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An Initial Evaluation of Pelvic Floor Function
and Quality of Life of Bladder Exstrophy Patients
After Ureterosigmoidostomy

Jennifer Miles-Thomas, M.D., John P. Gearhart, M.D., Susan L. Gearhart, M.D.

Classic bladder exstrophy is characterized by displaced pelvic floor musculature and significant skeletal
and genitourinary defects. A paucity of data exist evaluating long-term pelvic floor function in exstrophy
patients after ureterosigmoidostomy. This study is an initial attempt to evaluate the prevalence of uro-
fecal incontinence, pelvic organ prolapse, and overall quality of life in patients who have had ureterosig-
moidostomies. Fifty-two individuals who underwent ureterosigmoidostomy between 1937 and 1990
were identified through the Ureterosigmoidostomy Association and the Johns Hopkins bladder exstro-
phy database and mailed questionnaires approved by the Institutional Review Board (Johns Hopkins).
Data were analyzed with SigmaStat 3.0 (SPSS, Inc., Chicago, IL). Eighty-three percent of the subjects
responded, with a mean age of 44.4 years (range, 14–73 years) and mean of 40.9 years (range, 14–65
years) after ureterosigmoidostomy. Prevalence of daily urinary and fecal incontinence was 48% (n 5

20) and 26% (n 5 11), respectively, whereas the prevalence of weekly combined urofecal incontinence
was 63% (n 5 27). The incidence of pelvic organ prolapse in this cohort was 48% (n 5 20). In these
patients, a significant risk of urofecal incontinence and pelvic organ prolapse exists. Long-term fol-
low-up studies are needed to understand the role of pelvic floor musculature in this complex birth defect.
( J GASTROINTEST SURG 2006;10:473–477) � 2006 The Society for Surgery of the Alimentary Tract
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Bladder exstrophy is a major congenital birth de-
fect involving the abdominal wall from the umbilicus
to the tip of the urethra. The pelvic bones are sepa-
rated, and the bladder lies externally between the
two pubic rami. The urinary sphincters are absent.
This abnormality is seen in 1 in 40,000 newborns.1

Ureterosigmoidostomy is a surgical procedure his-
torically used in the treatment of bladder exstrophy,
where the ureters are inserted into the taenia of the
sigmoid colon in a nonrefluxing manner. The use
of the sigmoid colon allows the patient to maintain
continence and evacuate urine through the anus,
thus eliminating the need for a cutaneous urinary di-
version or catheterizable abdominal stoma. This
procedure is typically done in patients where the

native bladder is not amenable to reconstruction.
Ureterosigmoidostomy is associated with a preserved
body image and improved quality of life.2 However,
many long-term effects from this procedure, includ-
ing pyelonephritic renal damage, nephrolithiasis,
and neoplasia have been reported. What is unknown
regarding ureterosigmoidostomy is long-term pelvic
floor function, including urofecal incontinence. The
purpose of this study was to evaluate this function in
a cohort of patients with a longstanding ureterosig-
moidostomy. Currently, to our knowledge, no stud-
ies exist evaluating the quality of life and long-term
pelvic floor outcomes of adult ureterosigmoidos-
tomy patients in the United States.
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MATERIAL AND METHODS

After approval by the Institutional Review Board
(Johns Hopkins), patients who were members of
the Ureterosigmoidostomy Association or had
a documented ureterosigmoidostomy in the institu-
tionally approved Johns Hopkins exstrophy database
were sent a four-page questionnaire. This question-
naire contained a modified version of the commonly
used Fecal Incontinence Severity Index. The identi-
cal questionnaire was also available on a secure web-
site. Reminder e-mails and letters were sent to
patients 3 weeks after the initial mailing. Data were
analyzed with SigmaStat 3.0 (SPSS, Inc., Chicago-
IL). Continuous variables were calculated as mean
6 standard deviation. Categorical variables were
summarized as percent. Multiple logistic regressions
were used to investigate relationships between sex,
uterine prolapse, and fecal incontinence. T tests
were used to compare means of categorical variables.
All statistical analyses were performed with Sigma-
Stat 3.0 (SPSS, Inc.). All P values are two-sided
and considered significant at P < 0.05. Results
were assessed from returned questionnaires 1 month
after the initial mailing.

RESULTS

Fifty-two questionnaires were mailed to partici-
pants, and 83% (n 5 43) were returned either by
mail or online. The respondents had a mean and
median age of 44.4 and 43.5 years, respectively
(Table 1). The number of male and female respon-
dents was nearly equivalent (n 5 22 and n 5 21,
respectively). Over 90% (n 5 39) of respondents
underwent ureterosigmoidostomy for bladder exs-
trophy. The mean and median number of years after
ureterosigmoidostomy was 40.9 and 42 years, re-
spectively, with a range of 14–65 years. Eighty-four
percent of respondents (n 5 36) were married, and

this was distributed equally among men and women.
Fifty-five percent of female respondents had chil-
dren, with a mean parity of 1.85 live births. Overall,
53.8% of all respondents reported the frequency of
sexual activity was as much as he or she desired; how-
ever, 77.2% (n 5 17) of women and 71.4% (n 5 16)
of men had been sexually active within the past
month.

In patients who have undergone ureterosigmoi-
dostomy, incontinence frequently results in the loss
of stool and urine. We have termed this situation
as urofecal incontinence. Urofecal incontinence was
present in 56% (n 5 24) of respondents. Half of all
male respondents experienced urofecal incontinence
(11/22), as did 62% (13/21) of female respondents
(OR 1.79; 95% CI, 0.52-6.10). When frequency of
incontinence was assessed, we found the prevalence
of overall daily urinary incontinence was 48%
(n 520). The prevalence of daily overall fecal incon-
tinence was 26% (n 5 11), whereas the prevalence of
overall weekly combined urofecal incontinence was
63% (n 5 27).

Age was not independently associated with urofe-
cal incontinence (Fig. 1). However, when adjusted
for age greater than 40, men were 70% more likely
to be continent than women were. Women greater
than 40 years of age were 45% more likely to have
urofecal incontinence than their younger counter-
parts were (OR, 1.45). Women who did not have ur-
ofecal incontinence had a higher parity than women
with urofecal incontinence did, but this was not sta-
tistically significant. The incidence of pelvic organ
prolapse in this cohort of patients was 48% (n 5

20). There was no significant difference in urofecal
incontinence or pelvic organ prolapse with respect
to gender. In our study, 50% (10/20) of patients
with uterine prolapse also experienced urofecal in-
continence. However, 30% without uterine prolapse
also experienced incontinence (Fig. 2). In addition,
40% of female survey respondents did not answer
the question. Only four respondents reported a history
of hysterectomy. Of those, two experienced urofecal
incontinence.

Despite the above findings, 86% (n 5 37) of
respondents were pleased with the results of their
surgery and did not wish to have additional diversion
surgery (Fig. 3). However, despite the fact that
respondents were generally happy with their results
after ureterosigmoidostomy, 90% (n 5 39) of all
respondents needed additional surgery for their
genitourinary disorder. When comparing male and
female respondents, 77.8% (n 5 17) of men and
100% (n 5 43) of women had undergone additional
surgery (P 5 0.06). Overall, 1.4% (n 5 6) of respon-
dents stated that they would consider another form

Table 1. Patient characteristics

Male
(n 5 22)

Female
(n 521)

Age 48.5
(range 33–73)

40.1
(range 14–67)

Years with
ureterosigmoidostomy

45 36.7

Mean
Marital status (%) 18 (82) 17 (81)
Respondents with

children (%)
n/a 14 (63.6)

Mean parity n/a 1.85
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of diversion, either continent urinary diversion (n 5

4) or cutaneous urinary diversion (n 5 2).
Of note, given the increased risk of developing

adenocarcinoma at the ureterocolonic junction after
ureterosigmoidostomy, questions regarding colon

cancer screening and visits to the urologist were
also submitted. In this cohort of participants, 7%
(n 5 3) were diagnosed with colorectal adenocarci-
noma at 47, 40, and 33 years after the initial diver-
sion. It is interesting to note that 11% (n 5 5) of
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Fig. 1. The prevalence of urofecal incontinence in males and females as a function of age.
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Fig. 2. The prevalence of pelvic organ prolapse and urofecal incontinence.
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all respondents have never had a sigmoidoscopy,
whereas 42% (n 5 18) fulfill current recommenda-
tions and undergo annual flexible sigmoidoscopy.

DISCUSSION

This study represents the first study to evaluate
long-term pelvic floor function in patients who
have undergone ureterosigmoidostomy. In this co-
hort of patients obtained from the Ureterosigmoi-
dostomy Association and the Johns Hopkins
bladder exstrophy database, the prevalence of blad-
der exstrophy was 90% (n 5 39). The Johns Hopkins
institutionally approved exstrophy database currently
contains 848 patients, 11 of whom have undergone
ureterosigmoidostomies. Currently, ureterosigmoi-
dostomies are still performed in some European
and South American countries; however, this is not
done at our institution. Other reasons for perform-
ing this procedure include cancer and other major
malformations of the urogenital tract. Previously,
bladder exstrophy was thought to be more prevalent
in males, with a male to female ratio of 2.5:1. How-
ever, current studies, including the present study,
have demonstrated an equal prevalence in male and
females.3 Currently, primary closure of the bladder,
in the neonatal period if the bladder template is suit-
able, is the standard of care. If primary closure is not

possible, diversions including colonic conduits and
ureterosigmoidostomy are considered.4 The objec-
tive of urinary diversion is no longer solely to pre-
serve renal function. Current objectives include
maintaining an acceptable body image for patients
while preserving a good quality of life.4 Although
ureterosigmoidostomy may provide an acceptable
external appearance and functional result, additional
elements of the long-term outcome must be
considered.

A major recognized complication of ureterosig-
moidostomy is neoplasia, and it is for this reason
the procedure is used very judiciously in a few
centers worldwide. The risk of adenocarcinoma of
the colon at the ureteral implantation site has been
documented between 500 and 7000 times more fre-
quently than the general population.5 The incidence
of carcinoma after ureterosigmoidostomy may reach
as high as 24% in long-term follow-up studies.6 The
incidence increases over time, with the mean time of
cancer formation at 17.2 years after ureterosigmoi-
dostomy; therefore, annual surveillance with flexible
sigmoidoscopy to just beyond the ureteral anastomo-
ses is recommended. Lesions at the anastomosis
should be biopsied. Routine biopsies are not
recommended.6

It is well known that significant musculoskeletal
defects exist in patients with bladder exstrophy.7,8

However, the effect of these defects on pelvic floor
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Fig. 3. Respondent satisfaction after ureterosigmoidostomy.
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function, including prolapse and fecal continence, is
not known. Recently, magnetic resonance imaging
and three-dimensional CT imaging of the pelvic
floor musculature has been performed in patients
with bladder exstrophy.7,8 These studies have con-
firmed that the sacroiliac joints and the anterior
and posterior pelvis are externally rotated with
a 30% shortage of bone in the anterior pelvis.8 Fur-
thermore, an alteration in the elliptical shape of the
levator muscles exists such that 70% of the levator
mass is posterior to the rectum and only 30% is an-
terior. In normal pelvic floor anatomy, the levator
mass is evenly split between the anterior and poste-
rior pelvis, providing circumferential support to the
rectum and anterior support to the vagina, uterus,
and bladder in the female and prostate and bladder
in the male. These findings in patients with bladder
exstrophy are likely secondary to the major bony ab-
normalities described above.9 Given the abnormali-
ties in the levator musculature, we hypothesized
that bladder exstrophy patients are intrinsically
predisposed to more urofecal incontinence after
ureterosigmoidostomy.

This study demonstrated a significant number of
respondents with urofecal incontinence. Further-
more, 90% (n 5 39) of respondents needed further
surgery for their urogenital disorder. This condition
worsened with both age and parity among females.
Furthermore, although it is known that bladder exs-
trophy patients are more prone to pelvic organ pro-
lapse, this study demonstrated a significant number
of female patients with prolapse. Those patients with
prolapse tended to suffer more from urofecal incon-
tinence, although this was not statistically signifi-
cant. We are unable to determine whether prolapse
and urofecal incontinence was a result of persistent
loose stools, conscious constant squeezing of the
external sphincter to remain dry, or an effect of the
aberrant levator musculature. Current repair of blad-
der exstrophy includes the performance of a pelvic
osteotomy that allows for closure of the pubic bone
diastasis and correction of the sacroiliac joint rota-
tion, thus bringing the major muscle groups to a
more midline position. This closure of the pelvic
floor may allow for improved pelvic floor function;
however, long-term follow-up on these patients is
currently not available.

Throughout the literature, a high degree of pa-
tient satisfaction has been reported after ureterosig-
moidostomy.4,10,11 In this study, we found that
86% (n 5 37) of respondents were happy overall
with an ureterosigmoidostomy. Improved body im-
age, good long-term outcomes, and freedom from
external collection devices and intermittent self-
catheterization are an important part of the overall

happiness of the patient. However, the findings of
this study indicate that not only should patients be
counseled regarding the risk of neoplasia but also re-
garding the risk of significant urofecal incontinence.
This is particularly prevalent in women over the age
of 40 years. Furthermore, the new application of
these imaging modalities may allow an improved
understanding of pelvic floor function and allow
surgeons who perform ureterosigmoidostomy better
patient selection and better outcomes.

CONCLUSION

Bladder exstrophy patients have complex bony
and musculoskeletal abnormalities. After undergoing
ureterosigmoidostomy, a significant risk of urofecal
incontinence and pelvic organ prolapse is present.
Additional studies are warranted to further evaluate
the anomalies of the pelvic floor musculature in
this complex birth defect.
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Early Perioperative Outcomes
and Pancreaticoduodenectomy in a
General Surgery Residency Training Program

Craig P. Fischer, M.D., M.P.H., Johnny C. Hong, M.D.

Current trends in national health care are triggering a reassessment of training in general surgery. Currently,
75% of general surgery residents seek postgraduate fellowship training, and significant debate has occurred
regarding the best manner for surgeons to acquire competency in performing complex operations. Pancrea-
ticoduodenectomy (PD) is a complex procedure performed infrequently by most surgical graduates. From
1990 through 1997, the average number of PD operations performed per general surgery graduate ranged
from 1.5 to 2.5. We examine the surgical outcomes following PD performed by surgical resident staff in
a university-based general surgery training program. Between January 2001 and October 2004, 164 patients
underwent PD for periampullary disease. Data were prospectively entered into a computerized database,
including resident participation. We analyzed 30-day mortality and morbidity rates. Perioperative out-
comes were 30-day mortality (2.2%), pancreatic fistula (6.1%), reoperation (2.2%), average length of hos-
pital stay (13.5 days), mean operating time (489 minutes), and median estimated blood loss (1274 ml per
case). PD can be performed with an acceptable morbidity and mortality within the teaching structure of
a general surgery training program. These outcomes are likely related to the performance of PD at a
high-volume, tertiary center by a single surgeon and compare favorably to best-practice benchmark out-
comes. ( J GASTROINTEST SURG 2006;10:478–482) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: General surgery training, outcomes, pancreaticoduodenectomy, vascular resection

Current trends in national health care are trigger-
ing a reassessment of training in general surgery. Early
specialization (including advanced gastrointestinal
surgery) has been suggested by a blue ribbon panel
of the American Surgical Association, the American
Board of Surgery, and The American College of Sur-
geons.1,2 According to resident operative experience
reported to the Accreditation Committee for Gradu-
ate Medical Education for the academic years 1990–
1997, the average number of pancreaticoduodenec-
tomy (PD) operations performed per graduate ranged
from 1.5 to 2.5.3 The average urban teaching hospital
performs approximately 2.7 PD operations per
year,4 while the top high-volume pancreatic surgery
centers perform over 100 procedures per year.5–7

Many of these high-volume hospitals are centers for

postgraduate fellowship training.7 Recent data sup-
port that volume and experience of the surgical pro-
vider correlate with improved clinical and economic
outcomes in complex gastrointestinal surgery.8–10,13

Given recent debate surrounding surgical training
and complex procedures, we sought to analyze early
surgical outcomes after PD within a university-based
general surgery training program and to compare
our results with national benchmark outcomes.

PATIENTS AND METHODS
Patients

Data for all patients who underwent PD at a single
tertiary urban teaching institution between January
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2001 and October 2004 were prospectively entered
into a computerized database, including resident
participation. A single fellowship-trained attending
surgeon supervised all PD operations performed
by general surgical residents. The surgical resident
was designated as the primary surgeon when the
trainee performed the entire resection and recon-
struction phases of the operation. When these crite-
ria are not met, the attending surgeon was
designated as the primary surgeon. The chief resi-
dent was designated as the primary surgeon at the
beginning of all procedures.

Preoperative Evaluation

Patients with a preoperative diagnosis of periam-
pullary neoplasm fulfilled the following criteria of
resectibility: (1) no evidence of extrapancreatic meta-
static disease, (2) no invasion of the abdominal aorta
or its branches, and (3) patency of the portal and
superior mesenteric vein and presence of a 2.0 cm
segment of superior mesenteric vein, uninvolved by
tumor.11 Patients with a preoperative diagnosis of
chronic pancreatitis fulfilled the following criteria
for surgical resection: (1) presence of narcotic-requir-
ing abdominal pain and (2) evidence of an inflamma-
tory mass within the head of pancreas.

Surgical Technique

PD was performed as described by Warshaw and
Thayer.12 The final step involved complete dissec-
tion of the head of pancreas and uncinate, from the
lateral surface of the portal vein and the anterolateral
surface of the superior mesenteric artery. In cases of
local-regionally advanced neoplasms, vascular resec-
tion was performed as described by Tseng et al.,11

when such a surgical maneuver would yield an R0

resection status.

Perioperative Complications

Major perioperative complications were defined
as follows: perioperative mortality (death within the
first 30 days after surgery); need for reoperation;
pancreatic fistula (defined as >50 ml of amylase-
rich fluid O4 times the upper limit of normal serum
amylase from a surgical drain on postoperative day 7
or via a catheter placed with use of interventional ra-
diology); postoperative intra-abdominal hemorrhage
requiring any blood transfusion; intra-abdominal
fluid collection (sterile or abscess); myocardial in-
farction or sudden cardiac death; pulmonary compli-
cations including pneumonia; gastrointestinal
bleeding; and length of intensive care unit stay of

longer than 7 days. Hospital stay was calculated by
considering the day of surgery as day 1.

RESULTS

Between January 2001 and October 2004, a total
of 164 patients underwent PD for periampullary dis-
ease. Of 164 patients, 38 had tumor extension to
a major vessel that necessitated vascular resection
and reconstruction with the goal of an R0 resection
(Table 1), Supervised surgical residents performed
138 of 164 PD operations, of which 12 required
major vascular resection. Twenty-six operations
were performed by the attending, as the resident
surgeon did not complete the entire resection and
reconstruction. The nomenclature developed by
Tseng and Evans for vascular resection was used11

(Table 1). Among the 138 patients, 88 (64%) under-
went PD for adenocarcinoma of the pancreas. The
median operative time was 489 minutes, the mean
hospital stay was 13.5 days, and the estimated blood
loss was 1274 ml per case. Table 2 shows the opera-
tive characteristics and perioperative complications.
The hospital and 30-day mortality among the 138
patients was 2.2%. The perioperative complications
included reoperation (2.2%), pancreatic fistula
(6.5%), intra-abdominal hemorrhage (0.73%), de-
layed gastric emptying (33%), myocardial infarction

Table 1. Patient demographics, disease histology,
and type of vascular resection

Variable (n 5 138)

Gender
Male 73
Female 65

Age (years)
Median 61.5
Range 24–93

Neoplasm
Pancreas 88 (64%)
Bile duct 8 (6%)
Duodenum 1 (0.7%)
Ampullary 3 (2.7%)
Neuroendocrine 1 (0.7%)

Inflammation
Chronic pancreatitis 37 (27%)

Vascular resection (Type)
V1 9 (75%)
V2 0
V3 0
V4 0
V5 0
Hepatic artery 3 (25%)
Inferior vena cava 0
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(2.2%), pulmonary complications (8.7%), gastroin-
testinal bleeding (1.4%), and intensive care unit
stay of longer than 7 days (5.8%). We compared
the outcomes of patients who underwent PD in our
series with those of 2730 cases from 16 published
reports from 1997 to 200316 (Table 3). Similar
perioperative outcomes in this series and these
benchmark outcomes are noted.

DISCUSSION

U.S. surgical training will likely undergo dramatic
changes in the near future, and reorganization of
general surgery training is a subject of debate. Re-
cent data have emphasized the relationship between
surgeon and hospital experience, and operative mor-
tality as well as cancer-free survival7,8 for PD. Given
the low numbers of PD procedures performed by
most general surgical trainees,3 one must question
if the average general surgery graduate is prepared
to perform elective PD. Currently, the American
Board of Surgery certifies graduates in general sur-
gery to perform PD. It is unknown whether gradu-
ates from low-volume surgical training programs
have different outcomes for PD than do graduates
from high-volume training programs or graduates

of fellowship training programs. The case has been
made that training in complex gastrointestinal sur-
gery might be best performed in postgraduate fel-
lowships.15 Given the debate regarding training
and complex surgical operations, we analyzed perio-
perative outcomes for PD performed within the
teaching structure of a general surgery residency.
Perioperative outcomes for PD performed by gen-
eral surgery residents, under supervision of a single
fellowship-trained surgeon, appear to compare fa-
vorably with best-practice national outcomes for
PD. These outcomes are likely related to the perfor-
mance of PD at a high-volume tertiary center by
a single surgeon and compare favorably to outcomes
published from large pancreatic surgery centers, in
which fellows performed PD.7 Based upon these
data, perioperative outcomes for PD appear to be
more closely linked to hospital and surgeon experi-
ence than to the status of the trainee performing
the operation. Indeed, excellent perioperative
outcomes have been published from departments of
general surgery, where PD is performed with general
surgery resident staff; without postgraduate
fellows.5,6

When comparing data from this series with best-
practice national outcomes published in the surgical
literature, mortality was slightly higher (2.2% versus
1.9%), operative time longer (489 minutes versus
431 minutes), and estimated blood loss slightly
higher (mean, 1274 ml versus 1193 ml). However,
the rate of pancreatic fistula was lower in our series
than in published benchmark data (6.5% versus
9.9%), and the average length of stay was less (13.5

Table 2. Operative characteristics and perioperative
complications

Variable Number (n 5 138)

Estimated blood loss (cc)
Mean 1274
Range 173–2900

Median operative time in minutes 489
(range) (297–1449)

Median hospital stay (days) 13.5
(range) (6–34)

Perioperative death 3 (2.2%)
Major perioperative complications

Reoperation 3 (2.2%)
(range) (8–29)
Pancreatic fistula 9 (6.5%)

Neoplasm 6 (4.3%)
Chronic pancreatitis 3 (2.2%)

Intraabdominal hemorrhage 1 (0.73%)
Delayed gastric emptying 38 (33%)
Intraabdominal fluid collection

Sterile 13 (9.4%)
Abscess 9 (6.5%)

Myocardial infarction 3 (2.2%)
Pulmonary complication 12 (8.7%)
Gastrointestinal bleeding 2 (1.4%)
ICU stay O 7 days 8 (5.8%)

Table 3. Perioperative outcomes and recent surgical
literature

Variable (n 5 139)

Literature16

(n 5 2730)
1997–2003

Gender (men %) 52.8% 56%
Age in years 61.5% 63.3
Mortality (%) 2.2% 1.9%
OR time in minutes 489 431

(range) (297–1449) (412–531)
Estimated blood loss in cc 1274 1183

(range) (173–2900) (982–1600)
Length of stay in days 13.5 17.7

(range) (6–34)
Pancreatic anastomosis

leak (range)
6.5% 9.9% (0–18)

Delayed gastric emptying
at post-operative day 14

33% 13.9% (2.5–22)

Reoperation (range) 2.2% 3.8% (0.8–9)
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days versus 17.7 days). Pancreatic fistula was less
common in patients undergoing PD for chronic pan-
creatitis versus neoplasm (2.2% versus 4.3%). The
increased blood loss observed may be related to in-
creased operative time observed in this study as
well as the relatively high percentage of patients
undergoing vascular resection and reconstruction.

The stated position of the American Board of
Surgery is to broadly train general surgeons who
are capable of the diagnosis and surgical manage-
ment of a wide range of hepatobiliary diseases,
including periampullary neoplasms and the perfor-
mance of PD. Multiple arguments have been made
to preserve the breadth and depth of general surgical
practice,17,18 stating that a well-trained surgical gen-
eralist is needed by the majority of patients seeking
surgical care in the United States. However, surgery
has changed dramatically in the past 25 years, with
increasing use of complex technology, a rapidly in-
creasing body of scientific knowledge, and declining
morbidity and mortality for complex surgical proce-
dures performed by specialists.14,15 A reassessment
of how to train competent surgical specialists has
also been stimulated by (1) limitations of trainee
work hours, (2) increased public scrutiny of the
health care system (and of the quality of care pro-
vided by surgeons), and (3) medical-legal concerns.
The American Surgical Association Blue Ribbon
Committee has recognized these factors and has rec-
ommended early specialization for complex gastroin-
testinal surgery, including hepatobiliary and
pancreatic surgery. It is unclear under this model if
general surgeons without subspecialty training
would continue to be certified to perform PD. PD
performed in training programs might be reserved
for subspecialist trainees, in the areas of surgical
oncology, hepatobiliary and pancreatic surgery, and
transplant surgery.

The proposed changes in surgical training aim to
streamline surgical training, recognizing that 75% of
surgical graduates seek postgraduate fellowship
training.2 Our data seem to indicate that outcomes
for PD, performed in a training program, are more
closely linked to the experience and volume of at-
tending surgical providers who supervise trainees.
Such a training program would be appropriate for
training in complex gastrointestinal surgery for
either general surgery residents or postgraduate
fellows. If the scope of general surgery practice is
to be limited in the future by the American Board
of Surgery, perhaps PD should be reserved for post-
graduate trainees in the field of complex gastrointes-
tinal surgery. This study demonstrates that PD
performed in a general surgery residency can be per-
formed with perioperative results comparable with

best-practice national data. This study, however, is
unable to provide comment upon the competency
of trainees (who perform PD under supervision),
when trainees become attending providers. Data re-
garding trainee performance of complex surgical
procedures, and follow-up of results when graduates
become attending providers, should help surgical ed-
ucators in planning the surgical training program of
the future that best serves the interests of trainees
and patients alike.

CONCLUSION

PD can be performed with an acceptable morbid-
ity and mortality within the teaching structure of
a general surgery training program.
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Postchemotherapy Characteristics of Hepatic
Colorectal Metastases: Remnants of Uncertain
Malignant Potential

Tamara L. Znajda, M.D., F.R.C.S.C., Shinichi Hayashi, M.D., Peter J. Horton, M.D.,
F.R.C.S., John B. Martinie, M.D., F.A.C.S., Prosanto Chaudhury, M.D., F.R.C.S.C., Victoria
A. Marcus, M.D., F.R.C.P., Jeremy R. Jass, M.D., F.R.C.P., Peter Metrakos, M.D., F.R.C.S.C.

Accepted management for colorectal cancer (CRC) involves resection of the primary neoplasm and che-
motherapy; the debate continues over the most beneficial order of these components. Preoperative che-
motherapy aimed at liver metastases may result in complete pathologic response and replacement of the
malignancy with scar. The McGill University liver diseases database was retrospectively reviewed. Forty-
one patients receiving treatment between December 2003 and August 2004 were identified, their medical
records examined, and liver histology reviewed. The histology of the remnants was linked to the appear-
ance of the lesions on preresection imaging and to the primary colorectal neoplasms. Twenty-seven of
the 41 patients (66%) received preoperative chemotherapy (oxaliplatin or irinotecan). Features of the pri-
mary neoplasm that predicted resolution of the metastases were absence of tumor budding (P 5 0.04),
absence of a diffusely infiltrative tumor margin (P 5 0.02), and loss of expression of the DNA repair
gene O6-methylguanine-DNA methyltransferase (P 5 0.08). Oxaliplatin and irinotecan demonstrate
beneficial effects in treating hepatic colorectal metastases and should be considered in such patients be-
fore resection. We propose the acronym RUMP to denote the remnants of uncertain malignant potential
remaining. Further investigation is required to determine any correlation between the drug received and
the resulting lesion. ( J GASTROINTEST SURG 2006;10:483–489) � 2006 The Society for Surgery of the
Alimentary Tract

KEY WORDS: Chemotherapy, colorectal cancer, metastasis, liver, surgical pathology

The accepted management of patients with he-
patic colorectal cancer (CRC) metastases is to pro-
ceed directly to liver resection when feasible, with
chemotherapy delivered during the postoperative
course. Debate continues over whether or not pa-
tients with resectable hepatic metastases benefit
from chemotherapy before liver surgery.

Current management for the primary CRC in-
volves resection of the site followed by postoperative
chemotherapy where appropriate. The chemothera-
peutic agents oxaliplatin and irinotecan (CPT-11)
are given for metastatic disease, hepatic or otherwise,
with the goals of extending life, palliation, or down-
staging for possible resection. However, literature
reports of chemotherapy used to specifically target

hepatic metastases generally pertain to patients
with unresectable disease confined to the liver and
it is used in an attempt to achieve a resectable state.
In up to 12.5% of these patients, resectability is suc-
cessfully attained after chemotherapy.1

Neoadjuvant chemotherapy is based on the belief
that targeting the neoplasm before resection will re-
duce overall neoplasm burden and improve the effec-
tive result of local therapy. There are multiple
reports of a beneficial response of CRC liver metas-
tases to neoadjuvant chemotherapy with 5-fluoroura-
cil/leukovorin and oxaliplatin or irinotecan. Several
Japanese reports document a significant response of
liver lesions to this treatment as seen from imaging
studies.2,3 With advances in chemotherapeutic
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agents, some patients demonstrate a complete path-
ologic response denoted by neoplasm disappearance
on imaging studies. Nevertheless, the histological
changes that occur in human colorectal metastases
after chemotherapy and their clinical significance
have not been documented in the available body of
literature. One could expect that changes similar to
the complete necrosis and fibrosis that have been
identified in residual neoplasia from treated testicu-
lar cancer might be present.4

Therefore, we present our analysis of patients
given neoadjuvant chemotherapy for hepatic metas-
tases from CRC, regardless of resectability status.
We suggest that complete pathologic response can
sometimes be achieved and that particular patholog-
ical features of the primary neoplasm may predict
chemoresponsiveness. Remnants that remain visible
on imaging studies may differ from typical metastatic
deposits by showing histological changes consistent
with tumor regression. This theory will be explored
further to determine how easily a fully necrotic le-
sion can be identified, and if so, whether these le-
sions require surgical resection.

METHODS
Patient Identification

The database for liver diseases at McGill Univer-
sity Health Centre and Royal Victoria Hospital was
reviewed for patients treated between December 24,
2003 and August 12, 2004. Forty-one patients were
identified and their charts retrospectively reviewed.
Liver metastases were classified as synchronous (oc-
curring within 12 months or less of diagnosis of the
primary neoplasm) or metachronous (occurring after
12 months of diagnosis of the primary neoplasm).

Upon first consultation with the surgeon, the pa-
tients were offered chemotherapy unless it was felt
that they were too frail or elderly to benefit from
the treatment. The decision to begin irinotecan or
oxaliplatin at this point was therefore largely pa-
tient-specific. Those patients referred from oncolo-
gists and already undergoing chemotherapy
continued on their regimen, and operation was
scheduled after completion of the chemotherapy.

Neoadjuvant chemotherapy was defined as receiv-
ing oxaliplatin or irinotecan in addition to 5-FU/leu-
covorin within 4 to 6 weeks before operation for the
liver metastases. The inability to detect viable neo-
plasm histopathologically in a lesion seen on imaging
studies before chemotherapy was considered as
a complete pathologic response. The study (A12-
M114) was approved by the McGill Institutional Re-
view Board.

Pathology Review

Pathology reports from the patients’ metastatic
and primary colorectal neoplasms were obtained
and reviewed, and representative pathologic speci-
mens were acquired from source hospitals. All pri-
mary and secondary neoplasm specimens for
patients who underwent resection after preoperative
irinotecan or oxaliplatin were reexamined by a core
group of pathologists to assess the histological
components.

Formalin-fixed, paraffin-embedded cancer tissues
of the primary and secondary neoplasms were ob-
tained from the Pathology Department at the
McGill University Health Centre or the source hos-
pital, and sections were prepared and stained with
hematoxylin and eosin, a standard microscopy stain.
Immunostaining for the DNA repair protein O6-
methylguanine-DNA methyltransferase (MGMT)
was carried out using mouse anti-MGMT monoclo-
nal antibody (clone MT3.1, NeoMarkers, Fremont,
CA), as described previously.5

MGMT was used as a marker, because it is meth-
ylated in 40% of CRCs, and DNA methylation has
been shown to be an adverse prognostic marker in
CRC.6 DNA methylation also seems to be a good
predictive marker for chemoresponsiveness that is
independent of p53 status and DNA microsatellite
instability status.7 An excellent outcome was recently
shown in a small group of patients with CRC that
had MGMT methylation and was treated with adju-
vant therapy.8 In this study, we were evaluating pa-
tients with manifestly adverse factors (given liver
metastases) who nevertheless showed a substantial
response with adjuvant chemotherapy. We therefore
inferred that loss of MGMT expression (secondary to
MGMT methylation) within the primary tumor
might explain the combination of aggressive behavior
and good chemoresponsiveness in a subset of CRCs.

Scoring of pathology features in hepatic metasta-
ses was based on the deposit with the largest amount
of the particular feature. Metastases were given
a score from 0 to 3 for foreign body giant cell reac-
tion and a percentage score for fibrosis, mucus, and
necrosis. Primary cancers were evaluated for lym-
phocytic infiltration and deemed C or 2 for peritu-
moral infiltration, tumor infiltration leukocytes, and
Crohn-like reaction. They were also scored (C or 2)
for ‘‘dirty’’ necrosis, fibrosis, mucus, tumor infiltra-
ting lymphocytes, Crohn-like reaction, peritumoral
lymphocytes, ‘‘tumor budding,’’ and a diffuse pattern
of infiltration. Dirty necrosis describes the presence of
eosinophilic intraluminal material admixed with baso-
philic cell debris (Fig. 1).9 Tumor budding (Fig. 2)
was deemed to be present when clusters of up to
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four cells were observed at the invasive margin in he-
matoxylin and eosin stained sections as previously
defined.10

Radiology Interpretation

The initial number of hepatic lesions was deter-
mined from the most recent CT scan or magnetic
resonance imaging scan before beginning chemo-
therapy. Where the radiology report read ‘‘multiple
lesions,’’ the number of lesions was based on the pa-
thology assessment. Where the radiologist reported

a choice between two numbers, the lower possible
number of lesions was chosen. Where imaging infor-
mation was not available, radiologic correlation for
that patient was omitted. The number of lesions
from the imaging study was compared with the num-
ber of lesions found at pathological assessment of the
resected liver specimen. Postchemotherapy restaging
imaging was not consistently available for compari-
son, and because we chose to concentrate on pathol-
ogy, we did not consider this a goal of this project.
However, we do believe that correlation of the pre-
chemotherapy and postchemotherapy restaging im-
aging would be both interesting and important,
and this will be pursued for an update publication.

Statistical Analysis

Microsoft Excel 4.0 and StatView software (Ver-
sion 5.0, SAS Institute Inc., Cary, NC) was used
for data processing and analysis. Continuous vari-
ables were compared with the Mann-Whitney U
test for nonparametric data as indicated. Significance
was defined as P ! 0.05.

RESULTS
Patient Demographics

Forty-one patients were identified with a mean age
of 59 6 13 years (range, 24 to 86 years; Table 1).
Of the group identified, 13 did not receive metastatic
chemotherapy (oxaliplatin or irinotecan) before
operation. Of the 27 who were treated with neoadju-
vant chemotherapy, five were unresectable at opera-
tion (one because of peritoneal studding, one gross
ascites, two overwhelming neoplasm volume, and
one excessive neoplasm volume on the background
of fatty liver).

Among 22 patients undergoing resections, there
were four right hepatectomies, six left hepatecto-
mies, three left lateral segmentectomies, one right

Fig. 2. Tumor budding (black arrows), known also as dediffer-
entiation, at the invasive margin of a cancer. A tumor bud
comprises single cells or isolated cell clusters of up to four
cells that sometimes appear to bud from differentiated glan-
dular structures (not shown). S 5 signet ring cell. Hemato-
xylin-eosin staining.

Fig. 1. The lumen of the malignant gland is filled with ne-
crotic and apoptotic cells containing shrunken basophilic nu-
clei and nuclear debris. This feature has been described as
‘‘dirty necrosis.’’ Hematoxylin-eosin staining.

Table 1. Patient demographics

Neoadjuvant
chemotherapy

No neoadjuvant
chemotherapy All

N 27 14 41
Age (years) 57 6 13 63 6 13 59 6 13
No. of hepatic

lesions
3.8 6 3.2 2.0 6 1.4 3.2 6 2.8

No. of patients
with unresectable
disease at surgery

4 1 5

Hospital mortality 0 0 0
Follow-up (weeks) 31 6 18 42 6 22 35 6 20
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trisegmentectomy, and 25 nonanatomic resections in
14 patients. Thirteen of the patients had synchro-
nous metastases and three had metachronous lesions.
Irinotecan (CPT-11) was received preoperatively by
12 patients, oxaliplatin by three patients, and both by
one patient.

Among the patients with unresectable metastases,
three had synchronous metastases. Three of these
patients received irinotecan preoperatively, and one
received oxaliplatin.

Pathology

Histological components of metastases. The median
nodule size in the neoadjuvant chemotherapy group
was 1.6 cm (range, 0.1 to 8.6 cm), with a median of
three neoplasms per patient (range, 1 to 5).

The following results are reported as median (%),
followed by interquartile range (in parentheses). A
median of 20% (0% to 60%) viable neoplasm was
seen per recovered lesion. Tumor composition
from dirty necrosis, mucus, and fibrosis per lesion
were 10% (5% to 50%), 0% (0% to 21%), and
40% (8% to 80%), respectively. The median score
for foreign body giant cell reaction (score, 0 to 3)
was 0 (range, 0 to 3). Out of our sample size, there
were three patients who had no detectable viable tu-
mor cells in any lesions.

Upon review of the pathology reports of the re-
sected specimens for the nonchemotherapy group,
all lesions in all patients who had not received preop-
erative neoadjuvant chemotherapy demonstrated
metastatic adenocarcinoma consistent with CRC
origin.

