (21.6) 6 out of 9 (66.7) 7.25 (1.48–35.61) 0.015

Mortality 0 (0.0) 5 (35.7) NA 0.001

a Statistically significant on multivariate analysis
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the morbidity rate from the complications of a diverting
stoma is not negligible,32,39,40 the authors opined that the
optimal choice of surgical intervention should remain at the
discretion of the primary surgeon with paramount consid-
erations given to the general condition of the patient and
degree of contamination.

As with most studies, there were several limitations in
the present study. This series of patients was enrolled from
a single institution and any retrospective study has inherent
flaws. Even though our study is the largest series in the
literature analyzing the consequences of right colonic
perforation in an Asian population, the sample size is still
very small with only 51 patients. This may mask several
other important factors that could be accountable for the
outcomes measured. More importantly, there were no
standard guidelines or protocol in our institution governing
the indications of surgery and the ideal operative techniques
to adopt in right colonic perforation with special consid-
erations given to the degree of peritoneal contamination and
the patient’s general condition. In addition, patients that
were managed conservatively for right colonic perforations
were not included in our series as our focus was to uncover
factors that could predict perioperative outcome.

Although these limitations are significant, this study
remains important in highlighting the various issues
pertinent in right colonic perforation that are considerably
different and rarely seen in the Western population. Our
study also identified various factors that could be predictive
of a worse perioperative outcome after surgical resection
for right colonic perforation.

Conclusions

Diverticulitis is the commonest cause of right colonic
perforation in Asians. Anemia is predictive of a malignant
perforation in these patients. Patients with higher ASA
score and malignant perforation are at risk of higher
morbidity and mortality. Resection with primary anastomo-
sis is safe in the majority, and patients who require stomas
are more likely to do worse.
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Abstract
Background Reversal of Hartmann’s is a common surgical procedure. Routine preoperative evaluation of the distal colonic/
rectal remnant (DCRR) with contrast and/or endoscopic studies is frequently performed despite lack of evidence to support
this practice. We hypothesize that asymptomatic patients can safely undergo Hartmann’s reversal without preoperative
DCRR evaluation.
Methods Adult patients undergoing reversal of Hartmann’s at a single institution were retrospectively identified. Operative
characteristics and outcomes in patients with and without preoperative DCRR evaluation were compared.
Results Between 1993 and 2008, 203 patients underwent reversal of Hartmann’s at a tertiary referral center. Sixty-eight
patients (33%) did not undergo preoperative DCRR evaluation and had comparable demographic characteristics,
comorbidities, DCRR length, and perioperative outcomes to 135 patients who underwent preoperative contrast and/or
endoscopic studies. After evaluation, 125 (93%) patients had normal findings, seven (5%) patients had abnormal studies that
did not impact their management, and three (2%) patients underwent additional procedures.
Conclusion Hartmann’s reversal without previous DCRR evaluation is acceptable in selected asymptomatic patients,
without increased risk of complications.

Keywords Hartmann’s procedure . Colostomy . Enema .

Endoscopy

Introduction

Hartmann’s procedure involves segmental colonic resection
with end-colostomy or end-ileostomy and closure of the
distal colonic/rectal remnant (DCRR), which remains in the
pelvis or abdomen as a blind-ending pouch (Hartmann’s
pouch). This procedure is commonly performed in emer-
gency situations in patients who require partial colectomy
and are deemed to be at high risk of complications from a

primary bowel anastomosis. The number of patients who
undergo takedown of their stoma as a second-stage pro-
cedure varies between 56% and 100%.1–5

Preoperative DCRR evaluation by means of contrast
and/or endoscopic studies is routinely requested by many
surgeons to exclude leak, stricture, inflammation, and
tumors, which could preclude Hartmann’s reversal. DCRR
evaluation is safe and has only minor disadvantages
including cost, radiation exposure, and patient discomfort.
However, there is no clear evidence that this practice affects
surgical management or benefits patients. A previous study
reported abnormalities in 16% of routine contrast DCRR
studies, although these altered treatment in only a small
minority of cases.6 In addition, the role of endoscopy in this
setting has not been defined.

We undertook this study to evaluate our use of
preoperative evaluation of the DCRR. We were specifically
interested to determine if the findings of these routine
studies changed our management of asymptomatic patients.
We hypothesize that Hartmann’s reversal can be safely
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performed without routine preoperative DCRR evaluation
in asymptomatic patients lacking other indications for pre-
operative investigation of the DCRR.

Materials and Methods

Patients undergoing Hartmann’s reversal at the University
of Wisconsin were retrospectively identified after institu-
tional review board approval. We were unable to retrospec-
tively identify patients undergoing preoperative DCRR
endoscopic and/or contrast studies due to lack of specific
codes for these procedures. Hartmann’s procedure was
defined as segmental colectomy, with or without resection
of contiguous distal ileum, with proximal end-colostomy or
end-ileostomy and closure of the DCRR. Defunctionalized
distal colon and rectum extending proximal to the recto-
sigmoid junction was defined as long DCRR. Patients
younger than 18 years of age and those undergoing DCRR
contrast or endoscopic studies more than 180 days prior to
takedown were excluded from the study. Patients undergo-
ing additional surgical procedures at the time of Hartmann’s
reversal were analyzed separately.

Medical records were reviewed for patient demographic
characteristics, indications for Hartmann’s procedure, oper-
ative characteristics, length of hospital stay, and procedure-
related morbidity and mortality. Anesthesia records were
retrieved to determine American Society of Anesthesiolo-
gists (ASA) score, estimated blood loss (EBL), and opera-
tive time. The ASA score was used to compare patient
preoperative overall physical health.7 Operative time was
defined as the time from skin incision to closure. When
EBL was reported as “minimal,” a value of 50 ml was
arbitrarily assigned to allow quantitative comparison be-
tween groups. Length of hospital stay (LOS) was defined as
the time from operation to discharge from hospital. Return
of bowel function was defined as the time to initiation of an
oral diet consisting of unlimited liquids.

Radiology and endoscopy reports were reviewed to
determine study indications, results, and type of contrast
used. For contrast studies, a Foley catheter was inserted
though the patient’s anus and contrast was infused to
distend the DCRR for adequate visualization. The presence
of pouch diverticulosis or polyps not requiring treatment
before Hartmann’s reversal were defined as normal findings
as they did not affect surgical management.

Complication grade was assigned using a scale ranging
from 1 to 5 according to the system proposed by Mazeh et
al.8 Briefly, this system grades inpatient and outpatient
complications in the first 21 days after colorectal surgery.
In order to allow comparison of patient groups, we
recorded only the highest complication grade for each
patient.

Student’s t test, Fisher’s exact test, and the Cochran–
Armitage test were used to compare continuous varia-
bles, noncontinuous variables, and trends in ordinal
variables, respectively, with p<0.05 representing statisti-
cal significance. Means are represented ± standard
deviation.

Results

Patient Characteristics

Between 1993 and 2008, 214 adult patients underwent
reversal of Hartmann’s procedure at the University of
Wisconsin. Eleven patients underwent pouch contrast or
endoscopic studies more than 180 days prior to takedown
and were excluded, yielding 203 patients for analysis. One
hundred thirty-five patients (67%) underwent pouch con-
trast and/or endoscopic studies prior to takedown and 68
(33%) did not. There were no significant differences in age,
gender distribution, time interval from Hartmann’s proce-
dure to Hartmann’s reversal, DCRR length, or ASA score
in patients with and without preoperative DCRR evaluation
(Table 1). The proportion of patients undergoing takedown
after Hartmann’s procedure for complications of diverticu-
litis was higher in patients with contrast/endoscopic studies
of their DCRR but did not reach statistical significance (p=
0.052). Fourteen of 135 patients (10.4%) who underwent
DCRR evaluation and 12 of 68 (17.6%) of those who did
not, had a long DCRR (p=0.18). There was no difference in
the proportion of patients undergoing Hartmann’s reversal
by a surgeon other than the one who performed their
Hartmann’s procedure (p=0.10).

Sixty-seven of 203 (33%) patients underwent addi-
tional surgical procedures at the time of Hartmann’s
reversal (Table 2). Fifty-five percent of these patients
(n=37) had preoperative investigation of the DCRR prior
to reversal while the remaining 45% (n=30) did not. There
were no significant differences in age, gender, interval of
time from Hartmann’s procedure to reversal, DCRR
length, or ASA score in those patients with and without
preoperative DCRR evaluation (Table 1). Similarly, there
were no differences in surgeon (p=0.46) between these
groups. We did find that the proportion of patients with a
diagnosis of diverticulitis was significantly higher in
patients with contrast/endoscopic studies of their DCRR
(p=0.01).

Contrast/Endoscopic Studies

In 135 patients undergoing DCRR evaluation prior to
takedown, 117 contrast studies and 22 endoscopic
studies were performed (Table 3). Four patients (3%)
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Table 1 Demographic Characteristics and Surgical Indications in Patients Undergoing Hartmann’s Reversal With and Without Preoperative
DCRR Study (n=203)

                Study    No study   p value  

Age [mean years±SD (n)] 
  All patients   57±16 (135)   55±16 (68)   0.41 
   HR only   57±16 (98)   57±16 (38)   0.90 
   HR+additional procedure 57±14 (37)   55±12 (30)   0.50 

Gender [Male : Female] 
All patients   72:63 (135)   37:31 (68)   1 

HR only   56:42 (98)   21:17 (38)   0.85 
HR+additional procedure 16:21 (37)   16:14 (30)   0.47  

Time to reversala [mean days±SD (n)] 
  All patients   254±343 (126)   190±162 (65)   0.16 
   HR only    237±233 (93)   159±91 (35)   0.06 
   HR+additional procedure 303±549 (33)   227±213 (30)   0.48 

Long DCRRb       
All patients   14/135 (10.4%)  12/68 (17.6%)   0.18  

HR    11/98 (11.2%)   6/38 (15.8%)   0.56  
HR+additional procedure 3/37 (8.1%)   6/30 (20.0%)   0.28 

Different surgeonc

All patients   67/135 (49.6%)  25/68 (36.8%)   0.10
HR    48/98 (49.0%)   13/38 (34.2%)   0.13 
HR+additional procedure 19/37 (51.4%)   12/30 (40.0%)   0.46 

ASA score (1-5)  
   

All patients    
n   129    68 

    1   4    5 
    2   74    28    0.32 
    3   49    33 
    4   2    2 
  
  HR only     

n   94    38 
    1   3    2 
    2   54    19    0.84 
    3   36    17 
    4   1    0 

  HR+ additional procedure  
n   35    30 

    1   1    3 
    2   20    9    0.23 
    3   13    16 
    4   1    2 

Indications for Hartmann’s procedure 

All patients      135    68 
  

Diverticulitis      80 (59%)   30 (44%)   0.05 
 Trauma     9     7  
 Perforation     8    4 
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underwent both procedures. No patients had symptoms
suggestive of DCRR pathology. Specific indications for
performing DCRR evaluation were identified in very few
patients. Mean time to surgery was 39 days after contrast
study and 48 days after endoscopy (p=0.36). In all cases
where DCRR evaluation was performed, this was as a
routine preoperative study in asymptomatic patients,
without any clinical or laboratory indications of DCRR
abnormalities.

Barium and water-soluble contrast were used for 69 (59%)
and 30 (26%) contrast studies, respectively. The type of
contrast used was not specified in 18 of 117 studies (15%).
There were no complications related to pouch contrast or

endoscopic studies. Overall, only 7% of all patients undergo-
ing preoperative evaluation had findings on preoperative
DCRR investigation. Clinical management was affected by
the findings of DCRR investigation in 2% of all studies
obtained (Table 4). Takedown was delayed in one case of
pouch stricture and one case of active Crohn’s disease. One
additional patient underwent stricture dilation prior to
colostomy reversal.

Perioperative Outcomes

One patient who self-discharged against medical advice
on postoperative day 3 and one patient who underwent

Table 1 (continued)

 Ischemia     6    5  
 Iatrogenic injury    5    6 
 Obstruction     4    7 
 Anastomotic leak    6    4 
 Crohn’s     3    1 
 Clostridium difficile colitis   4    1 
 Hemorrhage     2    1 
 Unknown/other    8    2 

HR only      98     38  

 Diverticulitis      53 (54%)   18 (47%)   0.57 
 Trauma     9     6  
 Perforation     7      2 
 Ischemia     6       0 
 Iatrogenic injury    5    3 
 Obstruction     4    4 
 Anastomotic leak    5    2 
 Crohn’s     2    1 
 Clostridium difficile colitis   3    1 
 Hemorrhage     2    0 
 Unknown/other    2    1 

HR+ additional procedures    37    30     

Diverticulitis      27 (73%)   12 (40%)   0.01 
 Trauma     0    1 
 Perforation     1    2 
 Ischemia     0    5 
 Iatrogenic injury    0    3 
 Obstruction     0    3 
 Anastomotic leak    1    2 
 Crohn’s     1    0 
 Clostridium difficile colitis   1    0 
 Hemorrhage     0    1 
 Unknown/other    6    1   
  

                Study    No study   p value  

SD standard deviation, HR Hartmann’s reversal, ASA American Society of Anesthesiologists, DCRR distal colon/rectal remnant
aInterval between Hartmann’s procedure and Hartmann’s reversal
bLong DCRR is defined as defunctionalized distal colon and rectum extending proximal to the rectosigmoid junction
cAttending surgeon(s) performing Hartmann’s procedure and Hartmann’s reversal
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thoracoabdominal aneurysm repair during the same
hospital stay were not included in the LOS and
complication analyses. There were no significant differ-
ences in EBL, operative time, time to return of bowel
function, complication grade, mortality, and LOS be-
tween patients with and without pouch studies prior to
takedown (Table 5). This did not change when patients
undergoing additional procedures were excluded from
analysis. There was one death on postoperative day 21
as a result of an anastomotic leak in a patient with
metastatic pituitary adenocarcinoma.

Three patients who did not have contrast or endoscopic
studies of their DCRR were found to have previously
unrecognized intra-abdominal abscesses at the time of
takedown. All three underwent abscess drainage and
washout with reanastomosis in the same setting. The
complication rate of ten patients with abnormal DCRR
studies was 100%, significantly higher compared to patients
with normal DCRR results (50%; p=0.002). With the
exception of one patient who underwent a negative
exploratory laparotomy for persistent unexplained hypoten-
sion, these were all grade 1–3 complications.

Discussion

Reversal of Hartmann’s is a common surgical procedure
with significant morbidity.9 Previous reports have identified
a number of abnormalities that can affect the DCRR and
could potentially cause significant complications after
Hartmann’s reversal, such as leak, fistula, stricture, malig-
nancy, and diversion colitis.3,6,10,11 These studies have
generally been small retrospective series that, in many
cases, have included patients with symptomatic conditions
of their DCRR and/or those who were not candidates for
reversal.3,6,10,11 The largest report of asymptomatic patients
revealed a low incidence of radiographic DCRR abnor-
malities.6 Therefore, in the absence of symptoms, the role
of DCRR contrast and/or endoscopic studies before
Hartmann’s reversal is unclear. In this study, we found that
the postoperative outcomes of 68 asymptomatic patients
undergoing Hartmann’s reversal without preoperative
DCRR evaluation were equivalent to those of 135 patients
cleared for surgery after contrast and/or endoscopic studies.
This shows that DCRR evaluation prior to Hartmann’s
reversal can safely be omitted in asymptomatic patients.

One of the controversies of using rectal contrast and
endoscopy to evaluate the DCRR before Hartmann’s
reversal is that their accuracy in this setting has not been
studied. Although the present series did not specifically
assess the accuracy of either type of study, no evidence of a
leak was found intraoperatively in those patients with
contrast studies suspicious for a leaking DCRR. Cherukuri
et al. have also reported false-positive results with rectal
contrast studies in the same setting. In another study, Da
Silva et al. reviewed 84 preoperative contrast studies in
patients scheduled for closure of diverting ileostomy after
colonic J-pouch anal anastomoses and reported four false-
positive results (three strictures and one leak) in a total of
six abnormal studies.12 Despite the differences in anatomy
between a J-pouch anal anastomosis and a DCRR, this is
additional evidence that rectal contrast studies are not

Table 3 Contrast Used and Time from Study to Hartmann’s Reversal in Patients with Contrast and/or Endoscopic DCRR Studies

                N (%)     Days to reversal [mean±SD (n)]          p value
Contrast type     117     39±42 (114)  
 Barium     69 (59%)
 Water-soluble    30 (26%)
  Gastrograffin     21  
  Hypaque       3  0.36 
  Not specified       6  

Unknown     18 (15%) 

Endoscopic study    22     48±46 (22) 

Contrast and endoscopic studies  4     N/A 
  
DCRR distal colon/rectal remnant, SD standard deviation, N/A not applicable

Table 2 Additional Surgical Procedures at the Time of Hartmann’s
Reversal in Patients Undergoing Hartmann’s Reversal With and
Without Preoperative DCRR Study (n=67)

Study (n=37)a No study (n=30)a

Hernia repair 12 7

Resection of proximal colon 8 3

Small bowel resection 3 1

Gynecological procedures 4 3

Cholecystectomy 1 2

Liver resection 0 3

Other procedures 16 16

Total 44 35

a Number of patients
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accurate in identifying leaks and strictures. In addition to
the risk of false-positive results, true-positive findings can
sometimes negatively impact patients. Diversion proctoco-
litis, an inflammatory condition that affects defunctional-
ized bowel, can be misdiagnosed as inflammatory bowel
disease and unnecessarily delay colostomy takedown. 13

Diversion proctocolitis commonly affects the DCRR, but it
is not an indication for preoperative endoscopy nor should
it affect the management of asymptomatic patients who are
candidates for Hartmann’s reversal.10,13

Furthermore, the clinical significance of abnormal
DCRR radiographic or endoscopic findings and their value
in patient management is unclear. In 135 patients undergo-
ing Hartmann’s reversal, preoperative DCRR evaluation by
means of contrast and/or endoscopic studies revealed
abnormalities in ten (7%) patients and altered the manage-
ment of only three of them (Table 4). Our findings are
corroborated by the report of Cherukuri et al. who found
that, in 70 asymptomatic patients with 11 abnormal contrast
studies of their DCRR, patient management was changed in
three cases.6 Similar to our study, all three patients
subsequently underwent successful Hartmann’s reversal.6

In the absence of findings on preoperative DCRR
investigation that impact management, a DCRR study
may still be indicated if preoperative planning leads to
decreased complications. In fact, we found no difference in
complication rate between those patients with and without
DCRR investigation. Interestingly, all patients with abnor-
mal DCRR studies had postoperative complications.
Nevertheless, all these complications were minor and,
given the small number of patients with abnormal studies,
we do not believe that a cause-and-effect relationship

between an abnormal DCRR study and postoperative
complications can be inferred. Therefore, we do not believe
that DCRR investigation is warranted for either decreasing
complications or for changing management in the asymptom-
atic patient.

However, we do believe that DCRR evaluation prior
to Hartmann’s reversal has a role in the management of
some patients. Certainly, any patient with symptoms or
signs of DCRR abnormalities should have DCRR
investigation prior to reversal. In a previous report, five
of 14 patients with symptoms indicating abnormalities
of the DCRR were found to have abnormal DCRR
contrast studies, which in all five cases affected patient
management.6 In 24 patients with bleeding and/or pain
affecting the DCRR, Haas et al. diagnosed 11 cases of severe
proctitis, two polyps, and eight carcinomas, which were not
further described in their series.10

We also believe that endoscopy of the remaining
colon and rectum should be offered preoperatively to all
patients who meet screening criteria for colorectal
cancer. In their series of 25 asymptomatic patients who
underwent DCRR evaluation at 1 year or longer after
Hartmann’s procedure, Haas et al. diagnosed two polyps
and one carcinoma.10 Due to the retrospective nature of
this study and the changes in colonoscopic screening
criteria, we were unable to determine the number of
patients in our study population who met the screening
criteria at the time of their operation.

A third group of patients who may have indications for
routine preoperative DCRR evaluation is those patients
with a diagnosis which carries a high risk of DCRR
abnormalities. For example, a DCRR study in the Crohn’s

Table 4 Characteristics of Ten Patients with 13 Abnormal DCRR Studies

Patient Age Sex Indication for Hartmann’s Study type/result Change in management Complication grade/type

1 66 M Diverticulitis E/diversion proctitis None 1/atelectasis

2a 78 M Ischemic colitis E/ischemia None N/A

C/stricture Dilation 1/atelectasis

3 79 M Diverticulitis E/diversion proctitis None 2/wound bleeding

4a 26 F Anastomotic leak C/stricture Reversal delayed N/A

E/diversion proctitis None 2/pancreatitis

5 77 F Diverticulitis C/possible leak None 2/delirium

6 28 M Diverticulitis C/possible stricture None 1/wound dehiscence

7a 25 M Crohn’s colitis E/active Crohn’s disease Reversal delayed N/A

E/diversion proctitis None 3/wound abscess

8 68 M Clostridium difficile colitis C/presacral abscess None 2/ileus

9 62 F Diverticulitis E/diversion proctitis None 2/atelectasis

10 62 F Ischemic colitis E/diversion proctitis None 4/hypotension

DCRR distal colonic/rectal remnant, M male, F female, E endoscopic study, C contrast study, N/A not applicable
a Patient with more than one abnormal study
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Table 5 Outcomes in Patients Undergoing Hartmann’s Reversal

              Study [mean±SD (n)]       No study [mean±SD (n)] p value  
Estimated blood loss (ml)       

All patients        238±228 (134)   272±269 (68)   0.35 
 HR only     223±229 (97)   215±197 (38)   0.86

  HR + additional procedures   278±223 (37)   343±328 (30)   0.34

Operative time (min)   
All patients        183±70 (124)   203±98 (65)   0.10   
 HR only     170±62 (91)   182±74 (36)   0.38 

  HR + additional procedures   219±78 (33)   231±117 (29)   0.65

Time to liquid diet (days)     
All patients     5.2±3.5 (129)   5.1±2.6 (66)   0.88 
 HR only     5.2±3.7 (95)   5.6±2.9 (38)   0.68  

  HR + additional procedures   4.9±2.9 (34)   4.4±2.0 (28)   0.40

LOS (days)      
All patients     8.4±4.6 (132)   8.2±5.0 (67)   0.83 
 HR only     8.1±4.4 (96)   8.5±6.3 (37)   0.73

HR + additional procedures   9.1±5.1 (36)   8.0±3.0 (30)   0.29 

30-day mortality      
All patients     1 (0.7%)   0    - 
 HR only     0    0    - 
 HR + additional procedures   1 (2.7%)   0    -

Complications  
All patients        

None      62/135 (45.9%)  33/68 (48.5%) 
Gradea  

1   16    2    
   2   36    22    0.67 
   3   17    6 
   4   3    5 
   5   1    0 

HR only
None     48/98 (49.0%)   18/38 (47.4%)     

Gradea  
   1   13    1 
   2   23    13    0.34 
   3   11    2 
   4   3    4
   5   0    0 

HR + additional procedures 
  None     14/37 (37.8%)   15/30 (50.0%)
   Gradea

     1   3    1 
     2   13    9    0.53 
     3   6    4 
     4   0    1
     5   1    0 

DCRR distal colon/rectal remnant, SD standard deviation, LOS length of hospital stay, HR Hartmann’s reversal
a As defined by Mazeh et al.,8 only the highest complication grade recorded
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patient is warranted to ensure disease in the distal remnant
is controlled. In our study, one patient of three with
Crohn’s disease was found to have acute inflammation
requiring medical therapy. Similarly, a previous leak
from a colonic anastomosis requiring Hartmann’s pro-
cedure may increase risk of DCRR stenosis and
evaluation before takedown may be warranted. In this
study, one of six patients with a history of anastomotic
leak was found to have a DCRR stricture at the time of
DCRR evaluation.

Finally, DCRR evaluation may be indicated in some
cases to assist operative planning by defining its anatomy,
especially in patients who had their Hartmann’s procedure
by a different surgeon. Surgeons who are not comfortable
performing low pelvic anastomoses would be more likely to
refer patients with short DCRR to a surgeon with more
experience. In our series, 45% of patients had Hartmann’s
reversal by a different surgeon than the one who
performed their Hartmann’s procedure. These patients
were not more likely to have a preoperative DCRR
contrast or endoscopic study.

A potential limitation of this retrospective series is that it
may have not captured patients with abnormal DCRR
studies who subsequently did not undergo reversal due to
an abnormal study result or other reasons. However,
patients who do not undergo reversal after Hartmann’s
procedure are usually unfit for surgery or have a poor
prognosis due to known malignancy and are unlikely to
undergo DCRR endoscopic or contrast studies in the
absence of symptoms.14 Furthermore, abnormalities of the
DCRR do not preclude Hartmann’s reversal. In the study of
Cherukuri et al., none of the 16 patients with abnormal
DCRR contrast studies were turned down for Hartmann’s
reversal as a result of their contrast study results.6 Similarly,
we found that all patients with abnormalities on preopera-
tive DCRR investigation were ultimately reversed. Further-
more, the retrospective nature of our study did not permit
accurate identification of the indications for DCRR evalu-
ation. Due to the lack of guidelines for asymptomatic
patients, we believe this is largely determined by personal
preference. DCRR length, time since Hartmann’s proce-
dure, and previous Hartmann’s procedure by a different
surgeon greatly influence the decision to study the DCRR
preoperatively. Finally, lack of differences in patient out-
comes could be related to small sample size, particularly in
subgroup analyses.

Conclusion

Hartmann’s reversal without previous DCRR evaluation is
acceptable in selected asymptomatic patients, without
increased risk of complications. Contrast and/or endoscopic
studies should be reserved for patients with symptoms
indicating potential DCRR pathology, those patients who
have situations predisposing them to complications of the
DCRR, and those who meet the screening criteria for
specific colorectal pathology.
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Abstract
Background/aims The aim of this study was to evaluate the ability of Model for End-Stage Liver Disease (MELD) in
predicting post hepatectomy outcome for hepatocellular carcinoma (HCC).
Methods Between 2001 and 2005, 94 cirrhotic patients with HCC underwent hepatectomy and were analyzed
retrospectively. MELD score associated with postoperative mortality and morbidity, hospital stay, and 3-year survival.
Results Twenty-eight major and 66 minor resections were performed. Thirty-day mortality rate was 6.4%. MELD≤9 was
associated with no perioperative mortality vs 15.3% when MELD>9 (p=0.01). Overall morbidity rate was 32%; 21% when
MELD≤9 vs 42% when MELD>9 (p=0.01). Median hospital stay was 11 days (7 days, when MELD≤9 and 14 days when
MELD>9; p=0.03). Three-year survival reached 48% (63% when MELD≤9; 30% when MELD>9; p<0.01). In
multivariate analysis, MELD>9 (p=0.01), clinical tumor symptoms (p=0.04), and American Society of Anesthesiologists
score (p=0.04) were independent predictors of perioperative mortality; MELD>9 (p=0.01), tumor size >5 cm (p=0.01),
presence of tumor symptoms (p=0.02), high tumor grade (p=0.01), and absence of tumor capsule (p=0.01) were
independent predictors of decreased long-term survival.
Conclusion MELD score seems to predict outcome of cirrhotic patients with HCC after hepatectomy.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide with an incidence of

1:500,000 and is strongly correlated with cirrhosis.1 The
mainstay of treatment in patients with solitary HCC and
good liver function is hepatic resection.2 Evolution in
surgical techniques and perioperative care have improved
postoperative outcome in patients with severe underlying
liver disease undergoing hepatectomy.

However, the risk of hepatic failure in a cirrhotic patient
undergoing hepatectomy remains high due to compromised
function of the liver remnant.3,4 Therefore, a thorough
evaluation of the hepatic function reserve is necessary prior
to surgical intervention in order to select among cirrhotic
patients the best candidates for hepatic resection with
reasonable postoperative morbidity and mortality.

Child–Turcotte–Pugh (CTP) classification was the first
systematic approach for determining the severity of
cirrhosis and selecting patients that could tolerate hepatic
resection.5 CTP class C is considered an absolute contra-
indication for surgical treatment, while only few hepatec-
tomies are performed in class B cirrhosis.5–7 CTP class A
patients are generally considered good candidates for
hepatic resection with good postoperative outcome. How-
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ever, more refined evaluation of the liver function reserve is
often needed due to limitations in the discriminatory ability
of CTP system, since it uses subjective parameters such as
ascites and encephalopathy.8–11 Many tests have been
applied for the assessment of dynamic hepatic function,
such as indocyanine green clearance test,9 lidocaine test,10

and galactose elimination capacity,11 and showed that these
could provide a more refined estimate of hepatic function
than CTP score.9

Recently, Model for End-Stage Liver Disease (MELD)
score was introduced for the evaluation of hepatic function
reserve in cirrhotic patients.12–17 It has the advantage of
using three objective and easily measured parameters:
creatinine levels, international normalized ratio, and total
bilirubin.

The original intent of MELD was to predict survival in
patients with cholestatic liver disease.12,13 Using the
statistical methods that have been successful in predicting
the survival of patients with primary biliary cirrhosis12 and
primary sclerosing cholangitis,13 Malinchoc et al. used
MELD score to predict survival in cirrhotic patients
receiving transjugular intrahepatic portosystemic shunt.18
MELD score is also used to determine priority on the
waiting list for liver transplantation19 and to predict
postoperative outcome of cirrhotic patients undergoing
surgical procedures.14–17

The aim of this study was to examine whether
preoperative MELD score can predict postoperative mor-
tality, morbidity, hospital stay, and 3-year survival in
cirrhotic Child A patients undergoing hepatectomy for
HCC. An effort to subcategorize the low- from the high-
risk Child A patients is provided along with a thorough
review of the current literature.

Materials and Methods

We retrospectively analyzed the clinical records of all
patients with HCC on chronic liver disease who underwent
hepatic resection in our institution between January 2001
and January 2005. Patients who were anticoagulated and
those with chronic renal insufficiency requiring hemodial-
ysis were excluded from the study. HCC was pathologically
confirmed in all patients included in the study. We
identified 69 patients fulfilling the above criteria. Clinical
and pathological features of the patients are reported in
Tables 1 and 2.

CTP class was calculated using prothrombin time,
albumin, bilirubin, and clinical findings of ascites and
encephalopathy.20 CTP score was stratified as class A (5–
6), B (7–9), and C (10–15). Eighty-two patients were
classified as CTP class A (87.2%) and 12 patients as CTP
class B, score 7 (12.7%).

MELD score was calculated by using preoperative
values of three laboratory tests: international normalized
ratio (INR) for prothrombin time, serum total bilirubin
(TBil), and serum creatinine (Cr). MELD score was
calculated using the following formula: MELD ¼ 9:57�
loge Cr mg=dLð Þ þ 3:78� loge TBil mg=dLð Þ þ 11:20�
loge INRð Þ þ 6:43.18 We used the MELD score of the
patient upon admission to our clinic, since it represents
more accurately the severity of cirrhosis before surgery.
Median MELD score prior to surgery was 9 (range, 6–15).
The distribution of MELD score in our population is shown
in Fig. 1.

Patients with CTP class A cirrhosis showed a median
MELD score of 8, ranging from 6 to 14, significantly lower
than patients with CTP class B cirrhosis who had a median
MELD score of 11 (range, 9–15, p<0.05).

During hospitalization and prior to surgery, many
patients received blood products such as fresh frozen
plasma (FFP) in order to improve their laboratory values
before surgery. Hepatitis activity and cirrhosis were
evaluated by the Ishak fibrosis score.21 Necrosis and
inflammatory changes characteristic of hepatitis were
scored as mild (0–5), moderate (6–12), or severe (13–18),
and fibrosis was scored as cirrhosis vs noncirrhosis.
Operative data are shown in Tables 1 and 2. Major hepatic
resection was defined as the removal of three or more
segments.22 Portal vein embolization was performed 6 to
8 weeks before operation whenever the future liver remnant
was expected to be less than 40% of the total liver volume
with the tumor volume subtracted as calculated by three-
dimensional CT volumetry. Tumor histological grading was
assessed according to the criteria of Edmondson and
Steiner23 based on the areas of the tumor having the
highest grade. Tumors were classified accordingly to the
sixth edition of American Joint Committee on Cancer
(AJCC) Cancer Staging Manual.24

Postoperative mortality was defined as any death
occurring within 30 days after surgery. The primary end
point of the study was the investigation of the relationship
existing between the preoperative MELD score and the
development of irreversible liver failure after hepatectomy
of cirrhotic patients. It was defined as a growing impairment
of liver function after resection that led to patient death or
required transplantation. The relationship between the
MELD score and postoperative complications (morbidity),
length of hospital stay, and 3-year patient survival repre-
sented secondary end points. Postoperative jaundice was
defined as serum bilirubin level above 5 mg/dL, alteration of
coagulation factors was defined as considerable or severe
when fresh frozen plasma infusion was required in order for
those to be corrected, and renal impairment was defined as an
increase of blood urea nitrogen above 2 g/L and/or an
increase of serum creatinine above 2 mg/dL.
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Hospital stay was computed from the day of surgery
until discharge at home. Patient survival was computed
from the day of surgery until the most recent follow-up.
Controls and patients still alive after the first year after
surgery were censored at this time point; patients trans-
planted for postoperative liver failure were censored the day
prior to transplantation, and patients dead for causes not
related to liver failure were censored the day prior to the
event.

Long-term follow up included serum a-fetoprotein and
CT scan of the abdomen every 3 months during the first
year after surgery and at 6-month intervals thereafter. CT,
MRI, and PET scan or angiography were performed
selectively when recurrence was suspected.

Statistical Analysis

Continuous variables were expressed as median and range.
The values in the different subgroups were compared using
the Kruskal–Wallis test. Normal distribution was not able to
be proved for the clinical variables available (Kolmogorov–
Smirnov test, p<0.05). Nonparametric tests were applied to
all the data analysis. Categorical variables were expressed
as prevalence, and subgroups were compared using the χ2

test with Yates’s correction. Survival probabilities were
constructed using Kaplan–Meier survival estimates and
compared using the log-rank test.

The prognostic value of MELD in predicting postoper-
ative liver failure and complications was assessed using

Variable Number of patients Perioperative mortality, n (%) p value

Age (year) 0.7

≤65 59 3 (5.1%)

>65 35 3 (8.6%)

Gender 0.7

Male 63 4 (6.3%)

Female 31 2 (6.4%)

Symptoms 0.04

Present 33 5 (15%)

Absent 61 1 (1.6%)

CTP class 0.3

A 82 5 (6.1%)

B 12 1 (8.3%)

MELD score 0.01

≤9 55 0

>9 39 6 (15.3%)

Tumor size 0.09

≤5 58 4 (6.9%)

>5 36 2 (5.5%)

Grade 0.07

1 9 0

2 51 4 (7.8%)

3 34 2 (5.8%)

4 0

Stage 0.1

1 33 2 (6%)

2 39 3 (7.7%)

3 22 1 (4.5%)

Extent of resection 0.1

Minor 66 3 (4.5%)

Major 28 3 (10.7%)

ASA class 0.04

1 23 0

2 41 2 (4.8%)

3 30 4 (13%)

Table 1 Univariate Analysis of
Perioperative Mortality in
Patients with Cirrhosis with
Hepatocellular Carcinoma

CTP Child–Turcotte–Pugh,
MELD Model for End-Stage
Liver Disease, ASA American
Society of Anesthesiologists
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receiver operating characteristic (ROC) curve analysis. A
significance level of 0.05 was used in all analyses. ROC
analysis was performed using MedCalc version 7.2.1.0
(Med-Calc Software, Mariakerke, Belgium). The statistical
analysis was done using SPSS Version 10.0 software
(SPSS, Chicago, IL, USA).

Results

Surgery consisted of 66 (70.2%) minor hepatic resections
and 28 (29.7%) major hepatic resections. Serum α-
fetoprotein was elevated in 64% of patients with a mean
level of 1,981 ng/ml (range 1–25,000 ng/ml). There were
performed 12 right hepatectomies (12.7%), 16 left hepatec-

tomies (17%), 29 wedge resections (30.8%), 25 segmentec-
tomies (26.6%), and 12 left lateral sectionectomies (12.7%).
Resection was performed by the conventional method with
hepatic inflow dissection and selective vascular pedicle
ligation followed by outflow short hepatic vein ligation in a
piggyback fashion. Intraoperative ultrasound was per-
formed routinely in patients undergoing hepatectomy.
Median operating time was 190 min (range 140 to
310 min). In nine patients, ischemic preconditioning by
vascular inflow occlusion was performed during resection.

The mean size of HCC was 6.1 cm (range 1.5 to 14 cm).
AJCC stage was I in 33 patients, II in 39 patients, and III in
22 patients.

All resections were performed with a tumor-free margin
of at least 1 cm.

Variable 1-year survival (%) 3-year survival (%) P value

Age (year) 0.2

≤65 60 50

>65 68 41

Gender 0.7

Male 68 49

Female 66 53

Symptoms 0.02

Present 39 14

Absent 83 72

CTP class 0.3

A 68 41

B 48 46

MELD score 0.01

≤9 88 63

>9 42 30

Tumor size 0.01

≤5 76 64

>5 40 29

Grade 0.01

1 100 100

2 71 60

3 50 31

4 0 0

Stage 0.6

1 68 61

2 79 31

3 44 29

Extent of resection 0.06

Minor 74 52

Major 43 31

Capsule 0.01

Yes 69 49

No 31 12

Table 2 Univariate Analysis of
Clinicopathologic Factors Asso-
ciated with Survival After Hep-
atectomy for Hepatocellular
Carcinoma in Patients with
Cirrhosis

MELD Model for End-Stage
Liver Disease
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Six patients (6.39%) developed irreversible postopera-
tive liver failure and died within 30 days after surgery. Five
of these patients were classified as CTP class A and
underwent left hepatectomy in two cases, wedge resections
in two cases, and a right posterior sectionectomy. One
patient, classified as CTP class B, developed postoperative
liver failure after a wedge resection.

Patients who experienced postoperative liver failure had
a median MELD score of 11 (range, 9–15), significantly
higher in comparison to patients in which this event did not
occur (median, 7; range, 6–13; p=0.01). ROC analysis
identified a MELD score above 9 as satisfactory cutoff
value for predicting postoperative liver failure (area under
curve (AUC)=0.91, 95% confidence interval (CI)=0.86–
0.96; sensitivity=82%; specificity=86%; Fig. 2).

Univariate analysis identified MELD score >9 (p<0.01),
presence of clinical tumor symptoms (p<0.05), and Amer-

ican Society of Anesthesiologists (ASA) score (p<0.05) as
significantly associated with perioperative mortality.

The overall perioperative mortality was 6.3%.
The perioperative mortality for patients with MELD

score >9 (15.3%) was significantly greater than that for
patients with MELD score ≤9 (0%; p=0.01). Other
patients’ demographics and pathological factors were not
associated with perioperative mortality (Table 1). Multivar-
iate analysis demonstrated that MELD score >9 (p=0.01),
clinical tumor symptoms (p=0.04), and ASA score (p<
0.04) are independent predictors of perioperative mortality.

Other less life-threatening than liver failure postoperative
complications included the occurrence of intractable asci-
tes, requiring intensive therapy with diuretics for its
remission, elevation of INR>2; 24 h post surgery requiring
FFP transfusion, and elevation of total bilirubin >5 mg/dl.
Thirty patients (32%) experienced at least one postoperative
complication. Refractory ascites developed in 13 cases
(13.8%), jaundice in seven cases (7.4%), and alteration of
coagulation factors in 15 cases (16%).

Patients who experienced postoperative complications
had higher MELD score (median, 10; range, 7–15) in
comparison to patients who did not experience any
complication (median, 8; range, 6–11; p=0.001). ROC
analysis again identified MELD score above 9 as the best
cutoff value for predicting occurrence of postoperative
complications (AUC 0.84, 94% CI=0.77–0.88; sensitivity=
85%; specificity=61%; Fig. 3).

Patients were divided according to the cutoffs of the
MELD scores obtained by ROC analysis in two groups:
MELD below or equal to 9 and MELD above 9. MELD
score was ≤9 in 55 patients (58.5%) and >9 in 39 patients
(41.5%). The prevalence of postoperative liver failure and
the morbidity in relationship with MELD score prior to

Figure 1 Distribution of MELD in patients with cirrhosis. MELD
Model for End-Stage Liver Disease.

Figure 2 ROC curve of the MELD score in predicting postoperative
liver failure after hepatic resection in patients with cirrhosis (AUC=
0.91, 95% CI=0.86–0.96).

Figure 3 ROC curve of the MELD score in predicting occurrence of
postoperative complication after hepatic resection in patients with
cirrhosis (AUC=0.84, 94% CI=0.77–0.88).
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surgery as well as 3-year survival rates are reported in
Tables 1 and 2. Patients with a MELD score below or equal
to 9 did not experience postoperative liver failure; they had
zero 30-day mortality and showed the lowest morbidity
(21%) in contradistinction to patients with a score above 9
who had the highest prevalence of postoperative liver
failure and 30-day mortality (15.3%) and the highest
morbidity (42%; p=0.01 in both cases).

Mean hospital stay was 11 days. Patients with a MELD
score below or equal to 9 were discharged from the hospital
after a median of 7 days (range, 5–13 days). When MELD
score was above 9, the median hospital stay reached 14 days
(range 8–21 days; p=0.03). The 3-year survival for the
entire cohort reached 48%. The 3-year survival was 63%
when MELD≤9 and 30% when MELD>9; p<0.01
(Table 2). Multivariate analysis revealed that MELD>9
(p=0.01), tumor size >5 cm (p=0.01), high tumor grade (p=
0.01), presence of tumor symptoms (p=0.02), and absence
of tumor capsule (p=0.01) are independent predictors of
decreased long-term survival (Table 2).

Discussion

Preoperative assessment of liver function and prediction of
postoperative functional reserve are of paramount impor-
tance to minimize surgical risk of liver resection, especially
in cirrhotic patients.

MELD score seems to have the ability to stratify
cirrhotic patients more accurately than CTP classifica-
tion.16,17 Teh et al.16 examined whether MELD was
predictive of perioperative mortality and correlated MELD
with other potential clinicopathologic factors to overall
survival in patients with cirrhosis undergoing hepatic
resection for HCC. They reviewed 82 patients who
underwent liver resection for HCC and concluded that
MELD score was a strong predictor of both perioperative
mortality and long-term survival in patients with cirrhosis
undergoing hepatic resection for HCC.16

Cucchetti et al.,17 in their study, presented a way to
predict postoperative liver failure and morbidity after
hepatectomy for hepatocellular carcinoma with cirrhosis.
One hundred fifty-four cirrhotic patients resected in a
tertiary care setting for HCC were retrospectively analyzed.
They concluded that cirrhotic patients with MELD score
below 9 had no postoperative liver failure and low
morbidity (8.1%) and that the MELD score can accurately
predict postoperative liver failure and morbidity of cirrhotic
patients referred for resection of HCC and should be used
to select the best candidates for hepatectomy.17

A cirrhotic patient eligible for resection on the basis of
CTP score may not be resectable on the basis of MELD.
Such patients should be referred to nonsurgical approaches

such as radiofrequency ablation or transarterial chemoembo-
lization. In our study, most patients were class A (82 out of
94 patients—87.2%) according to CTP system. MELD
classification, however, managed to identify pre-operatively
those Child A patients with higher 30-day mortality rate,
greater risk in developing a post hepatectomy complication,
and longer hospital stay and poorer long-term outcome.

Several reports from different groups, including ours,
consider partial hepatectomy a good option in well-
compensated CTP class A patients.25–28 Otherwise, liver
resection has been considered as a bridge to liver
transplantation in order to reduce the dropout rate in
patients with HCC on cirrhosis on the waiting list.29

Patients with a MELD score equal to or above 11
probably represent the ideal patients to refer for nonsurgical
approaches such as thermal ablation or chemoembolization
and, whenever possible, for liver transplantation.

In particular, in the setting of liver transplantation,
Merion et al.30 showed the threshold score of 11 patients
in whom, independent of HCC, transplantation is justified
(above 11) or futile (below 11); in particular, cirrhotic
patients with a MELD score between 6 and 11 were shown
to have a posttransplant mortality significantly higher than
waiting list mortality. Therefore, the results from recent
studies may give support to a systematic transplantation
policy in small HCC patients with a MELD score
exceeding 11 as well as partial hepatectomy in patients
with lower MELD scores.17 Even in patients with MELD
score between 9 and 10, strict care must be taken in
intraoperative and postoperative management, and major
hepatectomies should be avoided.

Our findings show that MELD score >9 is strongly
predictive of increased perioperative mortality in patients
with cirrhosis undergoing hepatic resection for HCC. No
other clinical and pathologic factors except for clinical
tumor symptoms and ASA score were predictive of
perioperative mortality. This is in agreement with other
reports in the field.16,17

We agree with the hypothesis that the high recurrence
rate in patients with higher MELD score can be explained
by the different immunologic status of these patients
(cytokines).31–33

Although Schroeder et al.34 in their recent paper
criticized the reliability of MELD score to predict morbidity
and mortality after elective liver resection, 91% of the
patients with HCC in their study had minimal or no
evidence of liver disease. In our study, all patients had
histologically proved cirrhosis.

Recently, another study identified MELD score <10 as
an independent predictor of survival and showed that
MELD was a more reliable predictor of survival than CTP
class, but only 12 patients underwent resection.35 Three
current staging systems for HCC, Barcelona Clinic Liver
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Cancer staging system,36 Cancer of the Liver Italian
Program (CLIP),37 and Japan Integrated Staging38 use
CTP class as a primary component for determining
prognosis. Although each staging system is predictive of
survival for patients with HCC, only CLIP has been
externally validated.39

There is no consensus on which staging system is
best.40,41 Minagawa et al.42 compared in a large series the
accuracy of the Japanese tumor–node–metastases (TNM)
staging system for predicting patient survival (Liver Cancer
Study Group of Japan (LCSGJ)) with that of the TNM
staging system of the American Joint Committee on Cancer/
International Union Against Cancer (UICC), using the cross-
validation method. They concluded that, while both staging
systems allow for the clear stratification of patients into
prognostic groups, the LCSGJ staging may be more
appropriate for stratifying patients with early-stage HCC.

Cho et al.43 analyzed 184 patients who underwent primary
complete resection of HCC between 1989 and 2002 and
constructed a novel prognostic nomogram using prognosti-
cally relevant variables. They concluded that contemporary
staging systems for HCC do not accurately predict postoper-
ative outcomes, while on the other hand, the prognostic
nomogram they describe provides a mechanism for accurate
prediction of survival and risk stratification. Their nomogram
has not been validated yet by other hepatobiliary centers.

Conclusion

MELD score can accurately predict mortality, morbidity,
and long-term survival in patients with HCC and cirrhosis
undergoing hepatic resection. Cirrhotic patients with high
MELD score have increased risk of postoperative liver
failure and complications; they are expected to have poorer
long-term survival after liver resection and should be
referred for other treatments. Cirrhotic patients with low
MELD score treated with minor hepatic resections achieve
no 30-day mortality and low morbidity rates, while
expected long-term survival is promising. Application of
MELD score in the preoperative assessment of liver
function prior to hepatic resection is recommended, as this
facilitates identification of high-risk Child A patients prior
to hepatic resection and selection of the best candidates for
hepatectomy. A multi-institutional study is required to
better define selection criteria for hepatic resection in
HCC patients with cirrhosis.
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Abstract
Background Laparoscopic liver resection (LLR) has become an increasingly popular operation; however, its theoretical
benefits remain unproven. The aim of this study was to conduct a comparative outcome study between LLR and matched-
pair open liver resections (OLR).
Methods Sixty five patients underwent attempted LLR from 1998 through 2008; 52 of which were completed
laparoscopically. Patients who underwent OLR prior to 1998 were matched to laparoscopic cases for demographics,
comorbidities, diagnosis, tumor characteristics, procedure, and background liver. Perioperative and oncologic outcomes
were compared between the two groups. Analyses were performed excluding and including conversion cases.
Results Characteristics were comparable between both groups. LLR was associated with significant reductions in estimated
blood loss, frequency of transfusion, frequency of Pringle maneuver, postoperative morbidity, time to recovery, length of
hospital stay, and incidence of incisional hernia. For patients with malignant tumors, there were no positive surgical margins
or local recurrence in either group and the overall pattern of recurrence was similar.
Conclusion For well-selected patients, LLR is a feasible operation that does not compromise operative or oncologic out-
comes. While LLR was associated with some benefits, these can only be definitively proven in a randomized controlled trial.

Keywords Laparoscopic liver resection .

Minimal invasive surgery . Case control study

Abbreviations
LLR Laparoscopic liver resection
OLR Open liver resection
EBL Estimated blood loss
CVP Central venous pressure
HALLR Hand-assisted laparoscopic liver resection

Introduction

Therapeutic laparoscopy has revolutionized general surgery
with many operations now routinely performed (cholecys-
tectomy, Nissen fundoplication, bariatric surgery, colec-
tomy, etc.). Laparoscopic liver resection (LLR) has been
slow to develop due to its technically challenging nature
(retraction, instruments to transect parenchyma, control of
vessels, etc.). Due to improvements in technology and
increasing surgeon’s experience, LLR has recently in-
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creased in popularity. We published the results of our initial
experience with hand-assisted LLR and suggested the
safety of this approach for selected patients in 2000.1

Since no randomized trials have been published to
date, the benefits of LLR are often assumed but remain
unproven. In 2007, a meta-analysis based on eight non-
randomized studies demonstrated the feasibility of LLR
compared to open liver resection (OLR).2–10 Many other
studies have been published; however, these were limited
by small sample size and plagued by selection bias as
most LLR were done in small peripheral tumors. Case
control studies typically control for the type of resection
along with tumor size and number; however, they fail to
control for the accessibility and location of tumors
(inaccessible segments, proximity to major vessels) or
histopathology of background liver.11–18 Therefore, we
conducted this study to update our experience and perform
a comparative analysis. OLR patients were individually
matched to LLR patients for demographics, diagnosis,
tumor characteristics (size, number, and location), histo-
pathology of background liver, and extent of resection
(type of procedures and number of segment resected) to
assess the potential benefit of LLR.