Histological components of primary neoplasms. It
was possible to obtain matching primary and meta-
static neoplasms from 14 subjects. The presence or
absence of pathology features (Figs. 1 to 4) in the
primary neoplasms is recorded in Table 2. Table 2
also shows the percentage (median results) of viable
neoplasm in resected hepatic metastases stratified
according to whether or not particular pathology
features were present in the primary neoplasms.

Correlation of primary and secondary pathology.
There was significantly more viable malignant epi-
thelium in hepatic metastases when the matching
primary neoplasms showed either tumor budding
(P 5 0.03) or a diffusely infiltrative tumor margin
(P 5 0.02; Table 2). By contrast, there was less viable
neoplasia in hepatic metastases in which primary
neoplasms showed loss of expression of the DNA
repair gene MGMT (Figs. 3 and 4). Although the
MGMT findings did not reach statistical significance
(Table 2), it is notable that two thirds of the MGMT
negative cases showed complete regression in all

hepatic metastases. Despite our small numbers, this
provides an interesting preliminary observation that
warrants further research.

There was no correlation between nonmalignant
elements in primary neoplasms versus hepatic
metastases. However, dirty necrosis in primary lesions
showed a trend toward a positive correlation with ne-
crosis in metastases (Mann-Whitney U test, P 5 0.06).

Radiology

When the number of lesions reported on the in-
dex imaging study was compared with the number
of lesions at pathology, a decrease in the number

Fig. 4. Complete loss of nuclear expression of MGMT (O6-
methylguanine-DNA methyltransferase) in colorectal cancer
nuclei (compare with darkly stained nuclei in Fig. 3). Stromal
cells remain positive (darkly stained nuclei) as an internal
control of the reaction. Avidin-biotin complex technique.

Fig. 3. Normal expression of MGMT (O6-methylguanine-
DNA methyltransferase) in the nuclei of both malignant cells
and stromal cells. Avidin-biotin complex technique.
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of lesions was noted in eight patients. In one patient,
four lesions were seen on the imaging study before
chemotherapy, but of these, only one nodule had vi-
able neoplasia at pathology. In another patient, only
two lesions were seen at pathology, with one of these
having no viable neoplasia, where six lesions were
seen on the index-imaging scan. In a third patient,
11 lesions before chemotherapy became three lesions
on pathology, with two lesions containing no viable
neoplasia. In three patients, there was at least one ad-
ditional lesion found at pathology that was not seen
on the index-imaging scan.

Outcome

There was no perioperative hospital mortality and
no significant morbidity. Mean follow-up time was
35 6 20 weeks (range, 2 to 91 weeks). At the end
of follow-up, there was one mortality from the re-
sected group. Because of our short follow-up period,
we cannot comment on outcome at this time. We
plan to revisit the mortality and the rate of recur-
rence in this group of patients in the near future.

DISCUSSION

Although surgical resection is accepted as a neces-
sary part of curative treatment for hepatic metastases
from CRC, the evolution of chemotherapeutic
agents now calls into question the order in which
this should be performed. Many surgeons prefer to
proceed directly to operation for resectable lesions,
and some recommend that preoperative chemother-
apy not be used in these cases.11 However, there is
evidence that preoperative chemotherapy can be of
significant benefit, and this can prove useful when
planning a resection.

One study retrospectively looked at 104 patients
who had resections for CRC after chemotherapy
for initially unresectable lesions.12 In this group, 15
patients had a response to chemotherapy, enabling
resection. Eleven patients showed a response so dra-
matic that it resulted in the inability to locate the
liver metastases on preoperative imaging or at lapa-
rotomy. This evidence underlines the power of che-
motherapy today and suggests that it should be used
whenever possible as an adjunct to treatment for
CRC. Unfortunately, this group did not provide de-
tails of the pathologic results and with a follow-up of
31 months in only 11 patients, it is difficult to com-
ment on the natural history of these lesions.

The ability of chemotherapy to convert unresect-
able CRC liver lesions to resectable ones has been
documented previously.13–15 Overall, a resectability
rate of 10% to 40% has been described after preop-
erative chemotherapy for initially unresectable
metastases. The chemotherapeutic regimen has gen-
erally involved 5-fluorouracil and leucovorin with
oxaliplatin or irinotecan given for five to 10 months.
Patients who have achieved a status conducive to re-
section have demonstrated long-term survival com-
parable to those who were initially resectable.16

One large, prospective, nonrandomized trial com-
pared 5-year survival rates in patients with initially
resectable lesions from CRC and those which
became resectable after neoadjuvant chemotherapy.
Out of 701 patients initially deemed unresectable,
95 became resectable and of the 87 patients complet-
ing the follow-up period, 5-year survival from the
time of resection was 35%.

These results demonstrating the profound effect
of chemotherapy could encourage their use preopera-
tively, even in resectable cases. Reasons why surgeons
might proceed directly to operative intervention in
resectable cases include patient apprehension toward
the perceived time delay with chemotherapy and
beliefs of increased perioperative complications.
However, the evaluation of 61 patients who had re-
ceived chemotherapy within 6 months of major liver

Table 2. Pathology features in primary neoplasms
versus percentage of residual neoplasm in liver

Residual neoplasm in liver (%)*

Feature 2 D P value†

Budding 9 5 0.03
5 (0–22) 60 (31–80)

Diffuse 9 5 0.02
5 (0–20) 60 (34–80)

MGMT loss 11 3 0.07
30 (9–75) 0 (0–8)

TIL 11 3 0.8
20 (1–54) 20 (5–72)

CLR 9 5 0.74
20 (4–65) 20 (0–46)

PTL 10 4 0.22
25 (10–60) 0 (0–45)

LN 3 11 0.56
0 (0–68) 20 (6–54)

Necrosis 5 9 0.16
35 (22–82) 10 (0–30)

Mucin 10 4 0.6
25 (5–60) 10 (10–55)

Fibrosis 2 12 0.16
2.5 (0–5) 25 (5–70)

MGMT 5 O6-methylguanine-DNA methyltransferase; TIL 5 tu-
mor infiltration leukocytes; CLR 5 Crohn-like reaction; PTL 5

peritumoral lymphocytes; LN 5 lymph nodes. Median % within he-
patic deposit containing largest amount of viable neoplasm.
*First line: number of cases with pathology feature; second line, me-
dian (interquartile range).
†Mann-Whitney U test.
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resection found no difference in mean blood loss, hos-
pital duration of stay, or mortality compared with
47 patients who received no chemotherapy.17 In
fact, the use of CPT-11 was associated with a higher
rate of resection, although this did not reach signifi-
cance. Likewise, two other groups using neoadjuvant
5-fluorouracil, folinic acid, and oxaliplatin found no
increase in perioperative morbidity.18,19

In this report, we have presented our results of re-
sponse in CRC liver metastases to neoadjuvant che-
motherapy despite initial neoplasm resectability. We
have identified the resulting histology after chemo-
therapy as lesions containing dirty necrosis, fibrosis,
mucus, and foreign body giant cell reaction. In some
metastatic lesions, only these non-neoplastic ele-
ments were identified. Markers of adverse prognosis
in CRC, including tumor budding20 and diffuse tu-
mor infiltration, were obtained through study of
the primary lesion.

In this study, both tumor budding and diffusely
infiltrative tumor growth in the primary lesions
were associated with viable neoplasia in hepatic me-
tastases. Although both features have been associated
with poor prognosis in CRC,10 there is evidence that
budding may also be relevant to chemoresponsive-
ness. Specifically, tumor buds have been shown to
express P-glycoprotein, a membrane integral protein
that mediates multidrug resistance by functioning as
an energy-driven transporter.21 By contrast, primary
neoplasms showing loss of expression of the DNA
repair gene MGMT were more likely to have com-
plete regression of neoplasm in hepatic metastases.
This finding fits with a report correlating increased
chemoresponsiveness of CRC with hypermethylation
and therefore loss of expression of MGMT.8 Larger
studies are needed to confirm this observation.

Despite the positive features that we have identi-
fied, there are definite limitations to chemotherapeu-
tic benefit. Of our patients who received preoperative
chemotherapy, five were unresectable. These patients
presented with borderline resectability, but open the
concern of tumor progression during medical ther-
apy. It is widely accepted that medical and surgical
treatments must work in partnership to treat CRC
and that neither is capable in isolation of curing
advanced forms of this disease.

Our results answer some important questions and
lead to possible future changes in management of
CRC. We have shown that complete responses to
irinotecan or oxaliplatin do occur, given the high
proportion of hepatic metastases comprising only fi-
brous tissue and inert mucin, as well as the reduction
in the number of lesions found at pathology com-
pared with the pretreatment imaging study. Al-
though certain features in primary neoplasms may

predict chemoresponsiveness (see above), there was
little correlation between primary and metastatic
lesions in terms of the presence of non-neoplastic el-
ements, with the possible exception of dirty necrosis
within malignant lumina. It is conceivable that fibro-
sis in the hepatic lesions could arise through organiza-
tion of necrosis induced specifically by chemotherapy,
and that there could therefore be no equivalent tissue
reaction in the primary lesion. Neoplastic mucin pro-
duction may increase when there is cancer regression,
analogous to the finding in rectal cancer treated pre-
operatively by radiotherapy.22 Foreign body giant
cell reactions are rarely observed in primary CRC,
and their presence in hepatic metastases may be pecu-
liar to the use of adjuvant therapy. On the other hand,
the production of intraluminal dirty necrosis may be
a marker of differentiation9 that is present in both
the primary neoplasm and in metastatic lesions.

Given our relatively small sample size and short
follow-up time, we are unable to comment on im-
provement in outcome achieved by the protocol of
neoadjuvant chemotherapy followed by resection.
Despite the complete disappearance of some of the
metastatic foci, we continue to recommend resection
of these remnants of uncertain malignant potential
(RUMP). One group quoted above showed a 27%
recurrence rate in 31 months after cessation of che-
motherapy that had produced a complete clinical re-
sponse.12 This implies that viable neoplastic cells
remain behind in some lesions, despite evading
detection by histological assessment. In addition,
increased survival with hepatic resection after che-
motherapy compared with chemotherapy alone has
been shown despite pathologic response to medical
therapy (32 vs. 24 months).23

We have now identified a spectrum of pathologic
lesions that can result from treatment with chemo-
therapy, but several questions remain to be an-
swered. The major constituent of a remaining
RUMP lesion (i.e., mucin pool vs. dirty necrosis)
has a yet undefined impact on outcome, and the de-
velopment of these lesions might be multifactorial. It
may be that some of these lesions have a higher risk
of malignant recurrence, and further work will be
needed to determine whether it could be possible
that some do not warrant resection. Importantly,
the type of resulting RUMP lesion might directly
correlate to the chemotherapeutic agent received.
There is a suggestion that a regimen containing ox-
aliplatin might increase the rate of resectability to
18% compared with 7% for irinotecan,13 although
these results are preliminary. Further work with
markers in the parent neoplasm might answer these
questions and permit treatment to be tailored to
a given patient.
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CONCLUSION

Current neoadjuvant chemotherapy is useful pre-
operatively in CRC metastases to the liver. The
postchemotherapy RUMP lesions that result require
further investigation with respect to their signifi-
cance and impact on long-term survival or cancer
recurrence. Until these aspects are delineated, we
recommend resection of the affected liver where pos-
sible and further research into the benefits of preop-
erative chemotherapy.
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The Usefulness of Drain Data to Identify a
Clinically Relevant Pancreatic Anastomotic
Leak After Pancreaticoduodenectomy?

Hiroyuki Shinchi, M.D., Keita Wada, M.D., L. William Traverso, M.D., F.A.C.S.

Pancreatic anastomotic leak (leak) remains a persistent problem after pancreaticoduodenectomy (PD).
Recent reports indicate a mean occurrence of 10% with a range of 2%–28% of patients. However, valid
comparisons for these studies cannot be made because the definition of leak is variable, and many patients
deemed to have a leak are not sick. The aim of this study was to determine the meaning of the volume
and amylase content of the effluent from surgical drains by comparing these values to actual clinical out-
comes. From January 1996 to July 2002, 207 consecutive patients underwent PD. We considered a leak
to be present if greater than 30 ml/day of drainage was observed from drains and if that drainage con-
tained an amylase-rich fluid (greater than 5X serum) on or after postoperative day (POD) 5. Cases were
then divided into three groupsdno leak, chemical leak only (leak but asymptomatic), and a clinical leak
group (leak that required therapeutic intervention, reoperation, readmission, or prolonged length of
stay). Then the drainage volume and its amylase concentration for every postoperative day were com-
pared between the three groups. There were no operative or hospital deaths, and the mean length of
stay (LOS) was 11.2 6 6.1 days. Prolonged LOS was set at greater than 17 days (one standard deviation
beyond the mean LOS for all cases). Leak was observed in 14% of cases (n 5 29) and the patients were
subsequently divided into these groups: no leak (n 5 178), chemical leak only (n 5 12), and clinical leak
(n 5 17). Surprisingly, the daily drain amylase values did not differ between the chemical leak group and
the clinical leak group. The daily volume of drainage on POD 5–8 for the clinical leak group was signif-
icantly greater than the volumes of the other two groups, so that a combination of greater than 200 ml/
day of drainage on POD 5 with an amylase greater than 5X serum had a positive predictive value (PPV)
of 84% and a negative predictive value (NPV) of 99% for a clinically relevant leak. We used broad cri-
teria from drainage effluent to include as many potential leaks as possible. This broad definition of leak
selected 14% of the PD patients as having a leak; within this group, all of the clinical complications of
leak occurred. By increasing the volume criteria from greater than 30 ml per day to greater than 200 ml
per day, the PPV was increased from 59% to 84% while keeping NPV at 99%. Drain data based on the
volume and amylase criteria of this study may be useful for early detection of a leak that will have clinical
impact. This study’s criteria for leak may be a good definition to design a clinical trial. ( J GASTROINTEST

SURG 2006;10:490–498) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Pancreaticoduodenectomy, pancreaticojejunostomy, pancreatic leak, drain fluid amylase,
drain fluid volume, surgical complication

Recent advances in surgical techniques and perio-
perative management have reduced mortality rates
after pancreaticoduodenectomy (PD). Pancreatic anas

tomotic leak (leak) remains the most common major
complication.1–7 If not recognized and treated, this
unfortunate complication can increase the morbidity
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and mortality associated with PD. Recent series use
a variety of definitions for leak and report a large range
of leak rates (from 2%–28%).8–12

Currently, the most popular method for detecting
leak is based on perianastomotic drain effluent, both
its daily fluid volume output and its amylase concen-
tration.13–17 Guidelines for interpretation of drain
volumes and amylase concentration would be useful
to detect a potential leak. We believe an analysis of
drain data and subsequent clinical outcomes would
be useful to develop an acceptable definition. The
drain data might identify the patient that needs close
monitoring, rather than waiting for clinical signs be-
fore considering intervention. Perhaps drain infor-
mation might miss a developing leak, that is, the
patient still develops a complication of leak even
with negative drain data. Little is known how the dy-
namic postoperative changes of drain volume and/or
its amylase concentration might correlate with clini-
cal outcomes.18,19

The aim of this study was to use actual case drain
data and the clinical outcomes to determine if drain
volume and/or amylase levels are helpful to detect
a leak, and then how many of these leaks based on
drain data might be clinically relevant. Also which
is more importantdthe drain volume or its amylase
concentration, or both, and on which postoperative
days (PODs)?

PATIENTS AND METHODS

A retrospective chart review was performed to in-
clude all patients who had undergone PD by one of
us (L.W.T.) at a tertiary referral multispecialty resi-
dent training center between January 1996 and July
2002. Data included patient demographics (age, gen-
der, diagnosis), type of procedure performed (stan-
dard or pylorus-preserving PD), length of operation,
estimated blood loss, need for blood transfusion, hos-
pital mortality, complications, postoperative length of
stay (LOS), need for postoperative percutaneous
drainage, reoperation, and readmission.

All patients had one or two closed bulb suction
drains placed at the time of surgery in close proximity
to the pancreatic anastomosis. The volume and amy-
lase concentration in the drainage fluid were mea-
sured daily from POD 1 until drain removal. We
used the broad definition of leak developed in a recent
multicenter randomized trial that we had found useful
during that trial.17 A group of experienced pancreatic
surgeons had devised this definition as likely to in-
clude almost all leak cases. The criteria for leak was
met if the volume from all of the drains was >30
ml/day and if its drain amylase was greater than five
times the upper limit of normal of the serum amylase

value on or after POD 5. The upper limit of normal of
the serum amylase value in our hospital was 100 U/L.

The cases that met the definition of leak were then
divided into two groups. The ‘‘chemical leak only’’
group was defined as meeting the broad definition of
leak, using drain data. These patients were clinically
asymptomatic. They did not require interventions
and did not have a prolonged LOS. A ‘‘clinical leak’’
group was defined as any patient meeting the broad
definition of leak plus any of the following: required
a therapeutic intervention (either by interventional ra-
diology or by surgical exploration), experienced
delayed gastric emptying (DGE), had prolonged
LOS, or required readmission. DGE was defined as
not tolerating unlimited oral intake of any diet after
POD 10. Prolonged LOS was defined as one standard
deviation beyond the mean LOS of all patients.

Surgical Technique

The pancreaticojejunostomy was performed as
follows. A retrocolic jejunal limb was brought
through a window in the left transverse mesocolon
and an end-to-side pancreaticojejunal anastomosis
was made in two layers. The inner layer was a duct-
to-mucosa connection made with interrupted 5-0
absorbable sutures over a 4 cm long, 3 Fr radiodense
internal stent.20 The outer layer was a seromuscular
envelope with interrupted 3-0 silk Lembert sutures.
Just downstream from the pancreatic anastomosis,
an end-to-side choledochojejunostomy was fashi-
oned. Finally an end-to-side antecolic duodenojeju-
nostomy, or in the case of concomitant antrectomy,
a gastrojejunostomy, was completed. Closed suction
drainage used a round 15F silicone rubber tube that
was placed from the right upper quadrant dorsal to
the choledochojejunal and pancreaticojejunal anasto-
moses. Earlier in the study, an additional drain was
placed from the left upper quadrant into the area
anterior to the pancreatic anastomosis, but this
method was discontinued after the anterior drain
was observed to rarely contain an amylase-rich fluid.

Statistical Analyses

Data are presented as the mean 6 standard devia-
tion (SD), unless otherwise specified. Statistical anal-
yses used Student’s t test, repeated-measures analysis
of variance (ANOVA), chi-square test, or the Fisher
exact test, when appropriate. Values of P ! 0.05
were considered statistically significant, a priori.

RESULTS

A total of 207 consecutive patients underwent PD
with pancreaticojejunostomy (standard PD 5 12 and
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pylorus preserving PD 5 195). There were 108 men
and 99 women, with a mean age of 59.7 years (me-
dian 61 years; range, 18–91 years). The mean operat-
ing time was 425 minutes (median 425 minutes;
range, 236–951 minutes) and the mean blood loss
was 300 ml (median 300 ml; range, 0–2400 ml).
Two patients (0.9%) received an intraoperative
blood transfusion. Indications for surgery were peri-
ampullary neoplasm (76%), chronic pancreatitis
(23%), and miscellaneous disease (1%).

There were no operative or hospital deaths. Com-
plications occurred in 61 patients (29%). The two
most common complications were a chemical pan-
creatic leak in 29 (14%) and DGE in 18 (9%).
Mean postoperative LOS for all patients was 11.2
6 6.1 days, therefore prolonged LOS for this study
was set at greater than 17 days (more than one stan-
dard deviation beyond the mean). Prolonged LOS
was noted in 15 patients (7%). Reoperation was
needed in one patient (0.5%) for afferent limb syn-
drome due to an acute adhesion. Readmission to
hospital was noted in 10 patients (5%).

Of the 29 patients with a pancreatic anastomotic
leak, 12 were asymptomatic (or 6% of all patients)
and were placed into the chemical leak only group,
whereas 17 met the criteria for both chemical leak
and clinical leak (8% of all patients) and were placed
into the clinical leak group. Therefore, 178 patients
remained in a no leak group. None of the no leak
group developed a subsequent complication attribut-
able to a leak, that is, drain data had a 100% negative
predictive value (NPV).

Comparisons of postoperative outcome among
the no leak, chemical leak only, and clinical leak
groups are shown in Table 1. Because of our study
definition for clinical leak, the LOS of the clinical
leak group was significantly higher at 16.8 days. As

per our definition, the clinical leak group had signif-
icantly more other complicationsdDGE, percuta-
neous drainage, and readmission as compared with
the chemical leak group. All of the clinical leak group’s
data was significantly different from the no leak group.
The period of drainage was longer in both the
chemical leak (13.5 days) and the clinical leak group
(50.5 days) versus the no leak group (9.5 days).

The clinical course of the 17 patients in the clin-
ical leak group is shown in Table 2. All patients in
this group were managed nonoperatively using
either continuation of closed suction drains (n 5 4)
or CT-guided percutaneous drainage of a peri-
pancreatic fluid collection or abscess (n 5 13).
Time to percutaneous drainage was 18.9 6 25.1
(median 10; range, 2–101 days). Six patients needed
readmission for leak, and two of them required mul-
tiple readmissions. None of these patients died.

Amylase concentrations in the drain fluid for the
three groups were compared (Fig. 1). The raw data
is listed in Table 3. The amylase of the drainage fluid
was significantly higher in the clinical leak group
versus the no leak group on all days except POD 2.
The amylase in the chemical leak group was signifi-
cantly higher than the no leak group on POD 4–10.

Daily drain volumes per day between the three
groups were compared as shown in Fig. 2 and Table 4.
The drainage fluid volume was significantly greater on
POD 5–13 (except day 9) in the clinical leak group com-
pared with the other two groupsdchemical leak only
versus no leak. As shown in Fig. 2, the daily volume of
the drainage fluid in the chemical and no leak groups
decreased gradually after POD 5, whereas it did not
decrease in the clinical leak group. After POD 5, the
daily volume in the drainage fluid remained greater
than 200 ml/day in 16 of 17 patients (94%) of the clinical
leak group, whereas 3 of 12 patients (25%) of the

Table 1. Comparison of postoperative outcome

Leak (n 5 29)

No leak (n 5 178) Chemical leak (n 5 12) Clinical leak (n 5 17)

LOS (days) 10.6 6 6.1 11.4 6 2.1 16.8 6 6.1*,†

Mean 6 SD (median, range) (9, 6–79) (11, 9–16) (18, 7–27)
Days of drainage (days) 9.5 6 5.2 13.5 6 5.7 50.5 6 55.2*,†

Mean 6 SD (median, range) (8, 3–34) (12, 8–25) (30, 14–219)
LOS O 17 days 6 (3%) 0 (0%) 9 (53%)*,†

Readmission 4 (2%) 0 (0%) 6 (35%)*,†

Any other complication 32 (18%) 3 (25%) 16 (94%)*,†

Requiring postoperative percutaneous drainage 0 (0%) 0 (0%) 13 (76%)*,†

Delayed gastric emptying 13 (7%) 0 (0%) 5 (29%)*

LOS 5 postoperative length of stay.
*P ! 0.05, clinical leak vs. no leak.
†P ! 0.05, clinical leak vs. chemical leak.
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chemical leak only group had a volume of greater than
200 ml/day (P ! 0.001). Although it seems in Fig. 2
and Table 4 that the no leak group had a mean volume
of greater than 30 ml/day (and should meet leak criteria)

on days 5 through 11, none of these patients also had an
elevated amylase.

Table 5 compares the predictive value of just
drain fluid amylase concentration at greater than

1
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100,000

1,000,000

1 2 3 4 5 6 7 8 9 10 11 12 13
Postoperative day

Clinical Leak (n=17)
Chemical Leak (n=12)
No Leak (n=178)

a

a a a
a

a,c

a
a

b b b

b b b

U/L

Fig. 1. Postoperative change in amylase concentration (mean 6 SD) in the drainage fluid comparing no
leak (n 5 178) to chemical leak only (n 5 12) and clinical leak (n 5 17). The drainage fluid amylase was
significantly higher in the clinical leak group versus the no leak group in all days except POD 2, and the
chemical group was significantly higher than the no leak group on POD 4–10. Except POD 8, there was
no difference between the amylase levels of the two leak groups, for example, chemical versus clinical
leak groups. a 5 P ! 0.05, clinical leak versus no leak; b 5 P ! 0.05, chemical leak only versus no
leak; c 5 P ! 0.05, clinical leak versus chemical leak only; n 5 number of patients.

Table 2. Management, disposition, and outcome of 17 patients with clinical leak

Patient

Management
Initial

LOS (days)
No. of

readmissions
Total

LOS (days)

Time to PC
drainage

(days)

Days of
drainage

(days) Disposition
Age
(years) Gender

59 M PC drain 27 0 27 2 41 Home
49 M PC drain 27 0 27 9 26 Home
75 M PC drain 22 0 22 10 41 Home
46 F PC drain 22 0 22 9 21 Home
69 F PC drain 21 0 21 3, 15 20 Home
40 M PC drain 18 5 43 9 219 Home
72 F PC drain 16 1 25 20 30 Home
68 F PC drain 15 1 21 7 71 Home
57 M PC drain 14 0 14 7 14 Home
83 F PC drain 9 1 16 10 25 Home
60 M PC drain 9 0 9 43 53 Home
68 M PC drain 8 1 23 29 44 Home
52 M PC drain 7 3 22 10, 101 157 Home
62 M Maintain OP drain 20 0 20 d 14 Home
52 M Maintain OP drain 18 0 18 d 18 Home
32 M Maintain OP drain 18 0 18 d 16 Home
74 M Maintain OP drain 15 0 15 d 50 Home

LOS 5 postoperative length of stay; PC 5 percutaneous; OP 5 operation.
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5X, just drain volume of greater than 30 ml/day or
greater than 200 ml/day, or a combination of amy-
lase and volume. According to our study’s broad def-
inition of leak (greater than 5X amylase C 30 ml/day
on or after POD 5), the positive predictive value

(PPV) and NPV for a clinical leak were 59% and
100%, respectively. Using the greater than 5X amy-
lase C 200 ml/day criteria increased PPV to 84%
without decrease in NPV.

0
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Fig. 2. Postoperative change in volume (mean 6 SD) in the drainage fluid comparing no leak (n 5 178)
to chemical leak only (n 5 12) and clinical leak (n 5 17). The daily volume in the drainage fluid de-
creased gradually after POD 5 in both the no leak and chemical leak only groups, whereas no decrease
was observed in the clinical leak group. a 5 P ! 0.05, clinical leak versus no leak; b 5 P ! 0.05, clinical
leak versus chemical leak only; n 5 number of patients.

Table 4. Comparison of postoperative amount in the drainage fluid in ml/24 hours

Leak (n 5 29)

No leak (n 5 178)
Chemical leak

(n 5 12)
Clinical leak

(n 5 17)

POD Mean 6 SD Mean (range) N Mean 6 SD Mean (range) N Mean 6 SD Mean (range) N

1 138 6 240 70 (5–2485) 173 134 6 98 129 (10–305) 12 137 6 107 120 (25–405) 17
2 175 6 258 83 (2–2350) 170 224 6 174 233 (10–560) 12 192 6 189 115 (30–680) 17
3 159 6 241 70 (0–2275) 172 175 6 109 164 (14–370) 12 214 6 183 195 (10–605) 17
4 154 6 227 74 (0–1825) 168 124 6 128 92 (5–420) 12 189 6 196 115 (5–790) 17
5 155 6 276 70 (0–2600) 164 97 6 87 80 (0–275) 12 278 6 192*,† 259 (38–675) 16
6 146 6 199 60 (0–1185) 149 83 6 84 54 (0–250) 12 255 6 227*,† 179 (20–875) 16
7 120 6 173 36 (0–995) 134 87 6 104 53 (5–372) 12 196 6 112*,† 187 (28–420) 16
8 118 6 172 50 (0–1085) 101 92 6 116 44 (4–320) 12 204 6 153*,† 147 (45–565) 14
9 115 6 176 35 (0–1030) 65 74 6 116 35 (2–370) 9 183 6 148 160 (40–545) 14
10 76 6 118 25 (0–645) 41 71 6 95 40 (6–290) 8 275 6 342*,† 230 (30–1390) 14
11 70 6 113 18 (1–355) 21 74 6 120 28 (5–315) 6 196 6 238* 63 (5–810) 14
12 28 6 47 8 (0–170) 14 54 6 92 25 (0–217) 5 278 6 339*,† 125 (12–925) 14
13 22 6 25 7 (1–160) 8 70 6 92 70 (5–135) 2 205 6 234* 128 (1–765) 14

POD 5 postoperative day.
*P ! 0.05, clinical leak vs. no leak.
†P ! 0.05, clinical leak vs. chemical leak.
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DISCUSSION

We analyzed these drain data to determine how
useful they were to identify patients that were at
high risk for a clinical complication due to leak. We
also wished to define a reasonable definition for leak
that could be used for clinical trials. We began by
using the drain criteria for leak that had proven useful
in a previous multicenter trial.17 According to this
definition, 29 or 14% of our 207 patients undergoing
PD had a pancreatic anastomotic leak. The definition
was sufficiently accurate that every clinical event
associated with leak occurred in this smaller group.

After analysis of this enormous quantity of drain
data, what take-home message can be given to the
clinician? The factors from drain data are amylase
content, drain volume, and the time postoperative.
No factor alone could provide a sufficient PPV to fo-
cus attention on the patient as likely to be developing
a leak complication. All three factors had to be com-
bined. Drain volume after POD 5 appeared to be
more important than drain amylase to detect leak.
Before POD 5, drain volume did not predict a clini-
cally relevant leak. The daily amount of drainage on
POD 5–8 was significantly greater in the clinical leak
group versus the chemical leak only group. In other
words, the daily volume in the drainage fluid de-
creased gradually after POD 5 in the groups without
a clinically relevant leak but stayed above 200 ml/day
in 16 of 17 patients (94%) with clinical sequelae. In
the chemical leak only group, 3 of 12 patients (25%)
had a volume of greater than 200 ml/day after POD
5 (P ! 0.001). Perhaps the drain volume increased in
this group due to exocrine stimulation as the patient
began eating, usually on POD 5. More pancreatic
juice would be expected to pass through the leaking
anastomosis. However, detection of a leak using vol-
ume alone was helpful but not enough.

Surprisingly, there was no significant difference
in the amylase concentration of the drainage fluid
for either leak group; however, both groups had
a significant higher amylase concentration than

those without leak on or after POD 3. We surmise
that some patients have a minimal leakage of pan-
creatic juice in the postanastomosis period that seals
off and may be possibly related to leakage around
needle holes or between tissue surfaces that have
not yet sealed. Yet, in other patients, the persistence
of volume and amylase become clinically relevant.
The latter leak might signal a technical error in
the anastomosis allowing more leakage, presence
of a significant downstream obstruction, or a failure
to heal an anastomosis secondary to infection or
malnutrition.

What guidelines for the clinician can be gleaned
from these results? Measuring drain amylase or vol-
ume before POD 5 cannot be supported because vol-
ume and amylase were not elevated in the clinical
leak group until that time. Drain data after POD 5
detects a clinically relevant leak. Table 5 of predic-
tive values illustrates that if a patient meets the 5X
amylase C 30 ml/day or the 5X amylase C 200
ml/day they should have close clinical monitoring.
Perhaps these patients might be the ones that could
benefit from a somatostatinlike agent or a CT scan
when mildly symptomatic. However, a caveat is
that the power of clinical observation must always
be used because the drain data using the higher
volume had an 84% PPV; a few patients had falsely
positive tests.

Can the drain data of volume/amylase on POD >

5 be used to design clinical studies? Until drain data
is standardized in clinical reports, it will have limited
usefulness as reflected in the many published defini-
tions of pancreatic leakage.7,11,13,15,16,21–31 Table 6
contains a partial summary of the various definitions
of a pancreatic leak. The variability in the definition
is reflected by the marked variation of reported leak
rates of 2%–28%. We believe that the best definition
of leak for a clinical trial is to combine drain data and
clinical outcomes, for instance, first using the leak
definition such as in our study, patients likely to
have a leak are selected, and then within that selected
group, a clinical severity score is applied to further
refine the patient group. Unfortunately, this severity
score has also not been standardized.

A classification of leak based on clinical outcomes
would benefit by a severity score of a pancreatic
anastomotic leak because of the potential difference
in outcomes between a patient who has an asymp-
tomatic leak and one who needs intervention.
What data points connote severity of a leak? Stras-
berg et al.13 reported that the term ‘‘clinically rele-
vant fistula’’ has been used to indicate cases
requiring prolonged parenteral nutrition, interven-
tional procedures, or operation. These authors also
felt that some fistulas (leaks) were much more

Table 5. Predictive values for a clinically relevant
leak calculated from drain information obtained
on postoperative day 5

On POD 5 PPV NPV

O5X Amylase only 45% 100%
O30 ml/day only 11% 100%
O200 ml/day only 21% 99%
O5X D 30 ml/day 59% 100%
O5X D 200 ml/day 84% 99%

POD 5 postoperative day; PPV 5 positive predictive value; NPV 5

negative predictive value.
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morbid than others were. The chemical leak patients
in the current study seemed equivalent to the no leak
patients because they all recovered uneventfully and
were discharged after a median LOS of 12 days. The
drain data helps to define the presence of a leak, but
the leak severity is best graded by clinical outcomes.

Fahy et al.32 proposed a grading system of pancre-
atic leaks. Their grading system defined pancreatic
leaks as ‘‘mild,’’ ‘‘moderate,’’ and ‘‘severe.’’ The first
grade of mild is a leak that is clinically asymptomatic,
requiring no therapeutic intervention. The inter-
mediate grade of moderate implies mild clinical
symptomatology (e.g., nausea, persistent fever) asso-
ciated with prolonged drainage time but resolves
without further intervention. Finally the grade of se-
vere implies significant symptomatology (e.g., intra-
abdominal sepsis) and additional therapeutic inter-
vention (either by interventional radiology or by sur-
gical exploration). Recently, an international group
of surgeons33 interested in the pancreas, headed by
Christos Dervenis of Athens and Claudio Bassi of
Verona, met in Athens to discuss the grading of
the pancreatic anastomotic fistula. The consensus
that followed established three categories similar to
those suggested by Fahy et al.,32 but termed grade
A through C. Also agreed upon was that a large
number of actual leak cases had to be analyzed before
a clinical grading system could be fine-tuned, espe-
cially the intermediate grade B.

In conclusion, a clinically relevant pancreatic leak
will have at least one of the following: DGE, pro-
longed LOS, will require percutaneous drainage,

will require reoperation, or will need readmission.
Over half of the patients with a leak, according to
the drain volume/amylase criteria of the current
study, will be clinically relevant. Monitoring drain
volume and its amylase concentration after POD 5
should provide an early detection of a clinically rel-
evant pancreatic leak in most patients, enabling the
timely use of conservative measures. The drain
data helps to define the presence of a leak, but the se-
verity is best graded by clinical outcomes. For clini-
cal trials designed to study and improve leak rates,
a clinical grading score would be more useful than
drain data alone. The best compromise would be
a pancreatic leak grading system based on both drain
information (to define the asymptomatic leak group)
and clinical outcomes (to define the severest grades).
Our study cannot help establish a clinical severity
score. Only 8% (n 5 17) of our cases had a clinically
relevant leak. The need for a multicenter sharing of
drain and clinical data is required to obtain sufficient
cases to develop a pancreatic leak severity grading
system.
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Combined Antioxidant Therapy Reduces Pain
and Improves Quality of Life in Chronic Pancreatitis

Gareth R. Kirk, M.D., F.R.C.S., Jonathan S. White, B.Med.Sci.(Hons), Ph.D., F.R.C.S.
(Gen Surg), Lloyd McKie, M.D., F.R.C.S., Mike Stevenson, B.Sc. (Hons), F.S.S., CDip.A.F.,
P.G.C.H.E.T., Ian Young, B.Sc., M.D., F.R.C.P., F.R.C.Path, W.D. Barry Clements, B.Sc.,
M.D., F.R.C.S., Brian J. Rowlands, M.D., F.R.C.S., F.A.C.S.

Patients with chronic pancreatitis (CP) typically suffer intractable abdominal pain that is resistant to
most analgesic strategies. Recent research indicates that the pain of CP may be in part due to oxygen
free radical induced pancreatic damage. Using a randomized, double-blind, placebo-controlled cross-
over trial, we evaluated the efficacy of a combined antioxidant preparation in the management of CP.
Patients with confirmed chronic pancreatitis (N 5 36) were randomized to receive treatment with either
Antox, which contains the antioxidants selenium, betacarotene, L-methionine, and vitamins C and E, or
placebo for 10 weeks. Each group of patients then switched to receive the alternative treatment for a fur-
ther 10 weeks. Markers of antioxidant status were measured by blood sampling, whereas quality of life
and pain were assessed using the SF-36 questionnaire. Nineteen patients completed the full 20 weeks of
treatment. Treatment with Antox was associated with significant improvements in quality of life in
terms of pain (C17 antioxidant vs. 27 placebo), physical (C9 vs. 23) and social functioning (C8 vs.
27), and general health perception (C10 vs. 23). We conclude that treatment with antioxidants may
improve quality of life and reduce pain in patients suffering from chronic pancreatitis.
( J GASTROINTEST SURG 2006;10:499–503) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Antioxidants, chronic pancreatitis, pain, quality of life

Chronic pancreatitis (CP) is a progressive inflam-
matory disorder that is characterized by recurrent
episodes of severe abdominal pain. Affected patients
typically suffer years of disabling pain, and conven-
tional therapeutic interventions are often unable to
offer satisfactory analgesia. The majority of cases in
Europe and the United Kingdom are associated
with alcohol abuse; these patients often become de-
pendent on opiate analgesics and are usually unable
to remain in employment. Relationships may also
become difficult to maintain, and patients often be-
come physically and socially isolated.

Recent literature suggests that heightened free
radical activity and oxidative stress may be important
in the pathogenesis of chronic pancreatitis.1–3 In
normal metabolism, exogenous nonbiologic chemi-
cals (xenobiotics) are metabolized via the mitochon-
drial enzyme cytochrome P450 (cP450) pathway.

During this process, reactive oxygen free radicals
are produced that are capable of causing cell damage
by peroxidation of lipids and lipoproteins in the cell
membrane. Endogenous antioxidants, in particular,
products of methionine metabolism such as glutathi-
one are important in preventing cellular damage
caused by these free radical species.