Materials and Methods

Subjects

The study was approved by the Institutional Review
Board. In general, LLR was restricted to patients in
whom tumors were free of major vessels, in accessible
segments of the liver, and amenable to R0 resection with
a resection of ≤2 segments. Sixty five patients underwent
attempted LLR from 1998 through 2008, 80% of whom
were completed laparoscopically. Cyst fenestrations were
not included in this study. Matched-pair control patients
were selected from 238 patients who underwent OLR
prior to the laparoscopic era (1995–1998). We excluded
OLR patients with concurrent extrahepatic procedures
and resection of more than two segments. Candidates for
control were matched to LLR cases for age, gender,
comorbidities, body mass index, pathological diagnosis,
size and number of tumors, histopathology of back-
ground liver, location of tumors (the segment in which
tumors were located and the proximity to major vessels),
and type of procedures (wedge vs segmental resection
and number of resections). First, tumor pathological
diagnosis, number, and size were matched. During this
process, OLR patients who had tumors close to the major
vessels were excluded from candidates. After the first
step of the selection, the segments in which tumors were
located and type of procedure were matched. If we could

not find OLR candidates with tumors in exactly the same
segments, patients with tumors in neighbor segments
were selected. Among these candidates, OLR patients
whose histopathology of background liver was different
from a LLR patient were excluded. Then an OLR
candidate who was best matched for demographics and
comorbidity to an LLR patient was selected. Through the
selection process, the investigators were blinded to
outcome data. Peri- and postoperative outcomes were
compared between the LLR group (n=65) and the
matched-pair OLR group (n=65).

Postoperative complications were recorded prospectively
into a departmental database and graded in severity using a
score of 1 to 5, as described previously.19 In this grading
system, grade 1 complications are those requiring minor
interventions such as oral antibiotics, bowel rest, or basic
monitoring. Grade 2 complications are those requiring
moderate interventions such as intravenous medication,
total parenteral nutrition, prolonged tube feeding, or chest
tube insertion. Grade 3 complications are those requiring
hospital readmission, surgical, or radiologic interventions.
Grade 4 complications are those producing chronic disabil-
ity, organ resection, or enteral diversion. Grade 5 compli-
cations are those resulting in death.

Operative procedures, pathological diagnosis, radiology
findings (tumor location and vessel proximity), and
postoperative course (time to recovery and length of
hospital stay) were obtained from a prospective data base
with additional retrospective medical record review. Com-
parisons between LLR and OLR groups were performed in
two different ways. An intent-to-treat analysis compared
LLR including conversion cases (n=65) to matched-pair
OLR cases (n=65). A separate analysis compared LLR
cases excluding conversion (n=52) to matched-pair OLR
(n=52).

Operative Procedure

Our general approach to LLR has been described previous-
ly.1 The patient is placed in the supine position. Central
lines for central venous pressure (CVP) monitoring were
not routinely placed as measurement of the CVP can be
unreliable with pneumoperitoneum. Some patients were
placed into the low lithotomy position to allow assistants to
stand between the patients legs. Some patients with right-
sided tumors were positioned with the right side lifted up
by a cushion. An initial 12-mm port is placed to gain access
to the abdomen and establish pneumoperitoneum that is
maintained at 15 mmHg pressure. Additional ports are placed
based on the body habitus, position of the tumor, degree of
adhesions, location, and size of tumor. When utilized, the
hand port is generally placed ipsilateral to the tumor with two
to three additional ports placed contralaterally in the line of
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transection. In patients in whom a hand port is not utilized,
three to five ports are placed according to the location of the
tumor. All ports are placed to obtain triangulation towards the
line of transection. A thorough diagnostic laparoscopy is
performed to exclude the presence of extra hepatic disease.
Laparoscopic ultrasound is utilized to confirm the extent of
liver disease and to establish and guide adequate margins. In
general, the parenchyma is transected with an ultrasonic
dissector and major inflow pedicle and venous branches are
divided with endovascular staplers. Hemostasis is obtained
with the laparoscopic argon beam coagulator.

Statistical Analysis

Categorical variables are summarized using proportions and
continuous variables are presented as median and range.
Comparison between groups was performed using the chi-
square test or Fisher’s exact test for categorical variables
and the Mann Whitney U test for continuous variables.
Kaplan–Meier and log-rank statistics were used for survival
analyses. Statistical significance was defined as p <0.05.
All analyses were performed using SPSS 16.0 (SPSS,
Chicago, IL, USA).

Table 1 Comparison of Demographics and Tumor Characteristics between Laparoscopic Liver Resection (LLR) Group versus Matched-Pair
Open Liver Resection (OLR) Group

LLR including conversion (n=65) Matched-pair OLR (n=65) p value

Median Range N % Median Range N %

Demographics

Age, years 61 21–87 64 27–80 0.572

Male 23 35.4 29 44.6 0.283

Comorbidity, overall 29 44.6 23 35.4 0.283

DM 11 16.9 5 7.7 0.109

HTN 21 32.3 16 24.6 0.331

IHD 2 3.1 4 6.2 0.403

CVA 2 3.1 0 0.0 0.154

COPD 7 10.8 5 7.7 0.545

Hepatitis 8 12.3 9 13.8 0.795

Cirrhosis 2 3.1 2 3.1 1.000

Alcohol abuse 1 1.5 0 0.0 0.339

History of abdominal surgery 26 40.0 28 43.1 0.611

BMI 24.7 18.1–39.9 25.0 18.0–39.0 0.234
0.0 0.0

Characteristics of tumors

Size, cm 3.3 0.4–14.4 3.4 0.9–13.0 0.215

Number 1 1–6 1 1–3 0.807

Pathology

Benign 28 43.1 18 27.7 0.067

Malignancy 37 56.9 47 72.3 0.067

Primary 12 18.5 15 23.1 0.517

Metastatic 25 38.5 32 49.2 0.517

Background liver histology

Chronic hepatitis 3 4.6 1 1.5 0.310

Cirrhosis 5 7.7 8 12.3 0.380

Portal fibrosis 4 6.2 3 4.6 0.698

Steatosis 13 20.0 7 10.8 0.145

Inflammation 5 7.7 4 6.2 0.730

Cholestasis 1 1.5 2 3.1 0.559

Unremarkable 43 66.2 41 63.1 0.714

DM diabetes mellitus, HTN hypertension, IHD ischemic heart disease, CVA cerebrovascular accident, COPD chronic pulmonary disease, BMI
body mass index
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Results

Characteristics of LLR Patients

Characteristics of LLR patients including patients who
underwent complete LLR and patients who required
conversion are shown in Table 1. Median follow-up was
22 months (range 0.1–106). Final pathological diagnoses
included 28 benign tumors (five adenoma, six hemangioma,
six focal nodular hyperplasia, and six cysts) and five tumors
preoperatively suspected to be malignant but turned out to
be benign (two necrotic nodules, two normal parenchyma,
and one angiomyolipoma) and 37 malignant tumors (ten
hepatocellular carcinoma, one intrahepatic cholangiocarci-
noma, and one primary sarcoma and 25 metastatic tumors
including 13 colorectal, four breast, two lung, one ovarian,
three melanoma, one neuroendocrine, and one sarcoma). A
hand port was utilized in 37 (56.1%) patients. The median
number of ports in patients without a hand port was 3
(range 1–4) and with a hand port was 3 (2–4). Thirteen
patients (20.0%) required conversion to an open procedure.
Reasons for conversion were as follows: extent of tumor
(n=5), adhesions (n=4), poorly defined lesions and
inability to assess margins (n=2), vascular proximity (n=1),
and bleeding (n=1).

LLR Including Conversion versus Matched-Pair OLR
(Intent-to-Treat Analysis)

Patient demographics, tumor characteristics, and operative
procedures were comparable in LLR and the matched-pair
OLR groups (Tables 1 and 2). Since patients in the OLR
group were selected from an older time period (before
1998) than the LLR group (1998–2008), the median
follow-up time was shorter in the LLR group (median
22 months [range 0.1–106.1] vs 32.6 months [range 0.1–
154.2], p=0.048). The comparison in operative outcomes
between LLR with conversions versus the matched-pair
OLR is shown in Table 3. Operative time was longer in the
LLR group. LLR was associated with significant reductions
in median estimated blood loss (EBL), frequency of
transfusion, frequency of Pringle maneuver, postoperative
morbidity rate including the frequency of major complica-
tions (grade 3 and 4), time to regular diet, time to oral
analgesia, length of hospital stay, and incidence of inci-
sional hernia. Readmission rates were similar between the
two groups. No patients required reoperation. There were
no surgical deaths in either group.

Thirty seven LLR patients with malignant tumors were
compared to OLR patients matched for histology. There
were no patients with a positive surgical margin or local

LLR including conversion
(n=65)

Matched-pair OLR
(n=65)

p value

N % N %

Operative procedures

Wedge resection 26 40.0 28 43.1 0.859

Wedge >1 5 7.7 5 7.7 1.000

Location

Left lobe 13 20.0 13 20.0 1.000

Right lobe 17 26.2 19 29.2 0.840

Right anterior 7 10.8 9 13.8 0.593

Posterior sector 10 15.4 10 15.4 1.000

Segmental resection 39 60.0 37 56.9 0.722

Single segmentectomy 49 75.4 47 72.3 0.690

Bisegmentectomy 16 24.6 18 27.7 0.690

Location

II 15 23.1 12 18.5 0.517

III 20 30.8 13 20.0 0.158

IV 7 10.8 2 3.1 0.084

V 6 9.2 10 15.4 0.286

VI 6 9.2 13 20.0 0.082

VII 1 1.5 3 4.6 0.310

VIII 1 1.5 0 0.0 0.315

Left lateral sectorectomy 11 16.9 9 13.8 0.627

Right posterior sectorectomy 1 1.5 1 1.5 1.000

Table 2 Comparison of Tumor
Location and Operative Proce-
dures between LLR and
Matched-Pair OLR Group
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recurrence in either group. The pattern of recurrence was
similar between LLR and OLR groups. Median disease-free
survival, disease-specific survival, and 3-year survival rate
were not different between groups (Table 4).

Comparison between the LLR Excluding Conversion
Group and Matched-Pair OLR

After exclusion of conversion cases, LLR was associated
with less blood loss, less frequency of Pringle maneuver,
less frequency of transfusion, less intervals to regular diet
and oral analgesia, less length of hospital stay, and less
morbidity (Table 3). Oncologic outcomes were also similar
in both groups (Table 4).

Hand-Assisted LLR versus Pure LLR

Excluding conversions, there were 31 patients who under-
went hand-assisted LLR (HALLR) and 21 patients who
underwent LLR without hand assist. Compared to patients
undergoing LLR without hand assist, HALLR patients had
more previous abdominal surgery (61.3% vs 23.8%, p=
0.011), higher proportion of abnormal histopathology of
background liver (48.4% vs 9.5%, p=0.006), and more
malignant tumors (67.7% vs 33.3%, p=0.023). Segmentec-
tomies were more frequently performed in HALLR group
(74.2% vs 33.3%, p=0.005). The overall morbidity rate was
not different between groups (16.1% vs 4.8%, p=0.328).
The frequency of transfusion was not different between
groups (3.2% vs 0%, p=1.000); however, the median EBL
was higher in the HALLR (100 [range 5–500] vs 50 [0–
400], p=0.038). The median operation time (181.0 min
[range 100–478] vs 141.5 min [range 50–400], p=0.018),
time to regular diet (3 days [range 1–6] vs 2 days [range 1–
4], p<0.0001), time to oral analgesia (3 days [range 1–6] vs
1 day [range 1–7], p<0.0001), and length of hospital stay
(5 days [range 3–14] vs 2 days [range 1–8], p<0.0001)
were longer in the HALLR.

Discussion

Therapeutic laparoscopy has revolutionized how many
operations are performed over the last few decades. LLR,
however, has been slow to develop. Hepatic resection is a
complex procedure and is fraught with several limitations
making laparoscopic approaches difficult. Liver paren-
chyma has a tendency to bleed and instrumentation has
only recently made hepatic transection feasible laparos-
copically. Retraction and assessing tumor and margins is
also challenging compared to standard open hepatic
resection. Advances in instrumentation, use of the hand
port and laparoscopic ultrasound have helped overcome T
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many of these barriers. Experience with LLR in well-
selected patients has recently increased at several cen-
ters.3–18 We also previously published the results of our
initial experience with 11 patients confirming initial
feasibility in our own hands.1

The theoretical benefit of LLR over conventional OLR
has been assessed by small retrospective case series and
some non-randomized case control studies. A recent meta-
analysis concluded that LLR is potentially beneficial for
well-selected patients and is associated with less blood loss
and earlier postoperative recovery.2 Previously published
matched-pair case control studies comparing LLR and OLR
are shown in Table 5.3,4,6,12–15 These reports are limited in
that they generally contain small numbers of patients and
often inadequately control for the most important technical
issues related to perioperative outcomes. These studies did
not generally consider the specific location of tumor or the
proximity to major vessels. Patients elected for LLR tend to
have tumors in favorable locations, such as peripheral
portions of the liver or distant from major vessels.
Matching only to the type of procedures or size/number
of tumors does not eliminate the bias due to the actual
location. Furthermore, the histopathology of background
liver (i.e., the presence of cirrhosis, steatosis, etc.) which
could influence blood loss during parenchymal transection
has seldom been matched.4,14,15 In our study, control OLR
cases were matched for the location of tumors (segments in
which tumors were located and the proximity to the major
vessels), background liver histology in addition to the
factors taken into consideration in previous studies (demo-
graphics, comorbidities, BMI, pathological diagnosis, size/
number of tumors, and type of procedures).

There are several limitations to LLR, one of which is the
prolonged operative time. In our study, the operative time

difference, although statistically significant, was only
30 min longer (170 vs 140 min, p=0.019). This minimal
increase in operative times is generally not clinically
significant and is similar to findings reported by other
authors.9,12 Operative times for LLR may decrease with
increasing experience.

The compromise in tactile feedback during laparoscop-
ic procedures can make handling the liver parenchyma
difficult. This can hinder the ability to provide adequate
retraction and to obtain appropriate margins. In our study,
we were able to obtain negative margins in all patients
with malignancy undergoing LLR. Laparoscopic ultra-
sound is very useful in guiding resections to obtain
adequate margins and was an integral part of our laparo-
scopic resections. Hand assistance is also helpful to retract
the liver safely and palpate margins in selected cases.

In our study, HALLRs were performed more frequently in
patients with previous abdominal surgery, abnormal histopa-
thology of background liver, malignant tumors, and required
segmentectomies more frequently than in patients who did not
have hand-assisted operations. HALLR was associated with a
higher EBL, longer OR time, and slower recovery than pure
LLR. Since HALLRs were applied for more challenging
cases, these findings do not necessarily show a disadvantage
to HALLR but rather demonstrate a technique that may be
helpful in dealing with more complex cases.

There were 13 conversions (20%) in our study and this rate
is higher than other studies (range 0–10%).3,11,12,18 We feel
that this is because of our relatively low threshold to convert
to an open case if there were any questions about safety or the
oncologic adequacy of the operation. Interestingly, the asso-
ciated benefits of LLR were not altered by the intent to treat
analysis including the converted cases which likely reflects
the large differences in outcome found between the groups.

Table 5 Matched-Pair Case Control Studies of LLR versus OLR

Author/year N Disease Operative
time, min

Blood loss, ml Length of
stay, days

Morbidity, %

Farges6/02 21 vs 21 Benign 177 vs 156 218 vs 285 5 vs 7*a 10 vs 10

Lesurtel4/03 18 vs 20 Mixed 202 vs 145 236 vs 429* 8 vs 10 11 vs 15

Morino3/03 30 vs 30 Mixed 150 vs 140 320 vs 479 6 vs 8* 7 vs 7

Belli12/07 23 vs 23 HCC 148 vs 125* NA 8 vs 12* 13 vs 48*

Troisi13/08 20 vs 20 Benign 220 vs 241 NA 7 vs 10* 20 vs 45

Aldrighetti14/08 20 vs 20 Mixed 260 vs 220 165 vs 214* 5 vs 6* 10 vs 25

Polignano15/08 25 vs 25 Mixed 362 vs 366 135 vs 420* 7 vs 13* 12 vs 40*

Ito/09 (present series) 65 vs 65 Mixed 170 vs 138* 100 vs 200* 4 vs 6* 14 vs 43*

LLR laparoscopic liver resection, OLR open liver resection, CRCLM colorectal cancer liver metastasis, HCC hepatocellular carcinoma, NA not
available

*p<0.05
aMean
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An important aspect of analyzing the potential benefit
of LLR is cost effectiveness. We did not perform a cost
analysis in this study; however, Polignano et al.15 reported
in their case-matched intent-to-treat analysis that LLR
group was associated with fewer cost than OLR group due
to earlier recovery and shorter hospital stay.

Despite extensive matching, our study is still limited by its
retrospective nature and somewhat small sample size.
Unmeasurable bias certainly had an impact on our outcomes
and the results must be interpreted in this context. Nonethe-
less, this study is the largest comparative study usingmatched-
pair controls and the extensive matching is beyond that of
previous reports. The associated benefits of LLR found in this
study are hypothesis generating and support the idea that LLR
has significant short-term benefits. Further studies with larger
numbers of patients, particularly randomized controlled trials,
are required to validate the true benefit of LLR.

In summary, our data suggest that LLR in patients in whom
tumors were free of major vessels, in accessible segments of
the liver and amenable to R0 resection with a resection of ≤2
segments, is safe and feasible. When accounting for selection
bias, the laparoscopic approach is associated with better
postoperative outcomes and comparable oncologic outcomes.
These results reflect operations performed by experienced
liver surgeons and we feel that a high level of expertise in both
open and laparoscopic liver surgery is a prerequisite for
performing LLR.

Conclusion

For well-selected patients, LLR is a feasible procedure that
does not compromise peri- and postoperative outcomes
including early oncologic outcomes for malignancy. This
study suggests that LLR is associated with a more rapid
recovery as well as less intraoperative blood loss. Despite the
extensive case matching, this potential benefit can only be
proven in a randomized controlled trial.

References

1. Fong Y, Jarnagin W, Conlon KC et al. Hand-assisted laparoscopic
liver resection: lessons from an initial experience. Arch Surg
2000;135(7):854–859.

2. Simillis C, Constantinides VA, Tekkis PP et al. Laparoscopic versus
open hepatic resections for benign and malignant neoplasms—a
meta-analysis. Surgery 2007;141(2):203–211.

3. Morino M, Morra I, Rosso E et al. Laparoscopic vs open hepatic
resection: a comparative study. Surg Endosc 2003;17(12):1914–1918.

4. Lesurtel M, Cherqui D, Laurent A et al. Laparoscopic versus open
left lateral hepatic lobectomy: a case–control study. J Am Coll
Surg 2003;196(2):236–242.

5. Mala T, Edwin B, Gladhaug I et al. A comparative study of the
short-term outcome following open and laparoscopic liver
resection of colorectal metastases. Surg Endosc 2002;16
(7):1059–1063.

6. Farges O, Jagot P, Kirstetter P et al. Prospective assessment of the
safety and benefit of laparoscopic liver resections. J Hepatobiliary
Pancreat Surg 2002;9(2):242–248.

7. Buell JF, Thomas MJ, Doty TC et al. An initial experience and
evolution of laparoscopic hepatic resectional surgery. Surgery
2004;136(4):804–811.

8. Kaneko H, Takagi S, Otsuka Y et al. Laparoscopic liver resection
of hepatocellular carcinoma. Am J Surg 2005;189(2):190–194.

9. Laurent A, Cherqui D, Lesurtel M et al. Laparoscopic liver
resection for subcapsular hepatocellular carcinoma complicating
chronic liver disease. Arch Surg 2003;138(7):763–769. discussion
769.

10. Rau HG, Buttler E, Meyer G et al. Laparoscopic liver resection
compared with conventional partial hepatectomy—a prospective
analysis. Hepatogastroenterology 1998;45(24):2333–2338.

11. Koffron AJ, Auffenberg G, Kung R et al. Evaluation of 300
minimally invasive liver resections at a single institution: less is
more. Ann Surg 2007;246(3):385–392. discussion 392–4.

12. Belli G, Fantini C, D’Agostino A et al. Laparoscopic versus open
liver resection for hepatocellular carcinoma in patients with
histologically proven cirrhosis: short- and middle-term results.
Surg Endosc 2007;21(11):2004–2011.

13. Troisi R, Montalti R, Smeets P et al. The value of laparoscopic
liver surgery for solid benign hepatic tumors. Surg Endosc
2008;22(1):38–44.

14. Aldrighetti L, Pulitano C, Catena M et al. A prospective
evaluation of laparoscopic versus open left lateral hepatic
sectionectomy. J Gastrointest Surg 2008;12(3):457–462.

15. Polignano FM, Quyn AJ, de Figueiredo RS et al. Laparoscopic
versus open liver segmentectomy: prospective, case-matched,
intention-to-treat analysis of clinical outcomes and cost effective-
ness. Surg Endosc 2008;22(12):2564–2570.

16. Tsinberg M, Tellioglu G, Simpfendorfer CH et al. Comparison of
laparoscopic versus open liver tumor resection: a case-controlled
study. Surg Endosc 2009;23(4):847–853.

17. Cho KJ, Suk SI, Park SR et al. Arthrodesis to L5 versus S1 in
long instrumentation and fusion for degenerative lumbar scoliosis.
Eur Spine J 2009;18(4):531–537.

18. Lai EC, Tang CN, Ha JP et al. Laparoscopic liver resection for
hepatocellular carcinoma: ten-year experience in a single center.
Arch Surg 2009;144(2):143–147. discussion 148.

19. Martin RC 2nd, Jaques DP, Brennan MF et al. Achieving RO
resection for locally advanced gastric cancer: is it worth the risk of
multiorgan resection. J Am Coll Surg 2002;194(5):568–577.

J Gastrointest Surg (2009) 13:2276–2283 2283



ORIGINAL ARTICLE

Surgeon Volume is Predictive of 5-Year Survival in Patients
with Hepatocellular Carcinoma after Resection:
A Population-Based Study

Herng-Ching Lin & Chia-Chin Lin

Received: 23 June 2009 /Accepted: 10 August 2009 /Published online: 3 September 2009
# 2009 The Society for Surgery of the Alimentary Tract

Abstract
Background and Aim No study has examined associations between physician volume or hospital volume and survival in
patients with liver malignancies in the hepatitis B virus-endemic areas such as Taiwan. This study was to examine the effect
of hospital and surgeon volume on 5-year survival and to determine whether hospital or surgeon volume is the stronger
predictor in patients with hepatocellular carcinoma after hepatic resection in Taiwan.
Methods Using the 1997–1999 Taiwan National Health Insurance Research Database and the 1997–2004 Cause of Death
Data File, we identified 2,799 patients who underwent hepatic resection and 1,836 deaths during the 5-year follow-up
period. The Cox proportional hazard regressions were performed to adjust for patient demographics, comorbidity, physician,
and hospital characteristics when assessing the association of hospital and surgeon volume with 5-year survival.
Results When we examined the effect of physician and hospital volumes separately, both physician and hospital volumes
significantly predicted 5-year survival after adjusting for characteristics of patient, surgeon, and hospital. However, after we
adjusted for characteristics of physician and hospital, only physician volume remained a significant predictor of the 5-year
survival.
Conclusions Physician volume is a stronger predictor of 5-year survival in hepatocellular carcinoma patients receiving
hepatic resection.

Keywords Hepatocellular carcinoma . Survival .

Hospital volume . Physician volume . Taiwan

Introduction

Hepatocellular carcinoma (HCC) is the most common
cancer in Taiwan in terms of both incidence and mortality.
HCC has been the second leading cause of cancer death in

Taiwan.1 The high-risk group for HCC in Taiwan includes
patients chronically infected with hepatitis B virus (HBV)
or hepatitis C virus (HCV) and liver cirrhosis or a family
history of HCC, HBV, or HCV chronic infections, which
are the two major etiologies for HCC in Taiwan.2 The last
three decades has seen remarkable advances in hepatic
surgery.3 Hepatic surgeries are now a safe and effective
therapy and one of the curative therapies for liver cancer.4,5

One of the most important issues of surgical oncology is
to identify prognostic factors that influence the length of
survival for cancer patients. Associations between hospital
or physician volume and patient outcomes have been
established for many surgical and other invasive proce-
dures, with lower mortality among patients treated at
hospitals or by physicians with higher procedural vol-
umes.6–8 Improved overall long-term survival in patients
with HCC has resulted in an increased number of liver
resection being performed with an increasingly aggressive
surgical approach.9 However, no study has examined
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associations between physician volume or hospital volume
and survival in patients with liver malignancies in the HBV-
endemic areas such as Taiwan. Most of the hepatic
resections for malignancies are performed on an elective,
rather than emergent, basis. If centers with superior patient
outcomes could be identified, these procedures could be
regionalized as a means of providing the most efficacious
and cost-effective care.10 Identification of factors contrib-
uting to better survival will help clinicians or policy makers
to develop effective strategies to improve the quality care of
HCC and survival.

A rapid rise in mortality from HCC has been observed in
Taiwan since 1991 in patients aged greater than 20 years.
Important efforts have been made to improve the survival
rates of patients with HCC. However, despite scientific
advances and the implementation of measures for early
HCC detection in patients at risk, patient survival has not
improved during the last three decades.11 The 5-year
survival for asymptomatic small HCC is approximately
50% after surgical resection.12 To determine whether
surgeon and hospital volumes are independent predictors
of 5-year survival after resection of HCC, we examined the
association of both volume elements with 5-year survival in
a national sample in Taiwan. We also investigated whether
physician or hospital volume was more strongly associated
with 5-year survival.

Materials and Methods

Database

Two databases were used in this study. First, the Taiwan
National Health Insurance Research Database (NHIRD),
published by the Taiwan National Health Research
Institute, was used to obtain hospitalization data. The
NHIRD is possibly one of the largest and most
comprehensive databases; it covers 96% of the Taiwanese
population of some 23 million. The NHIRD included
medical claims for inpatient expenditures by admissions,
details of inpatient orders, and registry for contracted
medical facilities, board-certified specialists, medical
personnel, and beneficiaries. One principal diagnosis
and procedure based on the ‘International Classification
of Disease, Ninth Revision, Clinical Modification (ICD-
9-CM)’ code and up to four secondary diagnoses and
procedures using ICD-9-CM codes are listed for each
patient.

Second, the mortality date was obtained from the
Cause of Death Data File published by Taiwan’s
Department of Health (DOH) covering the years 1997–
2004. The Cause of Death file provides data on marital
status, the date of birth and death, place of legal

residence, underlying cause of death (ICD-9-CM code),
and employment status. The data are believed to be very
accurate and complete because of mandatory registration of
all births and deaths in Taiwan. The NHIRD was linked to
the Cause of Death Data File with the assistance of Taiwan’s
DOH.

Study Subjects

All hospitalized patients from the NHIRD covering the
period 1997–1999 by a principal diagnosis of malignant
neoplasm of liver and intrahepatic bile ducts (ICD-9-CM
codes 155.XX) were selected as our study sample (n=
34,158). We limited the cases to those who underwent a
liver lobectomy (ICD-9-CM procedure code 50.3) or partial
hepatectomy (ICD-9-CM procedure code 50.22), and 3,159
cases were left. In addition, those patients who were also
diagnosed with secondary and unspecified malignant
neoplasm (ICD-9-CM codes 196.XX–199.XX), malignant
neoplasm of intrahepatic bile ducts (ICD-9-CM code
155.1), or malignant neoplasm of liver, not specified as
primary or secondary (ICD-9-CM code 155.2), were all
excluded from the study sample. Ultimately, we were left
with a sample of 2,799 eligible subjects with primary liver
malignancy and underwent hepatectomies during the period
of the study.

Five-year follow-up were subsequently undertaken in
order to determine whether any of the sampled patients
were dead within a 5-year period after hepatic resections.
All cause mortality was used except those who died of
accidents (ICD-9-CM codes E800–E869, E880–E928, and
E950–E999). In total, 1,836 deaths were identified, regard-
less of time of occurrence, during the 5-year follow-up
period.

Surgeon and Hospital Hepatectomy Volume Groups

Since unique physician and hospital identifiers are available
within the NHIRD for each medical claim submitted, this
enabled us to identify the same physician, or the same
hospital, carrying out one or more hepatectomies during our
3-year study period. Surgeons and hospitals were sorted, in
ascending order of their total volume of liver cancer
resections, with the cutoff points (high, medium, and low)
being determined by the volume that most closely sorted
the sample patients into three groups, which were roughly
equivalent in size. The sample of 2,799 patients was
divided into three surgeon volume groups: ≤19 cases
(hereafter referred to as low volume), 20–95 cases
(medium volume), and ≥96 cases (high volume), while
the three hospital volume groups were ≤87 cases (low
volume), 88–298 cases (medium volume), and ≥299 cases
(high volume).
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Key Variables of Interest

The key dependent variable of interest was “5-year survival,”
with “patient” as the unit of analysis, and the key independent
variables were the “hepatectomy volume groups” for both
surgeons and hospitals.

The characteristics of surgeon, hospital, and patient were
taken into account in our study. Surgeon characteristics
included the surgeon’s age (as a surrogate for practice
experience) and gender; hospital characteristics included
hospital ownership, hospital level, teaching status, and
geographical location, with the hospital ownership variable
being recorded as one of three types, “public,” “private not-
for-profit” and “private for-profit” hospitals. Within the
hospital level variable, each hospital was classified as a
medical center (with a minimum of 500 beds), a regional
hospital (minimum 250 beds), or a district hospital
(minimum 20 beds); hospital level can therefore be used
as a proxy for both hospital size and clinical service
capabilities.

Patient characteristics comprised of age, gender, sever-
ity of illness, and type of operation. Age was not linearly
associated with survival and was categorized into four
groups (<50, 50–64, 65–74, and >74). Since no illness
severity index is currently available in Taiwan, we used a
modified Charlson’s index, the Deyo–Charlson index, to
adjust for the patients’ clinical comorbidities; the Deyo–
Charlson index has been used as a means of adjusting for
the higher mortality risks associated with comorbidities
and has been widely used since then for risk adjustment
in administrative claims datasets. Higher scores on
Charlson’s index indicate more illness severity. The “type
of operation” comprised of partial hepatectomy and liver
lobectomy.

Statistical Analysis

The SAS statistical package (SAS System for Windows,
Version 8.2) was used to perform the statistical analysis of
the data in this study. The distribution of characteristics of
surgeon, hospital, and patient according to surgeon and
hospital hepatectomy volume groups were examined by χ2

or ANOVA test. Five-year cumulative survival estimates
and survival curves were calculated using the Kaplan–
Meier method and compared by means of the log-rank test
by surgeon and hospital volume. Survival time was
computed from the date of hepatectomy to the date of
death within the 5-year follow-up period. In order to
account for possible clustering effects within each surgeon
or hospital panel, we used stratified Cox regression models
to evaluate the contributions of surgeon and hospital
volume to 5-year survival while adjusting for the character-
istics of surgeon, hospital, and patient. Hazard ratios and

95% confidence intervals are presented. A two-sided p value
of less than or equal to 0.05 was considered statistically
significant.

Results

Table 1 describes the distribution of the characteristics of
surgeons and patients by surgeon hepatectomy volume
group. Hepatectomies were performed by 286 surgeons
between January 1997 and December 1999, at a mean
volume per surgeon of 9.8 operations. Of the total of 2,799
patients, 996 (35.6%) had undergone liver lobectomy, and
the other 1,803 (64.4%) had partial hepatectomy. The
surgeons in the high-volume group were more likely to be
older (p<0.001). Patients in the low-volume group, on
average, had higher Charlson Comorbidity Index Score
than their counterparts in other groups (p<0.001).

Table 2 presents the characteristics of hospital and
patients, classified by three hospital hepatectomy volume
group. Hepatectomies were carried out by 90 hospitals
between 1997 and 1999, at a mean volume of 31.2
resections per hospital. The vast majority of the hospitals
(92.2%) fell into the low-volume group; these hospitals
were generally located in the northern part of Taiwan. All
hospitals in the medium- and high-volume groups are
medical centers and teaching hospitals. Patients treated by
surgeons in low-volume group were more likely to undergo
liver lobectomies (p<0.001).

Figures 1 and 2 illustrate the unadjusted 5-year survival
of patients by surgeon and hospital volume. The log-rank
tests show that patients treated by high-volume surgeons
or hospitals had significantly greater 5-year survival (both
p<0.001).

Table 3 provides the 5-year survival rate, crude hazard
ratios and adjusted hazard ratios by hospital and surgeon
volume group. Five-year survival rate increased with
increasing surgeon volume group; it was 33.7%, 40.8%,
and 46.8% for sampled patients in low-, medium-, and
high-volume groups, respectively, while the 5-year survival
rate was 34.0%, 45.1%, and 43.1% for sampled patients in
low-, medium-, and high-volume hospital groups, respec-
tively. Cox proportional hazard regressions show that
patients treated by low-volume surgeons had a 51.6%
higher risk of death than those treated by high-volume
surgeons (p<0.001). Similarly, the risk of death for patients
receiving resections in low-volume hospitals was 1.335
times as high as the risk of their counterparts in high-
volume hospitals (p<0.001).

After adjusting for characteristics of patient, surgeon,
and hospital and clustering effects of surgeon or hospital,
the relationships between 5-year survival and surgeon
volume group remains; the stratified Cox regression models
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show that adjusted risk of death for patients operated by
low-volume surgeons was 41.1% higher than those by high-
volume surgeons (p<0.001). However, hospital case vol-
ume alone is not a significant predictor of 5-year survival
for hepatectomies.

Discussion

The volume–outcome relationship has been rarely explored
in liver cancer. Although few studies have examined the
relationship between volume and outcomes of hepatic
resection for HCC in the USA, these studies examined
only in-hospital mortality and examined effects of hospital
volume only. These studies did not examine effects of

hospital and physician volume simultaneously.10,13,14 This
is the first study using population-based data to investigate
whether physician or hospital volume was more strongly
associated with long-term survival of hepatic resection for
HCC.

A number of studies have correlated perioperative
outcome to hospital volume or physician volume for some
certain types of surgical procedures, including cardiac,
vascular, and general surgeries.15–18 These volume–out-
come relationships serve as the basis for the argument that
high-risk procedures should be regionalized to centers of
excellence.10,19–21 However, it is relatively unknown
whether long-term survival after hepatic resections may
be altered by such regionalization. These data in this
current study further support regionalization of high-risk

Table 1 Surgeon and Patient Characteristics in Taiwan, by Surgeon Liver Cancer Resection Volume Groups, 1997–1999

Variable Surgeon liver cancer resection volume groups p value

Low (1–19) Medium (20–95) High (>95)

Number Percent Mean SD Number Percent Mean SD Number Percent Mean SD

Surgeon characteristics (n=286)

Total number of surgeons 263 18 5

Liver cancer resection volume 3.5 3.8 49.3 23.5 247.0 132.5 –

Age 40.8 7.6 42.7 7.0 43.6 4.1 –

Gender

Male 258 98.1 18 100.0 5 100.0 0.805

Female 5 1.9 – – – –

Physician age

<40 141 53.6 8 44.4 1 20.0 0.3424

41–50 96 36.5 8 44.4 4 80.0

>51 26 9.9 2 11.2 – –

Patient characteristics (n=2,799)

Total number of patients 910 887 1,002

Patient age

<50 249 27.4 255 28.8 305 30.4 0.0066

50–64 304 33.4 316 35.6 369 36.8

65–74 264 29.0 263 29.7 259 25.9

>74 93 10.2 53 6.0 69 6.9

Patient gender

Male 681 74.8 695 78.3 817 81.5 0.0018

Female 229 25.2 192 21.7 185 18.5

Charlson Comorbidity Index score

3 457 50.2 434 48.9 58 54.7 <0.001

4 279 30.7 336 37.9 360 35.9

5 or more 174 19.1 117 13.2 94 9.4

Surgery type

Lobectomy 363 39.9 291 32.8 342 34.1 0.0036

Partial hepatectomy 547 60.1 596 67.2 660 65.9
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procedures, such as hepatectomy for HCC, in Taiwan.
In the current study, we confirmed a relationship of
long-term survival with hospital volume for liver
resections using a large national database in Taiwan. If
centers with superior patient outcomes, i.e., long-term
survival, could be identified, the procedure of resection
of HCC could be regionalized as a means of providing
the most cost-effective care with optimal quality.

In this study, when we examined the effect of
physician volume and hospital volume separately, both
physician volume and hospital volume significantly
associated with 5-year survival. However, after we
adjusted for characteristics of physician and hospital,
only physician volume remained a significant predictor
to the 5-year survival. In those very few studies, which
sought to identify the simultaneous contribution of
hospital and physician volume to outcomes, they have
generated similar results, i.e., physician volume is more
significant than hospital volume on the relationship
between volume and mortality. Halm et al.22 conducted

Figure 2 Liver cancer resection survival rates for patients hospital-
ized in Taiwan, by hospital volume, 1997–1999.Asterisk Hospital
volume was defined as the number of liver cancer surgeries between
the years 1997 and 1999 as follows: 1 high, 2 medium, and 3 low.

Figure 1 Liver cancer resection survival rates for patients hospital-
ized in Taiwan, by surgeon volume, 1997–1999. Asterisk Surgeon
volume was defined as the number of liver cancer surgeries between
the years 1997 and 1999 as follows: 1 high, 2 medium, and 3 low.
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a systematic review on volume–outcome relationship in
health care and concluded that the surgeon seemed to be a
more important determinant of outcomes than hospital
volume in the case of coronary artery bypass surgeries,
carotid endartectomy, surgery for ruptured abdominal
aortic aneurysm, and surgery for colorectal cancer.
Similarly, Hu et al.23 found that hospital volume is not
significantly associated with outcomes after adjusting for
physician volume in male patients who underwent radical
prostatectomy. Moreover, Hannan et al.24 found that
physician volume is more significant than hospital volume
on the relationship between volume and mortality for
coronary artery bypass surgeries, resection of abdominal
aortic aneurysms, partial gastrectomies, and colectomies.
Therefore, it appears that physician volume could be the
mechanism that underlines the relationship between
hospital volume and survival rates. More research efforts
are needed to continue to clarify the impact of both
hospital and surgeon volume on mortality rates simulta-
neously as well as the impact of the interaction of these
two volume measures on mortality rates.

As documented in the literature, our results support
the notion that high volume is often associated with
better outcomes. Two major hypotheses have been
proposed to explain these relationships.22,25–28 First,
“practice makes perfect,” i.e., physicians and hospitals
develop more effective skills if they treat more patients.
Second is “selective referral”, i.e., physicians and
hospitals achieving better outcomes receive more refer-
rals and thus accrue larger volumes. However, the
relative contribution of physician versus hospital volume
still remains unknown because there have been very few
studies that examined both types of volume measures
simultaneously.22

Although a compelling volume–outcome relationship
was supported in our study, several limitations existed
in this study. First, this study was adjusted for patient
co-morbidities; nevertheless, the National Database
lacked data on the severity of HCC, e.g., on MELD
or Child scores, to account for differences in the
severity of HCC among patients. Moreover, other
variables that possibly affect patients’ long-term survival
rates were not comprehensively collected in the data-
base, and therefore, we were not able to incorporate
these possible confounding variables in the analyses.
Lastly, this study used a cross-sectional design. We
were not able to reveal the consequential relationship
between volume and outcomes. Further longitudinal
studies may be needed to explore whether hospitals or
physicians with better outcomes would consequently
acquire greater volume of patients.

In conclusion, this is the first population-based study
examining associations between both physician volume
and hospital volume and long-term survival in patients
with liver malignancies in the HBV-endemic areas,
Taiwan. We have demonstrated that higher volumes are
associated with better long-term survival rates. More-
over, physician volume is more significant than hospital
volume in predicting 5-year survival rates in HCC
patients. If physicians or centers with superior patient
outcomes could be identified, these procedures could be
regionalized as a means of providing the most effica-
cious and cost-effective care. Furthermore, it is impor-
tant to find out why some providers have substantially
better outcomes than others, and the government should
make systematic efforts to transfer this capability to all
providers in order to improve the care and treatment
outcome for all HCC patients.

Table 3 Relative 5-Year Survival and Hazard Ratios by Surgeon and Hospital Liver Cancer Resection Volume Groups

Variables Relative 5-year survival (%) Crude hazard ratio/95% CI Adjust hazard ratioa/95% CI

Surgeon hepatectomy volume

≤19 33.7 1.516 (1.349–1.704)*** 1.411 (1.232–1.617)***

20–95 40.8 1.203 (1.066–1.357)** 1.189 (0.871–1.620)

>95 46.8 1.000 1.000

Hospital hepatectomy volume

≤87 34.0 1.335 (1.191–1.496)*** 1.211 (0.832–1.751)

88–298 45.1 0.925 (0.819–1.045) 1.110 (0.834–1.452)

>298 43.1 1.000 1.000

Total sample No.=2,799

** p<0.01; *** p<0.001
a Odds ratios are adjusted for patient’s age, gender, type of operation, the Charlson Comorbidity Index, and surgeon’s age and gender and hospital
characteristics including hospital ownership, hospital level, teaching status and geographical location and clustering effect of surgeon or hospital
(by stratified Cox regression model)
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Abstract
Introduction This study aims to determine the mortality rate and significant factors associated with laparoscopic (LC) and
open cholecystectomies (OC) over a 10-year period.
Methods Using the Nationwide Inpatient Sample, we analyzed data for both LC and OC between 1997 and 2006.
Cholecystectomies performed as part of another primary procedure were excluded. Using procedure-specific codes, we
calculated annual national volumes for both open and laparoscopic cholecystectomies for the time period under review and
the associated in-hospital mortality following both of these procedures. Using logistic regression modeling, we then
analyzed selected patient and institutional characteristics to determine if a significant association existed between these
factors and in-hospital mortality.
Results There was a 16% increase in the volume of LC and a corresponding decrease in open procedures over the 10 years
under review. In 2006, 12% of cholecystectomies were still performed using an open approach and the associated mortality
remained significantly higher than that seen with LC. Overall, after adjusting for patient and hospital characteristics, the
mortality for OC was higher than that for LC (OR 4.57; 95% CI, 4.37–4.79, p<0.001). Age (>60 years), male gender, non-
elective admission, admission source, and a primary diagnosis other than cholelithiasis were all independently associated
with increased mortality. The average mortality rate associated with conversion from LC to OC was found to be 0.7%.
Conclusions These data indicate an increase in the proportion LCs performed over the years under study with a decrease in
the proportion of OCs. However, OCs remain associated with a significant mortality burden when compared with the
laparoscopic approach.

Keywords Open cholecystectomy . Laparoscopic
cholecystectomy .Mortality . Cholecystectomy mortality .

Mortality factors

Introduction

Over the course of the last two decades, laparoscopic
cholecystectomy (LC) has replaced open cholecystectomy
(OC) as the standard operation to treat symptomatic
gallbladder disease. Through refinement of techniques and
instrumentation, the laparoscopic approach has evolved to
offer significant reduction in pain and postoperative recovery
time with low rates of morbidity and mortality.1–3 The
alternative open operation is now reserved for instances
where the laparoscopic approach is not possible or where
there is a need to convert from the laparoscopic approach
due to severity of disease or complication. A large number
of cholecystectomies are performed annually4–6 and one
recent report, investigating quality improvement in general
surgery, found that inpatient cholecystectomy ranked third
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and outpatient cholecystectomy ranked 22nd in contributing
to morbidity and mortality among the 36 surgical procedures
examined.7 Indeed, there are numerous reports of high
morbidity and mortality in certain groups undergoing OC8

and low mortality and morbidity in those undergoing LC or
partial LC,9–11 even in the developing world,12 but the
magnitude of this mortality burden has not been fully
reported over a sustained period of time. In addition, factors
associated with mortality after either LC or OC have not
been investigated under the same circumstances.

In a previous investigation on bile duct injury after LC,
we noted that the percentage of cholecystectomies per-
formed laparoscopically had increased between 1991 and
2000 but that the mortality rate had remained consistently
low (ranging between 0.33% and 0.58%) over this period.6

In this current study, we have returned to this issue and
report our findings on the mortality associated with both
OC and LC in the United States during the years 1997 to
2006 as derived from the largest all-payer administrative
database currently available in this country. In addition, we
also determined the major factors associated with mortality
in patients undergoing both of these procedures.

Materials and Methods

Study Population

For this retrospective study, the population was drawn from
discharge data contained in the Nationwide Inpatient
Sample (NIS) compiled by the Healthcare Cost and
Utilization Project (HCUP, Agency for Healthcare Research
and Quality, Rockville, MD) for the years 1997 through
2006.13 This sample represents the all-payer inpatient
experience of a 20% stratified probability sample of
American non-military, non-federal hospitals for each year
under consideration. Each individual discharge abstract for
this population of patients is statistically weighted to
provide a national representation of diagnoses and proce-
dure volume.

Data Extraction and Factors Impacting Analysis
and Modeling

Using the appropriate procedure codes as defined by the
International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM), patients undergoing
open cholecystectomy (51.22), laparoscopic cholecystecto-
my (51.23), or laparoscopic partial cholecystectomy
(51.24), for each year under review, were identified and
extracted from the overall dataset. Specific ICD-9 coding
for open cholecystectomy has been present in the database
since its inception and was modified in October 1991 while

the codes for laparoscopic cholecystectomy and laparo-
scopic partial cholecystectomy were introduced in October
1991 and October 1996, respectively. The specific ICD-9
coding for a case converted from a laparoscopic to an open
procedure (converted) was introduced in October 1997 and
was modified again in October 2003. Since no conversion
data is available for the first three quarters of 1997, we do
recognize that conversion rates for 1997 are underestimated.
Cholecystectomies associated with pancreatic or biliary tract
neoplasms, chronic pancreatitis, or liver transplantation were
excluded. Patient comorbidities were analyzed individually
using a subset of the comprehensive list defined and
developed by Elixhauser for administrative data analysis.14

Comorbidities present in at least 5% of cases and deemed
clinically relevant were included in our analysis. The
comorbidities of diabetes mellitus, renal failure, and liver
disease did occur in less than 5% of our cohort but were
included in the analysis due to their known association with
adverse outcomes during or after surgical procedures.

For the purpose of our analysis, converted cases were
considered to be part of our LC cohort on an intent-to-treat
basis. Converted cases were analyzed separately in a
subgroup univariate analysis of LC patients that compared
these groups on how the procedure was completed
(laparoscopically versus converted). Subsequently, conver-
sion was examined as an independent variable within our
multivariate model for LC.

Specific variables selected for univariate analysis were
chosen based on our determination of their importance in
contributing to the outcome of interest (death) after LC or
OC. We did not include race as a variable for univariate or
multivariate analysis due to our finding that 25% of all case
abstracts in our study population were missing a race
designation. This was due to several states (nine of 38 states
in 2006) not reporting race data in any of their patient
abstracts.

Data Analysis

Data extraction for the primary (OC, LC, and converted)
procedures as well as calculation of national averages and
statistical analysis was performed using SAS/STAT Software
(SAS Institute Inc, Cary, NC; Release 9.1). For univariate
analysis continuous variables were compared using the
Mann–Whitney U test to compare medians given the
nonparametric distribution of the data. Categorical variables
were compared using the Chi square test to compare
proportions. Variables found to be significant (p<0.05) under
univariate analysis, or deemed clinically relevant, were
included in a multivariate logistic regression model in order
to examine the relationship between these variables and the
outcome of interest (death). Separate models were created for
all cholecystectomies, OC, LC, and for comorbidities.
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Results

For the study period, a total of 75,984,572 weighted NIS
inpatient abstracts were surveyed in order to derive the
study cohort of 4,232,329 cholecystectomy procedures. Of
these cases, 3,504,248 were LCs and 728,081 were OCs.
Within the LC group, 296,503 cases were converted.

There was a 16% increase in the proportion of LC and a
corresponding decrease in open procedures over the 10 years
under review (Fig. 1). The average conversion rate was
8.34% over the study period (range 1.29% in 1997 to 9.9%
in 1999). If 1997 data is excluded, given that only last
quarter conversion data was available for that particular year,
the average conversion rate was 9.13%. In 1997, 297,855
cholecystectomies were attempted laparoscopically, repre-
senting 72% of all cholecystectomies performed during that
year. For 2006, 367,748 LCs were attempted representing
88% of all cholecystectomies for that year. LC was
associated with a low mortality (mean 0.52%, range 0.45–
0.58%) over the study period while OC was associated with
a significantly higher rate (mean 4.9%; range 4.04–5.65%).

Conversion from LC to OC was associated with a mean
mortality of 0.65% (range 0.50–0.80%; Fig. 2). If data from
1997 is excluded, the average mortality for LC, OC, and
converted are 0.53%, 5.11%, and 0.66%, respectively.

Univariate analysis comparing the OC and LC groups are
shown in Table 1. There was a statistical difference between
the two groups in regard to all patient, institutional, and
outcome characteristic that were chosen for comparison.
For the OC group, larger clinical percentage differences
were seen in the categories of age, sex, admission type and
source, presence or absence of cholecystitis, primary payer,
and disposition. A subset analysis of LC (intent-to-treat)
cases was also performed in order to compare LC and
converted cases (Table 2). Again, there was a statistical
difference between the two groups in regard to all patient,
institutional, and outcome characteristic examined. Com-
pared to the OC group, large clinical percentage differences
was only seen in the categories of age, sex, and primary
payer.