Induction of the cP450 pathway by chronic in-
gestion of alcohol or anticonvulsants can increase
the yield of reactive oxygen species released by me-
tabolism of xenobiotic materials. Combined with
a deficiency in antioxidant defense mechanisms, in-
creased levels of oxygen free radicals may be capa-
ble of impairing normal pancreatic structure and
function.

In the last decade, evidence has emerged which
suggests that levels of oxidants and antioxidants are
altered in patients with chronic pancreatitis. In
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1990, Guyan et al.2 demonstrated increased levels of
oxygen free radicals in the serum and pancreatic se-
cretions of patients with the condition. Subsequent
research has identified three main factors that are
thought to increase oxidative stress in patients with
chronic pancreatitis:4–8 (a) chronic induction of the
cP450 enzyme system, with increased levels of the
products of lipid peroxidation;9 (b) increased
exposure to exogenous chemicals metabolized by
the cP450 system;10 and (c) a relative deficiency of
antioxidant substances such as carotenoids, vitamins
C and E, methionine, and selenium, which are essen-
tial to maintain adequate levels of glutathione.11,12

These findings suggest that antioxidant therapy in
patients with chronic pancreatitis might reduce
levels of reactive oxygen species, thereby reducing
cellular damage and alleviating symptoms of pain.
Initial reports of trials of antioxidant therapy were
limited to the use of single antioxidants in small
numbers of patients,13,14 but more recent studies
have examined the administration of combinations
of antioxidants in patients with chronic pancreati-
tis.15,16 These studies suggested that vitamin C and
methionine were effective in reducing background
pain and preventing further attacks of chronic pan-
creatitis, but the authors noted problems with deliv-
ery and obtaining satisfactory bioavailability of the
administered antioxidants.17 There were also prob-
lems with compliance, as treatment involved taking
as many as 14 tablets per day. A combined antioxi-
dant preparation (Antox) has since been developed
that contains selenium, vitamins C, E, betacarotene,
and methionine. This preparation is based on those
used in previous studies17,18 and has been shown
to possess improved bioavailability compared to
individually administered preparations. This study
examined its efficacy and used quality of life as an
outcome measure of relief of symptoms in patients
with chronic pancreatitis.

METHODS

Patients appearing at the Department of Surgery,
Royal Victoria Hospital between 1996 and 1999 with
abdominal pain suspected to be due to chronic pan-
creatitis were considered for inclusion in this study.
Three criteria were used to confirm the presence of
chronic pancreatitis in these patients: (1) radiological
abnormality of the pancreas consistent with CP (e.g.,
calcification), (2) pancreatic duct abnormality at
endoscopic retrograde cholangiopancreatography,
and (3) evidence of exocrinepancreatic insufficiency
on para-aminobenzoic acid testing.

Patients with chronic abdominal pain and at least
one of these criteria were invited to enter the study.

Patients with gallstones and those requiring surgical
intervention were excluded. Those under 16 and
over 75 years of age were also excluded. In total,
36 patients (23 men and 13 women) were recruited.
Ethical approval was obtained from the local Ethics
Committee.

The study was designed as a double blind,
placebo-controlled, crossover trial. The trial period
was 20 weeks; treatment was allocated using a ran-
domized block design and started with either Antox
or placebo. After an initial 10 weeks of treatment,
patients changed to the alternative treatment for
a further 10 weeks. By the inherent nature of the
recruitment policy, many of the patients had alcohol
and/or drug dependence problems, and their level of
compliance to the protocol was expected to be poor.
In an effort to improve compliance and reduce drop-
out rates, no ‘‘washout period’’ was incorporated
into the study.

The constituents of each Antox tablet were as fol-
lows: 75 mg of selenium, 3 mg betacarotene, 47 mg
d-alpha-tocopherol acetate (vitamin E), 150 mg as-
corbic acid (vitamin C), and 400 mg methionone.

This formulation was based on the combination
of antioxidants employed in previous studies16,17

but utilizing tablets with a higher concentration of
active ingredients. Placebo tablets were identical in
appearance to Antox tablets but lacked any antioxi-
dant components. Patients were instructed to take
one tablet four times daily with food and to complete
a daily pain diary. They were also asked to record ad-
verse reactions and any additional analgesic require-
ments. Patients were interviewed and assessed at the
start of the study and at 5, 10, 15, and 20 weeks
thereafter. Venous blood sampling was performed
at each attendance to measure plasma levels of the
administered antioxidants selenium, betacarotene,
tocopherol, and ascorbic acid. As an estimate of en-
dogenous antioxidant status, retinol, a-carotene, and
lycopene were measured. Four other indicators of
antioxidant capacity were also estimated: malondial-
dehyde, glutathione peroxidase, serum total antioxi-
dant capacity, and ferrous oxidation in xylenol
orange.

The pain diaries used three visual analogue scales
to assess pain intensity, pain relief, and mood. Pa-
tients were asked to fill in each of these scales on
a daily basis. The impact of treatment on general
health and quality of life was also assessed using
the short form 36 (SF-36) questionnaire.19 This is
a generic quality of life instrument, which has been
fully validated20,21 and shown to be reliable in
a wide range of diseases.21,22 It comprises 36 ques-
tions which address physical, emotional, and social
functioning, mental health, energy, pain, and health
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perception. Subjects receive a score of between 2100
to C100 in each of nine dimensions. Each question-
naire was administered at personal interview by the
investigator at the start of the study and again 10
and 20 weeks thereafter. The change in dimensional
scores was calculated over the treatment period, with
each subject acting as his/her own control. The
mean change in SF-36 score was determined for
each treatment period. Data were analyzed using
a one-tailed Student’s t test with the alternative hy-
pothesis (antioxidant greater than placebo). Statisti-
cal significance was accepted at the 5% level.

RESULTS

Nineteen subjects (13 men and 6 women) com-
pleted both periods of treatment. Eight of these
were from the group given placebo treatment first
and 11 were from those given Antox first. The other
17 patients either decided to withdraw from the
study or failed to attend for follow-up. Two patients
complained of nausea and one of an unpleasant taste
during treatment with Antox. This was probably due
to the presence of methionine, which is a sulfur-
containing amino acid. No side effects were reported
during treatment with the placebo.

Analysis of data from visual analogue scales in the
pain diaries showed that their completion was incon-
sistent and erratic. There was also evidence that data
had been entered retrospectively rather than on

a daily basis. Because of these factors, further analy-
sis on data from the pain diaries was not performed.

Analysis of data from the SF-36 questionnaire
showed that treatment with Antox was associated
with a significant improvement in quality of life in
six of the nine dimensions when compared with the
placebo (Fig. 1). There was a reduction in pain,
and an improvement in physical and social function-
ing, and in health perception. No differences were
detected in emotional functioning, energy, or mental
health. There was no significant difference in quality
of life between those patients who had received An-
tox in the first or second 10-week period.

Treatment with Antox was also associated with
a significant increase in plasma levels of selenium,
vitamin C, vitamin E, and betacarotene compared
with placebo (Table 1). No difference was detected
in serum levels of lycopene, retinol, a-carotene,
nor in total serum antioxidant capacity. Analysis of
data from patients treated with Antox in the first
treatment period suggested that the serum levels of
water-soluble antioxidants such as vitamins C and
selenium tended to return to pretreatment levels
within 5 weeks, whereas those of fat-soluble vitamins
such as vitamin E tended to remain slightly elevated
until the end of the study.

DISCUSSION

Long-term pain control in chronic pancreatitis
can be difficult to achieve.23–25 Affected patients

* p<0.05 vs placebo treatment period 

-20

-10

0

10

20

Antox
Placebo

Physical
Function

Physical
Role

Emotional
Role

Social
Function

Mental
Health

Energy

Pain

Health
Perception

Change in
Health

*

*
*

*

*
*

Fig. 1. Change in SF-36 quality of life dimensional scores after treatment period (Antox vs. placebo).
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typically require repeated hospital admissions for
pain relief and often become dependent on opiate
analgesia. A multidisciplinary approach to their man-
agement is required, with appropriate dietary and
lifestyle modification. Diagnostic differential nerve
blockade can help identify the visceral pain of CP
and recognize those who may benefit from celiac
nerve blockade. Thoracoscopic splanchnicectomy is
usually reserved for those with intractable symptoms.

Surgery for chronic pancreatitis is still widely
practiced, and a decision to proceed is largely based
on pancreatic duct morphology. Typical procedures
involve resection of all or part of the pancreas, or de-
compression of the pancreatic duct. Although these
procedures have been associated with pain relief in
the immediate postoperative period, many patients
report a recurrence of pain in the longer term.26

Pancreatic surgery is also not without risk, and car-
ries a significant perioperative morbidity and mortal-
ity.27 Total pancreatectomy results in endocrine and
exocrine insufficiency. Although many of the symp-
toms of exocrine dysfunction can be controlled, pa-
tients often develop brittle diabetes mellitus, which
in itself has significant long-term morbidity and
mortality. For these reasons, surgery for chronic
pancreatitis has fallen from favor in many centers.

Recent research has implicated oxidative stress as
a factor in the causation of chronic pancreatitis and
suggested that antioxidant therapy may reduce pan-
creatic damage and improve symptoms in this condi-
tion. The utilization of this therapeutic strategy
would avoid the risks and complications associated
with pancreatic surgery and would also have the ad-
vantage of preserving remaining pancreatic function.

The study presented here examined the effects of
antioxidant treatment under controlled conditions
for the relief of symptoms in chronic pancreatitis. It
is the first such study to show a significant improve-
ment in quality of life and reduction in pain levels
associated with the combined antioxidant preparation
Antox in patients with chronic pancreatitis.

Only 19 of the 36 patients recruited (53%) com-
pleted the entire study period. The remainder either
withdrew or failed to attend for follow-up. Such
a high dropout rate had been anticipated in this
group of patients due to the length of the study
period, poor patient motivation, and in some cases,
ongoing problems with alcohol dependence. The
study was designed as a crossover trial without
a washout period in an attempt to reduce the length
of the study and to limit the dropout rate further. In
those patients who did complete the trial, compli-
ance was good and was confirmed by serum estima-
tion of the various antioxidants (Table 1). The
incidence of side effects was also low, with only
two patients reporting nausea while undergoing the
antioxidant treatment. There is some evidence that
selenium may accumulate in the presence of renal
failure, but no toxicity was observed in the popula-
tion studied. There was some evidence that serum
levels of the fat-soluble vitamins remained elevated
for a short time after switching from antioxidant
treatment to placebo, but levels were noted to return
to baseline by the end of the treatment period.

Data in the pain diaries were poorly recorded and
were often incomplete. We quickly learned that this
information was of limited value, so the pain diaries
were abandoned and pain was assessed using the SF-
36 questionnaire only. This questionnaire was also
used to compare subjective changes in the quality
of life during the two treatment periods of the study.
Eight of the nine dimensions of the SF-36 analyzed
were found to have improved in the antioxidant
treatment period, and changes in six of these dimen-
sions were confirmed as statistically significant
(Fig. 1). The two most striking improvements were
observed in pain (C17 antioxidant vs. 27 placebo)
and physical functioning (C9 antioxidant vs. 23 pla-
cebo). There were also significant benefits observed
in physical role (C5 vs. 219), social functioning
(C8 vs. 27), health perception (C10 vs. 23), and
overall change in health (C14 vs. 22). Despite im-
provement, remaining changes in mental health
(C2 vs. 24) and energy level (C6 vs. C1) did not
reach statistical significance.

With no washout period, one potential source of
error in our study may have been prolonged elevation
of fat-soluble antioxidants after stopping treatment.
Because the quality of life score reached at the end

Table 1. Mean serum concentration of various
antioxidants after 10 weeks of treatment

Antox Placebo

Vitamin C (mmol/L) 25.7 6 7.1* 17.94 6 5.4
Selenium (mmol/L) 1.43 6 0.11* 1.03 6 0.07
Retinol 2.03 6 0.19 1.90 6 0.22
Tocopherol 40.7 6 5.3* 30.0 6 2.2
Lycopene 0.070 6 0.012 0.084 6 0.021
a carotene 0.013 6 0.003 0.018 6 0.003
Betacarotene 0.53 6 0.14* 0.23 6 0.05
MDA (mM) 2.60 6 0.45 1.87 6 0.25
TAC (mmol/L) 1.4 6 0.02 1.39 6 0.02
FOX 1 (mM) 3.24 6 0.48 2.55 6 0.335
GPX (Iu) 300 6 19 293 6 15

FOX 1 5 ferrous oxidation in xylenol orange; GPX 5 glutathione
peroxidase; MDA 5 malondialdehyde; TAC 5 serum total antioxi-
dant capacity.
*P ! 0.05 vs. placebo.
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of the first period acted as the baseline for the second,
bias could have been introduced and could have
affected whether a patient’s score changed. Taking
this into account, and with baseline adjustments, sta-
tistical analyses were, as expected, more conservative
but still statistically significant in the same six modal-
ities where a positive result had been observed.

These findings confirm those of previous studies
that investigated the effects of individual antioxi-
dants and demonstrated a reduction in pain levels
and a decrease in the requirement for surgical inter-
vention.15–18,24 The improved pain scores demon-
strated by this study suggest that antioxidant
therapy should be considered as a means of pain
relief in patients with chronic pancreatitis and may
be of use as an adjunct, particularly where other
pain-relieving strategies have failed.

The data from this short study strongly show that
the effects of antioxidant therapy are not only limited
to pain relief, but are also capable of improving sev-
eral aspects in the quality of life of patients with
chronic pancreatitis. These findings indicate that
a longer period of treatment with a combined antiox-
idant preparation may prove effective in improving
the day-to-day function of patients with chronic pan-
creatitis, as well reducing their pain. A larger and
longer term intervention trial of antioxidant therapy
in chronic pancreatitis is now required to confirm
these findings and to establish the role of this treat-
ment in the management of this disabling condition.

We thank Karen Clements and Moyra Mills of SRN Royal Victoria
Hospital, Belfast for their help with this study.
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Long-term Results of Frey’s Procedure for Chronic
Pancreatitis: A Longitudinal Prospective Study on
40 Patients

Massimo Falconi, M.D., Claudio Bassi, M.D., Luca Casetti, M.D., William Mantovani, M.D.,
Giuseppe Mascetta, M.D., Nora Sartori, M.D., Luca Frulloni, M.D., Paolo Pederzoli, M.D.

Only limited prospective data are available regarding the long-term outcome of local resection of the
pancreatic head in combination with longitudinal pancreaticojejunostomy in patients with chronic
pancreatitis. From 1997 to 2001, 40 patients affected by chronic pancreatitis were subjected to the Frey’s
procedure. Preoperative selection criteria included confirmed diagnosis of chronic pancreatitis, dilation
of Wirsung’s duct to a diameter greater than 6 mm, and the absence of obstructive chronic pancreatitis
secondary to fibrotic stenosis at the pancreatic body or tail. Preoperative pain was present in 38 cases
(95%), and follow-up was performed in all patients at least once yearly up to 2003 (median 60 months,
inter percentile range 20.1–79.6). Postoperative morbidity occurred in three cases (7.5%). The percentage
of pain-free patients was 94.7%, 93.7%, 87.5%, and 90% at 1, 2, 3, and 4/5 years after surgical operation,
respectively. After surgery, three patients developed diabetes. Both the body mass index and quality of life
showed statistically significant improvements at all follow-up intervals. Whenever surgery is indicated, the
short-term and long-term outcomes confirm that Frey’s procedure is an appropriate means of management
for patients with chronic pancreatitis in the absence of doubts of neoplasia and/or distal ductal obstruction.
( J GASTROINTEST SURG 2006;10:504–510) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Chronic pancreatitis, pancreaticojejunostomy, Frey’s procedure

Chronic pancreatitis is often accompanied by se-
vere and disabling pain1,2 that requires surgery,1,3,4

although the most appropriate means of interven-
tion, varying from highly aggressive procedures to
more conservative management,5–10 remains to be
established. All of the currently used procedures pro-
vide an acceptable frequency of morbidity and mor-
tality, and in general, satisfactory results are usually
obtained, especially regarding the control of
pain.11–15 In fact, more than 70% of cases remain
pain-free for at least 5 years after surgery.11,13,15

Although radical procedures are unavoidable in
patients when malignancy is suspected,16,17 more
conservative approaches have considerable advan-
tages. The preservation of the greatest amount of
parenchyma possible is highly favored when
considering that the disease usually progresses, lead-
ing to exocrine and endocrine insufficiency.2,18

Moreover, less complicated surgical procedures

also allow a reduction in morbidity and mortal-
ity.19,20 Partington-Rochelle pancreaticojejunos-
tomy is the most commonly used type of
operation.3,21 However, some of the failures of this
procedure can be attributed to the lack of drainage
of Wirsung’s duct in the pancreatic head.21 In fact,
the extent of drainage seems to be directly propor-
tional to the degree of pain-relief.22 Thus, the exci-
sion of a small portion of the pancreatic head as
described by Frey and Smith9 allows for the decom-
pression of the entire duct from the papilla to the
tail. Various authors have described similar results
in terms of morbidity that, for the most part, show
good outcome considering short-term and long-
term pain relief.18–20,23–25 The aim of the present
study was to prospectively analyze the outcome in
a series of patients with chronic pancreatitis operated
upon via pancreaticojejunostomy as described by
Frey.
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PATIENTS AND METHODS

From 1997 to 2001, 40 patients suffering from
chronic pancreatitis underwent pancreaticojejunos-
tomy according to Frey’s procedure (Fig. 1). Diag-
nosis of chronic pancreatitis was based on clinical
and imaging findings, which are the gold standard
for diagnosis and evaluation of exocrine and/or en-
docrine insufficiency.26 Preoperative selection crite-
ria included unequivocal diagnosis of chronic
pancreatitis, dilation of Wirsung’s duct to a diameter
greater than 6 mm, and the absence of obstructive
chronic pancreatitis secondary to fibrotic stenosis
at the level of the pancreatic body or tail. Before
surgical procedure and at yearly intervals thereafter,
patients were asked to rate their subjective quality of
life on a nonvalidated scale from 0–10, with a score of
10 being the best (i.e., normal life). All surgical pro-
cedures were performed as previously described.9,21

After surgery, patients were followed-up at yearly
intervals, with clinical and imaging studies. The
last date of follow-up was December 2003.

Statistical Analysis

For continuous variables, the median and inter-
percentile range (IPR), interpercentile range (the
2.5th and 97.5th percentiles), were considered. Pre-
operative and postoperative variables were compared
using Friedman’s test for nonparametric variables

and McNemar tests for marginal homogeneity. A
P value ! 0.05 was considered statistically significant.

RESULTS
Study Population

The median age of the patient cohort (N 5 40)
was 50.1 years (IPR, 19.9–67.6); there were 29 males
(72.5%) and 11 females (27.5%). At the time of sur-
gical procedure, the median body weight was 64.5 kg
(IPR, 42.2–93.5). Thirty-two (80%) patients smoked
a median of 20 cigarettes per day (IPR, 5–60),
whereas 30 patients (75%) drank a median of 100 g
alcohol per day (IPR, 10–400 g/day). Diabetes mel-
litus was present in 10 patients (25%), which was
controlled with diet alone in one case (2.5%), with
antidiabetic agents in two cases (5%), and with insu-
lin in the remaining seven cases (17.5%). Pain was
present in 38 of 40 cases (95%), with an average of
six episodes (IPR, 2–365) per year before surgery.
A previous episode of severe acute pancreatitis was
reported in eight cases (20%). Twelve patients
(30%) had previous surgeries, including two gastric
resections for peptic ulcers, five open cholecystecto-
mies, and five procedures involving the pancreatic
gland. Pancreatico-jejunal anastomosis, according
to Partington-Rochelle, was performed in four cases
(with two concomitant biliary bypasses and with cyst-
jejunal anastomosis in the remaining cases). Before

Fig. 1. Frey’s procedure. The cored anterior part of the pancreatic head is drained in continuity with
a dilated Wirsung’s duct with a Roux-en-Y loop. Both the Santorini and the main pancreatic ducts
are wide open.
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surgery, six cases (15%) presented with jaundice,
whereas no patients complained of symptoms due
to upper digestive tract obstruction. Ascites of
pancreatic origin was present in one patient (2.5%).
With the exception of the six patients hospitalized
for jaundice, preoperative or intraoperative examina-
tion revealed a dilated bile duct (diameter greater
than 7 mm) in three cases (7.5%) and cholelithiasis
in eight cases (20%). Moreover, pancreatic calcifica-
tions were present in 22 patients (55%), whereas nine
cases (22.5%) presented with one or more pseudo-
cysts localized primarily at the pancreatic head. The
chronic pancreatitis was alcohol related in 27 patients
(67.5%), obstructive in eight cases (20%), and hered-
itary in one patient (2.5%). The cause was unknown
in the remaining four cases (10%). The most fre-
quent indication for surgery was the presence of
disabling intractable pain (32 cases, 80%), for which
28 patients regularly assumed an association of para-
cetamol and codeine and four opiate analgesics.
Surgery was indicated in six cases (15%) for
pseudocysts causing biliary obstruction, and in one
case for pancreatic ascites (15%).

Surgical Results

All pseudocysts suspected by preoperative exami-
nations were confirmed intraoperatively. The surgi-
cal strategy was not modified by the presence of
pseudocysts in any case, because it was possible to
access the pancreatic head for drainage together
with the pancreatic duct. Selected intraoperative
and postoperative data are shown in Table 1. During
the surgical procedure, alcohol celiac nerve block
was never performed. Recovery was unremarkable
in 37 patients (92.5%). Two patients (5%) developed

external pancreatic fistulae, and one patient devel-
oped focal bronchopneumonia with concomitant
pleural effusion that was treated conservatively.
There were no postoperative deaths.

Long-term Results

The median follow-up time was 60 months (IPR,
20.1–79.6). No patients were lost to follow-up, and
there were no deaths during the follow-up period.
Three patients underwent a second intervention. In
one case, a hepaticojejunostomy for jaundice was
done 38 months later, whereas two patients were op-
erated upon for neoplasms involving the pharynx and
kidney at 2 and 3 years, respectively, after Frey’s pro-
cedure. Although 38 patients presented with pain be-
fore surgery, at 1 year after pancreatic surgery 36 of
these 38 cases (94.7%) were pain-free. At 2, 3, and
4 years after surgery, 93.7% (30/32), 87.5% (28/
32), and 89.3% (25/28) of cases, respectively, re-
mained pain-free. The percentage of patients pain-
free at 5 years was 90.5% (19/21). This data is shown
graphically in Fig. 2. The percentage of patients ab-
solutely free of narcotic use was in agreement with
this figure. The median number of pain episodes
was dramatically reduced from six per year (IPR,
0.4–223.3) before intervention to one per year during
the first postoperative year (IPR, 0–1). This was also
demonstrated by a reduction of the median number
of hospitalization days (preoperative: 20/year, IPR,
2–40; postoperative: 0). During the follow-up, none
of the patients required regular analgesics. For those
patients who assumed opiate analgesics, a specific de-
toxication program was applied by a dedicated ser-
vice. The differences in the preoperative and
postoperative parameters were statistically significant
(pain, 30.3, P 5 0.0001, Friedman’s test; number of
hospitalization days, 17.4, P 5 0.004, respectively)
and remained at later follow-up times. Three patients
did not benefit from surgery. Of these, two were non-
drinkers and the remaining individual continued to
consume alcohol, albeit in reduced quantities. Of
the 30 patients that consumed alcohol before surgery,
11 continued to consume alcohol after surgery (P 5

0.0001), although the intake was significantly re-
duced (median preoperative: 100 g/day and IPR,
10–400; median postoperative: 30 g/day and IPR,
20–60). After surgery, only four patients (12.5%) of
the 32 smokers has quit smoking, even though the
median number of cigarettes smoked daily was signif-
icantly decreased (median preoperative: 20 ciga-
rettes/day and IPR, 5–60; median postoperative: 15
cigarettes/day and IPR, 5–60; P 5 0.001). During fol-
low-up, the number of patients with diabetes rose to
12 (30%). One patient that showed preoperative

Table 1. Principal perioperative and postoperative
data in 40 patients undergoing pancreaticojejunostomy
according to Frey’s procedure

Median IPR

Duration of surgical intervention (min) 230 140.3–393.1
Units of blood transfused 0 0–2
Postoperative hospitalization time

(days)
9 6–27

No. of
patients

%

Concomitant surgical procedures 16 40
Hepaticojejunostomy 10 25
Cholecystectomy* 14 35
Morbidity 3 7.5
Mortality 0 0

*Eight associated with biliary bypasses.
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glucose intolerance had a normal oral glucose tolerance
test after surgery. In the two cases that were in therapy
with antidiabetic agents, one was stable, whereas
the other needed insulin therapy at 15 months. Of
the seven patients suffering from insulin-dependent
diabetes before surgery, three remained stable and
four showed improvement and no longer required in-
sulin therapy, but only antidiabetic oral therapy.
Thus, after surgery, either new or worsening diabetes
was observed in three patients; one case developed
noninsulin-dependent diabetes at 16 months,
whereas the other two cases required insulin therapy
after 15 and 38 months, respectively. The median
body mass index significantly improved during the
postoperative period (median preoperative: 21.5 and
IPR, 15.7–29.5; median postoperative: 22.9 and
IPR, 17.9–30.3; P 5 0.0001; Fig. 3). A total of 31 pa-
tients (77.5%) took pancreatic enzymes for exocrine
insufficiency, although the frequency was not signif-
icantly different from that observed before surgery.
The median score of subjective assessment of the
quality of life during the year after surgery was signif-
icantly higher compared with that before surgery
(median preoperative: 4.2 and IPR, 1.7–8.2; median
postoperative at 1 year: 7.0 and IPR, 4.1–10). In the
period following surgery, the median was 8.0 (IPR,
6.2–10) at year 2, 8.3 (IPR, 6.7–10) at year 3, 8.2
(IPR, 6.9–10) at year 4, and 8.2 (IPR, 6.9–10) at
year 5, respectively. After surgery, 28 patients

resumed normal work-related activities, whereas 12
patients ceased to work, three due to retirement.

DISCUSSION

Given the variety of clinical presentations of
chronic pancreatitis, it is widely believed that there
is no surgical option that is clearly superior to
others.18–20,23,24 There is little doubt that resection
should be performed in the case of suspicious neopla-
sia,3,20,27 when pseudocysts that involve the spleen
are detected,3 or when cystic dystrophy of the duode-
nal wall is present.15,28,29 In the case of certain diag-
nosis of chronic pancreatitis, there is general
agreement about the necessity of conserving the in-
tegrity of the duodenum and the pancreatic paren-
chyma as much as possible, in light of the tendency
toward endocrine and/or exocrine insufficiency.22

When pain relief is considered, which is usually the
principal indication for surgery, outcomes are good
even at long-term follow-up periods. Among conser-
vative procedures, lateral pancreaticojejunostomy us-
ing the Partington-Rochelle modification has been
most widely used due to the low morbidity, mortality,
and percentage of pain-free patients in the long
term.19 When long time periods are considered,
the percentage of failuredrepresenting up to 30%
of casesdhas been attributed in part to the fact that
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Fig. 2. Percentage of patients pain-free after surgery (data on the 38 patients presenting with pain before
intervention; P 5 0.0001).
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many patients continue to drink alcohol, but is
mostly due to the lack of complete decompression
of the ducts of Wirsung and Santorini as well as the
collateral ducts located on the pancreatic head.19

To overcome this, two newer procedures have
been proposed: duodenum-preserving pancreatic
head resection (DPPHR) as described by Beger
et al.8 and local resection in combination with lon-
gitudinal pancreaticojejunostomy (LR-LPJ) as de-
scribed by Frey and Smith.9 Whereas the rationale
behind these two procedures is different, the results
of a prospective randomized study have shown that
they are highly similar in terms of short-term and
long-term pain relief.23 However, LR-LPJ has
a postoperative morbidity that is significantly lower
compared with DPPHR (9% vs. 20%, respectively;
P ! 0.05), because a lesser quantity of parenchyma
is resected and the section of the gland at the level
of the superior mesenteric vein root is no longer
necessary.23 From this viewpoint, the results of
the present study are particularly favorable and are
among the best reported to date (Table 2).18–20,23–25

In particular, the postoperative morbidity in the
present series was 7.5% compared to 39% recently
reported by Chaudhary and colleagues.30 Moreover,
they report that a second intervention was necessary

in 44% of cases, mostly due to septic complica-
tions.30 However, it should be stressed that a preop-
erative pancreatic endoscopic stent was not
employed in any of the patients in the present se-
ries, which seems to be a predisposing factor for
complications.30 Even considering a more extended
follow-up period, the long-term results are in accor-
dance with previously published reports, with
90.4% of patients pain-free at 5 years after surgery.
The postoperative results regarding diabetes are
worthy of comment. The various series of previ-
ously reported cases have documented percentages
of de novo diabetes during the follow-up period,
varying from 12.9% to 25%. In our study, only
three cases developed diabetes (10%), whereas for
four patients, insulin therapy was no longer neces-
sary after surgery. In another case, a normal oral
glucose tolerance test was achieved. Nonetheless,
at least one other case of improvement in diabetes
has been reported.19 One interesting interpretation
would be that surgical intervention may improve
exocrine/endocrine function.22 However, it is
more probable that these improvements are related
to a more correct food habit and the fact that the
patients had stopped drinking alcohol. At any rate,
the low percentage of new cases of diabetes and
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Fig. 3. Variations in the body mass index (BMI) after surgery in 40 patients undergoing pancreaticoje-
junostomy according to Frey’s procedure (P 5 0.0001).
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the increase in the body mass index observed after
surgery demonstrate that intervention does not
aggravate the progression of the disease. Lastly, all
cases reported subjective increases in the quality of
life after surgical intervention, even if it is difficult
to assess.31–33

CONCLUSIONS

The results of this study confirm that the Frey’s
procedure for longitudinal pancreaticojejunostomy
is one of the best options for management of patients
with chronic pancreatitis requiring surgery, in the
absence of a suspicion of neoplasm. In our opinion,
the Partington-Rochelle procedure should be re-
stricted to cases of obstructive chronic pancreatitis
limited at pancreatic body/tail secondary to fibrotic

stenosis of the main duct, which is often related to
a previous necrotizing pancreatitis.
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Patterns of Recurrence After Curative Resection
of Pancreatic Cancer, Based on Autopsy Findings

Shoichi Hishinuma, M.D., Yoshiro Ogata, M.D., Moriaki Tomikawa, M.D.,
Iwao Ozawa, M.D., Kaoru Hirabayashi, M.D., Seiji Igarashi, M.D.

The autopsy findings of patients who died of recurrence after curative resection of pancreatic cancer may
afford a reliable guide to increase long-term survival after surgery. Recurrence patterns were analyzed for
27 autopsied patients who had undergone potentially curative resection of pancreatic cancer. The pattern
of recurrence was classified as follows: (1) local recurrence, (2) hepatic metastasis, (3) peritoneal dissem-
ination, (4) para-aortic lymph node metastasis, and (5) distant metastasis not including hepatic metastasis,
peritoneal dissemination, and para-aortic lymph node metastasis. Of the 27 autopsied patients, recur-
rence was confirmed for 22 of 24 patients, except for three who died of early postoperative complications.
Eighteen (75%) of the 24 patients had local recurrence, 12 (50%) had hepatic metastasis, and 11 (46%)
had both. For four patients, local recurrence confirmed by autopsy was undetectable by computed
tomography, because the recurrent lesions had infiltrated without forming a tumor mass. Peritoneal
dissemination, para-aortic lymph node metastasis, and distant metastasis were found for eight (33%),
five (21%), and 18 (75%) of the cases, respectively. Twenty patients died of cancer, but local recurrence
was judged to be the direct cause of death of only four. Local recurrence frequently occurs, but is rarely
a direct cause of death, and most patients died of metastatic disease. Therefore, treatment that focuses on
local control cannot improve the survival of patients with resectable pancreatic cancer, and thus, treat-
ment regimens that are effective against systemic metastasis are needed. ( J GASTROINTEST SURG

2006;10:511–518) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Autopsy, curative resection, pancreatic cancer, recurrence

Significant advances have been made with regard
to the surgical management of pancreatic cancer
over the past several decades. As a result, institutes
that specialize in surgery to treat pancreatic cancer
often report mortality rates of less than 5%. Despite
advances in surgical techniques and perioperative
care, limited progress has been made in improving
the survival rate of patients with resectable pancre-
atic cancer, and thus, the chances for long-term sur-
vival are still poor.1,2 The 5-year survival rates range
from 13% to 25% for patients with pancreatic cancer
who undergo potentially curative resection.2–5 When
extended lymph node dissection is performed, par-
ticularly in Japan, favorable 5-year survival rates
are achievable.6–9 However, two recent randomized
trials could not determine the overall survival advan-
tages for extended lymphadenectomy for patients
with pancreatic cancer.10,11 The value of extended
lymph node dissection thus remains to be
determined.

The central obstacle to the postsurgical cure of
pancreatic cancer is the persistent burden of subclin-
ical locoregional disease that remains even after cu-
rative resection is performed. Adjuvant therapy is
used to improve survival following curative resection
by treating any residual microscopic disease.

Randomized controlled trials involving adjuvant
therapy for resectable pancreatic cancer have been
limited, but they have guided the current approach
to the adjuvant treatment of pancreatic cancer.12–14

In 1985, the Gastrointestinal Tumor Study Group
(GITSG) found a significant survival advantage for
adjuvant chemoradiotherapy over surgery alone,12

and subsequent registered-to-treatment analysis by
the same group confirmed the survival benefits of ad-
juvant chemoradiotherapy.15 A phase III trial con-
ducted by the European Organization for Research
and Treatment of Cancer, however, failed to confirm
this benefit.13 The European Study Group for Pan-
creatic Cancer recently completed a large scale
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randomized controlled trial involving adjuvant che-
moradiotherapy or chemotherapy for patients who
underwent potentially curative resection of pancre-
atic cancer (ESPAC-1 trial).14 The ESPAC-1 showed
a survival advantage for adjuvant chemotherapy, but
not one for chemoradiotherapy. The value of adju-
vant therapy for resectable pancreatic cancer is in-
conclusive, but the results of ESPAC-l could have
a major impact on future systems that deliver adju-
vant therapy.

With few opportunities for early diagnosis, ag-
gressive therapeutic strategies should be established
to improve patient outcome based on the assessment
of recurrence patterns after curative resection of
pancreatic cancer. To increase long-term survival,
it is necessary to elucidate the biological properties
of the cancer. Autopsy findings of patients who
died of recurrence may afford a reliable guide for
this purpose. The present study determined the sites
of recurrence after curative resection of pancreatic
cancer by histopathological examination of autopsied
specimens and found that treatment of resectable
pancreatic cancer can be refined by increased knowl-
edge of the mode of cancer recurrence.

MATERIAL AND METHODS
Patient Characteristics and Operative
Procedures

Between September 1986 and August 2004, 85 pa-
tients with invasive ductal cancer of the pancreas un-
derwent potentially curative resection at the Tochigi
Cancer Center Hospital. Sixty-seven of these pa-
tients had already died, and 27 patients underwent
autopsy 2 to 101 months after surgery. Written in-
formed consent to perform an autopsy was obtained
from each patient’s family. All autopsied patients had
undergone pancreatectomy with extended lymph
node dissection and en bloc removal of retroperito-
neal soft tissues and extrapancreatic nerve plexi, es-
pecially around the superior mesenteric, common
hepatic, and celiac arteries. Lymph nodes were ex-
tensively dissected for group 1 and group 2 lymph
nodes as determined by the Classification of Pancre-
atic Cancer of the Japan Pancreas Society.16 Dissec-
tion of para-aortic lymph nodes from the level of the
celiac artery to the inferior mesenteric artery was
also carried out on 21 of the 27 patients. Combined
resection of the portal vein in 17 patients was carried
out when the tumor was inseparable from the wall of
the vein, or a diagnosis of vascular invasion had been
made based on preoperative imaging studies. Details
of the operative procedures are presented in Table 1.

Adjuvant Therapy

Between September 1986 and August 1994,
adjuvant radiotherapy administered at our institute
consisted of intraoperative radiotherapy (IORT)
and/or postoperative external beam radiotherapy ap-
plied to the retroperitoneum (EBRT) for patients 1
to 10 and 25 to 27 as shown in Table 1. IORT was
administered just after tumor resection, for which
electron beam energies ranging from 6 to 12 MeV
were used to deliver 16 to 30 Gy to the treatment
field. The treatment field included the tumor bed,
roots of the celiac and superior mesenteric arteries,
and the 2 cm-long remnant pancreas stump. EBRT
was usually started 2 to 3 weeks after surgery, using
the same radiation field marked out with surgical
clips for IORT at the time of surgery. Patients
were treated with 10 MV X-rays using opposing
anterior-posterior portals at a dose of 45.0 to 57.6
Gy. Only patient 2, who received EBRT, was con-
comitantly given 5-fluorouracil (5-FU).

In 1988 and 1992, Komaki et al.17,18 observed
a decreased incidence of liver metastasis in patients
with locally advanced and non metastatic cancer of
the pancreas when treated with prophylactic hepatic
irradiation (PHI). The decrease as a result of PHI
prompted us to use this modality in adjuvant settings
combined with pancreatectomy.19 Since September
1994, PHI has been used as an adjuvant therapy,
and 13 patients (patients 11 to 23) in this series re-
ceived PHI. In addition, these patients also received
IORT (Table 1). PHI was initiated 2 to 4 weeks after
surgery using 10 MV X-rays with opposing antero-
posterior pair fields. The whole liver was almost
equally irradiated with an error of less than 10% of
the planned target dose, and the doses varied from
19.8 to 22.0 Gy19. For all patients, 5-FU was con-
currently administered by continuous infusion
throughout the PHI period.

Stage Classification and Definition
of Recurrence Patterns

The sixth edition of the UICC pTNM classifica-
tion was used to determine the stage grouping.20

Patterns of recurrence were classified into five types:
(l) local recurrence, (2) hepatic metastasis, (3) perito-
neal dissemination, (4) para-aortic lymph node me-
tastasis, and (5) distant metastasis not including
hepatic metastasis, peritoneal dissemination, and
para-aortic lymph node metastasis. Local recurrence
was defined as any failure in the retroperitoneum
around the superior mesenteric and celiac arteries,
including the tumor bed, remnant pancreas, hepatic
hilum, or its regional nodes.
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RESULTS
Pathological Findings of Surgically
Resected Specimens

Two patients (patients 3 and 9) had microsco-
pically positive surgical margins with a positive cut
margin of the pancreas and positive retroperitoneal
margin adjacent to the superior mesenteric artery, re-
spectively. The remaining 25 patients were confirmed
to have had negative surgical margins (Table 2).