The OC, LC, and conversion groups were further
subjected to a multivariate logistic regression model
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Table 1 Comparison of Patient, Institutional and Outcome Characteristics Between Patients Who Underwent OC and LC Between 1997 and
2006, NIS

OC LCa p value All cases

Nb (%) 728,081 (12) 3,504,249 (88) 4,232,329 (100)

Patient characteristics

Age <0.001

0–10 years 0.4% 0.1% 0.2%

11–20 years 1.3% 3.5% 3.2%

21–40 years 14.6% 27.2% 25.0%

41–60 years 28.2% 31.9% 31.3%

61–80 years 41.4% 29.5% 31.6%

>81 years 14.0% 7.7% 8.8%

Sex <0.001

Female 59.0% 70.0% 68.0%

Male 41.0% 30.0% 32.0%

Admission type <0.001

Elective 41.0% 25.7% 28.4%

Non-elective 52.4% 68.1% 65.4%

Unknown 6.6% 6.2% 6.3%

Admission source <0.001

Routine 57.2% 42.5% 45.0%

Other health facility 3.3% 2.2% 2.4%

Emergency department 36.9% 53.3% 50.5%

Unknown 2.6% 2.0% 2.1%

Primary diagnosis <0.001

Cholecystitis 37.7% 69.5% 64.0%

Cholelithiasis 1.3% 3.1% 2.8%

Other 61.0% 27.4% 33.2%

Primary payer <0.001

Medicare 48.4% 31.5% 35.3%

Medicaid 8.0% 11.2% 10.7%

Private insurance 36.1% 46.0% 44.3%

Self-pay 4.1% 6.3% 5.9%

No charge 0.3% 0.5% 0.5%

Other 2.7% 3.1% 3.0%

ZIP-based income levelc <0.001

Lowest quartile 17.1% 16.5% 16.6%

Second lowest quartile 27.1% 26.3% 26.1%

Second highest quartile 24.6% 24.8% 24.8%

Highest quartile 28.1% 29.9% 29.6%

Institution characteristics

Location/teaching status of facility <0.001

Rural 16.4% 17.6% 17.4%

Urban/non-teaching 41.3% 47.9% 46.8%

Urban/teaching 42.2% 34.4% 35.7%

Outcome characteristics

LOSd 7 (4–11) 3 (2–5) <0.001 3 (2–6)

Disposition <0.001

Routine (to home) 69.9% 91.4% 87.7%

Transfer to short-term hospital 1.0% 0.5% 0.6%

Transfer, other (including SNF) 13.8% 4.1% 5.8%
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(Table 3). All groups differed significantly in regard to
almost all variables examined. There was a significant
overall risk of dying for patients undergoing OC (OR 4.57;
95% CI, 4.37–4.79; p<0.001) when all variables and
comorbidities were controlled for. Older age was also an
independent risk factor for mortality after either OC or LC.
Patients in the 61–80 years age group and in the over
81 years age group who underwent LC had an even greater
risk of dying (OR 2.34; 95% CI, 2.04–2.69; p<0.001 and
OR 4.91; 95% CI, 4.21–5.73; p<0.001, respectively) than
those comparable individuals undergoing OC (OR 1.97;
95% CI, 1.79–2.17; p<0.001 and OR 3.25; 95% CI, 2.91–
3.64; p<0.001, respectively). Conversion did not signifi-
cantly increase mortality risk (OR 1.12; 95% CI, 1.00–1.25;
p=0.05). Other variables predictive of mortality after
cholecystectomy included, transfer from another health
facility for patients who had undergone OC and a primary
diagnoses other than cholecystitis for both OC and LC
groups. Primary payer had the largest impact on the LC
group of patients.

The influence of comorbidities on mortality following
cholecystectomy was examined using the multivariate
regression models shown in Table 4. Liver disease, renal
failure, congestive heart failure, and fluid and electrolyte
disorders all had twofold or greater risk of morality for both
OC and LC. Renal failure imparted the largest risk of dying
(OR 3.86; 95% CI, 3.52–4.25; p<0.001 for OC and OR
4.96; 95% CI, 4.45–5.53; p<0.001 for LC).

Discussion

Gallbladder disease continues to have a major impact in
western populations and its surgical treatment accounts for
a large proportion of annual operations done in developed
countries. In this population-based study we find that US
national, nonfederal inpatient cholecystectomy volume has
remained high over our study period while, as previously
reported,5,6 the laparoscopic approach continued to account

for an increasing proportion of the annual operative
volume. Schilling and Dimick, using data derived from
the American College of Surgeons’ National Surgery
Quality Improvement Program (ACS-NSQIP),7 have re-
cently reported that inpatient cholecystectomy has an
adverse event rate of 7.5%, third highest of the 36
procedures they examined. Our reported mortality rate after
LC is comparable to that found by others,3,15–17 but our
reported mortality is higher for OC than that previously
reported by other investigators using data derived from
different patient samples.15,18 Although it is clear that a
number of factors also influence mortality,8,16,19–21 our
findings may be explained by the fact that they are
aggregate data derived from a large dataset over a long
period of time.

In comparing our OC and LC groups (Table 1) it is
apparent that a larger proportion of the OC group was older
than 61 years and male. While this is in keeping with the
patterns seen by others,15,19 we have also noted that a larger
proportion of our patients were admitted on an elective
basis from a routine source and with a diagnosis other than
cholecystitis. Taken together, this suggests that these
patients were admitted for another diagnosis or illness and
were diagnosed with, or developed, gallbladder disease
during the course of their hospitalization. A review of our
dataset shows that 15% of our OC patients had chronic
pulmonary disease, 14% had diabetes, 35% had hyperten-
sion, and 19% had fluid and electrolyte disorders as
additional comorbidities. These patients were also signifi-
cantly different from those patients undergoing LC (p<
0.001, data not shown). Of these comorbidities, diabetes
has been most closely associated with the development of
gallbladder disease.22,23 However, the NIS database is
limited in clinical depth which makes it impossible to fully
investigate the relationship between diabetes or any other
admission diagnoses and the subsequent development of
gallbladder disease over the course of a patient’s hospital-
ization. A large proportion of our OC group were Medicare
patients, as would be expected of this older age group, and

Table 1 (continued)

OC LCa p value All cases

Home health care 10.1% 3.3% 4.5%

Against medical advice 0.1% 0.1% 0.1%

Died during hospitalization 4.9% 0.5% 1.3%

LOS length of stay, SNF skilled nursing facility
a Category also includes converted cases on intent to treat basis
b National estimate based on NIS statistical weighting
c Quartiles are calculated and indexed annually
d Values are median with interquartile range
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Table 2 Comparison of Patient, Institutional and Outcome Characteristics Between Patients Who Underwent Successful LC and Those Who
Were Converted Between 1997 and 2006, NIS

LC Converted p value

Na (%) 3,207,745 (91.5) 296,503 (8.5)

Patient characteristics

Age <0.001

0–10 years 0.1% 0.1%

11–20 years 3.7% 1.3%

21–40 years 28.2% 16.4%

41–60 years 31.8% 33.0%

61–80 years 28.7% 38.8%

>81 years 7.4% 10.5%

Sex <0.001

Female 71.0% 55.0%

Male 29.0% 45.0%

Admission type <0.001

Elective 25.2% 31.5%

Non-elective 68.6% 62.3%

Unknown 6.2% 6.2%

Admission source <0.001

Routine 41.8% 49.2%

Other health facility 2.2% 3.1%

Emergency department 54.0% 45.6%

Unknown 2.0% 2.1%

Primary diagnosis <0.001

Cholecystitis 68.8% 77.3%

Cholelithiasis 3.1% 2.1%

Other 28.1% 20.6%

Primary payer <0.001

Medicare 31.7% 42.0%

Medicaid 11.4% 9.1%

Private insurance 46.7% 39.1%

Self-pay 6.3% 5.7%

No charge 0.5% 0.6%

Other 3.1% 3.2%

ZIP-based income levelb <0.001

Lowest quartile 16.6% 16.1%

Second lowest quartile 26.0% 27.2%

Second highest quartile 24.7% 26.4%

Highest quartile 30.1% 28.0%

Institution characteristics

Location/teaching status of facility <0.001

Rural 17.5% 19.0%

Urban/non-teaching 48.3% 43.3%

Urban/teaching 34.1% 37.6%

Outcome characteristics

LOSc 3 (2–5) 5 (4–8) <0.001

Disposition <0.001

Routine (to home) 92.2% 83.4%

Transfer to short-term hospital 0.5% 0.7%

Transfer, other (including SNF) 3.8% 7.4%
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income level and institutional characteristics, although
statistically significant, are clinically insignificant if the
percentage difference between them are examined.

In comparing our LC and converted group, it is
interesting to note that conversion did not impart an
increase in mortality rate (Table 2) or increase the risk of
mortality after cholecystectomy to any significant level (OR
1.12; 95% CI, 1.00–1.25; p=0.05). Wolf and Nijsse, have
previously reported a mortality rate of 1.5% in their series
of converted patients15 and this is much higher than our
findings. Their series, however, was relatively small. In our
particular case, it is also interesting to note that the
converted group shared some of the characteristics of the
OC group, particularly in regard to age and sex (Table 2).
The association between age and risk of conversion has
been well established and it is usually high. Timmons and
Chandio, as an example, report a conversion rate of 22% in
patients over 65 years old.24 Our converted cohort did differ
from the OC group in regard to mortality, LOS and the
finding that 83.4% had a routine disposition as opposed to
69.9% of the former group (Table 1). Taken together, these
findings suggest that the converted group represent a
different population of patients distinct from the OC group.
They retain many of the characteristics of the LC group and
resemble the OC group only in largely being elderly male
Medicare beneficiaries. The average conversion rate of
8.3% found in this investigation is comparable with that
found by others 2,18,22 but is considerably lower than the
15.6% reported during the 1990s.3

Patients undergoing OC have over a greater than
fourfold risk of dying compared to those undergoing LC
(Table 3). While conversion from LC to OC does not
appear to impart significant risk of dying, there are other
factors that clearly do. Almost all variables examined by
our regression model reached statistical significance but it
is evident that some impart considerably higher mortality
risk for both OC and LC. In our model, the variables with
the highest overall risk of death were age, admission from
another health facility, and a primary diagnoses other than
cholecystitis or cholelithiasis. A number of other inves-

tigators have found that age and sex are independent risk
factors for mortality after OC and LC,15,18 but the
surprising finding here is that patients in the 61–80 years
age group and in the over 81 years age group who
underwent LC had an even greater risk of dying than those
comparable individuals undergoing OC. In 1998, Maxwell
and Tyler found a 1.8% mortality following LC in patients
aged 80 and older.8 Our findings, coupled with theirs, may
suggest an adverse effect of carbon dioxide insufflation on
the cardiopulmonary reserve of this segment of the
population but this cannot be proven within the context of
the current study. The NIS database includes all skilled
nursing and rehabilitation facilities within the designation
of “other health facility.” This may explain the increased
mortality risk (overall OR 2.12; 95% CI, 1.91–2.34; p<
0.001) associated with this variable since it may represent
elderly patients being admitted from skilled nursing or
rehabilitation facilities with a primary diagnoses other than
cholecystitis or cholelithiasis (OR 2.97; 95% CI, 2.83–3.12;
p<0.001). Finally, it is interesting to note that mortality risk
is decreased at urban teaching and rural hospitals as
compared to urban teaching facilities. While we may
speculate that adverse mortality may be attributable to case
complexity at teaching facilities, it is not possible to
ascertain the detailed factors responsible for this within
the design of this study and further suggests the need for
additional investigation.

In our second multivariate analysis, we examined the
influence of ten common comorbidities on in-hospital
mortality following cholecystectomy. It is interesting to
note that the four conditions with the highest risk (renal
failure, congestive heart failure, fluid and electrolyte
disorders, and liver disease) all have the highest risk
manifested in the LC group over the OC group of patients.
Beyond consideration of the physiological effects of a
carbon dioxide pneumoperitoneum, it is difficult to explain
these findings. There have been a number of studies
looking at the contribution of comorbidities to the risk of
death following cholecystectomy. Skies and Nguyen’s
sophisticated analysis, also drawn from the NIS dataset,

Table 2 (continued)

LC Converted p value

Home health care 2.9% 7.7%

Against medical advice 0.1% 0.1%

Died during hospitalization 0.5% 0.7%

LOS length of stay, SNF skilled nursing facility
a Category also includes converted cases on intent to treat basis
a National estimate based on NIS statistical weighting
b Quartiles are calculated and indexed annually
c Values are median with interquartile range
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Table 3 Multivariate Analysis of In-hospital Mortality Following All Cholecystectomies, OC and LC Between 1997 and 2006, NIS

All cases OC LC

Variable Odds ratio (95% CI) p value Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Approach

Laparoscopic Reference

Open 4.57 (4.37–4.79) <0.001

Completed

Laparoscopic Reference

Converted 1.12 (1.00–1.25) 0.05

Age

0–10 years 0.97 (0.60–1.56) 0.890 0.81 (0.49–1.35) 0.422 0.96 (0.23–3.94) 0.957

11–20 years 0.37 (0.27–0.51) <0.001 0.62 (0.44–0.88) 0.007 0.21 (0.12–0.39) <0.001

21–40 years 0.42 (0.37–0.47) <0.001 0.55 (0.47–0.63) <0.001 0.35 (0.28–0.43) <0.001

41–60 years Reference Reference Reference

61–80 years 2.17 (2.00–2.35) <0.001 1.97 (1.79–2.17) <0.001 2.34 (2.04–2.69) <0.001

>81 years 3.98 (3.62–4.36) <0.001 3.25 (2.91–3.64) <0.001 4.91 (4.21–5.73) <0.001

Sex

Male 1.28 (1.23–1.35) <0.001 1.23 (1.18–1.30) <0.001 1.33 (1.25–1.42) <0.001

Female Reference Reference Reference

Admission type

Elective Reference Reference Reference

Non-elective 1.52 (1.42–1.64) <0.001 1.87 (1.71–2.04) <0.001 1.10 (0.98–1.22) 0.092

Unknown 1.49 (1.34–1.66) <0.001 1.63 (1.42–1.86) <0.001 1.24 (1.04–1.48) 0.016

Admission source

Routine Reference Reference Reference

Other health facility 2.12 (1.91–2.34) <0.001 2.31 (2.04–2.62) <0.001 1.75 (1.49–2.06) <0.001

Emergency department 1.25 (1.18–1.33) <0.001 1.51 (1.40–1.63) <0.001 0.99 (0.90–1.08) 0.784

Unknown 1.42 (1.21–1.67) <0.001 1.54 (1.27–1.87) <0.001 1.29 (1.03–1.62) 0.027

Primary diagnosis

Cholecystitis Reference Reference Reference

Cholelithiasis 0.89 (0.70–1.14) 0.363 1.00 (0.67–1.50) 0.981 0.80 (0.60–1.09) 0.155

Other 2.97 (2.83–3.12) <0.001 3.66 (3.41–3.92) <0.001 2.35 (2.19–2.52) <0.001

Primary payer

Medicare 1.66 (1.54–1.79) <0.001 1.45 (1.33–1.59) <0.001 2.01 (1.75–2.29) <0.001

Medicaid 1.59 (1.43–1.77) <0.001 1.42 (1.25–1.62) <0.001 1.87 (1.57–2.23) <0.001

Private insurance Reference Reference Reference

Self-pay 1.26 (1.07–1.47) 0.004 1.26 (1.05–1.52) 0.013 1.19 (0.90–1.58) 0.225

No charge 1.57 (1.01–2.44) 0.004 1.25 (0.71–2.20) 0.444 2.16 (1.09–4.28) 0.027

Other 1.16 (0.97–1.38) 0.103 1.10 (0.89–1.37) 0.373 1.18 (0.85–1.64) 0.324

ZIP-based income level

Lowest quartile 0.98 (0.91–1.05) 0.583 0.96 (0.88–1.04) 0.323 0.99 (0.89–1.11) 0.907

Second lowest quartile 0.98 (0.93–1.05) 0.616 1.01 (0.94–1.08) 0.878 0.93 (0.85–1.03) 0.185

Second highest quartile 1.06 (0.99–1.12) 0.075 1.03 (0.95–1.10) 0.476 1.08 (0.98–1.19) 0.127

Highest quartile Reference Reference Reference

Location/teaching status

Urban teaching Reference Reference Reference

Urban nonteaching 0.88 (0.83–0.93) <0.001 0.90 (0.85–0.96) <0.001 1.01 (0.94–1.10) 0.745

Rural 0.71 (0.66–0.77) <0.001 0.72 (0.66–0.78) <0.001 0.85 (0.77–0.95) 0.003

Association between each variable and the outcome of interest (death) was modeled using stepwise logistic regression (backwards variable
elimination method). The association between each variable and the outcome of interest was controlled for all other variables
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found a 3.4-fold increase in mortality in cirrhotic patients
undergoing cholecystectomy. Their study relied on specific
diagnosis codes for cirrhosis and portal hypertension, had a
component of surgical selection bias associated with it and
involved a specific group of patients with advanced liver
dysfunction. In such case, our study could be viewed as
applying to the general population with differing degrees of
diagnosed liver disease. Others investigators have reported
low mortality in patients with severe cardiovascular
disease,20 renal failure,25 and chronic obstructive pulmo-
nary disease26 undergoing LC. However, these data were
derived from relatively small studies and none have derived
odds ratios as has been done here. It is also interesting to
note that a number of our common comorbidities were
associated with a significant decreased risk of mortality
after either OC or LC. It is highly unlikely that deficiency
anemias (overall OR 0.70), uncomplicated diabetes (overall
OR 0.78), hypertension (overall OR 0.45), hypothyroidism
(overall OR 0.57), or obesity (overall OR 0.50) are
protective conditions in patients undergoing cholecystecto-
my. This lack of correlation with clinical expectations may
indicate that patients with these conditions were under
medical care and were better able to tolerate these
procedures than individuals with unrecognized anemia,
diabetes, hypertension, or hypothyroidism. This finding
with regard to obesity is difficult to explain but may simply
represent a selection bias towards the younger segment of
the population, on which the majority of these procedures
are performed and where mortality is lower, instead of the
elderly segment where we have found mortality risk to be
greater.

There are potential limitations of this study that may
have an impact on our findings. First, the NIS does not
include patient abstracts derived from US Military or

Veteran’s Affairs hospitals, or from stand-alone ambulatory
surgery centers. While it is not likely that the federal
government system would contribute a significant increase
to the mortality rate of uncomplicated LC since these patients
would simply discharged to home in a timely manner, it is
not possible to assess the contribution of converted or OC
patients to our national estimation of mortality. Ferreira and
colleagues, reported a volume of 7,492 LCs performed
within the Veterans Affairs Healthcare System between 1992
and 199527 so it is likely that a small percentage of
cholecystectomies are lost to us from this source. In the
case of ambulatory surgery centers, it is reasonable to
assume, as we did with the federal healthcare system, that
uncomplicated LCs were discharged to home while
converted cases would be admitted to a healthcare facility
as inpatients. Second, the introduction of a specific ICD-9
code for conversion in October 1997 makes it impossible to
report actual conversions for that year thus impacting our
average conversion rate for the study period. Although it
would be convenient to predict a conversion rate between
8.3% (including 1997 data) and 9.1% (excluding 1997
data), we would still fail to take into consideration the
contribution of ambulatory surgery center LC volume.
Converted cases from this source would tend to overesti-
mate our annual conversion rate. OC volume for 1997 also
appears to be inflated due to the late introduction of the
conversion code. Third, it is impossible to control for all
potential ICD-9 coding errors at the hospital level that may
have an impact on our ability to accurately extract patient
abstracts. An example of this may be seen in mortality
impacted by “fluid and electrolyte disorders” in our
multivariate analysis of comorbidity factors. While this
may be related to critical illness or sepsis, it may also
simply represent overcoding on the part of the dataset.

Table 4 Multivariate Analysis of the Influence of Selected Comorbidities on In-hospital Mortality Following All Cholecystectomies, LCs and
OCs Between 1997 and 2006, NIS

All cases OC LC

Variable Odds ratio (95% CI) p value Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Liver disease 2.42 (2.22–2.64) <0.001 2.25 (2.01–2.53) <0.001 2.53 (2.22–2.88) <0.001

Renal failure 4.46 (4.15–4.80) <0.001 3.86 (3.52–4.25) <0.001 4.96 (4.45–5.53) <0.001

Deficiency anemias 0.70 (0.64–0.76) <0.001 0.63 (0.57–0.70) <0.001 0.80 (0.70–0.90) <0.001

Congestive heart failure 2.46 (2.33–2.59) <0.001 2.03 (1.89–2.17) <0.001 3.23 (2.97–3.51) <0.001

Chronic pulmonary disease 1.31 (1.24–1.38) <0.001 1.25 (1.17–1.34) <0.001 1.40 (1.28–1.52) <0.001

Diabetes, uncomplicated 0.78 (0.73–0.84) <0.001 0.73 (0.67–0.80) <0.001 0.84 (0.76–0.93) <0.001

Hypertension 0.45 (0.42–0.47) <0.001 0.44 (0.41–0.47) <0.001 0.46 (0.42–0.49) <0.001

Hypothyroidism 0.57 (0.51–0.64) <0.001 0.51 (0.44–0.60) <0.001 0.64 (0.55–0.74) <0.001

Fluid and electrolyte disorders 2.38 (2.26–2.50) <0.001 2.01 (1.90–2.13) <0.001 3.09 (2.85–3.34) <0.001

Obesity 0.50 (0.43–0.59) <0.001 0.48 (0.39–0.60) <0.001 0.56 (0.45–0.69) <0.001

Association between each variable and the outcome of interest (death) was modeled using stepwise logistic regression (backwards variable
elimination method). The association between each variable and the outcome of interest was controlled for all other variables

2300 J Gastrointest Surg (2009) 13:2292–2301



Conclusion

In our current study, we have found that the proportion of
LCs performed annually has continued to increase over our
decade of study. The mortality rate associated with LC
continues to be low. In contrast, a sizeable proportion of
OCs are still being performed with an associated high
mortality rate. Elderly male Medicare patients and patients
with renal failure, congestive heart failure, and liver disease
appear to represent a segment of the population that are at
higher risk for death after cholecystectomy by either the
open or laparoscopic approach.
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Abstract
Aim Sleeve gastrectomy (SG) and modified duodenal jejunal bypass (MDJB) were compared as procedures for glucose
control. We aim to form the initial conclusions with respect to the possibility of (1) whether gastric fundus exclusion is
essential for the control of diabetes and (2) application as a low morbidity procedure.
Materials and Methods SG and MDJB were performed on 10- to 12-week-old Goto–Kakizaki rats that spontaneously
develop type 2 diabetes. Rats were observed for 36 weeks after surgery, and glucose, insulin, glucagons-like peptide-1
(GLP-1), glucose tolerate, insulin sensitivity, cholesterol, triglycerides, and free fatty acid levels were measured.
Results Apart from distinct weight loss of SG and MDJB after 1 month compared with sham-operated rats (P<0.001), SG
showed strikingly improved blood glucose levels and significantly decreased Ghrelin secretion (P<0.001). Furthermore, SG
resulted in a shorter operative time (P<0.01) and postoperative recovery time (P<0.01) than MDJB group.
Conclusions SG shows better control in terms of glucose tolerance and other measurements. This study provides direct
evidence that SG possesses better improvement of diabetes by reduction of Ghrelin.

Keywords Sleeve gastrectomy .Modified duodenal jejunal
bypass . Glucagon-like peptide-1 . Insulin

Abbreviations
SG Sleeve gastrectomy
GK Goto–Kakizaki
MDJB Modified duodenal jejunal bypass
OGTT Oral glucose tolerance test
ITT Insulin tolerance test
GLP-1 Glucagon-like peptide-1

Introduction

Diabetes mellitus (DM) presently affects more than 170
million people worldwide,1 with an estimated increase of at

least 50% by 2010. DM is expected to double to about
300 million by the year 2025.2 As the population with
Type 2 diabetes increases, so does the prevalence of life-
threatening complications. By now, the disease has become
a major cause of morbidity and mortality and places a huge
strain on public health funding.3 However, etiology and the
best treatment remain elusive still.

Current therapies including diet, exercise, behavior
modification, oral hypoglycemic agents, and insulin4–6

rarely return patients to euglycemia. Investigators had
found that a number of Type 2 diabetes patients achieved
clinical resolution after surgical treatment of morbid
obesity.7 Moreover, recent reports that glycemic control
often occurs long before significant weight loss8,9 sug-
gested that the control of diabetes may be a direct effect of
the operations rather than a secondary outcome of the
amelioration of obesity-related abnormalities.

It is reported that the SG and duodenal jejunal bypass
(DJB) for the treatment of diabetes type 2 in patients are
effective treatments for diabetes10–12 and restore normal
concentrations of plasma glucose, insulin, and glycosylated
hemoglobin in 80% to 100% of patients.8,13,14 Furthermore,
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it was also demonstrated that other bariatric operations may
result in significant clinical improvement in Type 2
diabetes.7,15–21

Since many of these procedures resulted in significant
control of diabetes in obese and non-obese individuals, then
which procedure is best? To find the answer, we studied the
effect of SG and MDJB in Goto–Kakizaki (GK) rats, the
most widely used animal model of non-obese Type 2
diabetes.22, 23 We herein report the comparison of glycemic
control outcomes between SG and MDJB in GK rats during
a 36-week period.

Materials and Methods

SG and MDJB were compared as surgeries for glucose
control. Initial conclusions might be formed with respect to
the possibility of (1) whether gastric fundus exclusion is
essential for the control of diabetes and (2) application as a
low morbidity procedure.

Animals

Male 8- to 10-week-old GK rats were purchased fromNational
Rodent Laboratory Animal Resources (Shanghai, China). All
animals were housed in individual cages under constant
ambient temperature and humidity in a 12-h light/dark cycle.
Care and procedural protocols were evaluated to ensure
compliance with National Institute of Health standards.24

Experimental Design

All the rats were acclimated for 1 week before the start of
experiments. Then, 10 rats randomly underwent each one of
the following groups: (1) SG, (2) Sham–SG, (3) MDJB,
and (4) Sham–MDJB. Operations were performed after an
overnight fast and the induction of ether anesthesia.

In all groups, weight, food intake, fasting glycemia,
fasting insulin, glucose-stimulated glucagon-like peptide-1
(GLP-1), glucose tolerance, insulin tolerance test (ITT), and
plasma lipids were measured before and at several time
points after the intervention.

The surgery time of SG and MDJB groups was strictly
recorded. The first defecation time, serving as an indication
of postoperative recovery time, and the occurrence of
postoperative complications were observed and recorded
carefully.

Surgical Procedures

Rats undergoing any operation were made to fast overnight.
Inhalation anesthesia with 2% isoflurane and air/oxygen
was used during the surgery.

SG surgery was performed as described by de Bona
Castelan J, et al.10,11,25 First, a 4-cm mid-laparotomy was
made, and the structures were identified. Gastric omentum
was dissociated to disclose gastric cardium. To dissect the
fundus and greater curve, ligation with 6/0 silk of the short
vessels towards the spleen and of the gastroepiploic vessels in
the region of the antrum was needed. Then, the vessels of the
greater curvature were cauterized with a thermocautery, from
the cardia all the way to the pylorus. This arrangement defined
the line of incision for the longitudinal sleeve gastrectomy.
This line covered the entire lumen and much of the gastric
fundus in which 70% to 80% of total stomach was removed.
After exeresis, the peritoneal cavity was cleaned with saline
before the gastroraphy was conducted with an invaginating
continuous polypropylene (Prolene 6–0; Ethicon) hand-sewn
suture (Schimieden pattern) from the fundus to the antrum.
Hemostasis and suture-line integrity were checked, and an
additional stitch was applied when necessary. The details of
the procedure are illustrated in Fig. 1a.

MGJB surgery, modified from prior techniques,12,13

involved (1) a midline abdominal incision, (2) separation
of the duodenum from the stomach, (3) transection at the
level of the distal jejunum, (4) connection of the distal limb
to the pylorus, (5) an anastomosis with the proximal limb
and jejunum 12 cm distally. The gastric volume was
preserved during the procedure. The details of the proce-
dure are illustrated in Fig. 1b.

Sham surgeries involved the same incisions, transections
and reanastomosis of the gastrointestinal tract at multiple sites
corresponding to the SG and MDJB. After transection, the
intestines were immediately anastomosed. When needed,
operative time was prolonged to ensure an equivalent degree
of anesthesiological stress as those rats that underwent SG or
MDJB.

In all groups, weight and food intake were measured
daily for the first 2 weeks after the intervention, twice a
week for the following 2 weeks, and then monthly for
1 month after surgery.

Biochemical Tests

Biochemical measurements were tested by blood samples
collected from the tail vein in conscious rats.

Fasting glycemia was measured, using a Sure-step plus
blood glucose meter produced by Life Scan Company,
USA, once a week for the first 4 weeks and then monthly
for 1 month after surgery.

Ghrelin levels were measured by radioimmunoassay
(Performed by Jingmei Biotech Company, USA), using
I125-labelled Ghrelin as a tracer molecule, and a polyclonal
antibody raised in rabbits against full-length octanoylated
rat Ghrelin before (baseline) and then on day 1, 4, 12, 24,
and 36 weeks following the operation.
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GLP-1 levels were measured 30 min after the administra-
tion of 1 g/kg glucose by oral gavages (as described below)
before and 1, 4, 8, 24, and 36 weeks after surgery. Rat
radioimmunoassay kits (Linco, USA) were used for mea-
surement (Performed by Jingmei Biotech Company, USA).

Oral glucose tolerance test (OGTT) was performed
before and 10 weeks postoperatively as a measure of the
progress of the surgery and sugar control. After 12–14 h of
fasting, blood glucose (analyzed by a glucometer) was
measured in conscious rats before (baseline) and then 30,
60, 120, and 180 min after the administration of 1 g/kg
glucose by oral gavages.

ITT was performed before and 10 weeks postoperatively
by measuring glucose levels before and 30, 60, 90, and
120 min after injection of 0.5 IU/kg human insulin
intraperitoneally in conscious rats.

Plasma lipid—plasma total cholesterol, triglycerides, and
free fatty acids (FFA) were measured both after 12–14 h
fasting and in the fed condition before and 10 weeks after
surgery. Analytical testing of plasma lipids was performed
by the biochemical laboratory of Qilu Hospital, China.

Statistical Analysis

All statistical procedures were performed using SPSS version
15.0. Data were expressed as mean ± SD. Trapezoidal
integration was applied for calculating areas under curves
for OGTTand ITT. Statistical analysis was performed using a
two-way ANOVA for repeated measures and the Student’s
t test as appropriate. P<0.05 were considered to be statis-
tically significant.

Results

Operative time was defined to begin at the midline
abdominal incision and to end with the suturing of the
abdominal incision. SG resulted in savings of time
compared with MDJB surgery for less anastomosis (47.6±
7.5 vs. 67.8±8.7 min; P<0.01). Postoperative recovery
time was defined to begin at the end of the operation and
to end with the first defecation. SG surgery needed a
significant shorter postoperative recovery time compared
with MDJB surgery (22.3±5.2 vs. 37.2±8.5 h; P<0.01).
Two MDJB rats died from intestinal obstruction on the
third and fifth postoperative day, respectively; no deaths or
postoperative complications were observed in SG group.

Weight Loss Both SG and MDJB surgery lead to significant
weight loss compared with the sham-operated rats (P<
0.001) after 4 weeks postoperatively who started regaining
body weight approximately the 14th postoperative day. The
mean weights of SG and MDJB groups did not differ from
one another at any period (P>0.05; Fig. 2a).

Glucose level Though all groups display a decline of
fasting glucose level during week 1 and a slight rebound
by week 4, SG and MDJB levels remained stable lower
while the sham operations yield progressive raises (P<
0.001). Glucose level remained consistently lower in the
SG and MDJB animals (P>0.05; Fig. 2b).

Ghrelin The study displays that Ghrelin levels in SG group
decreased dramatically on the first postoperative day and
did not rise to the original level during the study period

Figure 1 Surgical procedures:
A Sleeve gastrectomy: remove
70% to 80% of total stomach
from the cardia to the pylorus.
B Modified duodenal jejunal
bypass: separate the duodenum
from the stomach and transect
the distal jejunum 8 cm from
the ligament of Treitz.
Gastrojejunostomy and
enteroenterostomy were con-
ducted successively.
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(36 weeks). Ghrelin levels for SG were much lower than
that for MDJB or sham groups (P<0.001) which was
higher throughout the experiment (Fig. 3a).

GLP-1 It shows that GLP-1 levels for the sham groups
were stable throughout the experiment. GLP-1levels for
MDJB group increased promptly at week 4 and were higher
than that for SG or sham groups (P<0.001). Postoperative
GLP-1 levels were higher for SG group than S-SG group at
weeks 4, 8, 24, and 36 (P<0.01; Fig. 3b).

OGTT The study shows that there were no statistical differ-
ences in OGTT between groups before surgery. However, at
week 10 after surgery, OGTT was improved in both SG and

MDJB rats compared with the sham-operated rats (P<0.001).
Meanwhile, SG rats show a better improvement of OGTT
than they were for MDJB rats (P<0.001; Fig. 4a).

ITT Whereas SG and MDJB groups display improvement
in ITT compared with the sham-operated groups (P<0.001),
no statistical differences were observed between SG and
MDJB groups (P>0.05; Fig. 4b).

Insulin Neither SG nor MDJB had any effect on both
fasting and after glucose-stimulated plasma insulin concen-
trations. The levels were not significantly different between
each other and those of sham-operated rats (P>0.05).

Figure 3 A Mean ± SD plasma fasting plasma Ghrelin. Mean fasting
ghrelin levels for SG was significantly lower than that for MDJB or
sham-operated rats (P<0.001) throughout the period (36 weeks). There
were no significant differences between MDJB and sham-operated rats
(P>0.05). B Mean ± SD plasma levels of GLP-1 after oral glucose
administration. GLP-1 levels for MDJB was significantly higher than
that for SG or sham-operated rats (P<0.001) (*P<0.01 and **P<0.001).

Figure 2 A Mean ± SD body weights of rats. Both SG and MDJB
group show less weight gain compared with sham-operated animals
(P<0.001). B Mean ± SD fasting glycemia. Mean fasting glycemia
remained constantly lower in SG and MDJB rats compared with sham-
operated animals (P<0.001). There were no significant differences
between SG rats and MDJB rats (P>0.05; **P<0.001).
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Lipid For non-fasted rats, cholesterol levels for SG an
MDJB groups were lower than that for sham groups (P<
0.001), but SG did not differ from MDJB (P>0.05); free
fatty acid levels for SG group were lower than that for
MDJB or sham groups (P<0.01); triglyceride levels were
similar among groups (P>0.05; Fig. 5a). For fasted
cholesterol, triglyceride and free fatty acid levels for SG
and MDJB were lower than that for sham groups (P<
0.001), whereas SG did not differ from MDJB (P>0.05). It
displays that free fatty acid levels for SG group were lower
than that for MDJB groups (P<0.05; Fig. 5b).

Discussion

Currently, there is an exponential increase in the prevalence
of Type 2 diabetes within the population. For this reason, to
find a better way to treat patients with diabetes is needed.
There is evidence that bariatric surgery is an effective form

of therapy for Type 2 diabetes. However, determining the
“best” surgical treatment for diabetes mellitus is an important
task facing the bariatric surgical community. The optimal
procedure should have acceptably low morbidity and
mortality rates, resulting in significant and durable glycemic
control. It should also lead to the improvement or resolution
of diabetes-related comorbidities as well as increasing the
quality of life.

The main focus of this report is the comparison of
glycemic control outcomes following SG and MDJB. Both
SG and MDJB showed sustained effect in the resolution of
diabetes; however, we demonstrate that SG provides a
significant advantage over MDJB when comparing Ghrelin.
A similar effect with SG on OGTT, glycemia, plasma
insulin, and plasma lipids was observed. Similar to previous
observations, these surgeries achieved normal concentra-
tions of fasting glycemia and fasting plasma insulin,9,11,16,17

restored insulin sensitivity,9,26–28 prevented progression in
impaired glucose tolerance,26,27 and potentially reduced
mortality from diabetes mellitus.29,30 Furthermore, our
study gives strong evidence that the role of the Ghrelin in

Figure 5 A For non-fasted rats 10 weeks after surgery, cholesterol
levels for SG an MDJB groups were less than that for sham groups
(P<0.001), but SG did not differ from MDJB (P>0.05); free fatty acid
levels for SG group were less than that for MDJB and sham groups
(P<0.01); triglyceride levels were similar among groups (P>0.05).
B For fasted cholesterol, triglyceride and free fatty acid levels for SG
and MDJB were less than that for sham groups (P<0.001), and free
fatty acid levels for SG group were less than that for MDJB groups
(P<0.05) (**P<0.001).

Figure 4 A OGTT was performed before and 10 weeks after
operation. It showed an improvement of glucose tolerance in both
SG and MDJB groups compared with the sham-operated rats (P<
0.001). Meanwhile, SG group showed a better glucose tolerance than
MDJB group (P<0.001). B ITT performed before and 10 weeks after
operation displayed an improvement of insulin sensitivity. Both SG
and MDJB showed effect on both fasting and feeding plasma insulin
concentrations 10 weeks after operation (P<0.001). The glucose
levels did not differ from SG to MDJB group (P>0.05) (**P<0.001).
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the resolution of diabetes is at least similar, if not more
crucial than, with bypass of the proximal bowel. As we
reported, SG shows better results in glycemic control and
other values than MDJB in spite of the low level of GLP-1
compared with MDJB which has been demonstrated playing
an important role in the control of diabetes.31–33

Thus, we speculate that because of the effect on Ghrelin
by the SG procedure, SG surgery achieves superior control
of diabetes compared with MDJB. In the present study, the
fact that rats with SG surgery revealed high insulin
sensitivity, glucose tolerance and low plasma glucose levels
shows that Ghrelin results in the long-term remission of
diabetes by improving insulin sensitivity through restora-
tion of insulin signaling.32 Increases in signaling pathways
are considered among the most critical alterations under-
lying Type 2 diabetes, in which the incretin-like effect of
Ghrelin is characteristically attenuated secondarily to
decreased expression of Ghrelin receptors.34–36

Another issue we are trying to address is the comparison
of postoperative recovery and complications between SG
and MDJB. We herein demonstrate that postoperative
recovery in rats with SG surgery is faster than that in the
MDJB rats. Rats with SG have been previously shown to
have no malabsorption problems and need little postoper-
ative management.37 As we all know, the easier the procedure
is, the sooner the postoperative recovery is. The present data
strongly supports this. Moreover, SG is associated with a
shorter surgery time (47.6±7.5 vs. 67.8±8.7 min; P<0.01)
and faster postoperative recovery (22.3±5.2 vs. 37.2±8.5 h;
P<0.01). Additionally, the procedure appears to be reason-
ably safe with low mortality rates. These findings are in
agreement with the observations by Schauer PR et al.38 The
issue mentioned above is a key point because it indicates that
the SG is an alternative method of providing long-term
control of glycemia and normal levels of insulin with better
clinical advantages when compared with MDJB.

In addition to providing good glycemic control, the
results of both operations presented herein corroborate and
extend previous work in several ways. First, recently, it was
demonstrated that the FFA levels might have played a role
in glycemic control that high levels of FFA-induced insulin
resistance and lowered FFA is associated with improved
insulin sensitivity in hyperlipoidemic human subjects.32,39

In our research, we also demonstrate that SG operations can
effectively lower the FFA levels compared with MDJB or
the sham-operated rats. Second, the control of diabetes
induced by both operations is not dependent on the
resolution of obesity-related abnormalities, for we used a
non-obese model. The effect on glucose metabolism seems
to be a direct consequence of the exclusion of the fundus of
stomach rather than secondary to weight loss because the
improvement of glycemia, glucose tolerance, insulin, and
plasma lipid was observed prior to the weight loss. These

findings are consistent with previous studies in humans that
the control of plasma glucose and insulin has occurred
before substantial weight loss after bariatric surgery.40

Conclusion

In summary, safely obtained and sustained glycemic control
is the key goal of surgical treatment for diabetes. The study
provides direct evidence that SG possesses better improve-
ment of type 2 diabetes by reduction of Ghrelin which is
independent of weight loss and other complications. Larger
sample for further study and long-time follow-up should be
needed to confirm and extend the present findings,
including nutritional outcomes, resolution of comorbidities,
and quality of life. However, SG has potentially satisfactory
effect in the clinical scenario, it could be an alternative
choice as a treatment for type 2 diabetic patients which
providing long-time control of glycemia and with lower
morbidity and mortality rate.
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Abstract
Introduction The incidence of adenocarcinoma of the small bowel is very low in comparison with that of colorectal cancer.
Radical surgery is the only curative treatment, and results with chemotherapy and radiotherapy are disappointing. No
standard chemotherapy is defined for non-surgical adenocarcinoma of the small bowel. In France, it is usually treated with
the same chemotherapy regimens as used for colorectal cancer.
Case Report We report here the case of a young patient with an initially non-surgical adenocarcinoma of the duodenum
treated in a palliative setting with the FOLFOX 4 chemotherapy regimen. After 4 months of treatment, CT scan showed no
residual tumor and the patient was well. A multidisciplinary committee decided that a second surgical investigation was
necessary, and a duodenal resection was performed, with no residual tumor in the final specimen. After 27 months of
follow-up the patient was well and without recurrence.
Conclusion The FOLFOX 4 regimen seems to be efficacious for some small-bowel adenocarcinomas and can be expected
to lead to downstaging. If the outcome of a few months of chemotherapy is favorable, it is appropriate for a
multidisciplinary expert committee to consider further surgery. This case underscores the value of multidisciplinary expert
committees in scrutinizing therapeutic decisions in rare and difficult cases.

Keywords Small bowel . Cancer . Chemotherapy .

Second look .Multidisciplinary committee
Introduction

The incidence of adenocarcinoma of the small bowel is
very low in comparison with that of colorectal cancer. The
duodenum is the most common location: accounting for
52% in a retrospective analysis of 217 patients with
adenocarcinoma of the small bowel registered on the
Tumor Registry of the M. D. Anderson Cancer Center
between 1978 and 1998.1 Radical surgery is the only
curative treatment. Primary curative surgery is feasible for
40–65% of patients, with 5-year survival rates of 40–60%
for resected tumors versus 15–30% for non-resected
tumors.2–5 Results with chemotherapy and radiotherapy
are disappointing. Few studies have reported the outcomes
of chemotherapy for adenocarcinoma of the small bowel,
and, to our knowledge, no standard regimen has been
defined for non-surgical cases. In France, they are usually
treated with the same chemotherapy regimens as are used
for colorectal cancer. We report here the case of a young
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patient with an initially non-surgical adenocarcinoma of the
duodenum treated in a palliative setting with a FOLFOX 4
chemotherapy regimen.

Case Report

A 26-year-old man was admitted to our unit in April 2006
with a history (since December 2005) of abdominal pain
and a 15-kg weight loss. His personal medical history was
marked by an appendicectomy, allergy to penicillin, and
addiction to intravenous heroin. No familial history was
noted. Colonoscopy and upper esogastroscopy carried out
before admission were normal. Pain was localized in the
left upper quadrant of the abdomen. Anemia (9.4 g/dl) and
inflammation were noted on laboratory testing. Serology
was negative for hepatitis B and C and HIV. Abdominal CT
scan showed a 10-cm pathological mass on the third and
fourth duodenum (Fig. 1). Endoscopy of the small bowel
showed a tumoral stricture of the third duodenum (Fig. 2),
and biopsy specimens confirmed adenocarcinoma (Fig. 3).
The pathology report was confirmed by two experienced
pathologists. Immunological investigation was positive for
antibody against cytokeratin 20, and negative for antibody
against cytokeratin 7, chromogranin A, and synaptophysin.
Antibodies against lymphoma and endocrine tumors were
negative. A laparotomy with curative intent was done, but
when curative resection was found to be impossible due to
complete invasion of the mesenteric artery, only a bypass
was carried out.

Palliative chemotherapy with the FOLFOX 4 regimen
was started in June 2006. After 2 months of treatment, the
CT scan showed a partial response (Fig. 4a) and chemo-
therapy was continued for a further 2 months. After
4 months of chemotherapy the patient was well, asymp-

tomatic, and had gained 11 kg. CT scan showed a complete
response with no abdominal mass (Fig. 4b). A second
surgical investigation in October 2006 showed a macro-
scopically complete involution of the tumor with sclerotic
residue involving the mesenteric artery. A complete R0
duodeno-jejunal resection of the sclerotic mass with limited
resection and re-construction of the mesenteric artery was
done. The pathology report confirmed the complete
response with no malignant cells and only sclerotic tissue;
13 lymph nodes were examined and found free of tumor.
FOLFOX 4 chemotherapy was continued in an adjuvant
setting for 3 months. The patient was followed up every
3 months, and underwent a CT scan every 6 months. After
27 months, no recurrence was detected (CT scan, colono-
scopy, and upper gastroscopy were normal) and the patient
was well and without symptoms.

Discussion

With an incidence of one to 1.4 per 100,000 people and a
prevalence of 0.6%, small-bowel malignancies are very
rare, representing only 1–2% of gastrointestinal malignan-
cies.1,6–12 Adenocarcinoma is the most common histologic
subtype of carcinoma of the small bowel and is seen in 40–
51% of all cases1,10,12–14 and 73.8% of duodenal tumors.12

The duodenum is the most likely location of adenocarcino-
ma of the small bowel, accounting for 48–63.2%
patients.1,10,13–15 On average, 30–34% of patients present
with metastatic disease.10,12,15 Mean age at diagnosis
usually reported is 63.5–65.4 years.12,15 The pathogenesis
of adenocarcinoma of the small bowel is poorly understood,
but the most significant known risk factor is previous
Crohn’s disease.16–18 Neugut et al.19 suggested that
adenocarcinoma of the small bowel is associated with

Figure 1 Abdominal CT scan: pathological mass of the third and
fourth duodenum.

Figure 2 Endoscopic view of the tumoral stricture of the third
duodenum.
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familial adenomatous polyposis (FAP), celiac sprue, cystic
fibrosis, and peptic ulcer disease. Our patient was very
young compared to the median age at diagnosis reported by
previous studies. No known or suggested risk factors were
detected; notably, there was no Crohn’s disease or FAP.

Prognosis of adenocarcinoma of the small bowel is very
poor, with 5-year overall survival in the range of 20–
38%.3,15,22,23 The most important prognostic factors are
resectability and distant metastatic disease.12,20,21 Surgery
with curative intent appears to be the only way to improve
survival: 5-year survival when tumors are completely
removed is 40–60% versus 10–30% for non-resected
tumors.1,3,5,15,20,22 The 5-year overall survival rate among
patients with localized disease is 47.6–59.5% compared to
20.4–31.0% among those with regional disease and 3.9%
when distant metastases are present.1,12,15,22 All studies
report a better prognosis for jejunal or ileal adenocarcino-
mas than for duodenal adenocarcinomas, with 5-year
survivals of 26–37.6%, 25–37.8%, and 15–28.2%, respec-
tively.13,15 Only half of the duodenal tumors in the literature
were treated with cancer-directed surgery, versus 90% of

jejunal and ileal tumors. These differences in treatment are
probably due to anatomic constraints.13,15

In a large population study, curative resection was
feasible in 56.6% of cases.12 Few data are available about
chemotherapy in palliative or adjuvant settings. Treatment
of adenocarcinoma of the small bowel is not well
established because of the rarity of the tumor and the
absence of prospective phase 3 studies. It is usually treated
in the same way as colorectal cancer.1,24 Adjuvant
chemotherapy does not seem to improve survival.1,22 In a
large study covering 10 years, radiation therapy was given
to 11.2% (6.1% as adjuvant therapy) of patients, and 25.8%
had chemotherapy (17.5% as adjuvant therapy) with an
increase of chemotherapy from 21.9% in 1985–1990 to
28.8% in 1991–1995. Increased chemotherapy use was
particularly marked in patients with regional disease, rising
from 28.4% to 40.6%.15 Another large population study12

covering 26 years reported that chemotherapy was per-
formed in 27.2% of patients with primary malignant small-
bowel cancers (14.8% adenocarcinoma), in an adjuvant
setting for 24.5% of the cases and palliative setting for

a bb

c d

Figure 3 Endoscopic duodenal biopsy. a Lesion developed in
duodenal wall (hematoxylin and eosin, ×25). b Infiltration of
mucosa and sub-mucosa (hematoxylin and eosin, ×200). c Poorly

differentiated adenocarcinoma with marked pleomorphism (hema-
toxylin and eosin, ×200). d Diffuse strong immunoreactivity with
cytokeratin 20 in tumoral cells (×100).
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60.4% (after palliative surgery in 38.3% of the cases, and
among non-resected patients in 22.1%). The proportion of
adenocarcinomas treated with chemotherapy increased
significantly over time from 2.5% to 20.0% (p=0.009).
Only one study, to our knowledge, reported a survival
improvement in favor of palliative chemotherapy for
patients who did not undergo surgery or who had Stage
IV disease compared with patients who received no
treatment (12 months vs. 2 months, p=0.02).1

In our case, chemotherapy in an initially palliative
setting enabled us to achieve a surgically proven
complete response and survival improvement without
recurrence after 27 months of follow-up. That this good
response is not usual underlines the importance of asking
a multidisciplinary expert committee to evaluate the
outcomes of such cases and to make agreed therapeutic
decisions.

In conclusion, a FOLFOX 4 regimen seems to be
efficacious in the treatment of some small-bowel adenocarci-
nomas. When the outcome remains favorable after a few

months of chemotherapy, it is appropriate to ask a multidis-
ciplinary expert committee to consider further surgery.

No gold standard adjuvant or palliative chemotherapy is
validated for small-bowel adenocarcinoma. It is hoped that
this report will stimulate the development of prospective trials
to evaluate the efficacy of various chemotherapy regimens.
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Abstract This manuscript describes our technique for a minimally invasive ileoanal J- pouch procedure utilizing hand-
assisted laparoscopy. We detail several important maneuvers that may be helpful to the surgeon faced with the challenge of a
difficult laparoscopic pouch.

Keywords Laparoscopic surgery . Total proctocolectomy .