Nine patients had Stage IIA cancers (pT3 pN0
M0), 13 Stage IIB (pT3 pNl M0), 2 Stage III (1:
pT4 pN0 M0, 1: pT4 pNl M0), and 3 Stage IV (pT3
pNl pMl).

For three patients who had Stage IV cancer, mi-
croscopic metastasis was found in the dissected
para-aortic lymph nodes, and for two with pT4 can-
cer, resected arteries (one patient superior mesen-
teric artery; one patient celiac artery) had been
invaded by the cancer. Nineteen patients showed
cancer invasion of the retropancreatic tissues, 13

invasion of extrapancreatic nerve plexi, and 12 had
both. Fourteen (82%) of 17 patients who underwent
combined resection of the portal vein were con-
firmed to have cancer invasion of the portal vein
wall. For the remaining three patients, the cancer
remained outside of the adventitia (Table 2).

Sites and Incidences of Recurrence Based
on Autopsy Findings

Three patients (25 to 27) who died of early post-
operative complications had no recurrence or resid-
ual cancer (Table 2), and the sites of recurrence
and their incidences were evaluated for the remain-
ing 24 patients (patients 1 to 24). Two (patients 21
and 22) who died of noncancerous disease after 12
and 15 months, respectively, after surgery had no
recurrence, and recurrence was confirmed for the
remaining 22 patients (Table 2). Eighteen (75%) of
the 24 patients had local recurrence, 12 (50%) he-
patic metastasis, and 11 (92%) of 12 who had hepatic

Table 1. Treatment details of 26 autopsied patients

Patient
no. Age Gender

Operative
procedure

Portal vein
resection

Artery
resection

Dissection
of para aortic
lymph nodes

IORT Gy
(MeV)

EBRT
Gy PHI Gy

1 75 M PPPD D d D 16 (12) 38.4 d
2 57 F TP D d D d 57.6 d
3 73 M DP 2 CA, CHA 2 30 (7) d d
4 58 M PD D d D 16 (12) 50.0 d
5 59 F PPPD D d D d 55.8 d
6 74 M PPPD 2 d D 16 (9) 50.4 d
7 72 F PD D d D 30 (9) d d
8 37 M PPPD D SMA D 16 (9) 49.6 d
9 62 M DP 2 CA, CHA 2 20 (9) 45.0 d

10 53 F PPPD 2 d D 16 (9) 50.4 d
11 74 F PPPD D d 2 20 (6) d 19.8
12 65 F DP D CHA 2 30 (9) d 22.0
13 72 M PPPD 2 d D 30 (9) d 22.0
14 62 M PPPD D d D 30 (9) d 20.0
15 61 M PD D d D 30 (9) d 21.8
16 44 M PPPD D d D 30 (9) d 22.0
17 56 M PPPD D d D 30 (9) d 22.0
18 58 M PPPD - d D 25 (9) d 19.8
19 70 F PPPD D d D 20 (9) d 19.8
20 79 M DP - CA, CHA D 30 (9) d 20.0
21 60 M PPPD - d D 30 (9) d 22.0
22 79 M TP D d D 16 (9) d 20.0
23 71 F PD D d - 30 (9) d 20.0
24 77 F DP 2 d 2 d d d
25 70 M PPPD 2 d D 16 (9) 49.2 d
26 74 M PD D d D 20 (9) d d
27 56 F TP D d D 16 (12) d d

CA 5 celiac artery; CHA 5 common hepatic artery; DP 5 distal pancreatectomy; EBRT 5 postoperative external beam radiotherapy to the
retroperitoneum; IORT 5 intraoperative radiotherapy; PD 5 pancreatoduodenectomy; PHI 5 prophylactic hepatic irradiation; PPPD 5

pylorus preserving pancreatoduodenectomy; SMA 5 superior mesenteric artery; TP 5 total pancreatectomy.
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metastasis had local recurrence. For one patient (pa-
tient 11), ‘‘local’’ was the sole site of recurrence.
There were no patients for whom the liver was the
only site of recurrence. Seven (54%) of 13 patients
(11 to 23) who received PHI developed hepatic me-
tastasis, and all had local recurrence. Eight (33%)
developed peritoneal dissemination, para-aortic
lymph node metastasis was found in five (21%),
and distant metastasis was recognized in 18 (75%),
11 of whom had pulmonary metastasis (Table 2).

Details of Local Recurrence

Local recurrence was usually associated with can-
cer infiltration of the nerves, lymphatic vessels, and
connective soft tissues to various extents (Fig. 1).
For four patients (patients 1, 4, 8, and 14), local re-
currence confirmed by histological examination at
autopsy could not be detected by computed tomog-
raphy (CT) before death, because the recurrent le-
sions had infiltrated the retroperitoneum without
forming a tumor mass. For this type of recurrence,
cancer cells were scattered in the dense fibrous
stroma (Fig. 2). The remaining 14 patients with local
recurrence were diagnosed with local recurrence by
CT before death. Patient 9, who had undergone mi-
croscopically noncurative resection with a positive
surgical margin adjacent to the superior mesenteric
artery, had no local recurrence (Table 2).

For 11 (61%) of the 18 cases of local recurrence,
cancer infiltration extended from the retroperito-
neum to the remnant pancreas, and for seven, metas-
tasis to the lymph nodes in the retroperitoneum and/
or in the hepatic hilum was recognized as a part of
the local recurrence. Six (67%) of nine pN0 patients

and 12 (80%) of 15 pNl patients had local recurrence
(Table 3). Also, 14 (74%) of 19 patients who had
cancer invasion of extrapancreatic nerve plexi and/
or retropancreatic tissues in the surgically resected
specimens developed local recurrence. Four (80%)
of five patients who had neither cancer invasion of
extrapancreatic nerve plexi nor cancer invasion of
retropancreatic tissues had local recurrence. Among
23 patients who received IORT and/or EBRT to
the retroperitoneum, 17 (74%) developed local re-
currence (Table 3). The irradiated field was micro-
scopically confirmed to be involved by local
recurrence for 16 (except patient 23) of the 17 pa-
tients (Table 3).

Fig. 1. An autopsy specimen (patient 17) showing local recur-
rence of pancreatic cancer consisting mainly of perineural and
connective tissue invasion in the retroperitoneum. (H & E
staining; original magnification, 3200)

Fig. 2. Histological findings for an autopsy specimen (patient
4) having local recurrence that could not be detected by CT.
Cancer cells are scattered in the dense fibrous stroma. (H & E
staining; original magnification, 3280)

Table 3. The incidence of local recurrence

Local recurrence

(D)
n 5 18

(2)
n 5 6

Hepatic metastasis (D) n 5 12 11 1
(2) n 5 12 7 5

pN0 n 5 9 6 3
pN1 n 5 15 12 3
PL (D) and/or RP (D) n 5 19 14 5
PL (2) and RP (2) n 5 5 4 1
Radiotherapy applied

to the retroperitoneum

(D) n 5 23 17 6

(2) n 5 1 1 0

PL 5 extrapancreatic nerve plexus invasion; RP 5 retropancreatic
tissue invasion.
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Cause of Deaths

For two of 22 patients who had cancer recurrence,
the causes of death were liver abscess (patient 1) and
heart failure due to myocardial infarction (patient 19;
Table 2), and the remaining 20 died of cancer. A ma-
jority of the patients died of metastatic disease. Local
recurrence was confirmed to be the direct cause of
death for only four patients (patients 11, 13, 18,
and 23), among which patient 11 died of massive in-
testinal bleeding from the local recurrence lesion
without recurrence at the other sites. This local re-
currence, arising from the remnant pancreas adjacent
to the anastomosis to the jejunum, was found by CT
95 months after surgery, and chemoradiotherapy was
then carried out. The tumor may have been the sec-
ond primary cancer of the remnant pancreas rather
than due to local recurrence. Two patients (patients
13 and 18) with a small volume of hepatic metastasis
had tumor thrombi extending from their local re-
currence lesions to the lumen of the portal vein. The
tumor thrombi had further invaded into the intra-
hepatic branches of the portal vein and then induced
liver failure by insufficiency of portal blood flow.
Patient 23 without hepatic metastasis developed
local recurrence at the hepatic hilum that occluded
the portal vein and also widely spread along the
intrahepatic Glisson’s sheaths, resulting in liver in-
sufficiency. In addition, this patient had no recur-
rence in the IORT field.

DISCUSSION

Less than 20% of patients with pancreatic cancer
are suitable for resection owing to the presence of lo-
cally advanced or metastatic disease, but surgical re-
section is still the treatment of choice. A recent
multicentric randomized controlled trial held in
Japan that compared the outcome of surgical resec-
tion with that of chemoradiotherapy concluded
that locally advanced pancreatic cancer without in-
volvement of the common hepatic artery or superior
mesenteric artery can be successfully and surgically
treated by experienced surgeons at specialized
centers.21 In addition, the surgery group had a signif-
icantly better survival rate than did the chemoradio-
therapy group.21 To further enhance survival after
surgical treatment, recurrence patterns following
surgery should be evaluated. Most studies have
assessed the recurrence patterns of resectable
pancreatic cancer based on imaging diagnostics,
but this is not considered sufficient grounds, without
autopsy findings. Thus, we analyzed the recurrence
data of autopsied patients with resectable pancreatic
cancer by examining the largest series of autopsied

patients to have undergone curative resection of
pancreatic cancer.

Two major patterns of recurrence following the
curative resection of pancreatic cancer are local re-
currence and liver metastasis.22–25 The high inci-
dence of local recurrence has led a number of
investigators to administer adjuvant chemoradio-
therapy to the pancreatic bed. However, the inci-
dence of local recurrence remains high even after
adjuvant chemoradiotherapy. Eighteen (51%) of
the 35 patients in the two groups in the GITSG
study that received adjuvant chemoradiotherapy de-
veloped local recurrence.15 Johnstone and Sindelar24

reported on 12 autopsied patients who underwent
complete resection of pancreatic cancer and docu-
mented that five (56%) of nine patients who received
adjuvant radiotherapy had locoregional recurrence.
The present series also showed a higher incidence
of local recurrence even though IORT and/or
EBRT were delivered. It is noteworthy that the
autopsies disclosed local recurrence that was unde-
tectable by CT for four patients who had received
radiotherapy to the retroperitoneum. Thus, the ac-
curate diagnosis of local recurrence requires an au-
topsy as well as imaging studies, especially for
irradiated patients. The incidence of local recurrence
may be higher than that of reports that only used im-
aging studies. Local recurrences missed by CT were
found to have infiltrated the retroperitoneum in the
radiation field without forming a tumor mass, sug-
gesting a favorable radiation effect on cancer growth.
Hiraoka and Kanemitsu8 reported on 10 autopsied
patients who underwent extended resection com-
bined with 30 Gy IORT and found that four had
only local microscopic recurrence enclosed by thick
connective tissue within the radiation field. They
also noted that two patients with incomplete tumor
clearance had no local recurrences.8 In our series,
one patient who had a positive surgical margin ex-
hibited no local recurrence. These observations
also suggest a substantial effect due to radiotherapy.
However, most patients with negative surgical mar-
gins who received radiotherapy developed local re-
currence, showing that it cannot be completely
controlled even if curative resection combined with
adjuvant radiotherapy is performed. Thus, the ratio-
nale for the routine use of adjuvant radiotherapy re-
mains questionable.

Another way to control local recurrence after the
resection of pancreatic cancer may be by extended
resection, particularly so in Japan.6,7 The present
study, however, found a high local recurrence rate
even after this procedure was carried out. Kayahara
et al.23 also reported a local recurrence rate of
more than 80% after radical resection with extended
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dissection of lymph nodes and extrapancreatic nerve
plexi. They also documented that 15 autopsied pa-
tients had recurrence and 12 of the 15 had local re-
currence. Our data showed that 74% of the
patients who had had cancer invasion of extrapancre-
atic nerve plexi and/or retropancreatic soft tissues in
the surgically resected specimens developed local re-
currence. In the series reported by Kayahara et al.,23

the majority of patients with these factors also devel-
oped local recurrence. It is likely that patients with
these factors are at high risk for local recurrence.
However, clearance of retroperitoneal tissue or
a nerve plexus that may be left in place by ‘‘standard’’
resection does not necessarily improve local control.
Although the number of patients examined was
small, four of five who had neither retropancreatic
soft tissue invasion nor extrapancreatic nerve plexus
invasion developed local recurrence, showing that
local control is also difficult for less advanced pan-
creatic cancer, using usual extended resection. The
distances of surgical margins that can be obtained
for pancreatic cancer are limited even with extended
resection, unless combined resection of major
arteries such as the superior mesenteric artery is
performed. This may explain why patients who un-
dergo extended resection with negative surgical mar-
gins frequently develop local recurrence. However,
combined resection of major arteries, which is often
accompanied by complications, is unlikely to im-
prove long-term survival even though local control
can be achieved.26

As many investigators have documented, surgeons
must pursue curative resection to improve survival
when faced with resectable pancreatic cancer.9,27

However, some forms of effective prophylactic treat-
ment for metastatic disease are necessary to further
enhance survival. It cannot be determined whether
hepatic metastasis originates from local recurrence
or not, because local recurrence can not always be di-
agnosed prior to detecting this type of metastasis.
However, patients who survive for a certain length
of time between surgery and recurrence are likely
to develop hepatic metastasis originating from local
recurrence. In our series, two patients with local re-
currence and hepatic metastasis had tumor thrombi
present in the portal vein. Their tumor thrombi
were growing outward from the local recurrence,
suggesting that cancer cells in local recurrence le-
sions have the potential to migrate into the portal
vein and metastasize to the liver. In view of the
high incidence of hepatic metastasis after surgery,
we have adopted PHI as an adjuvant therapy to treat
micrometastasis or cancer implantation into the liver
as a result of surgical manipulation.19 However, our
autopsy findings suggest that PHI cannot prevent

hepatic metastasis that originates from local recur-
rence, because PHI patients who developed hepatic
metastasis were always found to have local recur-
rence on autopsy. Although a close relationship be-
tween local recurrence and hepatic metastasis was
suggested, most patients in the present series devel-
oped not only hepatic metastasis but also metastases
to other sites, and died of cachexia due to metastatic
disease regardless of the presence of local recurrence.
Therefore, we advocate a combined modality of sys-
temic therapy as well as treatment directed at the
major site of recurrence to improve long-term sur-
vival following surgery.

CONCLUSION

An autopsy as well as imaging studies is necessary
for the accurate diagnosis of local recurrence. In this
study, autopsies disclosed that local recurrence after
curative resection of pancreatic cancer frequently oc-
curs. However, only a few recurrences were the di-
rect cause of death, and instead most patients died
of metastatic disease. It is likely that treatment fo-
cused on local control cannot improve the survival
of patients with resectable pancreatic cancer. Local
recurrence may be only one component of systemic
metastasis, and thus, more successful treatment reg-
imens that impact on systemic metastasis are needed.
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Aortic Occlusion Balloon Catheter Technique Is
Useful for Uncontrollable Massive Intraabdominal
Bleeding After Hepato-Pancreato-Biliary Surgery

Fumihiko Miura, M.D., Tadahiro Takada, M.D., F.A.C.S., Takenori Ochiai, M.D., F.A.C.S.,
Takehide Asano, M.D., Takashi Kenmochi, M.D., Hodaka Amano, M.D.,
Masahiro Yoshida, M.D.

Massive intraabdominal hemorrhage sometimes requires urgent hemostatic surgical intervention. In such
cases, its rapid stabilization is crucial to reestablish a general hemodynamic status. We used an aortic
occlusion balloon catheter in patients with massive intraabdominal hemorrhage occurring after hepa-
to-pancreato-biliary surgery. An 8-French balloon catheter was percutaneously inserted into the aorta
from the femoral artery, and the balloon was placed just above the celiac artery. Fifteen minutes inflation
and 5 minutes deflation were alternated during surgery until the bleeding was surgically controlled. An
aortic occlusion balloon catheter was inserted on 13 occasions in 10 patients undergoing laparotomy for
hemostasis of massive hemorrhage. The aorta was successfully occluded on 12 occasions in nine patients.
Both systolic pressure and heart rate were normalized during aortic occlusion, and the operative field
became clearly visible after adequate suction of leaked blood. Bleeding sites were then easily found
and controlled. Hemorrhage was successfully controlled in 7 of 10 patients (70%), and they were
discharged in good condition. The aortic occlusion balloon catheter technique was effective for easily con-
trolling massive intraabdominal bleeding by hemostatic procedure after hepato-pancreato-biliary surgery.
( J GASTROINTEST SURG 2006;10:519–522) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Complications, hepato-pancreato-biliary surgery, postoperative bleeding

Although the safety of surgical procedures has
generally improved by virtue of major advances
in surgical techniques and perioperative manage-
ment,1–3 postoperative hemorrhage remains one of
the most mortal complications, especially in hepato-
pancreato-biliary surgery.4,5 Massive intraabdominal
hemorrhage requires rapid surgical intervention for
patient survival; however, the copious bleeding oblit-
erates the surgical field, preventing a successful sur-
gery. In addition, hypotension at laparotomy can
also prove perilous. An aortic occlusion balloon cath-
eter has been used in patients with abdominal trauma
and ruptured abdominal aortic aneurysm.6,7 Thus, in
1992 we introduced the aortic occlusion method by
balloon catheter for the management of intraabdomi-
nal hemorrhage occurring after hepato-pancreato-
biliary surgery, and have since treated 10 such
patients. In the present study, we retrospectively

analyzed our experiences with the aortic occlusion
balloon catheter for this emergency and tried to
elucidate the clinical efficacy of this procedure.

PATIENTS AND METHODS
Patients

Between January 1992 and December 2003, 10
patients (eight men and two women, 50–74 years
old [mean, 62.7 years]) developed intraabdominal
massive bleeding after hepato-pancreato-biliary sur-
gery and underwent surgical hemostasis with aortic
occlusion balloon catheters at the Second Depart-
ment of Surgery, Chiba University Hospital. Massive
bleeding was defined as hemorrhage requiring trans-
fusion of at least 2 units of packed red blood cells
within the first 2 hours after onset. Patients with
bleeding within the first 24 hours after initial surgery
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were excluded, as the bleeding complication was
closely related to the initial surgical procedure.

Primary neoplasms of initial surgery were intra-
ductal papillary mucinous neoplasm of the pancreas
(three patients), distal bile duct carcinoma (three pa-
tients), intrahepatic cholangiocarcinoma (two pa-
tients), serous cyst adenoma of the pancreas (one
patient), and ampullary adenocarcinoma (one pa-
tient). The procedures of the initial surgery were
Whipple‘s pancreatoduodenectomy (four patients),
pylorus-preserving pancreatoduodenectomy (two pa-
tients), left hepatic and caudate lobectomy with
extrahepatic bile duct resection (two patients), duo-
denum-preserving pancreas head resection (one pa-
tient), and middle segment pancreatectomy (one
patient).

Aortic Occlusion

An aortic occlusion balloon catheter was inserted
in patients who were to undergo relaparotomy for
postoperative massive hemorrhage. An 8-French
aortic occlusion balloon catheter (Occlusion Balloon
Catheter, Medi-tech, Boston Scientific, Natick, MA;
Fig. 1.) was inserted through a 14-French introducer
percutaneously via the right femoral artery. The
catheter carried a 34.5 ml capacity occlusion balloon,
which was positioned immediately above the celiac
artery. The position of the catheter was determined
by squaring the length of insertion with that from
the site of puncture to the xiphoid process. After po-
sitioning the catheter, the occlusion balloon was
inflated with a total of 20–30 ml of saline. Fifteen-
minute inflation was alternated with 5-minute

deflation intervals during surgery to pinpoint and
control the bleeding sites.

RESULTS

An aortic occlusion balloon catheter was tried on
13 occasions in 10 patients with intraabdominal arte-
rial hemorrhage. All the patients underwent relapar-
otomy to control the bleeding. The interval between
initial surgery and first surgical intervention was
5–39 days (mean, 18.4 days) in the 10 patients. Three
patients required secondary relaparotomy. The
bleeding sites of the 13 occasions were the gastrodu-
odenal artery stump in five; common hepatic artery
and splenic artery in two each; and suture line, jeju-
nal limb, right hepatic artery, and posterior superior
pancreatico duodenal artery in one each. Aortic oc-
clusion balloon catheter insertion was attempted in
the operating room on seven occasions, and before
transport to the operating room on six occasions.
On two occasions, the balloon catheter was advanced
under fluoroscopic guidance. The results showed
that 12 of the 13 attempts (92%) were successful.
On those 12 occasions, insertion of the balloon cath-
eter was accomplished within 20 minutes. In one pa-
tient, the aorta was so convoluted that the balloon
catheter could not be advanced above the celiac
trunk. Thus, the aorta was occluded on 12 occasions
in nine patients.

At relaparotomy, because the operative field in the
abdominal cavity was full of blood, the aorta was oc-
cluded by balloon catheter to stop the hemorrhaging
and to obtain a clear view of the operative field. Soon
after the first occlusion, systolic blood pressure of
the upper limb elevated and heart rate decreased.
One patient went into cardiac arrest soon after the
start of the relaparotomy, recovering by cardiopul-
monary resuscitation under occlusion of the aorta.
Cycles of 15 minutes of aortic occlusion and 5 min-
utes of rest were repeated until bleeding was con-
trolled. The bleeding sites could be detected easily
and bleeding was stopped by suturing, with the aorta
being occluded in all 12 events of the nine patients.
At relaparotomy, leakage of pancreaticojejunostomy
was found in five patients. In one patient undergoing
DPPHR, perforation of the lower bile duct and the
third duodenal portion was found. In three of the
other four patients without anastomotic leakage
or perforation, inflammation around the pancreas
caused by lymph node dissection performed at the
initial surgery was observed. In one patient with
suture line bleeding, there was no sign of inflamma-
tion at relaparotomy. In all eight patients with
pancreatico-enteric anastomosis, the anastomosis
was disassembled irrespective of whether leakage

Fig. 1. An 8-French aortic occlusion balloon catheter (Medi-
tech, Boston Scientific) carrying a 34.5 cc capacity occlusion
balloon at the tip.
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was major or minor, and tube-pancreatostomy was
performed in seven of them.

Seven of the 10 patients (70%) were discharged in
good condition. Three patients died of hepatic fail-
ure at 11, 14, and 40 postoperative day of their initial
operation, respectively. The interval between the
onset of bleeding and the first aortic occlusion was
from 0.5–23 hours. In two patients, transcatheter
arterial embolization (TAE) was performed before
relaparotomy, but the bleeding could not be
controlled. Consequently, the intervals between the
onset of bleeding and first occlusion in these patients
were long d 23 hours in one patient and 8 hours in
the other d with both patients dying of hepatic
failure. The other 10 intervals of the seven patients
were 0.5–6 hours (mean, 2.2 hours), and these
patients survived in good condition.

In one patient, aortic dissection from the right
femoral artery to the descending aorta at the level
of the celiac trunk was revealed after discharge.
There were no complications related to the catheter
insertion in the other patients.

DISCUSSION

Despite a declining mortality rate after major hep-
ato-pancreato-biliary surgery,2,3,8 recent studies re-
port that the procedures are still associated with
a high postoperative complication rate.8,9 In particu-
lar, intraabdominal hemorrhage is a very serious
complication.5,10 Massive bleeding has a disastrous
clinical outcome, with a reported mortality rate of
20%–50%.5,11,12 With the recent advances in inter-
ventional radiology, TAE has been used widely and
has gained acceptance for the treatment of visceral
aneurysms or pseudoaneurysms. In various reports
of TAE for postoperative ruptured pseudoaneurysm,
the success rates were 0% (zero of two cases),12 50%
(one of two cases),5 63% (five of eight cases),13 88%
(seven of eight cases),14 and 100% (four of four
cases).15 Although TAE can achieve temporary con-
trol of hemorrhage and hemodynamic stabilization,
further surgery should be reserved for patients with
uncontrolled intraabdominal septic conditions to
prevent possible recurrent bleeding.13,14 As peri-
pancreatic inflammation due to anastomotic leakage
can cause rebleeding after pancreatic surgery, we
think that relaparotomy is the first choice of treat-
ment for this postoperative hemorrhage. At relapar-
otomy, the pancreatico-enteric anastomosis is
removed, and tube-pancreatostomy is performed to
detect the source of bleeding by improving the oper-
ative field as well as to prevent rebleeding. Liver in-
farction or ischemia has been reported as a mortal
complication of TAE for pseudoaneurysms arising

from hepatic arteries.13,15 In our series, liver infarc-
tion or liver ischemia did not occur. Another advan-
tage of surgical intervention over TAE is the ability
to stop bleeding of the hepatic artery without block-
ing blood flow.

Decompression of the abdominal wall tamponade
by laparotomy could cause sudden cardiovascular
collapse.16,17 Indeed, in our study, one patient went
into cardiac arrest soon after relaparotomy. Intralu-
minal aortic occlusion was developed to prevent sud-
den cardiac arrest after laparotomy in patients with
intraabdominal bleeding due to abdominal trauma
and ruptured abdominal aortic aneurysm.6,7 This
procedure was first described in experiments on
dogs by Edwards et al.18 in 1953, and reports on
clinical applications followed.19–22 It was reported
that five patients with abdominal aneurysms were
successfully controlled by occluding the aorta proxi-
mal to the site of the ruptured aneurysm.6 We there-
fore introduced the aortic occlusion balloon catheter
method to stabilize the hemodynamics of patients
and to provide operative fields clear enough to detect
the bleeding site. In this study, elevation of systolic
blood pressure of the upper limb and a decrease in
heart rate were immediately shown after the aortic
occlusion by balloon catheter in patients with mas-
sive intraabdominal bleeding. We speculate that
the hemodynamics of the upper half of the body of
the patient stabilized, because the bleeding was al-
most stopped and the amount of circulating blood
of the upper half of the body increased immediately
by venous return from the lower half of the body by
the aortic occlusion.

There is another problem related to reoperation
for intraabdominal hemorrhage. Identification of
the bleeding site is often difficult because of postop-
erative adhesions and hyperemic operative field.13,23

Yoon et al.23 performed reoperation for postopera-
tive hemorrhage after pancreatoduodenectomy in
seven cases, achieving complete hemostasis in only
two. In our series, the bleeding sites could be de-
tected easily, and bleeding was stopped by suturing
while the aorta was being occluded in all 12 events
of nine patients. We would like to emphasize that
the aortic occlusion balloon catheter technique can
provide not only hemodynamic stability but also
a good view of the operative field.

The interval between the onset of bleeding and
the first aortic occlusion seemed to be important;
in the discharged patients it was 0.5–6 hours
(mean, 2.2 hours), whereas in the two patients who
died the intervals were longer (8 and 23 hours).
This highlights the importance of performing aortic
occlusion as soon as possible after bleeding has
begun.
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Ischemic damage to the organs of the lower body
might be an important side effect of aortic occlusion.
The risk of spinal cord damage is inherent in thoracic
aortic occlusion. The incidence of hind limb paraly-
sis secondary to aortic occlusion in hypovolemic and
hypotensive dogs has been reported to be consider-
able.24 Ischemic damage to the kidney or spinal
cord is thought to occur after 30 minutes of complete
uninterrupted occlusion.25 Intermittent aortic occlu-
sion is reported to be much better tolerated than
continuous complete occlusion.26,27 On the basis of
these previous reports, we limited the single occlu-
sion time to 15 minutes, and we encountered no
complications from ischemic damage. Another possi-
ble adverse effect is aortic dissection. To prevent vas-
cular complications, insertion of the catheter under
fluoroscopic guidance is advisable if at all possible.

CONCLUSION

The aortic occlusion balloon catheter method is
feasible for use in postoperative massive bleeding, af-
ter major hepato-pancreato-biliary surgery, to con-
trol oligemic shock and to obtain a good view of
the operative field. For best results, occlusion of
the aorta should be started as soon as possible.
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Influence of Bactibilia After Preoperative Biliary
Stenting on Postoperative Infectious Complications

Thomas J. Howard, M.D., Jian Yu, M.S., Ryan B. Greene, M.D., Virgilio George, M.D.,
George M. Wairiuko, M.D., Seth A. Moore, M.S., James A. Madura, M.D.

The aim of this study was to correlate the bactibilia found after preoperative biliary stenting with that of
the bacteriology of postoperative infectious complications in patients with obstructive jaundice. One
hundred thirty-eight patients (83% malignant and 17% benign etiologies) with obstructive jaundice
had both their bile and all postoperative infectious complications cultured. Eighty-six (62%) had preop-
erative biliary stents (stent group) and 52 (38%) did not (no-stent group). There were no differences for
age, sex, incidence of malignancy, type of operation, estimated blood loss, transfusion requirements, hos-
pital length of stay, morbidity, or mortality rates between the two groups. Of 31 infectious complica-
tions, 23 were in the stent group and eight were in the no-stent group (P O 0.05), but only 13 (42%)
infectious complications had bacteria that were also cultured from the bile. Only wound infection
(P 5 0.03) and bacteremia (P 5 0.04) were more likely to occur in stented patients. Taken together, these
data show that preoperative biliary stenting increases the incidence of bactibilia, bacteremia, and wound
infection rates but does not increase morbidity, mortality, or hospital length of stay. Jaundiced patients
can undergo preoperative biliary stenting while maintaining an acceptable postoperative morbidity rate.
( J GASTROINTEST SURG 2006;10:523–531) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Bacteremia, bactibilia, biliary stenting, pancreaticoduodenectomy, wound infection

Extrahepatic (nonhilar) biliary tract obstruction
can be caused by benign, inflammatory, or malignant
conditions located in either the distal common bile
duct, duodenum, or head of the pancreas. Compre-
hensive evaluation and staging of these diseases
frequently requires endoscopic retrograde cholan-
giopancreatography (ERCP) where cholangiogra-
phy, brushings, and biopsy can often distinguish
benign (gallstones, strictures) from malignant (pan-
creatic cancer) conditions.1,2 During this investiga-
tion, if a biliary obstruction is found, most experts
recommend establishing effective biliary drainage
by placement of an endoscopic biliary endoprosthe-
sis to prevent postprocedure cholangitis.3 After their
diagnosis and staging, many patients with obstruc-
tive jaundice (both benign and malignant etiologies)
are referred on for surgical management.

From a surgical perspective, it has been well es-
tablished that operations on jaundiced patients carry
an elevated morbidity and mortality rate.4,5 Theoret-
ical advantages of preoperative biliary stenting in-
clude improvement in the nutritional, metabolic,

and immunologic functions of a jaundiced patient
by redirecting bile into their gastrointestinal tract.
Implicit in this logic is that preoperative stenting,
by accomplishing these goals, will reduce a patient’s
perioperative morbidity and mortality rate.6–8 Stent-
ing also provides time for additional preoperative in-
vestigation and appropriate referral to high-volume
centers.9 Opponents of preoperative biliary stenting
cite an increased incidence of bactibilia and inflam-
mation in a biliary system in which a stent has
been placed, which can lead to an increase in postop-
erative infectious complications, morbidity, and
mortality.10–12 Despite a large body of data on pre-
operative biliary stenting and its relationship to post-
operative morbidity and mortality rates, there
remains little data on the precise bacteriology of
bile in patients who have had preoperative biliary
stenting and the relationship of this bactibilia to
their postoperative infectious complications.

The aims of this study are (1) to define the bacte-
riology of bile in patients with obstructive jaundice
and to identify differences between those who have,
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and those who have not, undergone preoperative bil-
iary stenting; (2) to quantitate the influence of preop-
erative biliary stenting on postoperative morbidity,
both infectious and noninfectious, and mortality;
and (3) correlate the bacteria found in bile with
the bacteria cultured from postoperative infectious
complications.

MATERIAL AND METHODS

One hundred eighty-seven patients with obstruc-
tive jaundice from both malignant and benign
diseases were operated on by two surgeons (J.A.M.,
T.J.H.) at Indiana University Medical Center over
a 10-year period (January 1994 to January 2004) to
relieve the patient’s biliary obstruction. Of these,
138 patients (85 men and 53 women, with mean
age of 60 years) are included for analysis because
they had both their bile cultured prospectively for
aerobic, anaerobic, and fungal organisms at the
time of bile duct transaction and had all postopera-
tive infectious complications cultured. This study
was approved by the Institutional Review Board at
Indiana University Purdue University at Indianapo-
lis. All operations were elective, and all patients
were free from skin, soft tissue, urinary, or pulmo-
nary tract infection at the time of surgery. Patients
received prophylactic antibiotics consisting of either
a second- or third-generation cephalosporin or am-
picillin\sulbactam intravenously before their ab-
dominal incision, and this regimen was continued
for 24 hours postoperatively. At operation, 85
patients had pylorus-preserving pancreaticoduode-
nectomy, 28 patients had standard pancreaticoduo-
denectomy, six patients had total pancreatectomy,
nine patients had choledochojejunostomy Roux-en-
Y, five patients had hepaticojejunostomy Roux-en-
Y, and three patients had choledochoduodenostomy.
All received standard postoperative care by the surgi-
cal house staff under the direction of the attending
surgeon, and 92 patients (67%) spent at least 1 post-
operative day in the intensive care unit. Medical
records were reviewed and clinical variables were
collected into an Access database housed in the De-
partment of Surgery. Collected variables included
age, gender, preoperative stenting, operative proce-
dure, pathology, blood loss, transfusion require-
ments, operative time, culture result, postoperative
complication, hospital length of stay, and postopera-
tive death. Eighty-six patients had either endoscopic
or percutaneous preoperative biliary stenting before
operation and were included in the stent group,
whereas 52 patients were operated on without

preoperative stenting and were included in the no-
stent group.

Preoperative Biliary Stenting

Preoperative biliary stenting was defined as either
an endoscopic biliary endoprosthesis or a percutane-
ous transhepatic stent that was placed across the
area of obstruction in the distal common bile duct
and into the duodenum to serve as a conduit for de-
compression. Patients who underwent transhepatic
biliary stenting all had initial percutaneous transhe-
patic cholangiography and then received a transhe-
patic biliary stent under fluoroscopic guidance.
Endoscopic stenting was done after patients under-
went endoscopic retrograde cholangiopancreatogra-
phy (ERCP). All transhepatic stents were done at
our institution and all patients received a dose of sys-
temic antibiotics (ceftriaxone and ampicillin) before
the procedure. Seventy-five of the 83 patients who
had ERCP and placement of a biliary endoprosthesis
were done at our institution and all had preprocedure
prophylactic antibiotics consisting of either a fluoro-
quinolone or piperacillin tazobactam. We have no
data on the use of preprocedure prophylactic antibi-
otics in the eight patients included in the study who
had their ERCP and biliary stent placed at an outside
institution.

Culture Techniques

Intraoperative biliary samples were collected at
the time of operation for bacteriologic examination
and were routinely cultured for 5 days (120 hours)
afterwards. Four aerobic media (chocolate agar, co-
listin nalidixic acid agar, MacConkey agar, and thio
broth) and two anaerobic media (anaerobic blood
agar and phenylethanol agar) were used to detect
the aerobic, anaerobic, and fungal organisms.
When postoperative infectious complication were
diagnosed or suspected, the sample was taken from
the presumed site of infection (urine, sputum, blood,
or pus) and also cultured for aerobic and anaerobic
microorganisms. Cultures were kept for 120 hours
and carefully evaluated for Candida species and other
yeast.

Postoperative Complications

Infectious complications were defined as any com-
plication occurring with a fever and\or leukocytosis,
which was localized by physical exam, laboratory
test, or an imaging study and confirmed by the cul-
ture of microorganisms from the suspected fluid.
Wound infections were identified by an area of ery-
thema or purulent drainage from the wound, which
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yielded pus on drainage and grew bacteria on cul-
ture. Bacteremia was defined as a positive blood cul-
ture for bacteria obtained from two separate sites
from the same patient during the same febrile (tem-
perature, O38.5 � C) episode. Intra-abdominal
abscess was defined as a postoperative intra-abdom-
inal fluid collection identified on imaging study
and associated with a fever or leukocytosis that
grew bacteria on culture. Pneumonia required radio-
graphic evidence of an infiltrate associated with
either a fever and\or leukocytosis, or a positive spu-
tum culture. A pancreatic fistula was defined as the
secretion of greater than 50 ml of amylase-rich fluid
(three times the concentration of serum amylase)
beyond the 10th postoperative day. Bile leak was
defined clinically by an elevated bilirubin level in
fluid obtained from intraperitoneal drains placed in
proximity to the biliary-enteric anastomosis at the
time of pancreaticoduodenectomy or biliary bypass,
or in fluid obtained from CT-guided drainage of
subhepatic fluid collections. Delayed gastric empty-
ing was defined as the need for persistent nasogastric
decompression or inability to tolerate a regular diet
after postoperative day 10. Postoperative death was
defined as death during the index hospitalization or
within 30 days after surgery.

Statistical Methods

The demographic characteristics, operative pro-
cedure, pathology results, intraoperative parameters,
postoperative morbidity, and mortality of patients
stented (stent group) were compared with those of
unstented patients (no-stent group). SAS version
9.0 (SAS Institute, Cary, NC) was used to perform
all the statistical analysis. Pearson chi-square test
or the Fisher exact test was used as appropriate to
compare the categorical variables; the Wilcoxon
rank sum test was used to compare the median values
of continuous data. A two-sided P value less than
0.05 would be considered as significant.

RESULTS

The comparison of demographics and clinical fea-
tures in 138 patients with obstructive jaundice who
were cultured at the time of biliary-enteric anasto-
mosis is summarized in Table 1. When segregated
into preoperative biliary stent versus no-stent group-
ings, we found no differences for age, gender, or the
pathology of the biliary tract obstruction. The ma-
jority of patients (83 of 86, 96%) underwent endo-
scopic retrograde cholangiopancreatography in the
stent group compared with only 22 (32%) patients

in the no-stent group (P ! 0.0001). Three (4%) of
the patients stented who did not undergo ERCP
had percutaneous transhepatic cholangiography and
transhepatic stent placement.

The operative and postoperative variables are
summarized in Table 2. These data show that the
two groups were similar for all variables analyzed.
Specifically, there were no differences found in
type of operation, estimated blood loss, transfusion
requirements, or length of operation. The overall in-
cidence of postoperative complication was 43% in
the stent group and 37% in the no-stent group (P 5

0.45), and there were no differences in length of
hospital stay between the two groups. There were
three postoperative deaths in this series (overall mor-
tality rate, 2%), two in the stent group and one in the
no-stent group. One patient in the stent group died
of multisystem organ failure after suffering from
postoperative pneumonia, renal failure, and adult
respiratory distress syndrome; the other patient died
of an acute myocardial infarction after surgery. One
patient in the no-stent group died of acute renal fail-
ure. The specific postoperative complications are de-
tailed in Table 3. When subdivided into infectious
and noninfectious complications, the incidences of
infectious complication were also not significantly
different between the two groups (27% in stent group

Table 1. Demographic and clinical features of 138
patients with obstructive jaundice segregated into
those who had a preoperative biliary stent (stent
group) versus those who did not (no stent group)

Stent
group

(n 5 86)

No-stent
group

(n 5 52) P value

Age (mean 6 SD) 61 6 13 59 6 14 0.36
Gender 0.72

Male 52 (60) 33 (63)
Female 34 (40) 19 (37)

Pathologic diagnosis 0.20
Malignant 74 (86) 38 (73)

Pancreatic adenocarcinoma 51 (70) 23 (61)
Biliary adenocarcinoma 15 (20) 8 (21)
Ampullary adenocarcinoma 4 (6) 3 (8)
Duodenal adenocarcinoma 2 (2) 1 (3)
Other (islet cell tumor,

large cell tumor)
2 (2) 3 (7)

Benign 12 (14) 14 (27)
Chronic pancreatitis 10 (83) 12 (86)
Intraductal papillary

mucinous neoplasm
2 (17) 2 (14)

ERCP !0.0001
Yes 83 22
No 3 30

Values are number (percentage) unless otherwise indicated.

Vol. 10, No. 4
2006 Biliary Stenting and Postop Infection 525



vs. 15% in no-stent group; P 5 0.12). There were dif-
ferences, however, in two subsets of infectious com-
plications, wound infection rates (14% in stent
group vs. 2% in no-stent group; P 5 0.03), and bac-
teremia (8% in stent group vs. 0% in no-stent group;
P 5 0.04), which were both significantly more likely
to occur in the stent group when compared with the
no-stent group. All other infectious complications in-
cluding intra-abdominal abscess, pneumonia, urinary
tract infection, and clostridium difficile colitis were
similar between the two groups. In noninfectious
complications, myocardial infarction, pancreatic
leak, and renal failure were the most common but
again, no significant differences were found between
groups.

Table 4 shows the results of intraoperative bile
cultures. Ninety-one (66%) patients of 138 of the
entire series were found to have bacteria in their
bile. Stent patients were significantly more likely to
have bacteria cultured from their bile than no-stent
patients (80% vs. 42%, respectively; P ! 0.0001).
Positive intraoperative bile cultures were polymicro-
bial in 47 (55%) of 86 stent patients versus only 7
(14%) of 52 no-stent patients (P 5 0.003). Both
Gram-positive and Gram-negative microorganisms
were more likely to grow in the bile of the stent pa-
tients rather than that of the no-stent patients (P !
0.01). Fungus and anaerobes had a low incidence in
both groups, without a significant difference found

between the two groups (P O 0.05). The specific
microorganisms isolated from the bile of patients in
this study are summarized in Table 5. The dominant
microorganisms isolated from the bile in all patients
was Enterococcus species (57%), followed by Klebsiella
species (30%), yeast (21%), Escherichia coli (18%),
Staphylococcus aureus (14%), Enterobacter species
(14%), and Lactobacillus species (14%). Microorgan-
isms cultured in the stent group followed this precise
order; however, the dominant microorganisms found
in the no-stent group were slightly different, with
Klebsiella species (41%) being the most frequent
organism cultured, followed by yeast (32%), Entero-
bacter species (23%), and Enterococcus species (23%).

When correlating the microorganisms cultured
from bile with those cultured from postoperative in-
fectious complications, 13 (42%) of 31 infectious
complications cultured bacteria that was also present
in the patient’s bile. Wound infection was the most
common postoperative infectious complication and
occurred in 9% (13 of 138) of the series. Eleven
(85%) of 13 patients with a wound infection had
a positive intraoperative bile culture. Seven (64%)
of 11 wound infections were polymicrobial. The
dominant microorganisms isolated from wound in-
fections were Enterococcus species (55%), S aureus
(45%), alpha streptococci (36%), Klebsiella species
(27%), and Enterobacter species (18%). Fifty-five per-
cent (6 of 11) of the culture-proven wound infections

Table 2. Operative and postoperative variables in 138 patients with obstructive jaundice treated
by biliary-enteric anastomosis

Stent group (n 5 86) No-stent group (n 5 52) P value

Operation type 0.16
Pylorus-preserving Whipple 55 (64) 30 (58)
Standard Whipple 16 (19) 12 (23)
Total pancreatectomy 3 (3) 3 (6)
Hepaticojejunostomy Roux-en-Y 11 (13) 5 (10)
Choledochoduodenostomy 1 (1) 2 (3)

Estimated blood loss (ml) 0.52
Mean 6 SD 1166 6 1008 1223 6 1504
Median 850 800

Transfusion requirements (units) 0.85
Mean 6 SD 1.4 6 2.1 1.5 6 2.6
Median 0 0

Length of procedure (hour) 0.51
Mean 6 SD 5.3 6 2.2 5.5 6 2.1
Median 5 6

Overall complication rate 37 (43) 19 (37) 0.45
Postoperative death 2 (2.3) 1 (1.9) 0.99
Hospital length of stay (day) 0.77

Mean 6 SD 13.1 6 9.5 12.4 6 7.7
Median 10 9

Values are number (percentage) unless otherwise indicated.
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had a positive intraoperative bile culture; five (83%)
of these six patients had one or more of the same mi-
croorganisms in both the intraoperative bile culture
and the wound infection culture. Among the seven
stented patients who developed postoperative bacter-
emia, six (86%) had positive bile cultures and five of
these six had correlation between the organism cul-
tured in the bile and that causing the bacteremia.
The microorganisms found in bacteremias were
yeast, S aureus, Enterobacter species, Klebsiella species,
and E coli.

To assess the contribution of simple instrumenta-
tion of the biliary system without endoscopic stent
placement, we broke down the 52 patients without

stents into those who had ERCP and those who
did not. When comparing the 22 patients who had
ERCP with the 30 patients who did not, we found
no significant differences for age, gender, pathology,
type of operation, length of operation, intraoperative
blood transfusion, or estimated blood loss (Table 6).
Overall morbidity, infectious complications, and
hospital length of stay were also similar between
groups (P O 0.05).

DISCUSSION

The results of this study support the concept that
preoperative biliary stenting does not increase the
postoperative morbidity or mortality rates in patients
with obstructive jaundice who are undergoing an
operation directed at relieving their biliary tract ob-
struction. These results are consistent with other re-
ports whose main focus was on complications after
pancreaticoduodenectomy in patients who had un-
dergone preoperative biliary stenting.13–19 Although
the overall morbidity (41%) and mortality (2%) rates
in our study are similar to those of other mixed (both
resection and bypass) surgical populations reported
in the literature,4,5,14 we found that preoperative bil-
iary stenting increased the incidence of positive intra-
operative bile cultures, wound infection rates, and risk
of bacteremia, observations that have been made by
other investigators.15,18–20 Despite the wealth of in-
formation on the influence of preoperative biliary
stenting on the postoperative complication rates,

Table 5. Bile bacteriology in 91 patients

Microorganisms

All patients
with positive

results (n 5 91)
Stent group

(n 5 69)

No-stent
group

(n 5 22)

Enterococcus species 52 (57) 47 (68) 5 (23)
Klebsiella species 27 (30) 18 (26) 9 (41)
Yeast 21 (23) 14 (20) 7 (32)
Escherichia coli 16 (18) 16 (23) 0
Staphylococcus aureus 13 (14) 10 (14) 3 (14)
Enterobacter species 13 (14) 8 (12) 5 (23)
Lactobacillus species 8 (9) 8 (12) 0
Veillonella species 7 (8) 6 (9) 1 (5)
Clostridium perfringens 6 (7) 6 (9) 0
Fusobacterium nucleatum 6 (7) 6 (9) 0
Alpha streptococci 6 (7) 4 (6) 2 (9)
Bacteroides species 4 (4) 2 (3) 2 (9)
Prevotella species 4 (4) 4 (6) 0
Torulopsis glambrata 2 (2) 2 (3) 0
Citrobacter species 2 (2) 1 (1) 1 (5)
Others 10 (11) 8 (12) 2 (9)

Values are number (percentage) unless otherwise indicated.

Table 3. Postoperative complications in 138 patients
after biliary-enteric anastomosis

Stent group
(n 5 86)

No-stent
group

(n 5 52) P value

Noninfectious complication*
Myocardial infarction 4 (5) 1 (2) 0.65
Biliary leak 2 (2) 1 (2) 1.00
Pancreatic leak 2 (2) 2 (4) 0.63
Renal failure 2 (2) 2 (4) 0.63
Atrial fibrillation 2 (2) 1 (2) 1.00
Hemorrhage 2 (2) 0 (0) 0.53
Delayed gastric emptying 2 (2) 1 (2) 1.00
Small bowel obstruction 2 (2) 0 (0) 0.53
Prolonged ileus 1 (1) 1 (2) 1.00
Gastric outlet obstruction 0 (0) 3 (6) 0.05

Infectious complication*
Wound infection 12 (14) 1 (2) 0.03*
Intra-abdominal abscess 2 (2) 4 (8) 0.20
Bacteremia 7 (8) 0 (0) 0.04*
Pneumonia 4 (5) 1 (2) 0.65
Urinary tract infection 2 (2) 2 (4) 0.63
Clostridium difficile colitis 0 (0) 1 (2) 0.38

Values are number (percentage) unless otherwise indicated.
*More than one complication can be recorded per patient.

Table 4. Bile culture characteristics in stent
and no-stent patients

Stent group
(n 5 86)

No-stent
group

(n 5 52) P value

Positive isolate 69 (80) 22 (42) !0.0001
Multiple isolate 47 (55) 7 (14) 0.003
Gram-positive 54 (63) 9 (17) !0.0001
Gram-negative 39 (45) 12 (23) 0.009
Fungus 17 (20) 7 (14) 0.34
Anaerobes 15 (17) 4 (8) 0.11

Values are number (percentage) unless otherwise indicated.
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relatively few studies12,14,20 have focused specifically
on the relationship between the bacteria cultured in
bile after stent placement and the corresponding
pathogen cultured from the infectious complication
encountered.

In 1996, Karsten and colleagues14 retrospectively
reviewed the charts of a consecutive series of 241 pa-
tients with tumors in the pancreatic head, obstruct-
ing the extra hepatic biliary tract, who had
undergone operation. In this study, 184 (76%) pa-
tients had preoperative biliary drainage, of which
149 (62%) were endoscopic biliary endoprostheses,
25 (10%) were simple papillotomy, and 10 (4%)
were external biliary drainage. They assess the effects
of preoperative biliary drainage on postoperative
complication rates and death. Similar to our study,
they had a mixed group of patients consisting of
both resection and drainage operations, including
163 Whipple resections, 33 total pancreatectomies,
and 45 biliary-enteric bypasses. All patients in their
series received preoperative prophylactic antibiotics

(amoxicillin C gentamicin), starting during anes-
thetic induction and continuing for 48 hours. Their
findings were similar to ours in many respects; they
reported that preoperative biliary drainage had no
effect on postoperative complication rates or opera-
tive mortality, even though the intraoperative bile
cultures were more frequently positive for bacteria
in patients who had preoperative biliary drainage.
Patients with preoperative biliary drainage had an
overall morbidity rate of 56% compared with 61%
in patients who did not undergo preoperative biliary
drainage. In all patients in this series, intra-abdomi-
nal abscess (28%) was their most frequent complica-
tion, followed by wound infection (19%) and
hemorrhage (17%). They also found a 5% incidence
of catheter-related sepsis in their patient cohort. Our
data show an overall morbidity rate of 43% in the stent
group and a 37% rate in the no-stent group, with
wound infection (9%), bacteremia (5%), and intra-
abdominal abscess (4%) being the most common
complications identified. These minor discrepancies
between the two studies can be explained by differ-
ing patient populations (Karsten and colleagues,14

100% malignancy vs. our study, 81% malignancy),
types of operations (Karsten and colleagues14: Whip-
ple 68%, total pancreatectomy 14%, biliary-enteric
bypass 18%; our study, Whipple 82%, total pan-
createctomy 4%, biliary-enteric bypass 14%), and
perioperative antibiotic regimens (Karsten and col-
leagues,14 gentamicin and amoxicillin; our study,
second- or third-generation cephalosporin or ampi-
cillin/sulbactam). In a subgroup analysis, Karsten
and colleagues14 found that postoperative infectious
complications were similar in patients whose bile
grew bacteria when compared with patients whose
bile was sterile (42% vs. 45%). These findings are
also consistent with our results (data not shown).
The overall incidence of bactibilia in their stent pa-
tients was 92%, and in their no-stent patients 43%,
with their top three isolates being Klebsiella (52%),
Enterobacter species (45%), and E coli (40%). We re-
port an overall incidence of bactibilia of 80% in our
stent group, of 42% in our no-stent group, and our
top three bacterial isolates are Enterococcus (57%),
Klebsiella (30%), and E coli (18%). Where we found
a 23% incidence of yeast colonization in the bile of
our patients (20% stent group vs. 32% no-stent
group), Karsten and colleagues14 found only 10%
of isolates identified as yeast. Whereas Karsten and
colleagues reported that 65% of the bacteria cul-
tured from postoperative infections matched the
bacteria that they cultured from the patients bile,
this value was calculated using only patients who
had a positive bile culture. If one looks at all 84 of
their postoperative infectious complications, only

Table 6. Effect of biliary instrumentation (ERCP) in
52 no-stent patients who underwent biliary-enteric
anastomosis

ERCP
(n 5 22)

No ERCP
(n 5 30)

P
value

Age 57 6 14 60 6 15 0.42
Gender 0.25

Male 12 21
Female 10 9

Pathology findings 0.33
Malignant 18 17
Benign 4 13

Surgery procedure 0.16
Resection 20 22
Bypass 2 8

Length of
procedure (hour)

0.26

Mean 5.2 6 2.0 5.7 6 2.1
Median 5 6

Estimated blood
loss (ml)

0.27

Mean 1225 6 1276 1222 6 1677
Median 1200 700

Red blood cell
transfusion (unit)

0.83

Mean 1.2 6 2.0 1.8 6 3.1
Median 0 0
Morbidity 7 (32%) 12 (40%) 0.55
Infectious complication 1 (5%) 7 (23%) 0.12

Length of hospital
stay (day)

0.24

Mean 12.0 6 6.8 12.6 6 8.4
Median 9 9

528 Howard et al.
Journal of

Gastrointestinal Surgery



40 (48%) of 84 cultured the same bacteria as that
found in bile. This is almost identical to the rate of
infectious complications (13 of 31, 42%) we found
that cultured the same bacteria as was cultured
from bile. Unfortunately, their postoperative com-
plications were not specified or discussed in great de-
tail, so direct comparisons between subsets of
postoperative complications in stent and no-stent
groups in each study could not be made.

A second study by Povoski et al.12 assessed the
impact of preoperative biliary drainage on intraoper-
ative bile cultures, postoperative infectious compli-
cations, and mortality in 161 consecutive patients
undergoing pancreaticoduodenectomy at Memorial
Sloan-Kettering Cancer Center in New York. In
this study, the authors found a 58% incidence of bac-
tibilia, with 70% of cultures being polymicrobial.
Postoperative infectious complications occurred in
29% of patients, most commonly wound infection
(14%) or intra-abdominal abscess (12%). Eighty-
nine percent of patients with intra-abdominal ab-
scess (P 5 0.003) and 87% of patients with wound
infection (P 5 0.003) had positive intraoperative
bile cultures. Microorganisms cultured from the
bile in 14 (74%) of 19 patients were predictive of
the microorganisms cultured from the subsequent
intra-abdominal abscess, and bile cultures were
69% predictive of organisms cultured from a wound
infection. In our study, of the seven patients with
postoperative bacteremia, only one (14%) had the
same organism as that cultured from the bile (Klebsi-
ella pneumoniae). In 11 postoperative wound infec-
tions, only six (55%) patients had a positive
intraoperative bile culture, and of these, 5 (45%) cul-
tured the same organisms from both the bile and
their subsequent wound infection. Similar to our re-
sults, their data showed that preoperative biliary
drainage increased the incidence of positive intrao-
perative bile cultures (P ! 0.001) and postoperative
wound infection rates (P 5 0.045). In contrast to our
findings, they also reported that preoperative biliary
drainage increased postoperative infectious compli-
cations (P 5 0.022), intra-abdominal abscess (P 5

0.061), and death (P 5 0.021). These marked differ-
ences in the influence of preoperative biliary stenting
on postoperative morbidity and mortality rates are
likely due to the complex, selective referral pattern
to Memorial Sloan-Kettering Cancer Center as evi-
denced by the fact that 22 (23%) of 94 patients had
more than one biliary drainage procedure and 8
(9%) of 94 patients had a surgical drainage proce-
dure before operation. In addition, 22 (23%) of 94
patients in this series reported fever and chills within
1 week of their operation, implying a poorly func-
tioning stent and possibly low-grade cholangitis.

Subsequent studies looking at a similar number of
patients with periampullary malignancies, treated
by preoperative biliary stents and undergoing subse-
quent pancreaticoduodenectomy, have shown only
an increased risk of postoperative wound infections
but have been unable to substantiate an increase in
perioperative morbidity or mortality rates.15–19

In the most recent observational study reported by
Jagannath et al.,20 74 stent patients and 70 no-stent
patients were analyzed after undergoing pancreatico-
duodenectomy between 1992 and 2001. This study
specifically emphasizes the importance of the dura-
tion of preoperative biliary stenting and its relation-
ship to postoperative morbidity and mortality rates.
Using logistic regression analysis, a positive intrao-
perative bile culture was the only factor significantly
associated with operative morbidity (P ! 0.001) and
mortality (P 5 0.019). Although biliary stenting per
se was not significantly associated with a positive cul-
ture (P 5 0.073), stenting that resulted in complica-
tions (P 5 0.006) or biliary drainage for less than 6
weeks (P 5 0.011) was significantly associated with
a higher rate of positive cultures. It should be empha-
sized that uncomplicated stenting in this study was
found to not increase the perioperative morbidity
or mortality rate. Although stent placement in their
series had an acceptable 92% success rate, all six stent
placement failures (8% of total group) were included
in the preoperative biliary drainage group on an
intention-to-treat basis. Furthermore, post-stenting
complications occurred in a rather large percentage
of patients (18 of 74, 24%) when compared with
most contemporary ERCP trials, even when carried
out in a district general hospital setting.21 Forty-
seven percent of patients who had preoperative bili-
ary drainage grew bacteria on culture (31% positive
cultures in the group without stents), of which the
two most common bacteria were E coli (56%) and
Klebsiella (32%). These data are consistent with
both our study and others.12,14 In contrast to other
culture data from preoperative endoscopic stenting,
however, the authors report20 a 25% incidence of
Pseudomonas aeruginosa cultured from the bile. This
virulent pathogen, likely a contaminant introduced
during ERCP and biliary instrumentation, can
certainly contribute to an increase in postoperative
morbidity and mortality rates.3

Although human bile is considered sterile under
normal conditions, infection can occur as a conse-
quence of biliary tract obstruction, inflammation,
or stone formation. Obstructive jaundice is consid-
ered to be a risk factor for bile infection.17 In both
our study and the two most recent studies14,21 where
routine intraoperative biliary cultures were taken,
bactibilia was identified in 42% (our study), 34%14,
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and 20%21 of patients with obstructive jaundice
whose biliary tracts had not been previously instru-
mented. Although preoperative biliary stenting is as-
sumed to improve biliary drainage, relieve jaundice,
and prevent cholangitis, stenting of the bile duct,
particularly when associated with significant trauma
and inflammation (i.e., complicated stenting), it
may provide a better microenvironment for bacterial
survival.6 It is therefore not surprising that in the
majority of studies referenced, the incidence of pos-
itive bile cultures was higher in the preoperative
stent group.15–19 In our study, bacteria were cultured
from the bile in 80% of the stent group, but in only
42% of the no-stent group (P ! 0.0001). This high
incidence of bactibilia, however, does not necessarily
produce a higher incidence of postoperative infec-
tious complication as many other factors contribute
to their development in these long, technically
demanding operations.22 In this study, all patients
received a regimented course of perioperative an-
tibiotics targeted at the dominant pathogenic organ-
isms cultured from the bile, and the influence of this
practice on our overall postoperative infectious
complication rates is unknown. Only 42% of post-
operative infectious complications in our series
were caused by bacteria cultured from the bile, the
other 58% representing common skin flora or gas-
trointestinal tract contaminates encountered during
biliary-enteric anastomosis. Appropriately timed
and delivered perioperative antibiotics targeting the
most common organisms cultured from the bile,
as well as common skin contaminants, should help
to reduce the rate of postoperative infectious
complication.23

In summary, our data support the observation that
preoperative biliary stenting in jaundiced patients
does not increase the incidence of postoperative in-
fectious complication or mortality from operations
directed at relieving the patient’s bile duct obstruc-
tion. Jaundiced patients who require an additional
period of preoperative assessment, or more time to
allow referral to an appropriate high-volume center
for surgery, should undergo preoperative biliary
drainage by endoscopists with a low procedure-
related complication rate.9 Routine perioperative
prophylactic antibiotics should be targeted at the
most commonly found organisms, started before the
initial skin incision to ensure adequate tissue levels
at the time of contamination, redosed during the
operation every two serum half-lives (i.e., every 3–4
hours), and continued for 24 hours postopera-
tively.23 Careful attention to maintaining periopera-
tive normothermia and the use of supplemental
perioperative oxygen may also improve the postoper-
ative wound infection rate.24,25

CONCLUSION

Preoperative biliary stenting does not increase
morbidity, mortality, hospital length of stay, or
overall infectious complications in patients with ob-
structive jaundice undergoing surgery directed at re-
lieving their obstruction. Stenting does increase the
incidence of bactibilia, bacteremia, and wound infec-
tion rates. Less than half of all postoperative infec-
tious complications are caused by bacteria cultured
from the bile; the rest are caused by common skin
flora or contaminates from the opened gastrointesti-
nal tract. Jaundiced patients who require a further
period of preoperative assessment or additional
time before referral to an appropriate high volume
surgery center should undergo preoperative biliary
drainage by endoscopists with a low procedure-
related complication rate.
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Oncolytic Herpes Viral Therapy is Effective in the
Treatment of Hepatocellular Carcinoma Cell Lines

Tae-Jin Song, M.D., Ph.D., David P. Eisenberg, M.D., Prasad S. Adusumilli, M.D.,
Michael Hezel, B.S., Yuman Fong, M.D.

The rising incidence of hepatocellular carcinoma (HCC) in western countries, along with the poor
prognosis offered by present-day treatment modalities, makes novel therapies for this disease necessary.
Oncolytic herpes simplex viruses (HSV) are replication-competent viruses that are highly effective in the
treatment of a wide variety of experimental models of human malignancies. This study seeks to investi-
gate the effectiveness of oncolytic herpes viruses in the treatment of primary HCC cell lines. Sixteen
commercially available human HCC cell lines were studied. G207 is an attenuated, replication-compe-
tent, oncolytic HSV engineered to selectively replicate within cancer cells. Cell lines were tested for viral
sensitivity to G207 and their ability to support viral replication using standard cytotoxicity and viral rep-
lication assays. Eleven of 16 cell lines were moderately to highly sensitive to G207 viral oncolysis. HCC
cell lines additionally demonstrated the ability to support viral replication in vitro with as high as 800-
fold amplification of the administered viral dose observed. G207 is cytotoxic to, and efficiently replicates
within, HCC cell lines in vitro. From these data, we suggest that oncolytic HSV therapy may have a role
in the treatment of HCC, and in vivo studies are warranted. ( J GASTROINTEST SURG 2006;10:532–
542) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: G207, gene therapy, hepatocellular carcinoma, herpes simplex virus

Hepatocellular carcinoma (HCC) is one of the
most common malignancies worldwide with a global
annual incidence of nearly 1 million cases.1–3 Al-
though the incidence throughout Asia and Africa re-
mains relatively stable, western countries are
experiencing a rise in the incidence of this disease.
The American Cancer Society surveillance data esti-
mated 18,920 new cases in 2004, representing a sig-
nificant rise from previous years.4 It was also
estimated that 14,270 deaths occurred as a result of
the disease in 2004. Whereas surgical resection pres-
ently remains the only curative option for this dis-
ease, the majority of patients who undergo
resection eventually succumb to the disease. It is
clear that novel therapies are needed for the treat-
ment of this aggressive cancer.

Oncolytic herpes simplex viruses (HSV) have re-
cently been shown to be effective in the treatment
of a wide variety of human malignancies in animal
models including brain, colorectal, lung, gastric,
prostate, breast, bladder, and head and neck can-
cers.5-17 These attenuated, replication-competent

viruses present an exciting new treatment modality
in cancer therapy through their ability to selectively
replicate within cancer cells while sparing normal
cells.10

This study examines the effectiveness of oncolytic
herpes viruses in the treatment of primary hepato-
cellular carcinoma cell lines in vitro. As such, it pro-
vides a framework for in vivo studies investigating
the use of an oncolytic herpes virus in the treatment
of primary hepatocellular carcinoma. In doing so, we
have also established a comprehensive compilation
characterizing all known human HCC cell lines.

MATERIAL AND METHODS
Cell Lines

All known commercially available human HCC
cell lines were studied. Hep 3B2.1-7 (Hep3B, Hep
3B, Hep-3B, HB-8064), Hep G2 (HepG2, HB-
8065), PLC/PRF/5 (PLC5, CRL-8024), and SK-
HEP-1 (HTB-52) cell lines were obtained from the

Presented in part at the 2005 American Hepato-Pancreato-Biliary Association Congress, Hollywood, Florida, April 14–17, 2005.
Supported by grants R01CA75461 and R01CA72632 from the National Institutes of Health, and by grant MBC-99366 from the American
Cancer Society (Yuman Fong).
Reprint requests: Yuman Fong, M.D., Chief, Gastric and Mixed Tumor Service, Department of Surgery, Memorial Sloan-Kettering Cancer
Center, New York, NY 10021. e-mail: fongy@mskcc.org

532
� 2006 The Society for Surgery of the Alimentary Tract

Published by Elsevier Inc.

1091-255X/06/$dsee front matter

doi:10.1016/j.gassur.2005.08.036

mailto:fongy@mskcc.org


American Type Culture Collection (ATCC, Mana-
ssas, VA). They were grown in vitro in ATCC me-
dium with phenol red control (Eagle’s minimum
essential medium with 2 mmol/L L-glutamine and
Earle’s BSS adjusted to contain 1.5 g/L sodium bi-
carbonate with 0.1 mmol/L nonessential amino
acids, and 1.0 mmol/L sodium pyruvate, 100 U/ml
penicillin, and 100 mg/ml streptomycin with 10%
fetal calf serum [FCS, Atlanta Biologicals, Norcross,
GA]). An additional 12 human HCC cell lines
(SNU-182, SNU-354, SNU-368, SNU-387, SNU-
398, SNU-423, SNU-449, SNU-475, SNU-739,
SNU-761, SNU-878, and SNU-886) were obtained
from the Korean Cell Line Bank (KCLB, Seoul,
South Korea) and were grown in phenol red con-
trolled RPMI 1640 with 20 mmol/L HEPES, 2.0
g/L sodium bicarbonate, 100 U/ml penicillin and
100mg/ml streptomycin, and 10% FCS. African
green monkey kidney cells (Vero cells, ATCC) for
viral plaque assays were grown in minimum essen-
tial medium containing 10% FCS, 100 U/ml peni-
cillin, and 100mg/ml streptomycin. All cells were
maintained in a 5% CO2 humidified incubator at
37 � C.

Virus

G207 is an attenuated, replication-competent, on-
colytic herpes simplex virus type-1 (HSV-1) whose
construction has been previously described in de-
tail.14,18 G207, a second-generation virus derived
from R3616, a construct by Dr. Roizman (University
of Chicago, IL), is attenuated by the deletion of a
single copy of the diploid ICP6 gene and deletion
of both copies of the g134.5 neurovirulence
gene.14,18–20 The virus also contains an insertion of
the Escherichia coli b-galactosidase (lacZ) gene into
the UL39 gene that serves as a marker of an infec-
tion.14,18 Disruption of the UL39 gene eliminates ri-
bonucleotide reductase activity and increases
specificity of the virus for proliferating cells such as
tumor cells.18,21–23 G207 was measured by standard
plaque assay as previously described.14,17,18

Cytotoxicity Assay

All HCC cell lines were plated at a density of 1 3

104 cells per well in 12-well flat-bottom plates (Co-
star, Corning Inc., Corning, NY) in 1 ml of media.
After incubation for 6 hours, G207 (diluted in 50
ml phosphate buffered saline [PBS]) was added to
each well at a multiplicity of infection (MOI, the ra-
tio of viral plaque forming units [pfu] per tumor cell)
of three dilutions ranging from 0.01 to 3.0. On days
1, 3, 5, 7, and 9 after infection, supernatant samples

were collected and frozen, and wells were washed
with PBS. Cells were then lysed with Triton-X
(Dow, Midland, MI) (1.35%) to release intracellular
lactate dehydrogenase (LDH). LDH was quantified
using a Cytotox 96 nonradioactive cytotoxicity assay
(Promega, Madison, WI), which is a colorimetric
analysis measuring the conversion of a tetrazolium
salt into a red formazan product in the presence of
LDH.24–26 The amount of color formed is directly
proportional to the number of lysed cells. Absor-
bance was measured at 450 nm using a microplate
spectrophotometer (EL312e, Bio-Tek Instruments,
Winooski, VT). Results are expressed as the surviv-
ing fraction of cells as determined by the measured
absorbance of each sample relative to control, un-
treated, cell lysates. All samples were analyzed in
triplicate, and each experiment was repeated in trip-
licate to ensure reproducibility.

Viral Replication Assay

Supernatant samples were collected and frozen
from all wells of the cytotoxicity (MOI 0.01, 0.1,
and 1.0) experiments (days 1–8) after infection with
G207. Vero cells were grown to confluence on
6-well flat-bottom plates (Costar, Corning, Inc.).
Supernatant samples were thawed, and serial 10-
fold dilutions of the samples were incubated on
Vero cells for 4 hours. Wells were then gently
washed with media and covered with 1% agarose
with media. After 48 hours of incubation, 2 ml of
neutral red solution was added, and after an addi-
tional 24 hours of incubation, viral plaques were
counted. All samples were analyzed in triplicate.

Tumorigenic Assay

Six-week old athymic nude mice (National Cancer
Institute, Bethesda, MD) were used to assess tumor-
igenicity of all HCC cell lines. All animal procedures
were performed with the approval of the Memorial
Sloan-Kettering Institutional Animal Care and Use
Committee. Animals were anesthetized with inhala-
tional isoflurane for all experimental procedures.
Flank tumors were established by injection of 1 3

107 tumor cells in 50 ml of PBS into the subcutane-
ous flanks of athymic nude mice. Tumor develop-
ment and growth was assessed by measuring tumor
dimensions 3 times a week. Animals were weighed
and monitored closely for signs of distress, including
poor grooming, cachexia, respiratory distress, cuta-
neous ulcerations, or tumor progression. Animals
without any evidence of tumor progression or toxic-
ity were monitored for up to 3 months.
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Table 1. General characteristics of HCC cell line (27-41)

Cell bank

Generic
name Origin

Cell shape
in culture

HBV gene
integration

Biosafety
level

Cellular products and
protein expression

Growth
morphology

HBx DNA
detect Tumorigenicity

ATCC
Hep 3B Human,

HCC,
black male

Polygonal, epithelial
Monolayer, adherent

Yes
Yes

II
Yes

HBsAg, HBx protein, alpha-FP,
albumin, alpha-2 macroglobulin,
alpha-1 antitrypsin, transferrin,
haptoglobulin, alpha-1
antichymotrypsin, celuloplasmin,
plasminogen, C3, C4, C3
activator, fibrinogen, alpha-1
acid glycoprotein, alpha-2 HS
glycoprotein, beta lipoprotein,
retinol binding protein,
Gc globulin

Hep G2 Human,
HCC,
white male

Polygonal-round,
epithelial

No I Alpha-FP, albumin, alpha-2
macroglobulin, alpha-1
antitrypsin, transferrin, alpha-1
antichymotrypsin, haptoglobulin,
celuloplasmin, plasminogen, C4,
C3 activator, fibrinogen,
alpha-1 acid glycoprotein,
alpha-2 HS glycoprotein, beta
lipoprotein, retinol binding protein,
IGF-II, 3-hydroxy-3methylglutary1
CoA reductase, hepatic
triglyceride lipase

Multilayer hump,
adherent

No No

SK-Hep-1 Human,
HCC,
white male

Spindle-round,
epithelial

No I Alpha-1 antitrypsin,
IGF-binding protein 3

Monolayer, adherent No Yes
PLC/PRF/5 Human,

HCC,
black male

Polygonal
Monolayer, adherent

Yes
No

II
Yes

HBsAg, alpha-FP

KCLB
SNU-182 Human,

HCC,
Asian male

Polygonal
Monolayer, adherent

Yes
Yes

II
Yes

HBsAg

SNU-354 Human,
HCC,
Asian male

Polygonal
Monolayer, adherent

Yes
Yes

II
No

HBsAg, HBx protein,
MDR1 gene, albumin

SNU-368 Human,
HCC,
Asian male

Polygonal
Monolayer, adherent

Yes
Yes

II
Yes

HBsAg, HBx protein,
MDR1 gene,transferrin, IGF-II

SNU-387 Human,
HCC,
Asian female

Polygonal-spindle
Monolayer, adherent

Yes
Yes

II
Yes

HBsAg

SNU-398 Human,
HCC,
Asian male

Round-spindle
Monolayer, adherent,
floating

Yes
Yes

II
Yes

HBsAg

(continued )
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RESULTS
Cell Lines

The hepatocellular carcinoma cell lines Hep3B,
HepG2, PLC5, and SK-HEP-1 (ATCC) and
SNU-182, SNU-354, SNU-368, SNU-387, SNU-
398, SNU-423, SNU-449, SNU-475, SNU-739,
SNU-761, SNU-878, and SNU-886 (KCLB) grew
readily in culture. Previously determined character-
istics of these cell lines, including origin, morphol-
ogy, hepatitis B virus (HBV) gene integration, the
X gene product of the human hepatitis B virus
(HBx) DNA status, cellular products, and protein ex-
pression, are listed in the Table 1.27–41

Viral Cytotoxicity

The ability of G207 to kill HCC cell lines was
assessed. Three of the four cell lines obtained
from the ATCC were sensitive to G207 cytotoxic-
ity. HepG2 and PLC5 demonstrated nearly 100%
cell kill by day 7 after infection at an MOI of 1.0
(Fig. 1, A, B). At an MOI of 0.5, Hep3B similarly
showed near-complete cell kill (Fig. 1, C ). Even at

an MOI of 0.1, these three cell lines demonstrated
93.0%, 83.7%, and 83.8% cytotoxicity by day 7,
respectively (HepG2, PLC5, Hep3B). In contrast,
only SK-HEP-1 was resistant to viral infection
with no significant cytotoxicity demonstrated at
an MOI as high as 3.0 (Fig. 1, D).

Four of the 12 HCC cell lines obtained from the
KCLB were highly sensitive to G207 cytotoxicity.
SNU-182, SNU-387, SNU-886, and SNU-878
demonstrated 71.5%, 59.8%, 65.5%, and 70.4%
cell kill, respectively, by day 9 after infection at an
MOI of 1.0 (Fig. 2, A–D). Even at an MOI of
0.01, only 60.6%, 53.4%, 50.4%, and 50.6% of cells,
respectively, remained viable by day 9 after infection.
Four cell lines demonstrated moderate sensitivity to
viral infection. At an MOI of 1.0, SNU-368, SNU-
449, SNU-739, and SNU-761 showed 22.4%,
22.4%, 43.2%, and 29.9% cell kill, respectively
(Fig. 2, E–H ). In contrast, the remaining four cell
lines of KCLB origin (SNU-398, SNU-475, SNU-
354, and SNU-423) were resistant to viral infection
with no significant cytotoxicity demonstrated 9
days after infection (Fig. 2, I–L).

Table 1. (continued )

Cell bank

Generic
name Origin

Cell shape
in culture

HBV gene
integration

Biosafety
level

Cellular products and
protein expression

Growth
morphology

HBx DNA
detect Tumorigenicity

SNU-423 Human,
HCC,
Asian male

Polygonal-spindle
Monolayer, adherent

Yes
No

II
Yes

HBsAg

SNU-449 Human,
HCC,
Asian male

Polygonal
Monolayer, adherent

Yes
Yes

II
Yes

HBsAg

SNU-475 Human,
HCC,
Asian male

Polygonal-round
Monolayer, adherent

Yes
Yes

II
No

HBsAg

SNU-739 Human,
HCC,
Asian male

Spindle
Monolayer, adherent

Yes
Yes

II
No

HBsAg, HBcAg, HBx protein

SNU-761 Human,
HCC,
Asian male

Polygonal
Monolayer, adherent

Yes
Yes

II
No

HBsAg, HBcAg, HBx protein,
albumin

SNU-878 Human,
HCC,
Asian female

Polygonal
Monolayer, adherent

Yes
Yes

II
Yes

HBsAg, HBcAg, HBx protein,
albumin, transferrin

SNU-886 Human,
HCC,
Asian male

Polygonal-spindle
Monolayer, adherent

Yes
Yes

II
Yes

HBsAg, HBcAg, HBx protein,
albumin, transferrin

HBV 5 hepatitis B virus; HBx 5 the X gene product of the human hepatitis B virus; HCC 5 hepatocellular carcinoma.
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Viral Replication

The ability of G207 to replicate in human HCC
cell lines was also demonstrated. Representative
data are shown in Fig. 2. Hep3B strongly supported
logarithmic viral proliferation with peak viral titers
measuring 2.5 3 105 pfu 5 days after infection,
with G207 at an MOI of 0.01 (3 3 102 pfu;
Fig. 3, A). This represents a greater than 800-fold
amplification of the initial viral dose after 5 days.
HepG2 and PLC5 also supported G207 viral repli-
cation 7 days after infection at an MOI of 0.1 (3 3

103 pfu), demonstrating peak infectious virion recov-
ery of 5 3 104 pfu and 2.5 3 104 pfu, respectively
(Fig. 3, B–C ).