Ileoanal J-pouch . Ulcerative colitis

Introduction

Ileal pouch-anal anastomosis (IPAA) is a surgical procedure
that offers continence following extirpative proctocolectomy
in patients with ulcerative colitis, familial adenomatous
polyposis syndromes, and selected patients with small-
bowel-sparing Crohn’s disease. IPAA was first described
by Parks in 1978, but since then, a variety of technical
modifications have been made to the procedure.1–3 These
technical modifications have changed the original operative
technique—an S-pouch configuration with mucosectomy
and hand-sewn anastomosis—to a J-shaped reservoir made
with intraluminal stapling devices and a double-stapled
anastomosis without a mucosectomy. Although a steep
learning curve for this operation appears to exist, the
outcomes are generally considered to be excellent, with
high volume centers reporting short-term pouch preserva-
tion rates of 96% and long-term preservation rates of
84%.4–6 Patients undergoing this procedure can expect to
have four to six bowel movements per day and one to two
per night. Fecal incontinence has become less common
with the recent technical improvements, though mild daily

soiling can occur at first in 3–11% and nocturnal soiling
can occur at first in 12–21%.6,7 Without mucosectomy, the
level of long-term continence in these patients ultimately
improves until daytime accidents are nearly nil, and the
overall anorectal function is not much different than the
function seen in patients who are treated medically for their
chronic ulcerative colitis.7,8

Recent technical advances have included minimally
invasive approaches, such as total laparoscopic, laparos-
copically assisted, and hand-assisted laparoscopy. While the
safety of laparoscopy in IPAA is well documented, few
authors provide a careful description of the key laparoscop-
ic maneuvers, especially when the operation becomes
technically challenging or when the pouch does not easily
reach into the low pelvis.9 We will describe our technique
for a minimally invasive ileoanal J-pouch procedure
utilizing hand-assisted laparoscopy, focusing on some of
the important details of this operation. The indications for
conversion to open surgery will be discussed, along with
some important maneuvers that may be helpful to the
surgeon faced with the challenge of a difficult laparoscopic
pouch.

Indications for Surgery

Hand-assisted laparoscopic total proctocolectomy can be
offered for a variety of indications, provided that the patient
is clinically stable and is able to tolerate the somewhat
longer operative procedure. In patients with ulcerative
colitis, the indications for surgery include intractability
despite maximum medical management, unrelenting or
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significant hemorrhage, the finding of dysplasia, obstruc-
tion from stricture, systemic or extracolonic manifestations,
and (in children) failure to thrive. In patients with
documented colonic Crohn’s, indications for a laparoscopic
J-pouch include absence of small bowel and perianal
disease and a clear understanding that the overall risk of
pouch failure is increased.10 Finally, laparoscopic J-pouch
may be indicated for patients with a variety of polyposis
syndromes.

Description of the Procedure

Positioning and Trocar Placement

The patient is positioned into lithotomy, with the hips
straightened and the knees flexed so as to maintain a
straight line between the abdomen and the thighs. This
positioning maximizes the ability to maneuver the camera
and laparoscopic instruments. The abdomen is entered via a
small Phannensteil incision to allow for a handport. This
incision is made transversely though the anterior rectus
fascia. Flaps are raised superiorly and inferiorly so as to
then allow a longitudinal incision between the rectus
muscles to enter the peritoneal cavity. We then place a
10-mm umbilical port under direct vision, establish pneu-
moperitoneum to 15–18 mmHg, and insert two to four
additional trocars: 5 mm right upper quadrant, 12 mm right
lower quadrant, 10 mm left lower quadrant, and 5 mm left
upper quadrant. The larger trocars are necessary to allow
utilization of laparoscopic staplers or a 10-mm intracorpor-
eal energy delivery device when taking vascular pedicles.
In patients with a short torso, the right and left upper 5-mm
trocars may not be needed. Before we proceed with the
actual proctocolectomy in inflammatory bowel disease
patients, the small intestine is examined from the ligament
of Treitz to the cecum to rule out the presence of
unsuspected small bowel Crohn’s disease.

Total Colectomy

Using the medial to lateral approach, we first identify the
ileocolic pedicle. The ileocolic pedicle is taken close to the
right colon with a firing of the vascular 2.5-mm Endo GIA
stapler (or laparoscopic intracorporeal energy delivery
device). Preservation of a long ileocolic pedicle is unlike
the procedure we use for the standard laparoscopic right
colectomy for malignancy and serves to keep options open
in case the mesentery of the small bowel needs further
manipulation due to pouch non-reach. For those patients
with dysplasia, a more radical mesenteric resection should
be done, since up to 30% of such patients will be found to
have cancer at the time of surgery. Control of the ileocolic

pedicle is generally easiest without the assistance of the
hand. We use our left lower quadrant port and a bowel
grasper to pull the cecum superiorly and towards the right
lower quadrant. This puts the ileocolic pedicle on stretch.
The pedicle can now be safely dissected cirumferentially
with a pointy dissector and then transected with a 2.5-mm
stapler or an intracorporeal energy delivery device via the
12-mm LLQ port.

We then dissect the retroperitoneal plane to carefully
identify and protect the duodenum and the ureter. This can
be done by pulling the colonic mesentery towards the
abdominal wall while a bowel grasper in the right hand
pushes the flimsy attachments to the retroperitoneum down.
The remaining mesentery to the right colon is usually thin
and can be taken with an intracorporeal energy delivery
device. In patients who have a short mesentery and are at
risk for having difficulties with pouch reach, the goal is to
stay as close as possible to the colon so as to preserve the
marginal artery of the right colon and its communication
with the right branch of the middle colic artery Finally,
once the mesentery of the right colon is controlled, we take
the lateral attachments of the right colon to the white line of
Toldt and to the hepatic flexure using an intracorporeal
energy delivery device.

We then turn to the transverse colon. The patient is
positioned in reverse Trendelenburg. The omentum is
carefully separated away from its colonic attachments with
the Ligasure device. This can be accomplished by asking the
assistant to hold the omentum up towards the abdominal wall
from the patient’s right side. This then allows the surgeon,
who stands between the patient’s legs, to pull the transverse
colon down with their left hand (which can be either through
the handport or straight laparoscopic) to expose the avascular
attachments of the omentum to the transverse colon. Entry
into the lesser sac allows us to subsequently mobilize the
splenic flexure until it is fully separated from its retroperi-
toneal attachments. To see the splenic flexure, the patient
needs to be rotated with the left side up.

The patient is then positioned in Trendelenburg and with
the left side up to mobilize the left colon. We identify the
left colic and superior rectal arteries in their medial
positions and transect them with one firing of the vascular
2.5-mm Endo GIA stapler once the left ureter is clearly
visualized. The left colon is then freed from the remainder
of its avascular attachments along the white line of Toldt.

Finally, we turn our attention to the mesentery of the
transverse colon. This is usually the toughest part of the
laparoscopic procedure and the hand is very handy in
speeding up the process. The patient is repositioned into
reverse Trendeleburg. The surgeon moves to stand on the
patient’s left side. He inserts his left hand through the
handport to expose the edge of the mesentery that was
created following the takedown of the splenic flexure and
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the superior rectal artery. This is done by pulling the colon
towards the abdominal wall and to the patient’s right. An
intracorporeal energy delivery device can then be used to
march across the remaining transverse colon mesentery
until the entire colon is free. In cases when the patient is too
tall to allow the reach of the hand to the transverse colon,
this maneuver is done fully laparoscopically by having the
assistant pull the transverse colon up and to the right
through the right-sided ports.

Once the entire colon is mobilized, the handport is
opened and the base of it is used as a wound protector. The
colon is eviscerated through it. To allow for more room for
the next steps of the procedure, which is mostly done open,
we find it useful to transect the rectosigmoid and pass the
colon off the field.

How to Assure the Reach of the J-Pouch

At this point, we perform several open maneuvers to ensure
that the small bowel reaches into the pelvis to create an
adequate IPAA without undue tension, a decision that must
be made before one proceeds with proctectomy. To
determine adequate reach, the terminal ileum is pulled out
of the abdomen through the handport, folded onto itself at
15 cm, and pulled towards the pubis. In general, we
consider the reach adequate if the ileum easily reaches at
least a couple of centimeters beyond the pubis.

Fortunately, in the majority of cases, J-pouches reach to
the anus easily. However, this is not always the case in the
patients who are obese or very tall. In these situations, we
routinely dissect the attachments of the small bowel
mesentery to the third portion of the duodenum. Again,
usually, this can be done open through the handport.
However, if visualization is poor, it can also be done
laparoscopically. In a laparoscopic setting, this maneuver
is performed with the patient positioned into a steep
reverse Trendelenburg, with the right side up. The
assistant grasps the distal ileum with the hand and pulls
it to the patient’s left to expose its mesenteric attachments
to the retroperitoneum. The operating surgeon approaches
these while standing between the patient’s legs and cuts
with the Ligasure device. This is a delicate process, and it
is extremely important to know the location of the
duodenum and to see the mesentery of the small bowel
clearly.

If any concerns about tension still exist following this
maneuver, we use carefully placed transverse incisions of
the anterior and posterior peritoneal layers of the ileal
mesentery. Again, this can usually be done through the
handport in an open fashion. However, if need be, it can
also be done laparoscopically. In this case, this maneuver is
performed as the assistant straightens the small bowel
mesentery to expose the blood vessels. Only the peritoneum

should be scored or cut. Trans-illumination with the camera
can be helpful to visualize the blood vessels.

In some cases, especially in a patient that is particularly
tall or obese and the mesentery is foreshortened, division of
the distal ileocolic branches may be necessary (Fig. 1). We
would advise doing this step through the open handport. It
is prudent to test collateral circulation by placing a bulldog
clamp across the vessel prior to division to assure that the
bowel remains viable with the maneuver.

At this point, if the mesentery still does not reach, we
would divide the ileocolic artery and the distal superior
mesenteric artery (SMA) in the manner described by Goes
et al.11 We consider this maneuver only if the right branch
of the middle colic artery has been preserved and the
patency of the marginal artery has been verified (Fig. 2).
We assess patency of the collaterals by clamping the
ileocolic/distal SMA arteries with bulldogs while palpating
for the remaining pulse in the apex of the pouch.

Finally, if there is not sufficient length of mesentery to
achieve a tension-free anastomosis, we consider alternative
pouch configurations, such as an S-shaped pouch.

Ultimately, if the surgeon lacks the experience to make a
confident decision about proceeding with the J-pouch, we
recommend intraoperative conversion to a subtotal colec-
tomy with a Hartmann’s pouch and end ileostomy. The
patient could then be referred at a later time to a high
volume center for a repeated attempt at pouch construction.

Figure 1 Division of distal ileocolic branches and distal SMA may be
possible to provide pouch length as long as the collateral circulation
through the small bowel arcades is adequate. MCA middle colic artery,
RCA right colic artery, ICA ileocecal artery, SMA superior mesenteric
artery.

2316 J Gastrointest Surg (2009) 13:2314–2320



Proctectomy

Once we are confident that the pouch will reach without
tension into the low pelvis, we proceed with the proctec-
tomy. This can be done in a standard open fashion if the
handport incision is large enough to allow adequate
visualization to the levators. However, frequently, distal
visualization is easier laparoscopically. To accomplish this,
we position the patient into steep Trendelenburg. The
surgeon stands on the patient’s right side. He uses the left
lower quadrant port to retract the proximal rectum anteriorly
and to the left as he scores the peritoneum on the right side

of the rectum into the pelvis. He then pulls the rectum
anteriorly and begins the dissection through the Waldeyer’s
fascia. At this point, one can either stay in the mesorectal
plane (LB) or makes his way toward the rectal wall itself
(RH), staying as far away as possible from the hypogastric
plexus as it divides into its two branches along the sides of
the pelvis. Either way, the dissection is carried circum-
ferentially all the way down to the levators.

If the surgeon intends to perform the eversion maneuver
to remove the rectum (see below), the dissection down to
the levators is performed along the rectal wall itself using
an intracorporeal energy delivery device to assure meticu-
lous hemostasis (Fig. 3a, b). In this case, the pelvic
dissection is continued distally in the plane that is right
on the muscular wall of the rectum, avoiding any possible
injury to the pelvic autonomic nerves and allowing for
utilization of the rectal eversion technique as originally
described by Golligher et al.12

Alternatively, this dissection can be carried out in the
standard avascular plane as done for a more standard total
mesorectal excision. This is less bloody, but has the
disadvantage of needing a bigger incision to fit the
Controur stapler, as the rectal eversion cannot be performed
due to the bulky rectal mesentery. Incision length consid-
erations aside, standard total mesorectal excision is a must
in all patients operated on for dysplasia.

As the dissection is carried distally to the levator ani
musculature, we are meticulous in carefully separating the
rectum from the posterior vaginal wall (or the prostate)
anteriorly. If this dissection is done in a standard open
fashion, lighted St. Marks retractors can be very helpful to
ensure that the proper plane is maintained.

Rectal Eversion

A stapler is fired across the proximal rectum and then the
operating surgeon goes below and passes a curved ring

Figure 2 Division of distal SMA to provide length may be possible if
marginal artery of right colon has been preserved in anticipation of
difficulties with pouch reach. MA marginal artery of right colon, SMA
superior mesenteric artery.

Figure 3 a Schematic represen-
tation of the rectum after it is
completely dissected down to
the levators. The dissection is
carried close to the rectum,
leaving the mesorectum behind.
b Photograph of a dissected
rectum. Note that the dissection
is close to the rectum rather than
in the mesorectal plane.
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forceps through the anus and up to the rectal staple line.
The assistant inserts the staple line into the forceps and the
rectum is then everted outside of the patient. Assuming that
the dissection has been carried sufficiently distal, the
surgeon can clearly visualize the dentate line and choose
the precise site for transection. The 55 4.8 Roticulator
stapler is used to transect the distal rectum, preserving the
anal transitional zone (Fig. 4a, b). Prior to staple firing in a
woman, a finger is inserted into the vagina in order to be
absolutely certain that the posterior vaginal wall is not
included in the stapler. This critical maneuver will prevent
the dreaded complication of a fistula to the vagina. Once
the stapler is fired and the bowel transected, the rectal cuff
is inverted back into the patient and assessed by digital
exam to confirm its appropriate length. Note that the rectal
staple line is inverted in relation to the peritoneal cavity,
perhaps decreasing the risk of anastomotic leaks.

Fashioning of the J-Pouch

To fashion the J-pouch, we access the mobilized terminal
ileum through the now open handport and fold it onto itself
approximately 15 cm away from its transected margin. We
then use electrocautery to create an enterotomy at the apex
of the ileal loop and use the forks of a 100-mm intestinal
stapler to perform a side-to-side anastomosis. The tips of
the stapler are inspected carefully to assure that the
mesentery is not included in the staple line (a laparoscopic

Endo GIA can also be used for this purpose). We repeat this
maneuver by telescoping the loops of the bowel onto the
stapler so that the final anastomosis (pouch length)
measures 15 cm. We then purse-string the exteriorized
apical enterotomy with a 2–0 prolene stitch. The anvil of a
no. 33 EEA stapler is tied down by the purse string,
dropped into the peritoneal cavity, and the pneumoperito-
neum is reestablished. The large no. 33 stapler can always
be used and helps to prevent the problem of anastomotic
stricture (Figs. 3 and 4).

Under direct vision, we penetrate the distal rectum by the
pin of the EEA stapler. Cautery is used to cut the point of
the stapler through so as to avoid any excess stretching or
tearing of the rectal cuff. The anvil of the no. 33 EEA
stapler is secured to the pin and the stapler is carefully
closed. At this point, significant care must be taken to
assure that the pouch is not rotated, that the anastomosis is
not on tension, and that vagina/prostate are not incorporated
into the stapler. Only after these criteria are met do we fire
the stapler.

The pouch is then tested for any leaks via instillation of
diluted Betadine (or water) via a Foley catheter positioned
into the anal canal. The catheter balloon should be inflated
outside of the patient and pushed up against the anus to
prevent leakage around the catheter. The balloon should not
be inflated inside the rectum since it will likely push against
the anastomosis, thereby negating the utility of the leak test.

We do not leave drains.

Figure 4 a Schematic represen-
tation of the everted rectum. A
transection can then be per-
formed 2–3 cm away from the
dentate line. b Photographs of
everted rectum. Note that tran-
section can be easily accom-
plished with a TA stapler.
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One Vs Two-Stage IPAA

The decision to do a one- vs two-stage operation is
generally made preoperatively. In a selected group of
patients who are off steroids and other immunosuppres-
sants, we may consider performing a one-stage IPAA. The
possibility of one-stage operation must be fully discussed
with the patient, informing them of the 5–14% risk of leak,
and that patients without a covering stoma may be at a
higher risk of ultimate pouch failure should a leak occur,
15% vs 8%, based upon the data from St. Marks.13–16

In general, 80% of our patients are ultimately diverted.
In this population, we create a loop ileostomy approxi-
mately 15 cm proximal to the pouch. In the patients who
had a difficult pouch reach or who are obese and/or tall, we
position the ileostomy site lower on the abdominal wall
than normally, thus minimizing the tension on the mesentery
of the pouch.

In the patients interested in avoiding a temporary
ileostomy, the ultimate decision about its construction will
be made intraoperatively. If the operation went smoothly,
two complete anastomotic donuts are obtained, and the leak
test is negative, the ileostomy is not performed. In these
cases, we generally leave a Foley catheter though the anal
anastomosis into the pouch and secured to the buttock with
a stitch. This catheter is left in place for 2–3 days,
preventing the pouch from becoming over-distended in
the early post-op period.

Postoperative Care

Patients with a diverting ileostomy are generally given a
liquid diet for the first couple of days post-op, and the diet
advanced to soft solids once the stoma begins to function.
We try to ensure that the patient is able to keep up with the
ileostomy output before considering discharge in order to
prevent dehydration at home. Occasionally, in situations of
high stoma output, we use a carefully titrated regimen of
Immodium and/or DTO to prevent postoperative dehydra-
tion. We perform a gastrografin enema in about 6 to
8 weeks to document a patent J-pouch without leak prior to
ileostomy reversal. Ileostomy reversal can almost always be
accomplished directly through the stoma site itself using the
side-to-side stapling technique.

Patients without a diverting ileostomy are kept nil per
orally until they are passing gas and/or stool. For the first
3 days following surgery, their pouch is gently irrigated
daily via the catheter in order to ensure catheter patency and
promote pouch drainage. In this group of patients, we start
clear liquids only after the pouch begins to function and the
diets are advanced with caution.

Conclusion

The decision to perform a hand-assisted laparoscopic total
proctocolectomy with J-pouch reconstruction is dictated by
the patient’s prior surgical history, body habitus, clinical
status, as well as surgeon’s preference and expertise. This
approach is safe and technically feasible in an appropriate
patient population. However, the procedure is more
technically challenging and more time-consuming than
open surgery. It should be noted that even when we
perform the IPAA through a standard open approach, the
operation is almost always able to be done through a low,
infra-umbilical midline incision, thus avoiding the in-
creased pain and relatively worse cosmesis of the upper
midline scar.

The advantages of laparoscopy, especially the hand-
assisted approach, for this particular operation remain a
matter of debate. There is a cosmetic advantage, but the
importance of this factor differs from patient to patient.
Another potential advantage may be a decrease in adhe-
sions and adhesion-related complications, most notably
small bowel obstructions and infertility.16 From this
standpoint, the extra time spent in the operating room
during the index surgery may provide an improvement to
the rates of readmissions and reoperations for small bowel
obstructions and to the cumulative incidence of pregnancy
in this young group of patients.
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Abstract
Background Enhanced recovery after surgery programs have been introduced with aims of improving patient care, reducing
complication rates, and shortening hospital stay following colorectal surgery. The aim of this meta-analysis was to
determine whether enhanced recovery after surgery programs, when compared to traditional perioperative care, are
associated with reduced primary hospital length of stay in adult patients undergoing elective colorectal surgery.
Methods MEDLINE, EMBASE, the Cochrane Central Registry of Controlled Trials, and the reference lists were searched
for relevant articles. Only randomized controlled trials comparing an enhanced recovery program with traditional post-
operative care were included.
Results Three of four included studies showed significantly shorter primary lengths of stay for patients enrolled in enhanced
recovery programs. There was no significant difference in postoperative mortality when the two groups were compared

[relative risk (RR)=0.53; 95% CI=0.12–2.38; test for hetero-
geneity, p=0.40 and I2=0], and patients in enhanced
recovery programs were less likely to develop postoperative
complications (RR=0.61, 95% CI=0.42–0.88; test for
heterogeneity, p=0.95 and I2=0).
Authors’ Conclusions There is some evidence to suggest
that enhanced recovery after surgery programs are better than
traditional perioperative care, but evidence from a larger,
better quality randomized controlled trial is necessary.

Keywords Enhanced recovery after surgery .

Colorectal surgery .Meta-analysis .

Postoperative complications

Introduction

Colorectal surgery has been associated with complication
rates ranging from 10% to 20% and mean postoperative
hospital stays from 6 to 10 days.1 In an effort to improve
postoperative outcomes in patients undergoing colorectal
surgery, enhanced recovery after surgery (ERAS) programs
have been designed and evaluated.2,3 ERAS programs, also
known as fast-track surgery, are multimodal perioperative
programs that aim to accelerate recovery, shorten hospital
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stay, and reduce complication rates following colorectal
surgery. These programs address many factors thought to
prolong hospital stay, including prolonged parenteral anal-
gesia use, overuse of intravenous hydration, and delayed
mobilization.4

ERAS programs described in the literature are incredibly
diverse and include recommendations for a variety of
interventions.4,5 These can be classified as preoperative,
intraoperative, or postoperative interventions. The preoper-
ative interventions include extensive preoperative counsel-
ing, avoidance of mechanical bowel preparation (MBP),
avoidance of fasting, avoidance of premedication, adminis-
tration of pre- and probiotics, and preoperative carbohy-
drate loading until 2 h prior to surgery. Intraoperative
interventions are strict fluid management to avoid fluid
overload, normothermia, hyperoxia, and tailored optimal
analgesia. Finally, postoperative components include epi-
dural anesthesia, early routine mobilization, early enteral
nutrition, avoidance of nasogastric (NG) tubes, avoidance
of peritoneal drains, and early removal of catheters.4,5

Many studies have shown that the avoidance of individual
components, such as NG tubes or MBP, have not led to
increased complications.4,6,7 Experience with other compo-
nents, such as type of surgical incision or methods to
address postoperative nausea and vomiting, has been
limited, but these factors are still included in the compre-
hensive programs based mostly on consensus.4,5

ERAS programs are designed to minimize the stress
response that is associated with surgery.4 Clinically, ERAS
regimens result in better physical performance, measured
by treadmill exercise, pulmonary function, and body
composition as measured by lean body mass.8 It appears
that the combination of many of these factors has a
synergistic positive effect on postoperative outcomes
following colorectal surgery as compared to each individual
parameter alone.5

Designing a multimodal ERAS program and organizing
a devoted surgical team to implement this program may be
costly. Before embarking on an extensive intervention, it is
important to clearly delineate the benefits of such programs.

The individual studies evaluating ERAS programs have
revealed both advantages and disadvantages of these
programs. The purpose of this meta-analysis is to synthesize
the evidence and determine the utility of ERAS programs
for patients undergoing elective colorectal surgery.

The primary goal of this review was to determine
whether ERAS programs, when compared to traditional
perioperative care, are associated with reduced primary and
total postoperative hospital stay in adult patients undergo-
ing elective colorectal surgery. The impact of ERAS
programs on other outcomes such as major and minor
postoperative complications, mortality, rates of readmis-
sion, and reoperation is also reviewed.

Methods

Systematic Review

A systematic review of the medical literature was per-
formed with the assistance of a medical librarian to identify
all potential abstracts regardless of publication status or
language that compared ERAS programs to traditional
perioperative care in patients undergoing elective colorectal
surgery. MEDLINE, EMBASE, and Cochrane Central
Register of Controlled Trials were searched between 1950
and May 2008 using the following strategy: Explode
“intestinal diseases,” “colectomy,” “laparotomy,” “laparos-
copy,” “video-assisted surgery,” “cecal neoplasms,” or
“colorectal neoplasms” combined with “multimodal,” “op-
timization,” “enhanced recovery,” or “fast track.” The
associated text and title words were similarly searched.
Standard limiters were used to identify randomized trials
and review articles. Reference lists of randomized con-
trolled trials (RCTs), meta-analyses, and systematic reviews
were hand-searched for studies that were not captured by
the initial electronic search. Content experts (MA, AO)
were consulted to ensure no published or unpublished work
had been missed. Two authors (CE, SSF) independently
reviewed all citations generated by the literature search to

Studies retrieved for more detailed 
evaluation  

n = 7 

Studies excluded n = 236  
Did not meet inclusion criteria 
(editorials, retrospective studies)

Potentially appropriate RCTs to be 
included in the meta-analysis  

n = 4 

Studies excluded n = 3 
 Non-randomized design  

Potentially relevant studies identified 
and screened for retrieval 

n = 243

•

•

Figure 1 Summary of literature
search and study selection.
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include relevant studies. A consensus meeting was used to
resolve any disagreements on selection.

Study Selection

All RCTs comparing ERAS programs to traditional perioper-
ative care in patients undergoing elective colorectal surgery
were included in this review. Studies evaluating adult patients
(>18 years of age) undergoing elective, open or laparoscopic,
colon or rectal resections regardless of indication for surgery
(i.e., colon cancer, inflammatory bowel disease, diverticulosis,
etc.) were included. Quasi-randomized trials, non-randomized
trials, and uncontrolled studies were excluded. Trials investi-
gating patients who had a colon resection for bowel obstruc-
tion, bowel perforation, or any emergent cause were excluded.