Tumorigenicity

Tumorigenicity of all 16 HCC cell lines was ex-
amined and is listed in the Table 1.27–41 The ability
of Hep3B, PLC5, and SK-Hep1 to form tumors in
nude athymic mice was already known from previous
reports.27–41 Of the ATCC-obtained cell lines, only
HepG2 does not form tumors in nude mice. Eight
of 12 cell lines of KCLB origin (SNU-182, SNU-
368, SNU-387, SNU-398, SNU-423, SNU-449,
SNU-878, and SNU-886) produced flank tumors
within two weeks of tumor cell implantation into
nude mice, with tumor diameters ranging from 3
mm to 18 mm. The remaining four cell lines
(SNU-354, SNU-475 SNU-739, and SNU-761)
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Fig. 1. Cytotoxicity of G207 against hepatocellular carcinoma (HCC) cell lines of ATCC origin in vitro. HCC cell lines HepG2
(A), PLC/PRF/5 (B), and Hep3B (C) were sensitive to G207 viral oncolysis, whereas SK-HEP-1 (D) was not sensitive. Doses of
virus used were MOI 5 0.1 (diamond), MOI 5 0.5 (square), and MOI 5 1 (triangle). MOI represents the ratio of the number of
viral particles to the number of tumor cells.
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failed to develop tumors as long as three months af-
ter implantation.

DISCUSSION

Primary HCC is one of the most common malig-
nancies worldwide.1–3 There are clear geographic
epidemiologic differences, with the highest inci-
dences seen in Asia and Africa.3,42,43 Western coun-
tries, however, are experiencing a surge in the
incidence of this disease. In the United States, the in-
cidence of HCC increased from 1.4 per 100,000
population in 1980 to 2.4 per 100,000 population
in 1995. It further increased to 6.7 per 100,000 pop-
ulation for men and 3.1 for women in the year
2000.44,45 In 2004, American Cancer Society surveil-
lance data estimated 18,920 new cases and 14,270
deaths due to HCC.4 Major risk factors for the de-
velopment of HCC include chronic hepatitis B and
C infection and alcohol consumption, and it is an

increase in incidence of these factors that are
thought to be responsible for this rise.

In a recent review, median survival of patients
who underwent curative resection for HCC was
only 39 months, with 1- and 3-year survival rates
of 81% and 54%, respectively.46 In this series, pa-
tients who underwent tumor ablation demonstrated
a median survival of 15 months with 1- and 3-year
survival rates of 56% and 21%, respectively.46

Patients treated with systemic chemotherapy or sup-
portive care demonstrated a median survival of only
9 months, with a 44% 1-year survival rate and no
3-year survivors.46

Although hepatic resection remains the best
curative option, there are many instances where
curative resection cannot be performed, including
advanced patient age, underlying severe comorbid-
ities or poor liver function, and locally advanced
disease. Whereas numerous alternative treatment
modalities have been employed in this setting,
including percutaneous microwave coagulation
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Fig. 2. Cytotoxicity of G207 against hepatocellular carcinoma cell lines of KCLB origin in vitro. Four cell lines, SNU-182 (A),
SNU-387 (B), SNU-878 (C), and SNU-886 (D) were highly sensitive to viral oncolysis, and four cell lines, SNU-368 (E), SNU-
449 (F), SNU-739 (G), and SNU-761 (H), demonstrated moderate sensitivity. SNU-354 (I), SNU-398 (J), SNU-423 (K), and
SNU-475 (L) showed minimal sensitivity to on the viral oncolysis. Doses of virus used were MOI 5 0.01 (diamond), MOI 5 0.1
(square), and MOI 5 1 (triangle). MOI represents the ratio of the number of viral particles to the number of tumor cells.
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therapy, percutaneous ethanol infusion, regional
hyperthermia therapy, and interstitial radiotherapy
and radiofrequency interstitial tissue ablation,

none have yet been demonstrated to improve patient
survival.47–53 It is clear that novel therapies are
needed.

Attenuated, replication-competent oncolytic HSV
offer an exciting new modality in the armamentar-
ium of anticancer agents. A wealth of recent experi-
ments has demonstrated the effectiveness of these
oncolytic herpes viruses in the treatment of a wide
variety of human cancer cell lines. We now show
that the majority of all known human HCC cell lines
are also sensitive to treatment with an oncolytic her-
pes virus, G207. Eleven of 16 cell lines tested were
moderately to highly sensitive to viral infection. In
addition, these cell lines also demonstrated the
ability to support viral replication, resulting in the
exponential amplification of infectious virions. Con-
versely, five cell lines were resistant to viral infection.
Although the mechanism of resistance of cancer cells
to viral infection remains largely unknown, our lab-
oratory is actively exploring the genetic and molecu-
lar biologic factors thought to be involved.

These viruses have the potential to infect and
selectively replicate within cancer cellsdsparing nor-
mal cells.11 The specificity of oncolytic viruses in can-
cer therapy depends upon an interplay of the intrinsic
properties of these viruses and cellular alterations of
transformed cells. For example, the second-genera-
tion HSV mutant G207, containing mutations in
genes required for viral replication including ribonu-
cleotide reductase, is dependent on a high level of ho-
mologous host-cell enzymesdcharacteristic of cancer
cellsdto complete its lifecycle.17,54 The specificity of
oncolytic HSV for malignant cellsdsparing normal
hepatocytesdin the context of HCC and hepatic me-
tastases has already been explored by our laboratory
using an in vivo model of liver regeneration. Delman
et al.55 investigated the ability of normal murine hepa-
tocytes to permit viral replication of G207 after portal
administration. Using histochemical staining for the
viral marker gene lacZ and immunohistochemical
and quantitative polymerase chain reaction-based de-
tection of viral particles, the authors demonstrated no
measurable viral presence or replication in normal,
resting murine hepatocytes. Interestingly, this work
did show that regenerating hepatocytes were capable
of supporting viral replication during peak hepatocyte
DNA synthesis after partial hepatectomy. The au-
thors further demonstrated that this period of permis-
sive viral replication correlated with up-regulated
hepatocyte ribonucleotide reductase activitydthe vi-
ral homologue of which is deleted from G207 for at-
tenuation. Viral administration immediately after
resolution of liver regeneration, as early as 7 days after
hepatectomy, resulted in no measurable viral replica-
tion in the liver or any other organ.
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Fig. 3. Viral replication is supported by hepatocellular carci-
noma (HCC) cell lines. Viral plaque assay demonstrates high
viral yield in Hep3B (A), HepG2 (B), and PLC/PRF/5 (C) af-
ter infection with G207. Hep3B most strongly supported vi-
ral proliferation with peak viral titers measuring 2.5 3 105 pfu
5 days after infection with G207 (3 3 102 pfu), representing
a greater than 800-fold amplification of the initial viral dose.
Doses of virus used were MOI 5 0.01 for Hep3B, MOI 5 0.1
for HepG2 and PLC5. MOI represents the ratio of the num-
ber of viral particles to the number of tumor cells.
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Although the maximum clinically achievable MOI
in humans is not well-defined, it is generally thought
that it approaches 1.0. More important, however, is
the potential for in vivo amplification of the admin-
istered dose of this novel form of therapydunlike all
other standard therapies. As such, delivery of large
initial doses is not necessary. Successful completion
of the viral life cycle within cancer cells, in addition
to causing cell death via lysis or apoptosis, results in
the extracellular release of infectious viral progeny,
and hence, an exponential amplification of the effec-
tive dose. Viral amplification is limited only to the
extent that there are viable cancer cells present to
support viral replication. Several human clinical tri-
als investigating the use of oncolytic herpes viruses
as anticancer agents have begun to answer this ques-
tion. A phase I trial from our institution was the first
to demonstrate that oncolytic herpes viruses can be
safely injected into the bloodstream of patients
with colorectal hepatic metastases.56 The maximum
therapeutic dose was not reached but was deter-
mined to be greater than 1.3 3 107 pfu.56 In a phase
I trial investigating the effectiveness of G207 in the
treatment of recurrent gliomas, investigators deliv-
ered a maximum dose of 3 3 109 pfu directly into
tumors.57,58

Current management of HCC is inadequate, and
alternative treatment options are needed. Oncolytic
herpes viruses have already been demonstrated to
be effective in the treatment of colorectal liver me-
tastases via portal and hepatic arterial delivery in an-
imal models, and human clinical trials are presently
ongoing. This work provides a framework for future
studies exploring the in vivo effectiveness of onco-
lytic HSV as potential therapy for patients with
HCC.

CONCLUSIONS

This study demonstrates that an oncolytic herpes
virus effectively infects, replicates within, and lyses
the majority of all known HCC cell lines. We sug-
gest from this data that oncolytic HSV therapy
may have a role in the treatment of HCC in the fu-
ture. Additionally, this compilation of all commer-
cially available HCC cell lines can be used to guide
further in vitro and in vivo experiments for the treat-
ment of HCC by using oncolytic herpes viruses and
other experimental treatment modalities.

The authors thank Medigene, Inc. for providing us with the G207
virus. Special thanks to Liza Marsh of the Department of Surgery

at Memorial Sloan-Kettering Cancer Center for her assistance in
preparing this manuscript.

REFERENCES

1. Staib F, Hussain SP, Hofseth LJ, Wang XW, Harris CC.
Tp53 and liver carcinogenesis. Hum Mutat 2003;21:201–216.

2. Wang XW, Hussain SP, Huo TI, et al. Molecular pathogen-
esis of human hepatocellular carcinoma. Toxicology 2002;
181–182:43–47.

3. Okuda K. Hepatocellular carcinoma. J Hepatol 2000;32:
225–237.

4. American Cancer Society. Cancer Statistics Presentation
2004. American Cancer Society, 2004. Website http://www.
cancer.org/docroot/pro/content/pro_1_1_cancer_statistics_
2004_presentation.asp. Last accessed 14 Feb 2006.

5. Toda M, Rabkin SD, Martuza RL. Treatment of human
breast cancer in a brain metastatic model by G207, a replica-
tion-competent multimutated herpes simplex virus 1. Hum
Gene Ther 1998;9:2177–2185.

6. Todo T, Rabkin SD, Chahlavi A, Martuza RL. Corticoste-
roid administration does not affect viral oncolytic activity,
but inhibits antitumor immunity in replication-competent
herpes simplex virus tumor therapy. Hum Gene Ther 1999;
10:2869–2878.

7. Chahlavi A, Todo T, Martuza RL, Rabkin SD. Replication-
competent herpes simplex virus vector G207 and cisplatin
combination therapy for head and neck squamous cell carci-
noma. Neoplasia 1999;1:162–169.

8. Coukos G, Makrigiannakis A, Montas S, et al. Multi-attenu-
ated herpes simplex virus-1 mutant G207 exerts cytotoxicity
against epithelial ovarian cancer but not normal mesothelium
and is suitable for intraperitoneal oncolytic therapy. Cancer
Gene Ther 2000;7:275–283.

9. Oyama M, Ohigashi T, Hoshi M, et al. Intravesical and
intravenous therapy of human bladder cancer by the herpes
vector G207. Hum Gene Ther 2000;11:1683–1693.

10. Cozzi P, Burke PB, Bhargava A, et al. Oncolytic viral gene
therapy for prostate cancer using two attenuated, replication
competent, genetically-engineered herpes simplex viruses.
Prostate 2002;53:95–100.

11. Stanziale SF, Fong Y. Novel approaches to cancer therapy
using oncolytic viruses. Curr Mol Med 2003;3:61–71.

12. Ebright MI, Zager JS, Malhotra S, et al. Replication-compe-
tent herpes virus NV1020 as direct treatment of pleural cancer
in a rat model. J Thorac Cardiovasc Surg 2002;124:123–129.

13. Bennett JJ, Malhotra S, Wong RJ, et al. Interleukin 12 secre-
tion enhances antitumor efficacy of oncolytic herpes simplex
viral therapy for colorectal cancer. Ann Surgery 2001;233:
819–826.

14. Bennett JJ, Kooby DA, Delman K, et al. Antitumor efficacy
of regional oncolytic viral therapy for peritoneally dissemi-
nated cancer. J Mol Med 2000;78:166–174.

15. Carew JF, Kooby DA, Halterman MW, Federoff HJ,
Fong Y. Selective infection and cytolysis of human head
and neck squamous cell carcinoma with sparing of normal
mucosa by a cytotoxic herpes simplex virus type 1 (G207).
Hum Gene Ther 1999;10:1599–1606.

16. Cozzi PJ, Malhotra S, McAuliffe P, et al. Intravesical onco-
lytic viral therapy using attenuated, replication-competent
herpes simplex viruses G207 and NV1020 is effective in
the treatment of bladder cancer in an orthotopic syngeneic
model. FASEB J 2001;15:1306–1308.

17. Yazaki T, Manz HJ, Rabkin SD, Martuza RL. Treatment of
human malignant meningiomas by G207, a replication-

540 Song et al.
Journal of

Gastrointestinal Surgery



competent multimutated herpes simplex virus 1. Cancer Res
1995;55:4752–4756.

18. Mineta T, Rabkin SD, Yazaki T, Hunter WD, Martuza RL.
Attenuated multi-mutated herpes simplex virus-1 for the
treatment of malignant gliomas. Nat Med 1995;1:938–943.

19. Chou J, Kern ER, Whitley RJ, Roizman B. Mapping of
herpes simplex virus-1 neurovirulence to gamma 134.5,
a gene nonessential for growth in culture. Science 1990;250:
1262–1266.

20. Whitley RJ, Kern ER, Chatterjee S, Chou J, Roizman B.
Replication, establishment of latency, and induced reactiva-
tion of herpes simplex virus gamma 1 34.5 deletion mutants
in rodent models. J Clin Invest 1993;91:2837–2843.

21. Carroll NM, Chiocca EA, Takahashi K, Tanabe KK.
Enhancement of gene therapy specificity for diffuse colon
carcinoma liver metastases with recombinant herpes simplex
virus. Ann Surg 1996;224:323–329.

22. Goldstein DJ, Weller SK. Factor(s) present in herpes sim-
plex virus type 1-infected cells can compensate for the loss
of the large subunit of the viral ribonucleotide reductase:
Characterization of an ICP6 deletion mutant. Virology
1988;166:41–51.

23. Goldstein DJ, Weller SK. Herpes simplex virus type 1-
induced ribonucleotide reductase activity is dispensable for
virus growth and DNA synthesis: Isolation and characteriza-
tion of an ICP6 lacZ insertion mutant. J Virol 1988;62:196–
205.

24. Decker T, Lohmann-Matthes ML. A quick and simple
method for the quantitation of lactate dehydrogenase
release in measurements of cellular cytotoxicity and tumor
necrosis factor (TNF) activity. J Immunol Methods 1988;
115:61–69.

25. Korzeniewski C, Callewaert DM. An enzyme-release assay for
natural cytotoxicity. J Immunol Methods 1983;64:313–320.

26. Weidmann E, Brieger J, Jahn B, Hoelzer D, Bergmann L,
Mitrou PS. Lactate dehydrogenase-release assay: A reliable,
nonradioactive technique for analysis of cytotoxic lymphocyte-
mediated lytic activity against blasts from acute myelocytic
leukemia. Ann Hematol 1995;70:153–158.

27. Park JG, Lee SK, Hong IG, et al. MDR1 gene expression: Its
effect on drug resistance to doxorubicin in human hepatocel-
lular carcinoma cell lines. J Natl Cancer Inst 1994;86:700–705.

28. Fogh J, Fogh JM, Orfeo T. One hundred and twenty-seven
cultured human tumor cell lines producing tumors in nude
mice. J Natl Cancer Inst 1977;59:221–226.

29. Kang MS, Lee HJ, Lee JH, et al. Mutation of p53 gene in
hepatocellular carcinoma cell lines with HBX DNA. Int J
Cancer 1996;67:898–902.

30. Kim SO, Park JG, Lee YI. Increased expression of the
insulin-like growth factor I (IGF-I) receptor gene in hepato-
cellular carcinoma cell lines: Implications of IGF-I receptor
gene activation by hepatitis B virus 3 gene product. Cancer
Res 1996;56:3831–3836.

31. Park JG, Lee JH, Kang MS, et al. Characterization of cell
lines established from human hepatocellular carcinoma. Int
J Cancer 1995;62:276–282.

32. Alexander JJ, Bey EM, Geddes EW, Lecatsas G. Establish-
ment of a continuously growing cell line from primary carci-
noma of the liver. S Afr Med J 1976;50:2124–2228.

33. Gilligan A, Bushmeyer S, Knowles BB. Variation in EGF-
induced EGF receptor downregulation in human hepa-
toma-derived cell lines expressing different amounts of
EGF receptor. Exp Cell Res 1992;200:235–241.

34. Macnab GM, Urbanowicz JM, Geddes EW, Kew MC.
Hepatitis-B surface antigen and antibody in Bantu patients

with primary hepatocellular cancer. Br J Cancer 1976;33:
544–548.

35. Kawai HF, Kaneko S, Honda M, Shirota Y, Kobayashi K.
Alpha-fetoprotein-producing hepatoma cell lines share com-
mon expression profiles of genes in various categories dem-
onstrated by cDNA microarray analysis. Hepatology 2001;
33:676–691.

36. Heffelfinger SC, Hawkins HH, Barrish J, Taylor L,
Darlington GJ. SK HEP-1: A human cell line of endothelial
origin. In Vitro Cell Dev Biol 1992;28A:136–142.

37. Gucev ZS, Oh Y, Kelley KM, Labarta JI, Vorwerk P,
Rosenfeld RG. Evidence for insulin-like growth factor
(IGF)-independent transcriptional regulation of IGF binding
protein-3 by growth hormone in SKHEP-1 human hepato-
carcinoma cells. Endocrinology 1997;138:1464–1470.

38. Turner BM, Turner VS. Secretion of alpha 1-antitrypsin by
an established human hepatoma cell line and by human/
mouse hybrids. Somatic Cell Genet 1980;6:1–14.

39. ATCC. American Type Culture Collection. ATCC. 2004.
2004. Website www.atcc.org. Last accessed 14 Feb 2006.

40. Sharkey FE, Fogh J. Metastasis of human tumors in athymic
nude mice. Int J Cancer 1979;24:733–738.

41. KCLB. Korean Cell Line Bank. KCLB. 2005. 2004. Website
http://cellbank.snu.ac.kr/ENG/default.htm. Last accessed 14
Feb 2006.

42. Pisani P, Bray F, Parkin DM. Estimates of the world-wide
prevalence of cancer for 25 sites in the adult population.
Int J Cancer 2002;97:72–81.

43. Parkin DM, Bray FI, Devesa SS. Cancer burden in the year
2000. The global picture. Eur J Cancer 2001;37(Suppl 8):
S4–S66.

44. El Serag HB, Mason AC. Rising incidence of hepatocellular
carcinoma in the United States. N Engl J Med 1999;340:
745–750.

45. Department of Health and Human Services, Centers for
Disease Control and Prevention, National Cancer Insti-
tutes. US Cancer Statistics Working Group. United States
Cancer Statistics: 2000 Incidence. pp 50–77. 2003. Atlanta,
GA.

46. Fong Y, Sun RL, Jarnagin W, Blumgart LH. An analysis of
412 cases of hepatocellular carcinoma at a Western center.
Ann Surg 1999;229:790–799.

47. Hamazoe R, Hirooka Y, Ohtani S, Katoh T, Kaibara N.
Intraoperative microwave tissue coagulation as treatment
for patients with nonresectable hepatocellular carcinoma.
Cancer 1995;75:794–800.

48. Fong Y. A promising technique for liver cancer? Cancer J Sci
Am 1999;5:339–340.

49. Giorgio A, Ferraioli G. Radiofrequency thermal ablation
versus percutaneous ethanol injection for small hepatocellu-
lar carcinoma. Radiology 2004;230:886–887.

50. Zuber-Jerger I, Geissler M, Spangenberg HC, Mohr L,
Weizsacker F, Blum HE. Local ablation of malignant lesions
of the liver - potential applications and limitations of the
different methods. Z Gastroenterol 2004;42:31–38.

51. Segawa T, Tsuchiya R, Furui J, Izawa K, Tsunoda T,
Kanematsu T. Operative results in 143 patients with hepato-
cellular carcinoma. World J Surg 1993;17:663–667.

52. Lau WY, Arnold M, Guo SK, Li AK. Microwave tissue
coagulator in liver resection for cirrhotic patients. Aust N
Z J Surg 1992;62:576–581.

53. Lencioni RA, Allgaier HP, Cioni D, et al. Small hepatocellu-
lar carcinoma in cirrhosis: Randomized comparison of radio-
frequency thermal ablation versus percutaneous ethanol
injection. Radiology 2003;228:235–240.

Vol. 10, No. 4
2006 G207 Treatment of Hepatocellular Carcinoma 541



54. Kramm CM, Chase M, Herrlinger U, et al. Therapeutic
efficiency and safety of a second-generation replication-
conditional HSV1 vector for brain tumor gene therapy.
Hum Gene Ther 1997;8:2057–2068.

55. Delman KA, Zager JS, Bhargava A, et al. Effect of murine
liver cell proliferation on herpes viral behavior: Implications
for oncolytic viral therapy. Hepatology 2004;39:1525–1532.

56. Fong Y, Kemeny N, Jarnagin W, et al. Phase 1 study of a
replication-competent herpes simplex oncolytic virus for

treatment of hepatic colorectal metastases. Proc Am Soc
Clin Oncol 2002;21:8a.

57. Lin E, Nemunaitis J. Oncolytic viral therapies. Cancer Gene
Ther 2004;11:643–664.

58. Markert JM, Medlock MD, Rabkin SD, et al. Conditionally
replicating herpes simplex virus mutant, G207 for the treat-
ment of malignant glioma: Results of a phase I trial. Gene
Ther 2000;7:867–874.

542 Song et al.
Journal of

Gastrointestinal Surgery



Arterioportal Fistulas: Introduction of a Novel
Classification With Therapeutic Implications

Eduardo A. Guzman, M.D., Laurence E. McCahill, M.D., Frederick B. Rogers, M.D.

Arterioportal fistulas (APFs) are arteriovenous communications between the splanchnic arteries and the
portal vein that represent an infrequent cause of presinusoidal portal hypertension. They can be acquired
or congenital. Penetrating hepatic trauma, including liver biopsies, represent the most common etiology.
They can be asymptomatic or manifest with portal hypertension. An abdominal bruit is a valuable phys-
ical finding. Persistence of an APF can cause hepatoportal sclerosis and possibly portal fibrosis. A detailed
radiologic evaluation is mandatory. One must differentiate between small peripheral intrahepatic APFs
(type 1) and large central APFs (type 2). The former usually resolve spontaneously, whereas the latter
can cause portal hypertension and hepatic parenchymal changes. Type 1 APFs caused by needle injury
can be followed by Doppler ultrasound. All other fistulas need treatment. Arterioportal fistulas are first
treated by transcatheter embolization. Surgical approaches are reserved for complex cases. Congenital
APFs (type 3) are diffuse and intrahepatic and can be difficult to manage. Overall, the prognosis is
good. Herein, we propose a novel classification for arterioportal fistulas with therapeutic implications.
( J GASTROINTEST SURG 2006;10:543–550) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Arterioportal fistula, hepatoportal fistula, arteriovenous fistula, portal hypertension,
embolization

Arterioportal fistulas (APFs) are a complex group
of arteriovenous fistulas that have intrigued surgeons
for over a century. The term encompasses all fistulas
between any of the splanchnic arteries and the portal
veins. They can either be acquired or congenital and
can present with a myriad of clinical manifestations
owing to their specific physical characteristics and
flow pressure parameters. Although rare, the inci-
dence of APF is rising secondary to increased inter-
ventional procedures to the liver1–3 and the
improved survival of patients with hepatic trauma.4

The purpose of this report is to provide a compre-
hensive review of the literature and to introduce
a new classification, with emphasis on therapeutic
implications.

HISTORY

The first description of APF in the literature was
by Weigert in 1886. In 1892, Sachs reported on a pa-
tient who died of bleeding esophageal varices and
who was found to have a ruptured hepatic artery

aneurysm on postmortem examination.5–7 APF as
a complication of liver biopsy was first described
by Preger in 1967.8 In 1971, Van Way et al.6 com-
prehensively reviewed the clinical characteristics of
these interesting arteriovenous fistulas. In 1997,
Vauthey provided a contemporary analysis of the
APF syndrome and made important therapeutic
recommendations.9

CLASSIFICATION

APFs are classified by their etiology, size, involved
vessels, and location. They can either be congenital
or acquired, large or small, intrahepatic or extrahe-
patic, central or peripheral, traumatic or spontane-
ous. Their inflow can be from any of the
splanchnic arteries, most commonly, the hepatic ar-
tery (hepatoportal fistula) (65%), followed in inci-
dence by the splenic artery (splenoportal fistula)
(11%) and the superior mesenteric artery (10%).9

It is critical to classify the APF properly in order
to select appropriate therapy. In this article we
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propose a new classification of APFs into types 1, 2,
and 3 (Table 1).

Type 1

These are small, peripheral, intrahepatic fistulas
with minimal physiologic consequences. The most
common etiology is percutaneous liver biopsies. Pa-
tients are usually asymptomatic and their APF gener-
ally thromboses within 1 month. The suggested
treatment is close follow-up with Doppler ultra-
sound. If the fistula persists for longer than 1 month
or if the patient becomes symptomatic, transcatheter
embolization is recommended.

Type 2

Larger, more central fistulas with enough flow to
cause elevated portal pressures are type 2. They can
be either intrahepatic or extrahepatic. Examples are
those caused after penetrating abdominal trauma or

by erosion of a splenic artery aneurysm into the por-
tal system. They cause portal hypertension and hep-
atoportal sclerosis and can progress to portal fibrosis.
These fistulas should be treated to avoid the compli-
cations of portal hypertension and prevent irrevers-
ible hepatic parenchymal changes. The suggested
treatment is embolization if technically possible. If
this is unfeasible or unsuccessful, then surgical ap-
proaches are warranted.

Type 3

These are congenital APFs. These rare fistulas
are usually intrahepatic and diffuse, and they cause
severe portal hypertension in infancy. We recom-
mend referral to a specialized pediatric hepatobiliary
center where treatment may consist of hepatic
artery ligation, embolization, resection, or liver
transplantation.

Table 1. Proposed classification of arterioportal fistulas (APFs)

Definition Example Clinical Findings Natural History Treatment

Type 1 Small peripheral
asymptomatic
APF with
minimal
physiologic
insult

APF caused by
percutaneous
liver biopsy

Asymptomatic Thrombose
spontaneously
within 1 month

Follow up
with Doppler
ultrasound

Embolize if
persistence
beyond
1 month or
symptomatic

Type 2 Larger central
fistulas causing
physiologic insult

Delayed
presentation
of APF after
penetrating
abdominal
trauma

Portal
hypertension

Portal
hypertension

Treat

History of
penetrating
abdominal
trauma

Hepatoportal
sclerosis

Embolize if
possible

Abdominal
bruit

Possibly
portal fibrosis

Surgery if not
feasible
or unsuccessful

Type 3 Congenital
fistulas

Diffuse,
intrahepatic
congenital
APF in a
neonate

Failure to thrive Severe portal
hypertension in
infancy

Referral to
specialized
pediatric
hepatobiliary
center

Portal
hypertension

Diarrhea
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This classification provides for distinct grouping
based on both natural history and the degree of
physiologic alteration resulting from specific APFs.
It will also allow more uniform therapeutic recom-
mendations for a specific APF subtype.

ETIOLOGY

Acquired APFs can be caused by liver trauma,5,6,10

interventional hepatic procedures,8,10,11 splanchnic
artery aneurysms,6,12 surgery,13 or occur spontane-
ously in the setting of cirrhosis14 or liver tumors.
In a recent review of 88 case reports, the most com-
mon cause of an APF was trauma (28%), followed by
iatrogenic causes (16%), congenital (15%), malig-
nancy (15%), or rupture of splanchnic artery aneu-
rysm (14%).9

APFs can be seen after blunt or penetrating ab-
dominal trauma.3,6,8,9,15,16 In a previous review of
30 traumatic APFs, 29 were caused by penetrating
trauma and only 1 was caused by blunt abdominal
trauma.3 Of these 29 patients, 79% had sustained
gunshot wounds and 17% had stab wounds.3 Pa-
tients can be diagnosed both intraoperatively or fol-
lowing diagnostic evaluation of portal hypertension.6

Interventional hepatic procedures are a common
cause of APFs.2,7–11,14,17–23 In a study of 93 patients
who underwent diagnostic liver procedures, the
incidence of hepatoportal arteriovenous fistulas was
determined by hepatic arteriogram obtained 1
month postprocedure.8 Laparoscopic liver biopsies
using a 2-mm-caliber needle resulted in a 5.4% inci-
dence of APFs. Percutaneous transhepatic cholangi-
ography with a 0.7-mm needle caused an APF in
3.8% of cases. Transhepatic catheterization of bile
ducts resulted in a 26.2 % rate of APF.8 It is not sur-
prising that APF occurs following interventional
procedures to the liver secondary to the anatomical
arrangement of the vessels in the liver parenchyma.
Injury to either a hepatic artery or portal vein may
affect the adjoining vessel in the portal triad, result-
ing in the formation of an APF. Hellekant and
Olint10 identified APFs in 52% of the patients who
had an arteriogram performed within 1 week follow-
ing liver biopsy. This rate decreased to 10% if the ar-
teriogram was performed 3 weeks after liver biopsy.
These data suggest most small, peripheral, asymp-
tomatic fistulas caused by liver biopsy will disappear
spontaneously within 1 month.

Approximately 15% of APFs are the result of rup-
tured splanchnic artery aneurysms. The pathophysi-
ology is thought to involve erosion of the aneurysm
into the portal venous system.3,6,12 Hepatic tumors,
especially hepatocellular carcinoma, are another

cause of APF and are present in approximately
10% of the patients with hepatocellular carcinoma.
APF in association with a solid mass is a highly
specific finding for this malignancy.24

Acquired APFs have been described in association
with several other clinical entities, including heman-
giomas,3,9 cirrhosis,3,9 regenerating liver nodules,9

hepatic abscess,2 Budd-Chiari syndrome, and hered-
itary telangiectatic disorders (Osler-Weber-Rendu
syndrome),2,7 type IV Ehlers-Danlos syndrome,2,25

biliary atresia,14 aneurysms,2,9,26 and Allagilles
syndrome. Idiopathic APFs have been described as
well.27

Iatrogenic surgical causes of APF include mass li-
gation of mesenteric vessels, suture needle injury to
an artery and portal vein, and biopsy needle injury
to hepatic vessels.3,6,9,13,17 APFs can also occur as
a complication of radiofrequency ablation of hepatic
malignancies, which can potentially result in rapid
intrahepatic dissemination of hepatocellular carci-
noma if viable tumor persists.28

Following liver transplantation, APF has been de-
scribed in two settings: during back-table allograft
reduction performed for segmental liver transplanta-
tion, APF has been reported secondary to mass liga-
ture of a vascular pedicle.29 APF has also been
reported following transplantation secondary to
percutaneous liver biopsies.10,19 While most of these
fistulas resolve spontaneously, there are reports of
posttransplant APF resulting in liver allograft
failure.10

CLINICAL FINDINGS

While many patients with APF are asymptomatic,
when symptoms develop it is usually secondary to
the physiologic effects of portal hypertension. The
most common manifestations include gastrointesti-
nal bleeding (33%), ascites (26%), congestive heart
failure (4.5%), and diarrhea (4.5%).9 A bruit or thrill
is noted in approximately 33% of patients, and this
clinical sign often provides the first clue of an
APF.2,6 A thrill is likely to be present when the fistu-
las are greater than 4 mm in diameter.2

The presence or absence of portal hypertension is
dependent on the location of the fistula, the amount
of blood shunted through it, and the resistance of the
liver parenchyma to the increased mesenteric and
portal venous flow. Portal hypertension is of the pre-
sinusoidal etiology30,31 and has been documented in
20243% of the patients with APFs.3 Small, periph-
eral intrahepatic fistulas, such as those caused by
percutaneous liver biopsies, rarely cause portal hy-
pertension.8 In contrast, APFs involving a named
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vessel deliver a higher flow and are more likely to el-
evate portal pressure.3 Overall, liver function tests
are usually not abnormal, and on pathology, these
patients have a conserved lobular architecture.3,5,6,9

Patients with cirrhosis and an APF are more likely
to have portal hypertension because parenchymal
changes in the liver significantly restrict hepatopedal
flow.

Patients with APF, in contrast to patients with
systemic arteriovenous fistulas, rarely develop con-
gestive heart failure.9 In the majority of patients,
the resistance imposed by the intervening hepatic si-
nusoids protects against heart failure.2,3,9 The symp-
toms of diarrhea and abdominal pain may be caused
by an arterial steal phenomenon,3,9 which can even
cause intestinal ischemia when taken to its extreme.7

Given that most APFs are traumatic in origin,
unusual manifestations of APFs can include hemo-
bilia32–34 and, rarely, pancreatitis.3

PATHOLOGY

The pathologic features of APFs are similar to
those of other causes of noncirrhotic portal hyper-
tension. Initially, there is dilatation of the sinusoids
and portal venous branches. In fistulas of long dura-
tion with persistent portal hypertension, there is
prominent venous intimal hyperplasia and arteriali-
zation of the portal venous branches, making them
difficult to distinguish from their arterial counter-
parts. These morphologic changes are called hepato-
portal sclerosis and can contribute to a progressive
rise in the portal system pressure.3,12,35 Portal ve-
nous thrombosis can occur.35

In separate animal studies, Rather and Schilling
have demonstrated the presence of portal fibrosis
in a subset of dogs with long-standing portal hyper-
tension caused by surgically created fistulas between
the hepatic artery and the portal vein.3,6,36 Zuidema3,6

also studied the histologic changes produced by APF
involving the right branch of the portal vein in dogs.
Several months after the surgical procedure, there
were hemosiderin deposits, vascular occlusive changes,
and, in one animal, portal vasculitis in the arterialized
hepatic lobe. These changes were reversible early after
the APF but ultimately produced irreversible changes
if the fistula persisted.3,6 In both studies, most of the
dogs tolerated the surgically created APF relatively
well for several months to years.6

In humans, Vauthey reported on two patients
with hepatoportal fistulas who underwent liver biop-
sies. These demonstrated vascular changes, minimal
periportal fibrosis, and conserved lobular architec-
ture consistent with conserved hepatocyte function.

Donovan et al.36 and Ryan37 reported similar find-
ings. To date, it is unclear whether APF leads to
the development of hepatic cirrhosis in humans. Fur-
ther studies will need to be performed to clarify this
point.

DIAGNOSIS

The diagnosis of an APF is challenging, and many
times it is made incidentally on radiographic evalua-
tion of the portal circulation. When symptomatic,
the interval between the formation of the fistula
and its recognition can range from hours to 42
years.37 Typically, it takes several months for pa-
tients to develop symptoms related to their portal
hypertension.3 A detailed history and physical exam-
ination are essential. A history of penetrating trauma
to the abdomen is invaluable. On physical examina-
tion, the presence of an abdominal bruit or thrill is
often a significant clue.

Hepatic arteriography is the gold standard in di-
agnosing APF.2 Early visualization of the portal
vein on aortic or celiac artery injection is pathogno-
monic (Fig. 1)2. Angiography often reveals a single
fistula and hepatopedal flow with no evidence of por-
tal hypertension. However, if the fistula is large
enough or in the setting of cirrhosis, hepatofugal
flow can be present.9,23 Doppler ultrasound can be
useful as a screening test and in the follow-up of
asymptomatic fistulas without evidence of portal

Fig. 1. Hepatic arteriogram demonstrating an APF. This fis-
tula was embolized using steel coils.
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hypertension.2 Doppler ultrasound findings demon-
strate a dilated hepatic artery and ‘‘arterialization’’ of
a dilated portal system with or without hepatofugal
flow.2,9 On computed tomography, APF is suggested
by the early filling of the portal vein on the arterial
phase and the presence of wedge-shaped, transient
peripheral areas of enhancement during the hepatic
arterial phase (Fig. 2)1,9. Magnetic resonance imag-
ing can identify the flow patterns and potential
thrombotic components. Magnetic resonance angi-
ography can also be used as a noninvasive method
of demonstrating the vascular anatomy in patients
for whom angiography is contraindicated.9 Magnetic
resonance imaging/angiography findings are similar
to those seen on computed tomography scan.1 Occa-
sionally, an APF can be diagnosed at the initial or
repeat celiotomy for trauma.5

TREATMENT

The optimal therapy for APF remains controver-
sial. The specific treatment depends on the size, lo-
cation, and number of APFs.3,5 In an analysis of 88
patients, the most common modes of treatment
have been radiologic intervention (39%), surgery
alone (31%), a combination of interventional proce-
dure and surgery (9%), or no treatment (21%).9 The
great majority of APFs do not require emergency
intervention; there is time to analyze the fistula and
estimate its physiologic consequences.9 Yet, in
some instances, treatment is clearly indicated to

prevent the long-term development of portal hyper-
tension, hepatoportal sclerosis, and possible cirrho-
sis.3,9 Nonetheless, because smaller fistulas can
thrombose and close spontaneously,2,10,16 some
form of occlusion is required only for patients with
portal hypertension or if the fistula is shown to in-
crease in size.10 Small peripheral asymptomatic fistu-
las (type 1) can be followed by serial duplex
ultrasound.10 If there is evidence of portal hyperten-
sion, if the fistula is large, or if it fails to disappear
over a reasonable period of time, then treatment is
indicated.9,10 In contrast to small intrahepatic fistu-
las, all extrahepatic fistulas should be treated, be-
cause no spontaneous closure of an extrahepatic
APF has been reported.2,3

Arterial embolization is very effective in treating
a single APF. Several therapies are available to oc-
clude the fistula, including steel coils,38,39 alco-
hol,9,40 gel foam particles,9 isobutyl cyanoacrylate,9

angioplasty balloon tamponade,32 and detachable
balloons.41 The method is dependent on the charac-
teristics of flow and size and on the experience of the
interventional therapist. Gianturco steel coils are
more strongly recommended than gel foam particles,
because the latter can pass through the fistula and
end up in the splanchnic circulation.38

If embolization is unsuccessful, hepatic artery
ligation or fistula resection can be therapeutic.16,24

Hepatic artery ligation limits blood loss and surgical
complications and is an effective treatment for this
condition. However, both embolization and arterial
ligation are not recommended in the mesenteric

Fig. 2. Computed tomography scan of an APF. Note the increased enhancement of the left lobe of the
liver on the arterial phase. Also, there is early visualization of the portal vein (arrow).
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arteries, given the risk for end organ ischemia.40 He-
patic artery ligation is also contraindicated in pa-
tients with limited hepatic reserve. Splenoportal
fistulas can be safely embolized without causing
splenic ischemia due to the collateral blood supply
to this organ by means of the left gastroepiploic
and short gastric arteries.9

In extrahepatic fistulas or when ligation is contra-
indicated, APF resection can be undertaken.2 These
operations can be very difficult and are associated
with significant blood loss.3 Some groups recom-
mend complete excision of the fistulas given con-
cerns for recurrence through collateral vessels with
simple fistula ligation.2 Rarely, a formal hepatic lo-
bectomy may need to be performed5,6,36 or liver
transplantation for patients requiring resection but
with limited hepatic reserve.35

In the setting of an exploratory laparotomy for
penetrating abdominal trauma, some consideration
should be given to exploring hepatic hematomas in
hemodynamically stable patients and possibly pre-
venting the formation of an APF.3

With any form of treatment, significant complica-
tions can occur. They include liver failure, hepatic
abscess, portal vein thrombosis, biliary fistula, bile
duct stricture, and stroke.9 Complications specific
to embolization therapy include migration of coils,
infection, organ infarction, pancreatitis, and vascular
injury.40

CONGENITAL

Congenital APFs are a rare cause of severe portal
hypertension in children with challenging diagnostic
and therapeutic implications.7,42 These APFs are
mostly intrahepatic and they represent 12% of the
cases of developmental intrahepatic shunts.42

The clinical presentation is sufficiently distinct
for an astute clinician to differentiate between the
congenital and the acquired types. As described by
Dr. Nigel Heaton from the Kings College Hospital
in Great Britain, ‘‘Diffuse intra-hepatic A-V fistulas
are always congenital in origin whereas a solitary fis-
tula is usually acquired.’’7 Children usually present
with a syndrome consisting of watery diarrhea, ma-
laise, failure to thrive, abdominal distention, and
hepatosplenomegaly secondary to severe presinusoi-
dal portal hypertension.7 In infants, malabsorption
and failure to thrive are the most common present-
ing features, with portal hypertension developing
later.42 Older children can present with severe portal
hypertension and manifest any of its associated
complications, such as severe upper gastrointestinal
bleeding caused by esophageal varices.43,44

The presence of a patent ductus venosum is pro-
tective in the initial postnatal period.7,42 Symptoms
usually develop after 1 month of age, once the duct
is closed and blood cannot easily shunt into the sys-
temic circulation. Often these children are being in-
vestigated for generalized abdominal findings and
are later noted to develop symptoms related to portal
hypertension. Heart failure is not usually a feature,
due to the protective effect of the intervening hepatic
sinusoids.42 Pancreatic hypofunction secondary to
venous congestion has been postulated as a mecha-
nism for their malabsorption, steatorrhea, and wa-
tery diarrhea.7

Upon physical examination, a characteristic bruit
can be heard over the right upper quadrant. Liver
function tests are usually normal. At laparotomy, these
patients have an impressive hyperemic and congested
bowel as well as significant hepatosplenomegaly.7

Doppler ultrasound is the best modality in making
the diagnosis and is helpful in the subsequent evalu-
ation of these children.14,20 Features include pulsa-
tile hepatofugal flow in the portal vein and color
speckling in the hepatic parenchyma adjacent to
the fistula.14 The diagnosis of a congenital hepato-
portal arteriovenous fistula can even be made prena-
tally by ultrasound.45

A detailed radiologic evaluation is very important
and is intended to do the following: (1) localize and
characterize the hepatic lesions, (2) quantify the
shunt, (3) document normal portal venous anatomy,
(4) indicate resectability, (5) provide a anatomic de-
tails for arterial ligation or embolization, and (6)
identify any further lesions in other organs.42 Com-
puted tomography or magnetic resonance imaging
can provide further anatomic information and possi-
bly demonstrate possible hepatic perfusion anoma-
lies.14 Angiography is the most useful test because
it can both identify multiple APFs and be therapeu-
tic. The diagnosis is made on the portal venous
phase of a celiac and superior mesenteric arterio-
gram because portal vein angiography is usually
unsuccessful owing to the elevated portal venous
pressures and hepatofugal flow. Portal vein pressures
are often significantly elevated (up to 75 cm H2O),7

whereas hepatic vein wedge pressures are normal
owing to the presinusoidal nature of the shunt.

Due to their larger size, congenital APFs most
often cause portal hypertension and subsequent
hepatoportal sclerosis.14 Experience has shown that
hepatic artery ligation is the preferred treatment
for congenital fistulas and has been curative in
most cases.7,44,46,47 Because these patients have
multiple arteriovenous fistulas, embolization alone is
often not successful. An infant can present with
a seemingly single dominant fistula, but after
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selective devascularization, another fistula arises.7,42

Embolization, however, has proved effective in con-
junction with hepatic artery ligation or in cases of
solitary congenital hepatoportal fistulas.22,25,27,45,47

Occasionally, liver transplantation may be the only
possible therapy in patients with extensive involve-
ment or in those who would not tolerate hepatic ar-
tery ligation due to associated hepatic pathology
such as cirrhosis18 or biliary atresia.14 Given the
rarity and complexity of these cases, they are best
managed at a specialized pediatric hepatobiliary
center.42

PROGNOSIS

Patients with acquired fistulas have a good prog-
nosis, owing to the minimal physiologic derange-
ments that isolated APFs cause in the majority of
patients and to the effective therapies currently avail-
able. Congenital APFs can be associated with other
congenital abnormalities and patients can have
a more severe form of portal hypertension. Never-
theless, in a recent review, only one of seven patients
with diagnosed congenital APF died as a consequence
of the disease.7

CONCLUSION

APFs are a well-described cause of presinusoidal
portal hypertension. In patients with portal hyper-
tension and no evidence or history of cirrhosis, one
should consider APF as a potential etiology if there
is a history of liver biopsy or penetrating trauma to
the upper abdomen or if an abdominal bruit can be
auscultated. The diagnosis is usually established by
ultrasound or contrast studies where early filling of
the portal vein is noted. A detailed radiologic evalu-
ation is imperative. The treatment depends on the
duration, size, location, and presence or absence of
portal hypertension. Type 1 APFs generally close
spontaneously, whereas type 2 APFs may progress
to portal hypertension, hepatoportal sclerosis, and
possible hepatic fibrosis. When necessary, treatment
can be accomplished with minimal morbidity. The
prognosis is usually good. A new classification is in-
troduced that takes into consideration the natural
history of these fistulas and allows uniform therapeu-
tic recommendations.
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Helicobacter pylori Extract Induces Nuclear Factor-
kappa B, Activator Protein-1, and Cyclooxygenase-2
in Esophageal Epithelial Cells

Mohamed M.M. Abdel-Latif, Ph.D., Henry Windle, Ph.D., Ana Terres, Ph.D.,
D�eirdre N�ı Eidhin, Ph.D., Dermot Kelleher, M.D., John V. Reynolds, M.D.

Helicobacter pylori infection is recognized as the major cause of gastritis and gastric cancer; however, its role
in the development of gastroesophageal reflux disease and Barrett’s adenocarcinoma is unclear. The ex-
pression of NF-kB, AP-1, and COX-2 may be important in inflammation and tumorigenesis in the esoph-
agus. The aim of this study was to examine the effect of live H pylori or H pylori extract (HPE) on these
factors in the esophageal epithelial cell lines SKGT-4 and OE33. NF-kB and AP-1 activity were assessed
by gel shift assay and COX-2 by Western blotting. Coculture of SKGT-4 and OE33 with live H pylori and
HPE induced NF-kB and AP-1 DNA-binding activity, and also decreased IkB-a levels. Treatment with
the specific MEK1/2 MAPK inhibitor PD98059, but not the p38 MAPK inhibitor SB203580, inhibited
NF-kB and AP-1 activity. The antioxidant vitamin C inhibited H pylori-induced NF-kB activation, but
increased AP-1 expression. Moreover, HPE induced COX-2 expression and IL-8 production, and
PD98059 inhibited COX-2 expression, ERK1/2 phosphorylation, and IL-8 production. These data dem-
onstrate that both live H pylori and HPE induce NF-kB and AP-1 expression in esophageal epithelial cells.
The induction of such transcription factors may play a role in the specific immune response within Bar-
rett’s mucosa and may indirectly cause inflammation of the gastric cardia and the distal esophagus.
( J GASTROINTEST SURG 2006;10:551–562) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: AP-1, esophageal cancer, H pylori, HPE, NF-kB

Helicobacter pylori infects over half the world’s pop-
ulation. The infection is associated with chronic gas-
tritis, peptic ulceration, gastric lymphoma, and
gastric adenocarcinoma.1,2 H pylori eradication is
effective in the treatment of gastritis, peptic ulcers,
and early lymphoma of mucosal-associated lymphoid
tissue.3 The relationship, however, between H pylori
infection and gastroesophageal reflux disease
(GERD), the onset of Barrett’s esophagus, and the
development of adenocarcinoma of the esophagus
and the esophagogastric junction is controversial. A
significantly higher prevalence of esophageal H pylori
infection has been reported in patients with Barrett’s
and esophageal adenocarcinoma compared with Bar-
rett’s patients without cancer (75% vs. 32.6%).4

Nondysplastic Barrett’s epithelium is also frequently
colonized with H pylori.5 Moreover, the prevalence
of inflammation at the esophagogastric junction, so-
called carditis, is similar in patients with and without
GERD and is associated with H pylori infection.6–9

In GERD, H pylori gastritis may protect against
the development of esophageal erosions.10 The
infection exerts a protective effect on the esophagus,
probably mediated by the ammonia buffer produced
by H pylori and refluxing in the esophagus.11 Patients
carrying cagAC strains of H pylori have greater
protection against the complications of GERD, es-
pecially Barrett’s metaplasia, dysplasia, and adeno-
carcinoma.12,13 The studies suggest that the
distribution and severity of H pylori- related gastritis
and atrophy, rather than the mere presence of H
pylori infection, play a role in the pathophysiology
of GERD, and that H pylori colonization of the
esophagus may occur by a mechanism that is differ-
ent from that observed in the gastric mucosa.

The specific immune environment within Bar-
rett’s metaplasia is an important driver in the devel-
opment of GERD and cancer of the esophagus. In
inflammatory disease states, proinflammatory media-
tors known to be regulated by transcription factors
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such as nuclear factor-kappa B (NF-kB) and activa-
tor protein-1 (AP-1) are thought to play an impor-
tant role in the regulation of various cellular
functions, including cellular activation, proliferation,
and apoptosis. NF-kB resides in the cytoplasm, in an
inactive form, as a heterodimer consisting of p50 and
p65 (RelA) subunits complexed to the inhibitory
molecule IkB, which prevents the migration of the
heterodimer to the nucleus. After a range of stimuli
in many cell types, NF-kB translocates to the nu-
cleus and binds to its specific DNA site and subse-
quently upregulates the gene expression.14,15 We
have previously reported that NF-kB is increasingly
expressed from inflammation through Barrett’s
metaplasia to dysplasia and adenocarcinoma.16

The relationship between H pylori infection and
the transcription factors NF-kB and AP-1 and related
cytokines has not previously been addressed. Jones
et al.17 demonstrated that wild-type H pylori strains
increased Fas protein expression in OE33 cells, and
that H pylori induced apoptosis at a higher rate in
the Barrett’s-derived human esophageal adenocarci-
noma cells than in normal esophageal cells. This H
pylori-induced apoptosis was primarily dependent
on intact bacteria and the presence of the cagA and
picB/cagE gene products. It is known that transcrip-
tion factors such as NF-kB and AP-1 regulate a wide
variety of genes involved in epithelial inflammation,
growth, and apoptosis, including Fas.14,15

In this study we have sought to determine whether
H pylori infection has any effect on the expression of
NF-kB and AP-1 in esophageal epithelial cells and to
further explore the molecular mechanisms involved.
We report herein that both live H pylori and H pylori
extract induce NF-kB, AP-1, and COX-2 expression
in the esophageal epithelial cells SKGT-4 and OE33
cells, and that H pylori also activates ERK1/2 phos-
phorylation. Moreover, incubation of esophageal ep-
ithelial cells with HPE increased IL-8 production,
and HPE-induced IL-8 was inhibited by the
MEK1/2 MAPK inhibitor PD98059 and vitamin C.

MATERIAL AND METHODS
Material

NF-kB and AP-1 consensus oligonucleotides were
obtained from Promega (Promega Corp., Madison,
WI). Antibody to IkB-a, anti-phospho-ERK1/2,
and non-phospho-ERK1/2, anti-p50 (sc-114X),
anti-p65 (sc-109X), anti-c-Rel (sc-70X), anti-Fra-1,
anti-c-Fos, anti-c-Jun, and anti-Jun-D for gel su-
per-shift assays were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA). Polyclonal COX-2
antibody was purchased from Cayman Chemical
Company (Ann Arbor, MI). [g32P]ATP (35 pmol,

3000 Ci/mmol) was from Amersham International
(Aylesbury, UK). Poly(dI-dC) was obtained from
Pharmacia (Biosystems, Milton Keynes, UK). Vita-
min C was obtained from Sigma (Poole, Dorset,
UK). PD98059 and SB203580 were purchased from
Calbiochem, Novabiochem Corp., La Jolla, CA.

Cell Culture

The esophageal epithelial cell line OE33 (derived
from the adenocarcinoma of the lower esophagus;
Barrett’s metaplasia) was obtained from the Euro-
pean Collection of Animal Cell Cultures (Porton
Down, Salisbury, UK). SKGT-4 cells (established
from a well-differentiated adenocarcinoma arising
in Barrett’s epithelium of the distal esophagus)
were a gift from Dr. David S. Schrump (Thoracic
Oncology Section, Surgery Branch, National Cancer
Institute, NIH, Bethesda, MD). OE33 and SKGT-4
cells were grown in RPMI 1640 medium supple-
mented with 10% filtered fetal calf serum, 100
units/ml penicillin, 100 mg/ml streptomycin, and 2
mmol/L L-glutamine.

H pylori Culture

H pylori reference strains NCTC 11637 and
NCTC 11638 obtained from the National Collec-
tion of Type Cultures (Colindale, UK) were used
in this study. The strains were grown in a micro-
aerobic-humidified atmosphere on 7% lysed horse
blood Columbia agar at 37 � C. After 48–72 hours,
bacteria were harvested in RPMI 1640 medium
without antibiotics and resuspended to a concentra-
tion of 2 3 108 colony-forming units (cfu)/ml using
the McFarland standard kit. Live H pylori were co-
cultured with SKGT-4 or OE33 for different pe-
riods of time (30 min – 240 min). The ratio of H
pylori to esophageal epithelial cells is 100:1. For
preparation of H pylori extract (HPE), suspended
bacteria were placed on ice for 20 minutes and
centrifuged at 15000g for 10 minutes at 4 � C. Serial
dilutions of HPE were used to infect the cells and 1
ml of HPE was found to induce a pronounced NF-
kB and AP-1 activation, therefore 1 ml HPE was
used in all experiments. The total protein content
of this HPE was 300 mg/ml as measured by the
method of Bradford.18

Cell Culture Treatments

Confluent SKGT-4 and OE33cells (1 3106 cells/ml)
grown in 6-well plates were cocultured with 1 ml of
freshly harvested H pylori suspension (2 3 108 cfu/ml)
or HPE. In the case of all inhibitors, appropriate
dilutions were made in cell culture medium just
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before use and preincubated with the cells for 1
hour before incubation with H pylori.

Total Cell Extract Preparation

Cells were collected by centrifugation, resus-
pended in lysis buffer (20 mmol/L Tris-HCl [pH
7.5], 1% [wt/vol] sodium dodecyl sulphate, 150
mmol/L NaCl, 1 mmol/L EGTA, 1 mmol/L EDTA,
0.5 mmol/L phenylmethylsulfonyl fluoride and leu-
peptin; 10 mg/ml), and then the cells were solubilized
by boiling and used immediately or kept at 220 � C.

Western Blot Analysis

Equivalent protein amounts (50 mg protein) were
resolved by electrophoresis using 10% polyacryl-
amide gels according to the method of Laemmli.19

Proteins were transfered onto polyvinylidene
fluoride (PVDF) membrane. Blots were blocked
and probed with the primary antibody (anti-IkB-a,
anti-COX-2, anti-phospho-ERK1/2, or non-phos-
pho-ERK1/2) for 1 hour at room temperature. Blots
were incubated with the appropriate secondary anti-
body for 1 hour and immunodetection was per-
formed by enhanced chemiluminescence.

Nuclear Extract Preparation

Nuclear extracts were prepared from OE33 and
SKGT-4 cells as described previously.20 The nuclear
extracts were used immediately or stored at 270 � C
until required. The protein concentration was deter-
mined by the method of Bradford.18

Electrophoretic Mobility Shift Assay

Nuclear extracts (4 mg protein) were incubated
with 10000 cpm of the 32P-labeled NF-kB (50-
AGTTGAGGGGACTTTCCCAGGC-30) or AP-1
(50- CGCTTG ATGAGTCAGCCGGAA-30) oligo-
nucleotide. The binding assay was performed in the
presence of poly(dI-dC) as nonspecific competitor
and 32P-labeled NF-kB or AP-1 for 30 minutes at
room temperature. After electrophoresis, the gels
were dried and autoradiographed. In super-shift

and competition assays, 0.5 ml of NF-kB antibodies
(anti-p50, anti-p65 and anti-c-Kel), and AP-1 anti-
bodies (anti-Fra-1, anti-c-Fos, anti-c-jun and anti-
Jun-D) was preincubated with nuclear extract for
30 minutes before the addition of the labeled probe.

IL-8 Production

SKGT-4 cells were seeded in 96-well plates (1 3

106 cells in 200 ml) overnight at 37 � C. SKGT-4 cells
were incubated with 100 ml HPE for 8 hours. At the
end of treatment, cell supernatants were collected
and assayed for IL-8 production by ELISA accord-
ing to the manufacturer instructions (Pharmingen)
using an enzyme-linked immunosorbent assay
(ELISA) plate reader.

Statistical Analysis

The Student’s t test was used to assess the statisti-
cal significance of the difference. Statistical difference
was indicated by a P value ! 0.05. Data are presented
as mean 6 standard error of the mean (SEM).

RESULTS
H pylori Induces NF-kB DNA-Binding Activity
in Esophageal Epithelial Cells

The first study explored whether H pylori could in-
duce NF-kB DNA-binding activity in esophageal cell
lines. Exposure of SKGT-4 or OE33 cells to live
H pylori resulted in increased NF-kB DNA-binding
activity as demonstrated by gel shift assays. Coculture
of OE33 or SKGT-4 cells with H pylori induced
NF-kB DNA-binding activity (Fig. 1, A). Little or
no NF-kB activity was observed in resting OE33 or
SKGT-4 cells. Incubation of OE33 or SKGT-4 cells
with 1 ml of HPE for 1 hour results in a marked in-
crease in NF-kB DNA-binding activity (Fig. 1, B).
Time-course experiments revealed a time-dependent
increase in the levels of NF-kB upon coculture with
HPE. Detectable increases in NF-kB levels were
seen from 30 minutes to 4 hours (Fig. 1, C ).

Fig. 1. H pylori induces NF-kB DNA-binding activity in esophageal epithelial cells. SKGT-4 or OE33 cells were cocultured with
(A) a freshly harvested H pylori suspension strain 11638 (2 3 108 cfu/ml) or (B) 1 ml of H pylori extract (HPE). Nuclear extracts
were prepared and gel shift assays for NF-kB DNA-binding activity were performed (as described under Materials and Methods
section) using 4 mg protein. Lanes 1 and 3, nuclear extract from unstimulated cells. Lanes 2 and 4, nuclear extracts from cells co-
cultured with H pylori or HPE. (C) Time course of NF-kB activation by HPE in SKGT-4 cells incubated with HPE for different
periods of time between 30 minutes and 4 hours. (D) Super-shift assay was performed on nuclear extracts prepared from SKGT-4
cells incubated with HPE (lane 1) using 0.5 ml of rabbit antisera to p50, lane 2; p65, lane 3; and c-Rel, lane 4. A competition assay
for NF-kB was also performed using 100-fold molar excess of unlabelled NF-kB, lane 5. Unstimulated cells are shown in lane 1.
(E) Effect of H pylori on IkB-a protein level. SKGT-4 cells were incubated with H pylori strain 11638 (2 3 108 cfu/ml) or HPE for
1 hour. At the end of incubation, total cell extracts were prepared and equivalent amounts of protein (50 mg protein) were sepa-
rated by 10% polyacrylamide gels, blotted onto PVDF membrane, and probed with anti-IkB-a antibody (as described under Ma-
terials and Methods section). Each experiment was repeated three times with similar results, and a representative gel is shown.
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To identify the composition of the NF-kB DNA
complex induced by HPE, a panel of antibodies di-
rected against various NF-kB subunits (p50, p65,
and c-Rel) were preincubated with nuclear extracts
from SKGT-4 cells stimulated with HPE. Anti-
bodies to p50 and p65 recognized this NF-kB
DNA complex, whereas anti-c-Rel had no effect in
the super-shift assay (Fig. 1, D). In competition as-
says, preincubation of nuclear extracts prepared
from SKGT-4 cells stimulated with HPE with
a 100-fold molar excess of unlabelled NF-kB oligo-
nucleotide completely abrogated HPE-induced
NF-kB DNA complex (Fig. 1, D).

HPE Reduces IkB-a Protein Level

Western blotting with antibody against IkB-
a showed that coculture of SKGT-4 cells with
a freshly harvested H pylori suspension or H pylori ex-
tract (HPE) induced degradation of the 37 kDa band
of IkB-a protein (Fig. 1, E ). The decrease in IkB-
a levels is coincident with the activation of NF-kB
DNA-binding activity.

HPE Induces AP-1 DNA-Binding Activity

Coculture of SKGT-4 or OE33 cells with live H
pylori or HPE induced AP-1 DNA-binding activity

Fig. 2. Effect of H pylori on AP-1 DNA-binding activity in esophageal epithelial cells. SKGT-4 or OE33 cells were cocultured
with (A) a freshly harvested H pylori suspension strain 11638 (2 3 108 cfu/ml) or (B) 1 ml HPE for 1 hour. (C) Time course of
AP-1 activation by HPE in SKGT-4 cells incubated with HPE between 30 minutes and 4 hours. Nuclear extracts were prepared
and assayed for AP-1 binding activity in an EMSA reaction. (D) Super-shift assays were performed to identify the components of
HPE-induced AP-1 DNA-complex. Nuclear extracts prepared from SKGT-4 cells stimulated with HPE were incubated with 2
ml of antibodies directed against various AP-1 species (anti-c-Fos, anti-Fra-1, anti-c-Jun, and anti-Jun-D) or 100-fold molar ex-
cess of unlabelled AP-1 oligonucleotide for 30 minutes before gel electrophoresis. Each experiment was repeated three times
with similar results and a representative gel is shown.

=

Fig. 3. Effect of H pylori LPS on NF-kB and AP-1 DNA-binding activity. SKGT-4 cells were incubated
with purified H pylori LPS (15 mg/ml) or 1 ml HPE for 1 hour, and nuclear extracts were prepared and
assayed for NF-kB (A) and AP-1 (B) DNA-binding activity in an EMSA reaction.
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Fig. 4. Effect of MAPK inhibitors and vitamin C on HPE-induced NF-kB and AP-1. SKGT-4 cells
were pretreated with the MAPK inhibitors PD98059 (20 mmol/L) and SB203580 (20 mmol/L) or the
antioxidant vitamin C (20 mmol/L) for 30 minutes before incubation with HPE for 1 hour. Nuclear ex-
tracts were prepared and assayed for NF-kB (A and C) and AP-1 (B and D) DNA-binding activity in an
EMSA reaction. One gel is shown of three different experiments with similar results.
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(Fig. 2, A, B). HPE induced AP-1 in a time-depen-
dent manner (Fig. 2, C ). Super-shift studies were
also performed to identify the components of the ac-
tivated AP-1 complex using antibodies directed
against various AP-1 species (anti-Fra-1, anti-c-
Fos, anti-c-Jun, and anti-Jun-D). The reaction mix-
ture containing nuclear extracts were preincubated
with 2 ml of these antibodies for 30 minutes before
gel electrophoresis. Band intensity decreased with
the anti-Fra-1, whereas anti-Jun-D caused a super-
shift of this complex (Fig. 2, D). The addition of
100-fold molar excess of unlabelled AP-1 oligonu-
cleotide completely abolished AP-1 DNA complex
formation (Fig. 2, D).

HPE, Not H Pylori Lipopolysaccharide, Induces
NF-kB and AP-1

H pylori lipopolysaccharide (LPS) is reported to be
less potent in activating NF-kB and eliciting cyto-
kines. We have tested the difference in the capability
of HPE and H pylori LPS in activating NF-kB and
AP-1 in esophageal epithelial cells. SKGT-4 cells
were incubated with purified H pylori LPS (15 mg/
ml) for 1 hour and nuclear extracts were prepared
and examined for NF-kB and AP-1 in electropho-
retic mobility shift assay (EMSA) reaction. Here
we found that incubation of SKGT-4 cells with
HPE induced NF-kB and AP-1 DNA-binding
(Fig. 3, A, B), whereas H pylori LPS was unable to
induce NF-kB or AP-1 compared with HPE.

Signaling Pathway of NF-kB and AP-1
Activation by HPE

This addressed whether MAPK pathways are in-
volved in NF-kB and AP-1 by HPE, as MAPK path-
ways have been shown to be involved in AP-1
induction.21 To determine the signalling pathways in-
volved in NF-kB induction by HPE, a panel of MAP
kinase inhibitors were used. SKGT-4 cells were prein-
cubated with the appropriate inhibitor for 30 minutes
after which the cells were stimulated with HPE. Pre-
treatment of SKGT-4 cells with the MEK1/2 MAP
kinase inhibitor PD98059 (20 mmol/L) completely in-
hibited NF-kB and AP-1 DNA-binding activity
(Fig. 4, A, B), whereas the p38 MAP kinase inhibitor
SB203580 (20 mmol/L) had no effect on NF-kB or
AP-1 activation (Fig. 4, A, B).

NF-kB and AP-1 are redox-responsive transcrip-
tion factors that their activities are affected by anti-
oxidants. In addition, NF-kB and AP-1 also
regulate genes regulating the oxidative stress re-
sponse in inflammatory tissue. Therefore, we have
tested the effect of vitamin C on H pylori-induced
NF-kB and AP-1 activation in our cell culture

model. Pretreatment of SKGT-4 cells with the anti-
oxidant vitamin C (20 mmol/L) for 30 minutes be-
fore 1 hour stimulation with HPE abrogated HPE-
induced NF-kB activation but enhanced AP-1
DNA-binding activity (Fig. 4, C, D).

H pylori Activates ERK1/2 Phosphorylation

SKGT-4 cells were incubated with live H pylori or
HPE for 1 hour, and cell lysates were prepared and
examined by Western blotting by using phospho-
specific antibody to ERK1/2. Exposure of SKGT-4

Fig. 5. HPE activates ERK1/2 phosphorylation. (A) SKGT-4
cells were incubated in the presence or absence of live H pylori
or HPE for 1 hour. At the end of the incubation, total cell ly-
sates were prepared and subjected to Western blotting using
phospho-specific antibody to ERK1/2 (p44, upper band and
p42, lower band). (B) Effect of the MAPK inhibitors
SB203580 (20 mmol/L) and PD98059 (20 mmol/L) and vita-
min C (20 mmol/L) pretreatment for 30 minutes before incu-
bation with HPE for another 1 hour on ERK1/2
phosphorylation. For control experiments, total ERK1/2 was
used as a control. These experiments were performed three
times with similar results and one representative gel is shown.
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cells to H pylori or HPE resulted in a marked increase
in the phosphorylation of ERK1/2 (Fig. 5, A). Phos-
pho-specific antibody to ERK1/2 recognized two
phosphorylated bands, p44 (upper band) and p42
(lower band). Control SKGT-4 cells showed low or
none of activated ERK1/2 activity. Pretreatment of
SKGT-4 cells with different doses of PD98059 (1–
50 mmol/L) before 1-hour stimulation with HPE
inhibited ERK1/2 phosphorylation (Fig. 5, A). Sim-
ilarly, vitamin C (20 mmol/L) partly inhibited
ERK1/2, but SB203580 (20 mmol/L), a specific p38
inhibitor, had no effect on ERK1/2 phosphorylation
(Fig. 5, B). For controls, antibody to total ERK1/2
was used as a control for protein loading.

H pylori and HPE Induce COX-2 Expression

The induction of the transcription factors NF-kB
and AP-1 regulates a wide range of proteins that
control apoptosis and proliferation, including
COX-2. We hypothesized that H pylori or its prod-
uct could affect COX-2 expression in esophageal

epithelial cells. Coculture of SKGT-4 or OE33 cells
with live H pylori or HPE resulted in the activation of
COX-2 expression (Fig. 6, A). Pretreatment with the
MAPK kinases inhibitors SB203580 (20 mmol/L)
and PD98059 (20 mmol/L) or the antioxidant vita-
min C (20 mmol/L) for 30 minutes before 1-hour in-
cubation with HPE inhibited HPE-induced COX-2
expression (Fig. 6, B).

HPE Enhances IL-8 Production

Because NF-kB regulates the transcription of a va-
riety of genes that are involved in the inflammatory
process, we investigated the effect of HPE on IL-8
production in SKGT-4 cells. Incubation of SKGT-
4 cells with HPE for 8 hours resulted in a marked in-
crease in IL-8 production compared with untreated
cells (Fig. 7). Pretreatment of SKGT-4 cells with
PD98059 (20 mmol/L) or vitamin C (20 mmol/L)
for 30 minutes before incubation with HPE for a fur-
ther 8 hours significantly inhibited HPE-induced
IL-8 production (P value ! 0.05). However,

Fig. 6. HPE induces COX-2 expression. (A) SKGT-4 or OE33 cells were cocultured with 1 ml H pylori
(2 3 108 cfu/ml) or HPE for 1 hour. Total cell extracts were prepared, separated by 10% polyacrylamide
gels, blotted onto PVDF membrane, and probed with anti-COX-2 antibody. Lane 7 shows the standard
COX-2 (72 kDa). (B) SKGT-4 cells were pretreated with the MAPK inhibitors SB203580 (20 mmol/L)
and PD98059 (20 mmol/L) or vitamin C (20 mmol/L) for 30 minutes before incubation with HPE for
another 1 hour. One gel is shown of three different experiments with similar results.
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pretreatment of SKGT-4 cells with SB203580 (20
mmol/L) had no effect on HPE-induced IL-8 pro-
duction (Fig. 7).

DISCUSSION

The present study demonstrates that H pylori and
H pylori extract (HPE) induced the expression of
NF-kB, AP-1, and COX-2 in esophageal epithelial
cells. HPE also increased IL-8 production from
esophageal epithelial cells. The data demonstrated
a role for the MEK/ERK1/2 pathway in regulating
NF-kB and AP-1 activation and IL-8 production
by HPE, but not the p38 MAPK pathway, and
showed that HPE activates ERK1/2 phosphoryla-
tion. Moreover, vitamin C pretreatment blocked
NF-kB DNA-binding activity and COX-2 expres-
sion and IL-8 production, but not AP-1 activity in
esophageal epithelial cells.

The role of H pylori in the pathogenesis of GERD
remains controversial. Much attention has recently
focused on a possible role for H pylori in GERD
and its complications such as Barrett’s esophagus

and esophageal adenocarcinoma. A number of previ-
ous clinical studies are divided between those that
show that H pylori infection has no role in the path-
ogenesis of GERD4,5,7 and others that suggest a pro-
tective role for H pylori infection in GERD.11–13 H
pylori has been shown to release substances that in-
hibit gastric acid secretion.22 Moreover, H pylori
generates large amounts of ammonia,23 which could
decrease the corrosive potential of the gastric juice
refluxing into the esophagus. This study in esopha-
geal cancer cell lines suggests, however, a direct
proinflammatory link between H pylori and GERD
and demonstrates that H pylori activates molecular
markers central to inflammation, including NF-kB,
AP-1, and COX-2. Perhaps importantly, the re-
sponse is induced by extract as well as live H pylori.

The NF-kB pathway is of particular interest, as it
is pivotal in the regulation of genes involved in the
host immune and inflammatory response.14,15 NF-
kB also functions in concert with other transcription
factors including AP-1, whose transcriptional activa-
tion involves phosphorylation of MAP kinases. This
dual pathway enhances production of proapoptotic
and antiapoptotic proteins dependent on the cellular
context. A number of studies implicate MAP kinases
as upstream mediators of NF-kB, COX-2, and AP-1
activation and cytokine expression.24,25 MAP kinases
can be activated by a variety of agents and can trans-
mit signals from the cell surface to the nucleus to
regulate gene expression, cytokine production, cell
proliferation, and cell survival. In this study, we
found that incubation of esophageal epithelial cells
with H pylori water extract results in phosphorylation
of the ERK1/2 (p44/42) pathway. Despite the link
between MAP kinases and NF-kB or AP-1 activa-
tion, we found that the specific MEK/ERK1/2
MAPK inhibitor PD98059 inhibited HPE-induced
NF-kB and AP-1, but the p38 MAPK inhibitor
SB203580 had no effect on NF-kB or AP-1 activity.

H pylori gastritis is accompanied by the release of
numerous mediators, including prostaglandins, ni-
tric oxide, and cytokines,26–28 which may weaken
the lower esophageal sphincter, damage mucosa,
and promote an inflammatory response.29–31 More-
over, direct injurious effects by H pylori bacterial fac-
tors including cytotoxin and phospholipase may
augment this response. Water-soluble products of
H pylori may form part of the esophageal refluxate,
and in this respect, the finding in this study that H
pylori water extract induced NF-kB, AP-1, and
COX-2 expression in esophageal epithelial cells
may be of clinical significance. A previous report
by Kim et al.24 demonstrated that upregulating
COX-2 expression is by H pylori water-soluble pro-
teins, and that NF-kB and MAP kinase signaling

Fig. 7. Effect of HPE on IL-8 production. SKGT-4 cells (1
3 106 cells in 200 ml) grown in 96 well-plates were incubated
with 100 ml HPE for 8 hours. The effect of pretreatment for
30 minutes with PD98059 (20 mmol/L), SB203580 (20 mmol/
L) or vitamin C (20 mmol/L) on HPE induced IL-8 produc-
tion is shown. Cell supernatants were then collected and as-
sayed for IL-8 production by ELISA. Data are presented as
mean 6 standard error of the mean (SEM) of one represen-
tative experiment from three independent experiments with
similar results; *P value ! 0.05 vs. HPE-induced IL-8.

560 Abdel-Latif et al.
Journal of

Gastrointestinal Surgery



are involved in the COX-2 induction. H pylori LPS
was unable to induce such transcription, and it seems
that H pylori LPS is not involved in NF-kB or AP-1
activation in our study, a finding previously reported
in gastric epithelial cells.32

It has been demonstrated that gastroesophageal
reflux enhances production of oxygen free radicals
that might participate in causing damage to the
esophageal mucosa, and that administration of free
radical scavengers may prevent esophageal mucosal
damage.33,34 NF-kB and AP-1 also regulate genes
regulating the oxidative stress response in inflamma-
tory tissue. Here, we found that pretreatment with
the antioxidant vitamin C blocked HPE-induced
NF-kB, COX-2 activation, and IL-8 production,
but not AP-1 activation. This suggests that inhibi-
tion of NF-kB and COX-2 expression by antioxi-
dants such as vitamin C may protect against H
pylori-induced inflammation.

In summary, H pylori and its extract (HPE) induce
the regulatory transcription factors NF-kB and AP-1
and related cytokines in esophageal epithelial cells.
This suggests both a direct mechanism from the
pathogen and an indirect mechanism through HPE
in the refluxate, whereby H pylori can induce inflam-
mation at the cardia and distal esophagus. This may
also theoretically induce a tumorigenic molecular
phenotype, because NF-kB is associated with anti-
apoptotic mechanisms. These preliminary studies
in a cell line model need to be extended to studies
in man.
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Minimally Invasive Surgery for Gastric Stromal Cell
Tumors: Intermediate Follow-up Results

I-Rue Lai, M.D., Ph.D., Wei-Jei Lee, M.D., Ph.D., Sen-Chang Yu, M.D., Ph.D.

Laparoscopic wedge resection of the stomach (LWS) has become the treatment of choice for patients
with benign gastric tumors. The technical consideration and long-term follow-up data of LWS for gas-
trointestinal stromal tumors (GISTs) of the stomach are limited. We present our experience of 28 LWSs
for gastric GISTs with a mean follow-up of 43 months. From October 1995 to December 2002, we suc-
cessfully performed 28 LWSs for 29 patients with GISTs of the stomach, and one patient needed con-
version to laparotomy because of suspected bowel injury when establishing pneumoperitoneum. Patient
demographics, perioperative parameters, and outcomes of the 28 patients were assessed retrospectively.
The tumors were located in the upper third of the stomach in 13 patients, in the middle third, in eight
patients, and in the lower third, in seven patients. The mean size of tumors was 3.4 6 1.6 cm in diameter.
The duration of operation ranged from 95 to 390 minutes: 189.6 6 79.5 minutes with the stapler method
and 194.3 6 50.5 minutes with the hand-sewn method (P 5 0.8870). No blood transfusion was given in
the perioperative period in all cases. Cholecystectomy in three patients and repair of hiatal hernia in one
patient were performed during the same operation. The oral intake was restored at the third to fourth
postoperative days. The hospital stay ranged from 3 to 11 days (mean, 6.7 6 1.8 days). The follow-up
period ranged from 12 to 95 months (mean, 43.3 6 23.5 months, median 42 months). There has
been no evidence of tumor recurrence, including one patient with microscopic invasion of section margin.
LWS can be performed safely with a satisfactory remission rate for patients with gastric stromal cell tu-
mors. ( J GASTROINTEST SURG 2006;10:563–566) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Gastrointestinal stromal tumor, laparoscopy

Gastrointestinal stromal tumors (GISTs) encom-
pass those neoplasms previously classified as gastric
and intestinal smooth muscle tumors. GIST is now
defined as a specific, c-kit–expressing mesenchymal
tumor of the gastrointestinal tract.1,2 Histologically,
the cell types of GISTs vary from spindle cells to ep-
ithelioid and pleomorphic cells, and morphology dif-
fers somewhat by site.3 A great majority of GISTs
occur in the stomach (70%), followed by the small
intestine (20%) and colon and rectum (5%).4 The
malignant potential of GISTs depends on their mi-
tosis, size, and differentiation, but even GISTs
with low mitotic figures were sometimes reported
to recur locally or to metastasize.5 Although a new
targeting therapy with STI571 has been shown to
be effective for controlling the growth of metastatic
GISTs,6 complete excision with clear resection

margin and without tumor rupture remains the
mainstay of treatment for primary GISTs.