Data Extraction, Outcomes, and Study Quality

Two reviewers independently abstracted data and rated the
methodological quality of all included studies, resolving dis-
crepancies by consensus (CE, SSF). Methodological quality
criteria were adapted from the US Preventative Task Force
Criteria.9 The following criteria were assessed: concealment
of the randomization allocation, description of the random-
ization method, blinding of the outcome assessor, similarity
of baseline patient characteristics between the two study
arms, definition of study outcomes, minimum of 80% patient
follow-up, and use of intention-to-treat analysis.

One important study characteristic, which was abstracted
in order to comment on clinical heterogeneity, was the
nature of the ERAS intervention. This included the number
and details of the parameters involved in each ERAS
intervention. The primary outcomes were primary and total
postoperative hospital stay. Primary hospital length of stay
was defined as the number of days in hospital after surgery
until discharge. Total hospital length of stay included
primary hospital stay and any additional days during
hospital readmission within 30 days of surgery. Secondary
outcomes included postoperative mortality, postoperative
complications (major and minor), and rate of readmission.
Major complications included intra-abdominal infections,
anastomotic leaks, cardiac complications, respiratory compli-
cations, venous thromboembolic disease. Minor complica-
tions included superficial surgical site infections, pneumonia,
and urinary tract infections. For binary outcomes, the number
of outcomes in the intervention and control groups were
recorded. For continuous outcomes, the mean and standard
deviation (SD) were recorded when available.

Statistical Analysis

Calculations of effect sizes for dichotomous variables are
presented as relative risk (RR) with 95% confidence

intervals (CI) and for continuous outcomes as weighted
mean differences. Pooled analyses were performed using
both the random effects and fixed effects models with the
Mantel–Haenszel method when appropriate. Clinical het-
erogeneity was explored by examining study character-
istics, specifically ERAS intervention modalities and the
reported outcomes. Statistical heterogeneity was assessed
using the Cochran’s Q test (p<0.10) and the I2 statistic.
Funnel plots were used to assess for publication bias. These
analyses were performed using RevMan 5.0 (The Nordic
Cochrane Center, The Cochrane Collaboration, Copenha-
gen, Denmark).

Results

Two hundred forty-three abstracts were retrieved from the
search, of which 236 did not fulfill the inclusion criteria
(Fig. 1). Of the seven identified for further review, three
were excluded due to a non-randomized design.2,10,11 The
four RCTs included in the review were published between
2003 and 2007 and enrolled a total of 198 patients.12–15

There were no studies comparing one ERAS program to
another. The number of ERAS interventions, which were
addressed by the four studies, ranged from 8 to 14 (Table 1).
Some of the components included in the ERAS intervention
of the four studies were similar. However, there was some
clinical heterogeneity regarding number of included inter-
ventions and some of the other intervention components.
For example, one trial15 included the use of mechanical
bowel preparation as part of the ERAS intervention,
whereas two other trials included the omission of mechan-
ical bowel preparation as part of the intervention.13,14

All four studies reported randomized allocation to each
study arm as well as concealment of allocation. Three
studies12–14 used sealed envelopes to allocate patients and
one study15 used a central randomization system with a

Table 2 Primary Hospital Length of Stay

Study ERAS Traditional
perioperative
care

p value

Delaney et al.12

Mean±SD (days) 5.2±2.5 5.8±3 0.12

Anderson et al.13

Median (range, days) 3 (2–7) 7 (4–10) 0.002

Mean±SD (hours) 95.1±42.5 167.8±49.6 0.002

Gatt et al.14

Median (range, days) 5 (4–9) 7.5 (6–10) 0.027

Khoo et al.15

Median (range, days) 5 (3–37) 7 (4–63) <0.001
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random number generator. None of the four studies reported
the use of blinding of the surgeon, patient, or outcome
assessors. Complete patient data (100% follow-up) were
reported in all four studies. There was no evidence or
reporting of protocol violations in three of the studies; as
such, intention-to-treat (ITT) analysis was not necessary.13–15

One study reported protocol violations and the subsequent
use of ITT analysis Table 2.12

Hospital Stay

Pooling of the primary and overall hospital length of stay
was not possible. One study12 reported the results as a
mean±SD. Two studies reported length of stay as a median
and range.14,15 The fourth study13 reported both mean±SD
and median with range. Although it is possible to estimate
mean and standard deviation from median and interquartile
range, this was felt to be statistically inappropriate. In
summary, three of these four studies showed significantly
shorter primary length of stays for patients enrolled in
ERAS programs (Table 2).13–15 In the one study12 that did
not find a statistically significant shorter primary hospital
stay, the patients enrolled in the ERAS program were
significantly older than those patients receiving traditional
perioperative care despite randomization. Only two studies
reported overall hospital stay and these results were also not
pooled.12,15 Both studies,12,15 however, reported signifi-
cantly shorter overall hospital length of stay in patients
enrolled in ERAS programs (Table 3).

Postoperative Mortality and Complications

Three studies reported on postoperative mortality. Com-
pared to patients receiving traditional perioperative care,
there was no significant difference in postoperative mortal-
ity for patients enrolled in ERAS programs (RR=0.53; 95%
CI=0.12–2.38; test for heterogeneity, p=0.40 and I2=0;
Fig. 2). All four studies reported on major and minor
postoperative complications. Patients who were treated using
ERAS programs were significantly less likely to develop
postoperative complications than those patients receiving
traditional perioperative care (RR=0.61; 95% CI=0.42–
0.88; test for heterogeneity, p=0.95 and I2=0; Fig. 3). There
were no significant differences in the rates of major (RR=
0.40; 95% CI=0.06–2.59; test for heterogeneity, p=0.04 and
I2=63%; Fig. 4) and minor complications (RR=0.67; 95%
CI=0.37–1.23; test for heterogeneity, p=0.17 and I2=41%;
Fig. 5) in patients receiving ERAS care as compared to those
patients receiving traditional perioperative care. Since
significant statistical heterogeneity was observed for major
complications, the random effect model was used to pool the
data. Furthermore, there was no significant difference in
readmission to hospital in ERAS patients compared to tra-
ditional perioperative care patients (RR=0.67; 95% CI=
0.20–2.19; test for heterogeneity, p=0.27 and I2=24%;
Fig. 6). Only one trial reported on reoperation as an out-
come, and this study showed a non-significant trend toward
a reduced risk of reoperation in ERAS patients compared
to traditional perioperative care patients (RR=0.35; 95%
CI=0.04–3.23).12

Discussion

This meta-analysis evaluates postoperative outcomes which
are relevant in the care of surgical patients by using data
from four randomized controlled trials comparing ERAS
with traditional perioperative care. The results for primary
and total hospital length of stay could not be pooled;
however, three of the four studies revealed a significantly

Table 3 Overall Hospital Length of Stay

Study ERAS Traditional
perioperative
care

p value

Delaney [12]

Mean±SD (days) 5.4±2.5 7.1±4.8 0.022

Khoo [15]

Median (range) 5 (3–37) 7 (4–63) <0.001

Study or Subgroup

Anderson 2003
Gatt 2005
Khoo 2007

Total (95% CI)

Total events
Heterogeneity: Chi2 = 1.83, df = 2 (P = 0.40); I2 = 0%
Test for overall effect: Z = 0.82 (P = 0.41)

Events

0
1
0

1

Total

14
19
35

68

Events

1
0
2

3

Total

11
20
35

66

Weight

35.8%
10.5%
53.7%

100.0%

M-H, Fixed, 95% CI

0.27 [0.01, 5.97]
3.15 [0.14, 72.88]

0.20 [0.01, 4.02]

0.53 [0.12, 2.38]

ERAS Programs TPC Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 2 Pooled analysis of postoperative mortality, ERAS vs. traditional perioperative care (TPC).
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shorter primary length of hospital stay in patients enrolled
in ERAS programs as compared to traditional perioperative
care. Furthermore, this meta-analysis revealed a significant
decreased rate of overall complications with a trend towards
decreased mortality and reoperation rate for patients
enrolled in ERAS programs. However, there were only
four deaths and 18 readmissions in total observed in the
four trials, and this likely accounts for the failure to observe
a statistically significant difference.

In addition to statistical heterogeneity, there was also
some clinical heterogeneity that is important to note. In
addition to differences in the particular components that
were included in each ERAS program, the number of
components also varied. For example, the trial by Delaney
et al.12 included eight components in the ERAS interven-
tion. Interestingly, this trial was the only one of the four not
to detect a statistically significant difference in primary
hospital length of stay between the control and intervention
groups. The other three trials included 13 or 14 compo-
nents, and these trials all showed a 2-day reduction of
primary hospital length of stay in the ERAS intervention
arm.13–15 Also of note is that two of these three trials
included very similar ERAS intervention components.13,14

This review includes evidence from randomized con-
trolled trials only and therefore assesses the best available
evidence. It is, however, limited by the small number of

included studies and the low number of patients (total of
198) included in these trials. Furthermore, it is also limited
by the methodological quality of the included studies. All
four studies were found to have a high risk of bias.
Blinding of outcome assessment was either not performed
or not reported. Given the nature of the interventions being
compared, blinding of the patient and surgeon is not
feasible; however, outcome assessors could be blinded to
reduce measurement bias. Since none of the studies
reported or performed this aspect of methodological quality,
studies were not excluded based on the lack of blinding. All
four studies, however, did describe predefined discharge
criteria used to determine patients’ readiness for discharge.
This may somewhat reduce possible bias of surgeons
deciding when to discharge patients.

Further affecting the quality of the evidence was the lack
of well-defined outcomes15 and the lack of comparable
groups at entry into the trial.12 All four trials reported
length of stay as a primary outcome. Since there are often
social barriers delaying discharge, length of stay (LOS)
may not be the most objective outcome. For example, even
if a patient has met the predefined discharge criteria,
hospital discharge may be delayed for social reasons. In
two of the studies included in this review, only patients who
were living independently prior to surgery were includ-
ed.13,14 This, therefore, limits the generalizability of the

Study or Subgroup

Anderson 2003
Delaney 2003
Gatt 2005
Khoo 2007

Total (95% CI)

Total events
Heterogeneity: Chi2 = 0.36, df = 3 (P = 0.95); I2 = 0%
Test for overall effect: Z = 2.63 (P = 0.009)

Events

4
7
8
9

28

Total

14
31
19
35

99

Events

5
10
15
16

46

Total

11
33
20
35

99

Weight

12.2%
21.1%
31.8%
34.9%

100.0%

M-H, Fixed, 95% CI

0.63 [0.22, 1.80]
0.75 [0.32, 1.71]
0.56 [0.31, 1.01]
0.56 [0.29, 1.10]

0.61 [0.42, 0.88]

ERAS Programs TPC Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 3 Pooled analysis of total complications (major and minor), ERAS vs. traditional perioperative care (TPC).

Study or Subgroup

Anderson 2003
Delaney 2003
Gatt 2005
Khoo 2007

Total (95% CI)

Total events
Heterogeneity: Tau2 = 2.24; Chi2 = 8.07, df = 3 (P = 0.04); I2 = 63%
Test for overall effect: Z = 0.97 (P = 0.33)

Events

0
2
3
1

6

Total

14
31
19
35

99

Events

4
3
0

13

20

Total

11
33
20
35

99

Weight

21.2%
30.3%
20.6%
28.0%

100.0%

M-H, Random, 95% CI

0.09 [0.01, 1.49]
0.71 [0.13, 3.97]

7.35 [0.40, 133.48]
0.08 [0.01, 0.56]

0.40 [0.06, 2.59]

ERAS Programs TPC Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 4 Pooled analysis of major complications, ERAS vs. traditional perioperative care (TPC).
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results and the ERAS programs. Furthermore, although
LOS is an important outcome for cost-effectiveness and
allocation of resources, it may not be the most important
outcome for delivering quality care to patients. These
studies were not powered to primarily assess more clini-
cally relevant outcomes such as complications or even
mortality. As well, patient satisfaction was not assessed.
Further research in this field designed to evaluate these
outcomes would be beneficial.

The review process was performed to minimize bias.
The literature strategy used in this review was designed to
be broad and capture evidence on any type of ERAS
programs. However, there is a possibility that this review
missed non-published studies. As well, meeting abstracts
were not reviewed. Selection of articles for inclusion as
well as data extraction and quality assessment were
performed by two independent reviewers. Finally, the
inclusion criteria for studies, quality criteria, outcomes,
and analysis techniques were all designated a priori.

There is currently only one other review which compares
ERAS to traditional perioperative care in patients undergo-
ing elective colorectal surgery. Wind et al.4 performed a
meta-analysis of six trials including 512 patients: three
randomized trials which are included in our review and
three non-randomized trials. One RCT15 included in this
meta-analysis was not included in the meta-analysis by

Wind et al.4 The meta-analysis revealed a shorter hospital
stay when comparing patients enrolled in ERAS programs
to traditional perioperative care. This review also reported
no increase in mortality, morbidity, or readmission to
hospital in patients enrolled in ERAS programs.4 In
comparison, this review includes only randomized con-
trolled trials and includes the most recently published trial
by Khoo et al.15 The results of this meta-analysis are similar
to those of the previously published meta-analysis. How-
ever, inclusion of only randomized controlled trials adds to
the methodological rigor of this meta-analysis.

Larger randomized trials with improved methodological
quality could add to the current literature in this field. In
particular, trials must report on allocation concealment,
blinding of outcome assessors, and include well-defined
objective endpoints. Trials evaluating ERAS programs must
set predefined discharge criteria for patients in both the
ERAS arm and traditional perioperative care arm in order to
further reduce bias. These predefined discharge criteria will
ensure that only those patients who are clinically ready for
discharge will be discharged from hospital regardless of the
clinical pathway.

On the other hand, these trials are difficult to perform.
Many of the individual components have already been
adopted into standard care despite variable evidence of their
effectiveness. So, performing a trial without contamination

Study or Subgroup
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Khoo 2007

Total (95% CI)

Total events
Heterogeneity: Tau2 = 0.15; Chi2 = 5.07, df = 3 (P = 0.17); I2 = 41%
Test for overall effect: Z = 1.29 (P = 0.20)
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2
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Weight
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23.9%
30.1%
32.1%

100.0%

M-H, Random, 95% CI

1.96 [0.47, 8.27]
0.91 [0.34, 2.42]
0.35 [0.16, 0.78]
0.62 [0.29, 1.30]

0.67 [0.37, 1.23]

ERAS Programs TPC Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 5 Pooled analysis of minor complications, ERAS vs. traditional perioperative care (TPC).
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Anderson 2003
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Total (95% CI)

Total events
Heterogeneity: Tau2 = 0.28; Chi2 = 2.64, df = 2 (P = 0.27); I2 = 24%
Test for overall effect: Z = 0.67 (P = 0.50)
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0
6
4
1
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Weight
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25.6%
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100.0%

M-H, Random, 95% CI

Not estimable
0.53 [0.15, 1.95]
0.26 [0.03, 2.15]

3.00 [0.33, 27.46]

0.67 [0.20, 2.19]

ERAS Programs TPC Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 6 Pooled analysis of readmission to hospital, ERAS vs. traditional perioperative care (TPC).
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in the control group might be difficult. In all future studies,
besides clinical outcomes, patient satisfaction must be
considered. As well, feasibility and hospital resources and
costs must be included. Finally, identifying which individ-
ual strategies are effective and should be included in the
ERAS package should be an important consideration since
many are resource intense.

Randomized controlled trials have shown that length of
stay is reduced with laparoscopic colorectal surgery.16–18

However, there has been no evaluation of ERAS versus
traditional perioperative care in patients having laparoscop-
ic surgery. Two randomized controlled trials have compared
open to laparoscopic surgery in the setting of an ERAS
program.19,20 In one trial which included 62 patients, Basse
et al.19 reported rapid postoperative recovery and discharge
with a median of length of stay of 2 days; however, there
was no difference in this outcome when comparing the
laparoscopic and open groups. In another similar trial also
evaluating 62 patients, length of stay was 2.2 days shorter
(p=0.018) in patients undergoing laparoscopic surgery.
Furthermore, patients undergoing laparoscopic surgery
were also less likely to be readmitted with an odds ratio
(OR) of 0.13 (95% CI=0.02–0.79, p=0.027).20 Currently,
with evidence only from these two small trials, it is difficult
to draw conclusions regarding the potential benefits of
ERAS programs for patients undergoing laparoscopic
colorectal surgery. A large randomized controlled trial on
this topic would be beneficial.

Conclusions

Although the individual studies showed that ERAS pro-
grams were associated with shorter primary and total
hospital length of stay, we chose not to pool these data
for statistical reasons and thus cannot provide further
evidence for these outcomes. Our review does indicate,
however, that ERAS programs are associated with reduced
total complications. Furthermore, it is also difficult to draw
conclusions regarding reductions in mortality and readmis-
sion, as the pooling of these outcomes was still underpow-
ered. There is some evidence to suggest that ERAS
programs are better than traditional perioperative care, but
a larger randomized controlled trial is necessary. This study,
with more rigorous methodology, is required to more
clearly define components for ERAS programs as well as
assess more clinically relevant endpoints.
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Abstract
Introduction Development of gallbladder cancer following cholecystojejunostomy has not previously been described.
Methods A case of a patient who developed gallbladder cancer 22 years following cholecystojejunostomy is presented, and
a literature review of known complications of cholecysto-enteric anastomosis was performed.
Discussion Cholangitis is the commonest reported complication, known to predispose the biliary epithelium to malignant
change, but has not been described until now as being carcinogenic for the gallbladder. Gallbladder carcinoma may be a rare
long-term complication of cholecystojejunostomy.

Keywords Gallbladder cancer . Bilio-enteric bypass .

Postoperative risk factor . Cholecystojejunostomy

Introduction

Gallbladder cancer as a complication of cholecystojejunostomy
has not been described previously in the English literature. We
describe a case of a man who developed gallbladder cancer
22 years following bilio-enteric bypass with a cholecystojeju-
nostomy for what at the time was thought to be pancreatic
carcinoma. A literature review of the recognized complications
of cholecystojejunostomy, and of the association of cholangio-
carcinoma with bilio-enteric bypass, is presented.

Case Report

An 81-year-old man presented with a 3-week history of a
painful right upper quadrant mass, with a past history of

cholecystojejunostomy 22 years prior for suspected pancreatic
cancer which had no further treatment. On examination, the
patient was febrile with a temperature of 38°C, and a tender
firm 4-cm mass was palpable in the right upper quadrant.
Tumor markers were markedly increased (carbohydrate
antigen 19.9 (CA19.9) of 2,895 kU/L (normal 0–37 kU/L)
and carcino-embryonic antigen (CEA) of 495 µg/L (normal
0–3 µg/L)). Bilirubin level was initially normal (6 mmol/L
(normal <23mmol/L)). An initial computed tomography (CT)
scan demonstrated irregular thickening of the gallbladder
extending to the biliary tree and dilated right lobe intrahepatic
ducts, with lymphadenopathy noted adjacent to the superior
mesenteric artery and celiac axis. Assessment of biliary
anatomy and flow was attempted with a hepatobiliary
iminodiacetic acid (HIDA) scan which was difficult to
interpret but showed at least some flow through the common
bile duct to the small bowel. A subsequent CT intravenous
cholangiogram (CTIVC) demonstrated extrinsic compression
of the right hepatic and common hepatic ducts, with porta
hepatis lymphadenopathy and a thickened proximal gallblad-
der suspicious of malignancy. Contrast was seen in the
common bile duct and duodenum but none was seen in the
gallbladder fundus (Fig. 1).

The patient underwent an exploratory laparotomy which
showed an inflamed gallbladder fundus consistent with
cholecystitis, with an adjacent loop of jejunum forming the
cholecystojejunostomy, but also a hard irregular mass at the
body of the gallbladder confluent with large porta hepatis
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lymphadenopathy consistent with locally advancedmalignancy.
A subtotal cholecystectomy and small bowel resection was
performed, with transection of the gallbladder through the
malignant body of gallbladder. At no stage was any bile found
to drain from the transected surface of gallbladder, suggesting
complete obstruction of the proximal gallbladder and cystic
duct with malignancy. Fig. 2 shows the macroscopic resected
specimen. Histopathology showed poorly differentiated ade-
nocarcinoma arising in gallbladder with extensive local spread
and secondary involvement of lymph nodes, and on examin-
ing the rest of the gallbladder the fundus epithelium showed
chronic inflammation and metaplasia.

Post-operatively, the patient recovered well from the
laparotomy but his bilirubin level slowly increased to
62 mmol/L 1 week later and was associated with increasing
inflammatory markers with white cell count (WCC) of
13.8×109/L (normal 4.6–10.5×109/L). Repeat CT scan
showed more prominent biliary dilatation now including
the left hepatic ducts. The patient underwent a percutaneous
transhepatic cholangiogram (PTC) via the left hepatic duct
and insertion of an expanding metal stent across the
strictured common hepatic duct (Fig. 3), with subsequent
reduction of his serum bilirubin. A sample of bile cultured
Enterococcus faecalis, and he was treated with a course of
intravenous antibiotics. He was subsequently discharged
home with palliative care support.

Discussion

The long-term complications of cholecystojejunostomy are
difficult to characterize. This is partly due to the fact that it

is usually performed for bypass in malignant disease, and
these patients rarely live long enough to develop late
complications related to surgery.1,2

One of the largest published series reviewed 34 patients
having undergone cholecystojejunostomy for benign dis-
ease, with long-term follow-up to a mean of 8 years. In this
series, five complications of recurrent cholangitis or biliary
obstruction were directly attributable to the cholecystoen-

Figure 2 Macroscopic picture of resected specimen, showing the
cholecystojejunostomy at the bottom of the picture, inflamed
thickened gallbladder fundus consistent with cholecystitis in the
middle of the picture, and cancer in the body of the gallbladder at
the top.

Figure 3 Percutaneous transhepatic cholangiography, access from left
hepatic duct and stent insertion across bile duct stricture with flow
achieved into duodenum. Also note past abdominal aortic aneurysm
stent.

Figure 1 CTIVC showing porta hepatis lymphadenopathy and biliary
obstruction with dilated intrahepatic ducts, and the anteriorly placed
gallbladder fundus containing gas but no contrast with the adjacent
loop of jejunum forming the cholecystojejunostomy.
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terostomy, but no patient developed malignancy.3 Another
reported case series of five patients developed recurrent
cholangitis between 2 and 9 years following cholecystoen-
teric bypass and three required operation. All three
demonstrated chronic inflammation at the site of the
anastomosis at operation and pathologically, with trans-
mural inflammation seen not only in the gallbladder but
extending to involve the anastomosis.1

There are case reports of gastrointestinal bleeding,
presenting either as hemocholecyst4 or as recurrent bleed-
ing from varices at the anastomosis2, and also rarities such
as intussusception of the jejunum into gallbladder5, but no
references in the English literature to gallbladder carcinoma
as a complication of cholecystojejunostomy. There is only
one article in Spanish that reports one gallbladder carcinoma
following bilio-enteric anastomosis.6

Much more established in the literature is the development
of cholangiocarcinoma following bilio-enteric anastomosis7

and there is experimental, clinical, and epidemiological data
available to support this link.8 The rate was determined to be
5.5% among 1,003 patients collected over 30 years in Italy
as reported by Tocchi et al. This was higher in patients with
choledochoduodenostomy compared with hepaticojejunos-
tomy or transduodenal sphincteroplasty (7.6% vs. 1.9% vs.
4.8%, respectively). A pattern was found that only patients
who developed recurrent cholangitis developed cholangio-
carcinoma. The recommendation from these authors was that
chronic inflammatory changes consequent to biliary-enteric
drainage should be closely monitored for the late develop-
ment of biliary tract malignancies.9

In the case of cholecystojejunostomy, cholelithiasis and
cholangitis may take several years to develop, but have
been suggested to be inevitable.1 The passage of food into
the gallbladder via the cholecystojejunostomy and then
back into duodenum via the common bile duct has been
demonstrated10 and food particles have even been visual-
ized in the gallbladder on ultrasound when a patient was
scanned in a non-fasting state11, and this clearly predisposes
to cholangitis and cholelithiasis. In the development of
cholangiocarcinoma, this backflow of unwanted substances
into the biliary tract is felt to be important pathologically9,
and it stands to reason that the same chronic irritation also
predisposes the gallbladder to carcinomatous change in
anastomoses involving this organ.

Some authors feel the presence of this abnormal
circulation is indication enough for cholecystectomy in
patients with cholecystojejunostomies.10

The role of cholecystojejunostomy may be maintained in
emergency situations not amenable to percutaneous or
endoscopic decompression10, as it remains a simple and

quick method for relief of biliary obstruction3, but in the
long term, it is not recommended for definitive treatment of
benign disease.1,2 The longer survival afforded these
patients will likely lead to problems with cholangitis and
probably risk of malignancy. Consideration should be given
to revisional surgery in the setting of cholecystojejunostomy
if a benign diagnosis becomes apparent, including cholecys-
tectomy, or at least close monitoring to detect early biliary
obstruction or cholangitis.

Conclusion

Gallbladder carcinoma is a potential late complication of
cholecystojejunostomy and should be remembered when
considering performing this operation or when dealing with
patients previous having had this operation, particularly in
the setting of benign biliary disease.
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