Laparoscopic wedge resection of the stomach
(LWS) has been recommended as an effective and
technically feasible procedure for patients with be-
nign gastric tumors.7–9 However, the long-term re-
sults for the patients with GISTs undergoing LWS
are limited. This retrospective study aims to assess
the intermediate results of 28 patients that under-
went LWS for gastric GISTs in a single institute.

MATERIAL AND METHODS

From October 1995 to December 2002, 50 con-
secutive patients with gastric GISTs received surgery
at the Department of General Surgery, National
Taiwan University Hospital, Taipei, Taiwan. Among
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them, 29 patients underwent LWS; the other 21 pa-
tients underwent laparotomy and gastrectomy. Pa-
tients with a submucosal tumor of the stomach
were considered potential candidates for a laparo-
scopic resection if the tumor was well-defined on
CT scanning, less than 7 cm, and did not involve
esophagogastric junction or pylorus of the stomach.
The 21 patients did not undergo laparoscopic
surgery for reasons including major cardiothoracic
diseases (two patients), tumors involving the
esophagogastric junction or pylorus (five patients),
emergent operation for bleeding (one patient), tu-
mors larger than 5 cm and/or that had infiltrated sur-
rounding tissue on CT scanning (10 patients), and
patients who chose to receive open resection (three
patients). All patients underwent panendoscopy, up-
per gastrointestinal barium meal study, and abdom-
inal computed tomography and/or endoscopic
ultrasonography before operation. Those patients
with the pathological results other than GISTs of
the stomach were excluded from this study. Panen-
doscopy, abdominal computed tomography, or
abdominal sonography was performed every 6
months within 2 years of operation, and then for
the detection of recurrence, every year at outpatient
clinics from the third year of operation.

Data were obtained retrospectively by chart re-
views and included symptoms, tumor size, resection
margin, pathology, intraoperative and postoperative
complications, length of hospital stay, and follow-
up status. Statistical analysis was performed with Stu-
dent’s t test or Fisher exact test where appropriate.

RESULTS

Laparoscopic wedge resection for GIST of the
stomach was completed in 28 of the 29 patients,
and one patient needed conversion to laparotomy
because of suspected bowel injury when establishing
pneumoperitoneum. Only the 28 patients that com-
pleted the laparoscopic procedures were included in
the analysis below. The demographics of these pa-
tients, including their symptoms and locations of tu-
mors, are listed in Table 1. The tumors were located
in the upper third of the stomach in 13 patients, in
the middle third in eight patients, and in the lower
third in seven patients; tumors were found in the
anterior wall in eight patients, in the posterior wall
in six patients, in the lesser curvature side in 10
patients, and in the greater curvature side in four pa-
tients. The size of tumors varied from 1.0 to 7.0 cm
in diameter (mean, 3.4 6 1.6 cm).

The methods for localization of tumors included
the first, by direct vision or tactile sensation via the

laparoscopic instrument; the second by gastroscopic
guidance; and the third by anterior gastrotomy. Two
kinds of wedge resection procedures were used: the
stapler method with endo-gastrointestinal anasto-
mosis in 20 patients and the hand-sewn method
with gastrotomy and intracorporeal sutures in eight
patients. The duration of operation ranged from 95
to 390 minutes: 189.6 6 79.5 minutes with the stapler
method and 194.3 6 50.5 minutes with the hand-
sewn method (P 5 0.8870). No blood transfusion
was given in the perioperative period in all cases.
Cholecystectomy in three patients and repair of
hiatal hernia in one patient were performed during
the same operation. The oral intake was restored at
the third to fourth postoperative day. The hospital
stay ranged from 3 to 11 days (mean, 6.7 6 1.8 days).

In all cases but one, a free margin of normal gas-
tric wall was confirmed pathologically. The only pa-
tient that had microscopic invasion of the resection
margin was still disease-free at 51 months. Two of
the 28 tumors showed more than five mitoses in 50
high-power fields, the others showed low or no
mitosis in microscopic examination. The follow-up
period ranged from 12 to 95 months (mean, 43.3 6

23.5 months, median 42 months). There has been
no evidence of tumor recurrence, either locally or
systemically.

Twenty-one patients with GISTs of the stomach
underwent open resection. Three patients under-
went proximal gastrectomy, one of them suffered
from anastomotic stricture and another patient had
reflux esophagitis. One patient that received partial
gastrectomy for a 6 cm tumor at midbody was found
to have tumor invasion at the resection margin; the
patient was lost to follow-up 1 month after surgery.
The rest of the patients had uneventful postoperative

Table 1. Demographics of 28 patients who
completed LWS of gastric GISTs

Gender
Male: female 13:15

Age (year)
range (mean) 19–79 (56.9 6 12.4)

Symptoms
Pain 9
Bleeding 7
Anorexia 1
Aymptomatic 11

Location of Tumors
Stomach, upper third 13
Stomach, middle third 8
Stomach, lower third 7

Resection of tumor
Stapler method 20
Hand-sewn method 8
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course, except that two of them had gastric ulcers
found on follow-up panendoscopic examination.
None of 20 patients were found to have recurrence
of tumors during the 3 months to 62 months after
surgery follow-up.

DISCUSSION

Complete resection with tumor-free margin and
keeping the tumor intact during dissection are the
two well-recognized principles to prevent postoper-
ative recurrence of GISTs. Wedge resection of the
stomach is generally effective for the control of tu-
mors. Gastrectomy is reserved for GISTs involving
the pylorus or esophagogastric junction, and dissec-
tion of lymph nodes has not been proved beneficial
for the patients with gastric GISTs. With the ad-
vent of minimally invasive surgery, we and other
groups have reported the initial success of laparo-
scopic resection of submucosal tumors of the stom-
ach. However, the long-term results for patients
with gastric GISTs treated by this technique are
limited. This report summarized the experience of
a single institute and showed that laparoscopic
wedge resection of gastric GISTs is feasible and ef-
fective. Although one patient had microscopic tu-
mor invasion of the section margin, she did not
have any clinical evidence of recurrence for more
than 51 months after surgery. According to the con-
sensus proposed by the National Institute of
Health,10 GISTs with a high risk of metastases in-
clude those with tumors larger than 10 cm, those
with mitosis more than 10 counts/50 high power
field, or those with tumors larger than 5 cm and mi-
tosis more than 5 counts/50HPF. We did not give
the patient adjuvant chemotherapy (Glivec, Novatis,
Basel, Switzerland), as the patient’s tumor was 4 cm
in diameter, and the mitosis was less than 5 counts/
50 HPF. However, the benefits of adjuvant chemo-
therapy in high-risk groups of GIST patients deserve
further study. We offered adjuvant Glivec to two
patients with recurrent GISTs after R0 resection.
One patient remained tumor-free for 12 months,
whereas the other had rapid recurrence and metastases
of tumors 3 months after he discontinued the drug.11

Some controversies still exist regarding the lapa-
roscopic approach. The first is the difficult localiza-
tion of small tumors growing inward (endophytic
growth). We preferred the use of intraoperative gas-
troscopy, for it also helped to mark the resection
margin precisely and check the absence of stenosis.
The second controversy is the limited use of endo-
gastrointestinal anastomosis to excise the tumors
near the cardia or pylorus, as the stapler generally
carries a larger resection than needed and increases

the risk of stenosis. Tagaya et al.5 recommended
intragastric resection via laparoscopic approach for
tumors located within 3 cm of the esophagogastric
junction. We would tailor the resection by opening
the stomach directly when a tumor was near the
cardia or pylorus, and use intracorporeal suturing
to close the gastric wound. Our initial data showed
the operative time was not prolonged with the
open approach, and no stenosis was recorded in
our series, though larger patient numbers are needed
to confirm this viewpoint. The third controversy is
whether pneumoperitoneum increases the likeliness
of tumor seeding. According to the experience of
surgeons with the laparotomy approach, recurrence
of GISTs after resection was predominantly intra-
abdominal and involved the original tumor site,
peritoneum, and liver.12 The mean time from the
operation to tumor recurrence is about 21 months.13

There has been no report about the port-site
implantation of GISTs. Our results also indicated
that port-site implantation or intra-abdominal
dissemination did not happen in the intermediate
follow-up duration.

Some authors have advocated the use of intragas-
tric surgery (Ohashi’s method) for the submucosal
lesions arising from posterior wall of the stomach.14

We preferred adequate mobilization of the greater
omentum and full-thickness excision of the gastric
wall including the GIST for the prevention of tumor
rupturing during mucosectomy.

In conclusion, the intermediate follow-up data
showed that laparoscopic wedge resection is a safe
and effective approach for the treatment of gastric
GISTs. Except for large, wide-based tumors and
tumors that involve the cardia or pylorus, the la-
paroscopic approach can be recommended as the
first-line method for the treatment of gastric GISTs
under an experienced surgical team.
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Efficacy and Safety of Ertapenem Versus
Piperacillin-Tazobactam for the Treatment
of Intra-Abdominal Infections Requiring
Surgical Intervention

Arturo S. Dela Pena, M.D., Walter Asperger, M.D., Ferdinand K€ockerling, M.D.,
Raul Raz, M.D., Reinhold Kafka, M.D., Brian Warren, M.D., Malathi Shivaprakash, M.S.,
France Vrijens, M.Sc., Hilde Giezek, M.Sc., Mark J. DiNubile, M.D., Christina Y. Chan, M.D.,
for the Optimizing Intra-Abdominal Surgery with Invanz (OASIS)-I Study Group

Complicated intra-abdominal infections usually mandate prompt surgical intervention supplemented by
appropriate antimicrobial therapy. The aim of this study was to demonstrate that ertapenem was not
inferior to piperacillin-tazobactam for the treatment of community-acquired intra-abdominal infections.
A randomized open-label active-comparator clinical trial was conducted at 48 medical centers on four
continents from December 2001 to February 2003. Adult patients with intra-abdominal infections
requiring surgery were randomized to receive either ertapenem 1 g daily or piperacillin/tazobactam
13.5 g daily in 3–4 divided doses. The primary analysis of efficacy was the clinical response rate in clin-
ically and microbiologically evaluable patients at the test-of-cure assessment 2 weeks after completion of
therapy. All treated patients were included in the safety analysis. Patient demographics, disease charac-
teristics, and treatment duration in both treatment groups were generally similar. The most commonly
isolated pathogens at baseline were E coli (greater than 50% of cases in each group) and B fragilis (w9%).
Favorable clinical response rates were 107/119 (90%) for ertapenem recipients and 107/114 (94%) for
piperacillin/tazobactam recipients. The frequencies of drug-related adverse events, most commonly
diarrhea and elevated serum alanine aminotransferase levels, were similar in both treatment groups.
Six of 180 ertapenem recipients (3%) and two of 190 piperacillin/tazobactam recipients (1%) had serious
drug-related adverse experiences. In this study, ertapenem and piperacillin/tazobactam were comparably
safe and effective treatments for adult patients with complicated intra-abdominal infections.
( J GASTROINTEST SURG 2006;10:567–574) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Intra-abdominal infection, ertapenem, piperacillin-tazobactam

Complicated intra-abdominal infections are com-
mon problems for general surgeons and emergency
medicine physicians.1–6 The mainstay of appropriate
management is timely surgical intervention com-
bined with antimicrobial therapy to eradicate any
residual infection. Empirical antibacterial therapy
should cover the most likely pathogens, which in-
clude gram-positive and gram-negative aerobic and
anaerobic bacteria that comprise the usual flora of
the gastrointestinal tract.6,7 All antimicrobial regi-
mens recommended by the Surgical Infection Soci-
ety and the Infectious Disease Society of America

have broad activity against Enterobacteriaceae and
the B fragilis group.3,5

Ertapenem is a long-acting parenteral Group I
carbapenem active in vitro against most aerobic and
anaerobic bacteria generally associated with commu-
nity-acquired infections.7–15 Ertapenem is not active
against most Pseudomonas aeruginosa or enterococci,
but coverage of these organisms is not routinely
required for successful treatment of intra-abdominal
infections.3,5,16,17 In two earlier double-blind random-
ized clinical trials, ertapenem was comparably effective
and as well tolerated as piperacillin-tazobactam16
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or ceftriaxone plus metronidazole18 in the treatment of
complicated intra-abdominal infections. The present
study was undertaken to confirm the utility of
ertapenem as once daily monotherapy for commu-
nity-acquired intra-abdominal infections requiring
surgical intervention.

METHODS
Study Design

This prospective, multicenter, open-label study
was conducted at 48 centers on four continents
from December 2001 to February 2003. The institu-
tional review board at each site approved the proto-
col, and written informed consent was obtained from
all participants. Hospitalized patients >18 years of
age with clinical evidence of an intra-abdominal in-
fection requiring open or laparoscopic surgery
were eligible for the study if the infection extended
beyond the wall of a hollow organ. For patients en-
rolled preoperatively, signs and symptoms suggestive
of an intra-abdominal infection had to include at
least one of the following: fever, leukocytosis, hypo-
tension, tachycardia and tachypnea, or altered men-
tal status. Exclusion criteria included pregnancy or
lactation; history of serious allergy or intolerance
to either study drug; rapidly progressive or terminal
illness; chronic immunosuppressive therapy; known
infection with human immunodeficiency virus;
APACHE II score greater than 30; concurrent infec-
tion that could interfere with evaluation of response
to study therapy; ischemic bowel disease; uncompli-
cated cholecystitis; acute necrotizing pancreatitis;
traumatic bowel perforation if surgery was per-
formed within 12 hours of perforation; perforated
gastroduodenal ulcer if surgery was performed
within 24 hours of perforation; any primarily nonin-
fectious intra-abdominal process; need for peritoneal
or hemodialysis; acute hepatic failure; serum alanine
or aspartate aminotransferase levels greater than six
times the upper limit of normal; bilirubin or alkaline
phosphatase levels greater than three times the upper
limit of normal; and systemic antimicrobial therapy
for greater than 24 hours in the 72-hour period im-
mediately before study entry unless the patient had
failed that therapy. Patients were withdrawn from
the study if surgical intervention did not occur
within 24 hours after diagnosis or all pathogens
were resistant to either study drug. For polymicro-
bial infections, patients could remain in the study if
at least one isolate was susceptible to both study
drugs.

Patients were randomized in a 1:1 ratio to receive
ertapenem 1 g once a day or piperacillin-tazobactam
3.375 g q6h or 4.5 g q8h using a computer-generated

allocation schedule via an interactive voice recogni-
tion system that kept the treatment assignment
blinded. Both drugs were infused intravenously
over 30 minutes. After 2 days of intravenous therapy,
ertapenem could be administered intramuscularly.
Other than vancomycin or teicoplanin to treat infec-
tions caused by resistant gram-positive pathogens,
concomitant antibacterial agents were not allowed.
The suggested length of treatment was 4–14 days,
but the exact duration for individual patients was
determined by the site investigator.

Aerobic and anaerobic cultures of blood and in-
traoperative specimens were obtained at baseline
and processed in the clinical microbiology laboratory
of the participating hospitals. Aerobic and faculta-
tively anaerobic isolates were tested for susceptibility
to ertapenem and piperacillin-tazobactam by disk
diffusion or microtiter dilution according to guide-
lines of the National Committee for Clinical
Laboratory Standards (NCCLS).19,20 Routine sus-
ceptibility testing of strict anaerobes was not re-
quired per protocol.

Assessments of Efficacy and Safety

Clinical parameters were assessed daily during
study therapy, at discontinuation of study therapy,
and at 2 and 4 weeks post-therapy. The primary
efficacy end point was designated a priori as the
proportion of clinically and microbiologically evalu-
able patients with a favorable clinical assessment at
the test-of-cure (TOC) visit 2 weeks after comple-
tion of all study therapy. The 4-week post-therapy
evaluation could be accomplished by telephone con-
tact if laboratory testing was not necessary and a
clinic visit was not feasible.

The three clinical response categories were cure
(complete resolution or significant improvement of
all signs and symptoms related to the index infection
such that no further antimicrobial therapy or surgi-
cal intervention for infection was necessary), failure
(persistence or recurrence of the index infection;
death attributable to intra-abdominal infection; the
need for a second surgical procedure; or the occur-
rence of a postoperative wound infection), or inde-
terminate (data insufficient for evaluation of
efficacy or cause of death). Patients with indetermi-
nate clinical responses were excluded from the pri-
mary analysis. Microbiological responses were
recorded for each baseline pathogen. Favorable
microbiological responses included eradication of
the pathogen(s) that was either documented or pre-
sumptive (no material available for culture in clini-
cally cured patients); unfavorable microbiologic
responses included persistence of the pathogen(s),
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whether documented or presumed (no material
available for culture in patients who had clinical fail-
ure). Microbiological responses for enterococci and
methicillin-resistant Staphylococcus aureus in patients
treated with vancomycin or teicoplanin were consid-
ered to be indeterminate; however, these patients re-
mained clinically evaluable, and were also evaluable
for the overall microbiological outcome provided
that other pathogens susceptible to both study drugs
were isolated at baseline. Patients with indeterminate
microbiological responses for all their baseline iso-
lates were considered to be microbiologically
nonevaluable.

Patients were monitored for clinical adverse expe-
riences throughout the study. The investigator rated
the intensity of any clinical adverse event and deter-
mined the likelihood of its relation to the study drug.
Adverse events judged by the investigator to be pos-
sibly, probably, or definitely related to study therapy
were categorized as drug-related in the safety
analysis.

Participant Evaluability

The treated population included all randomized
patients who received at least 1 dose of study ther-
apy. The modified intent-to-treat (MITT) popula-
tion included all treated patients who met the
disease definition. The clinically evaluable popula-
tion was composed of MITT patients for whom suf-
ficient information was available to determine
outcome, no confounding factors were present that
interfered with the outcome assessment, and if base-
line pathogens were identified, at least one isolate
was susceptible to both study drugs (anaerobes
were presumed susceptible). Clinically and microbi-
ologically evaluable patients were a subset of the
clinically evaluable patients in whom a pathogen
was identified at baseline and a microbiological re-
sponse could be assessed.

Statistical Analysis

The primary hypothesis of the study was that er-
tapenem would be at least as effective as piperacillin-
tazobactam, measured by the proportion of patients
in the clinically and microbiologically evaluable pop-
ulation with a favorable clinical response at the TOC
visit, after excluding patients with indeterminate
clinical responses. The primary efficacy end point
was the proportion of clinically and microbiologi-
cally evaluable patients with a favorable clinical as-
sessment at the TOC visit. For the primary end
point, the difference between response rates in the
two treatment groups and the corresponding 95%
confidence interval (CI) were calculated. Ertapenem

was to be considered noninferior to piperacillin-
tazobactam if the 95% CI for the difference in
response rates (ertapenem minus piperacillin-
tazobactam) contained 0, and its lower bound was
not below 215%. The secondary end points
(proportion of patients with a favorable clinical re-
sponse in other populations and at other time points;
proportion of patients with an overall favorable
microbiological response) were analyzed using the
methodology described for the primary end point.
There was no adjustment for multiplicity because
only one primary end point at a single time point
had been prespecified.

The primary analysis was performed while the
clinical monitor was still blinded to treatment as-
signment. In particular, participant evaluability was
based on prespecified criteria and judged by clinical
personnel blinded to the patient’s assigned treatment
group. After the initial evaluability assessment was
completed and the database formally unblinded, it
was recognized that some of the prespecified criteria
for evaluability had not been applied with strict
consistency by investigators across the different sites.
In addition, some follow-up data were missing. To
assess the impact of these problems, a post hoc sen-
sitivity analysis of the primary and main secondary
efficacy end points was conducted using the evalu-
able population after correcting for inconsistencies
in the application of evaluability criteria and missing
follow-up data.

The safety evaluation included all patients treated
with at least 1 dose of study drug. Adverse experi-
ences occurring during the treatment period or
within 14 days after the last dose of study therapy
were recorded. For prespecified safety end points
in the 2-treatment groups, the differences in propor-
tions were compared with the Fisher exact test.

RESULTS

All 370 randomized participants received at least 1
dose of study drug and thereby constituted the treated
population (Fig. 1). Three hundred twenty (87%) of
the treated patients completed the study. Of the other
50 patients who prematurely discontinued the study,
24 patients moved, withdrew consent, or were lost to
follow-up. An additional seven ertapenem recipients
and 10 piperacillin-tazobactam recipients experi-
enced a clinical adverse event resulting in discontinu-
ation; three more piperacillin-tazobactam recipients
left the study because of lack of efficacy. The study
was discontinued in another four patients for protocol
violations, and two patients died. A total of 233
treated patients (63%) were clinically and microbio-
logically evaluable at the primary TOC time point.
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Baseline demographic and disease characteristics
for the treated population and the clinically and mi-
crobiologically evaluable population were similar in
both treatment groups (Table 1). Seventy-six percent
and 70% of treated patients in the ertapenem and
piperacillin-tazobactam groups, respectively, had at
least one pathogen identified at baseline from intra-
operative and/or blood cultures. The most common
pathogens isolated at baseline in each treatment
group were E coli (54% in the ertapenem group
and 52% in the piperacillin-tazobactam group), fol-
lowed by B fragilis (9% and 10%, respectively, in
the ertapenem and piperacillin-tazobactam groups).
The large majority of baseline isolates were suscepti-
ble to both study regimens. P aeruginosa and entero-
cocci were infrequently recovered at baseline. The
median length of therapy was 6 days in each treat-
ment group for both the treated as well as in the clin-
ically and microbiologically evaluable populations.
Two (1%), five (3%), and 30 (17%) of the ertapenem
recipients and six (3%), six (3%), and 29 (16%) of the
piperacillin-tazobactam recipients, respectively, re-
ceived vancomycin or teicoplanin, nonprotocol anti-
biotics during study therapy after day 1, and
antibiotics during the 2 weeks after the study drug
was discontinued.

The favorable response rates by treatment group
in the prespecified analysis are shown in Table 2
for various study populations and time points. For
the primary clinically and microbiologically evalu-
able population, favorable clinical response rates
were 107/119 (89.9%) in the ertapenem treatment
group and 107/114 (93.9%) in the piperacillin-
tazobactam treatment group at TOC; the difference
(95% CI) between the two treatment groups was
23.9 (211.5, C3.4), satisfying the prespecified crite-
ria for noninferiority. Clinical response rates for

both treatment groups were also similar in the clin-
ically evaluable patients at TOC. For the MITT
population, favorable clinical response rates were
82% for ertapenem recipients and 85% for
piperacillin-tazobactam recipients. The overall mi-
crobiological response rates in the clinically and mi-
crobiologically evaluable population at TOC were
94% in the ertapenem treatment group and 98% in
the piperacillin-tazobactam treatment group. Re-
sponse rates per pathogen are presented in Table
3. At TOC, 16 of 17 (94%) ertapenem recipients
and 9 of 9 (100%) piperacillin-tazobactam recipients
infected by P aeruginosa and/or E faecalis had a favor-
able response. The time to defervescence was almost
identical in both treatment groups. Greater than 50%
of all patients with fever on the first day of study
therapy had become afebrile by the third day of study
therapy. Only one patient (who had received pipera-
cillin-tazobactam) relapsed during the 4 weeks after
completion of study therapy.

In the post hoc analysis, which corrected for missing
data and inconsistent application of evaluability crite-
ria, favorable clinical response rates for the primary
clinically and microbiologically evaluable population
at TOC were 116/124 (93.5%) of ertapenem recipi-
ents and 110/118 (93.2%) of piperacillin-tazobactam
recipients. The treatment difference (95% CI) was
C0.3 (26.4, C7.2). The results of the other post
hoc analyses21,22 were consistent with and very similar
to the corresponding prespecified analyses.

Clinical and laboratory adverse experiences oc-
curred with similar frequency in both treatment
groups (Table 4). The most common drug-related
adverse events in each treatment group (ertapenem
vs. piperacillin-tazobactam recipients) were gastroin-
testinal (6.7% vs. 6.3%), most commonly diarrhea
(4.4% vs. 3.2%), and elevation of serum alanine

Screened = 399

Randomized = 370

Etrapenem Treatment Group = 180  Piperacillin-Tazobactam Treatment Group = 190

MITT Population = 178 MITT Population = 183

Clinically Evaluable
Population = 154

Clinically Evaluable
Population = 159

Clinically and Microbiologically
Evaluable Population = 114

Clinically and Microbiologically
Evaluable Population = 119

Fig. 1. Patient accounting in the prespecified analysis. Three hundred ninety-nine patients were
screened for the study, of which 370 (93%) were randomized. All randomized patients were treated
with at least 1 dose of study drug. The primary population for the analysis of efficacy was prespecified
as the clinically and microbiologically evaluable subjects. All treated patients were included in the safety
analysis. MITT 5 modified intention to treat.
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aminotransferase levels (2.3% vs. 3.2%). No other
specific drug-related adverse events occurred in
>3% of patients in either treatment group. Six
ertapenem recipients (3.3%: four recipients with ab-
dominal abscesses, one recipient with abnormal he-
patic function, and one recipient with an uneventful
overdose) and two piperacillin-tazobactam recipients
(1.1%; one recipient with vomiting, abnormal renal
and hepatic function, and one recipient with fatal
sepsis) experienced serious drug-related adverse
events. Discontinuation rates due to drug-related ad-
verse events were similar in both groups. There were
a total of 14 deaths (five patients in the ertapenem
group and nine patients in the piperacillin-tazobac-
tam group) during study therapy or within 14 days
post-treatment. All deaths were judged by the inves-
tigators as unrelated to the study drug except for one
sepsis-related death in the piperacillin-tazobactam
group that was considered possibly related to study
drug. The deaths were primarily due to complica-
tions of severe infections and/or underlying comor-
bid illness.

DISCUSSION

Intra-abdominal infections encompass a wide
variety of infections and are commonly grouped

into uncomplicated or complicated cases.1–5,23–25

Complicated intra-abdominal infections require
open or closed surgical procedures in addition to an-
timicrobial therapy. Inadequate source control and
inappropriate antimicrobial therapy constitute major
causes of therapeutic failure. Selection of antimicro-
bial drugs must take into account the complex nor-
mal aerobic and anaerobic flora of the bowel.3–5,

23,25,26 Enterobacteriaceae and the B fragilis group
of anaerobes are becoming increasingly resistant to
many drugs traditionally used to treat mixed infec-
tions, even when they are acquired in the
community.12,27

Ertapenem, a long-acting parenteral Group I
carbapenem, is active in vitro against most aerobic
and anaerobic bacteria found in community-ac-
quired intra-abdominal infections.7–11,13,15,28–30 Er-
tapenem is not reliably active against enterococci,
methicillin-resistant Staphylococcus aureus, Pseudomo-
nas aeruginosa, and other nonfermentative aerobic
gram-negative bacilli. Ertapenem was as efficacious
as piperacillin-tazobactam16 or ceftriaxone plus
metronidazole18 in separate double-blind random-
ized clinical trials of the therapy of complicated
intra-abdominal infections. The microbiological
response rates of ertapenem-treated patients with
enterococci among their baseline isolates in

Table 1. Baseline demographic and disease characteristics of all treated participants and the clinically
and microbiologically evaluable participants with complicated intra-abdominal infection by treatment group

All treated patients*
Clinically and microbiologically evaluable

patients at test-of-cure visit†

Ertapenem
(N 5 180)

Piperacillin-tazobactam
(N 5 190)

Ertapenem
(N 5 119)

Piperacillin-tazobactam
(N 5 114)

Male gender (%) 119 (66.1) 120 (63.2) 80 (67.2) 75 (65.8)
Age mean years (range) 48 (18–89) 49 (18–87) 48 (18–89) 46 (18–87)
Baseline APACHE II score

Median (range) 2 (0–20) 2 (0–32) 2 (0–18) 2 (0–20)
n (%) O 10 7 (3.9) 8 (4.2) 5 (4.2) 3 (2.6)

Site of infection (%)
Appendix 110 (61) 115 (60.5) 77 (64.7) 76 (66.7)
Colon 23 (12.8) 27 (14.2) 19 (16.0) 17 (14.9)
Gallbladder or biliary tract 13 (7.2) 9 (4.8) 6 (5.0) 5 (4.4)
Stomach or duodenum 20 (11.1) 19 (10.0) 8 (6.7) 5 (4.4)
Small intestine (beyond the duodenum) 7 (3.9) 12 (6.3) 4 (3.4) 8 (7.0)
Other 7 (3.9) 8 (4.2) 5 (4.2) 3 (2.6)

Infectious process (%)
Abscess 37 (20.6) 33 (17.4) 27 (22.7) 24 (21.1)
Generalized peritonitis 49 (27.2) 48 (25.3) 32 (26.9) 30 (26.3)
Localized peritonitis 39 (21.7) 49 (25.8) 22 (18.5) 26 (22.8)
Gastrointestinal perforation 43 (23.9) 46 (24.2) 30 (25.2) 27 (23.7)
Postoperative infection at enrollment (%) 15 (8) 10 (5) 11 (9.2) 7 (6.1)

*All 370 randomized patients received at least 1 dose of study drug.
†Clinically and microbiologically evaluable patients were a subset of the clinically evaluable patients in whom a pathogen was identified at
baseline and a microbiological response could be assessed, and constituted the primary efficacy population.
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polymicrobial infections have been comparable
with those of piperacillin-tazobactam recipients,
even when vancomycin use was excluded.17

The present randomized open-label study con-
firms these previously published results. The major-
ity of patients in both treatment arms had
appendicitis and APACHE scores <5. The most

commonly isolated pathogens at baseline in our
study were E coli and B fragilis. Favorable clinical re-
sponse rates were 90% for ertapenem recipients and
94% for piperacillin-tazobactam recipients at the
TOC visit. Despite ertapenem’s lack of consistent
activity against P aeruginosa and E faecalis, 16 of 17
ertapenem-treated patients infected by these patho-
gens responded favorably regardless of the minimum
inhibitory concentrations in vitro. The high favor-
able clinical response rates in patients infected with
E faecalis and P aeruginosa treated with ertapenem
implies that routine enterococcal or pseudomonal
coverage is not essential in many community-
acquired intra-abdominal infections, consistent
with the current recommendations from the Surgical
Infection Society3 and the Infectious Disease Society
of America.5 Serious drug-related adverse experi-
ences were uncommon in both treatment groups.
The most common drug-related adverse events
were diarrhea and other gastrointestinal disorders,
and elevated aminotransferase levels. Discontinua-
tion of study therapy due to drug-related adverse ex-
periences was unusual.

Ertapenem remains active against E coli and
Klebsiella species that produce extended spectrum
b–lactamases10,31 as well as against most members
of the increasingly resistant B fragilis group of anaer-
obes.7,9,27,28 These resistant bacteria are becoming
more widespread in both nosocomial and commu-
nity-acquired infections. Its spectrum of antibacterial
activity makes ertapenem a potentially attractive
choice for the empirical treatment of intra-abdominal

Table 2. Favorable response rates at all time points in evaluable patients by treatment group

Treatment group
Comparison between

treatment groupsErtapenem Piperacillin/tazobactam

n*/N† % n*/N† % Difference (95% CI)

Clinical response rates in clinically and microbiologically evaluable patients
End of therapy 129/132 97.7 117/121 96.7 1.0 (23.6, 6.2)
Test of cure‡ 107/119 89.9 107/114 93.9 23.9 (211.5, 3.4)
Late follow-up 90/102 88.2 91/99 91.9 23.7 (212.5, 4.9)

Clinical response rates in clinically evaluable patients
End of therapy 164/167 98.2 163/169 96.4 1.8 (22.1, 6.0)
Test of cure 142/154 92.2 148/159 93.1 20.9 (27.1, 5.2)
Late follow-up 122/134 91.0 129/141 91.5 20.4 (27.5, 6.5)

Overall microbiological response rates in clinically and microbiologically evaluable patients
Test of cure 108/115 93.9 107/109 98.2 24.3 (210.5, 1.1)

Clinical response rates in MITTx patients
Test of cure 145/178 81.5 155/183 84.7 23.2 (211.1, 4.6)

*n [ number of evaluable patients with a favorable response.
†N [ number of evaluable patients.
‡Primary end point.
xModified intention-to-treat.

Table 3. Clinical response rates in clinically
and microbiologically evaluable patients at
the test-of-cure visit by treatment group
and most common baseline pathogens

Treatment group

Ertapenem
(N 5 199)

Piperacillin/
tazobactam
(N 5 114)

Baseline pathogens n/m % n/m %

Escherichia coli 74/84 88.1 79/85 92.9
Klebsiella oxytoca 7/7 100.0 2/2 100.0
Klebsiella pneumoniae 9/11 81.8 4/4 100.0
Proteus mirabilis 5/5 100.0 4/4 100.0
Pseudomonas aeruginosa 10/10 100.0 4/4 100.0
Bacteroides sp. 3/4 75.0 6/6 100.0
Bacteroides fragilis 12/14 85.7 13/14 92.9
Enterococcus faecalis 6/7 85.7 6/6 100.0
Staphylococcus epidermidis 5/5 100.0 2/2 100.0
Streptococcus sp. 13/13 100.0 5/6 83.3

m 5 number of evaluable patients with the specific pathogen identi-
fied at baseline; N 5 Number of evaluable patients; n 5 number of
evaluable patients with the specific pathogen identified at baseline
and with a favorable clinical response at TOC.
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infections. The results of this study indicate that erta-
penem once daily was as effective and well tolerated
as piperacillin/tazobactam administered 3–4 times
a day for the treatment of complicated intra-abdom-
inal infections.

The authors thank all the participants in the study and members of
the OASIS-1 Study Team: Prof. Dr. Franz Schulz, Prof. Dr.
Hans-J€org Mischinger, Dr. Reinhold Kafka, Prof. Dr. Thomas
Sautner, Dr. Aerts, Dr. Pierre Francois Laterre, Pr Ozier, Pr
Gugenheim, Pr Hay, Pr Arnaud, Pr Letoublon, Dr. Voiglio, Dr.
Forest, Pr Meyer, Dr. Forget, Pr Teniere, Pr Benchimol, Dr. Hard-
wigsen, Pr Gayral, Pr Montravers, Pr Jacob, Pr Midy, Dr. K€astel,
Prof. Dr. K€ockerling, Prof. Dr. L€unstedt, Dr. Schmidt, Prof. Dr.
Jauch, Prof. Dr. Scheele, Prof. Dr. A.H. H€olscher, Prof. Dr. Buhr,
Dr. Ockert, Dr. Asperger, Prof. Dr. Ulrich Hopt, Dr. Peter
Kujath, As. Prof. D. Voros, As. Prof. N. Charlaftis, Dr. Chowers,
Prof. Rubinstein, Dr. Weinberger, Prof. Raz, Prof. Prete, Prof. M.
Carboni, Prof. Massimo Mulieri, Prof. Fronda, Prof. Interdonato,
S. Alfieri, Dr. Salam Daradkeh, Dr. Cyril Tohme, Dr. Suha Kanj,
Dr. Arturo S. Dela Pena, Dr. Edgardo R. Cortez, Prof. Tadeusz
Popiela, Prof. Marek Krawczyk, Prof. Zygmunt Mackiewicz, Jerzy
Kossak, Zygmunt Grzebieniak, Prof. Dr. Radu Palade, Prof. Dr.
Corneliu Radu, Dr. Warren, Dr. Richards, Dr. Mathivia, Dr.
Carlos Pera-Madrazo, Dr. Felipe De La Cruz-Vigo, Dr. Lino
Vazquez-Velasco, Dr. Antonio Moral Duarte, Dr. Gabriel
Carranque-Chaves, PD Dr. Demartines, Prof. Dr. Bengt Gustafs-
son, Associate Prof. Per-Olof Nystrom.

REFERENCES

1. Barie PS. Management of complicated intra-abdominal
infections. J Chemother 1999;11:464–477.

2. Holzheimer RG, Muhrer KH, L’Allemand N, Schmidt T,
Henneking K. Intra-abdominal infections: Classification,
mortality, scoring and pathophysiology. Infection 1991;19:
447–452.

3. Mazuski JE, Sawyer RG, Nathens AB, et al. The Surgical
Infection Society Guidelines on antimicrobial therapy for
intra-abdominal infections: An executive summary. Surg
Infect (Larchmt) 2002;3:161–173.

4. Rotstein OD, Meakins JL. Diagnostic and therapeutic chal-
lenges of intra-abdominal infections. World J Surg 1990;
14:159–166.

5. Solomkin JS, Mazuski JE, Baron EJ, et al. Guidelines for
the selection of anti-infective agents for complicated
intra-abdominal infections. Clin Infect Dis 2003;37:997–
1005.

6. Wacha H, Hau T, Dittmer R, Ohmann C. Risk factors asso-
ciated with intra-abdominal infections: A prospective multi-
center study. Peritonitis Study Group. Langenbecks Arch
Surg 1999;384:24–32.

7. Goldstein EJ, Snydman DR. Intra-abdominal infections: Re-
view of the bacteriology, antimicrobial susceptibility and the
role of ertapenem in their therapy. J Antimicrob Chemother
2004;53(Suppl):ii29–ii36.

8. Curran M, Simpson D, Perry C. Ertapenem: A review of its
use in the management of bacterial infections. Drugs 2003;
63:1855–1878.

9. Goldstein EJ, Citron DM, Vreni MC, Warren Y,
Tyrrell KL. Comparative in vitro activities of ertapenem
(MK-0826) against 1,001 anaerobes isolated from human

Table 4. Number of patients with adverse events by treatment group

Ertapenem
Piperacillin/
tazobactam

Comparison between
treatment groups

N 5 180 N 5 190 Difference (95% CI)

Clinical adverse experiences
Any AE, n (%) 98 (54.4) 105 (55.3) 20.8 (210.9, 9.3)
Drug-related* AE, n (%) 24 (13.3) 23 (12.1) 1.2 (25.7, 8.2)
Serious AE†, n (%) 26 (14.4) 34 (17.9) 23.5 (211.0, 4.2)
Serious drug-related* AE, n (%) 6 (3.3) 2 (1.1) 2.3 (20.9, 6.2)
Drug-related* AE leading to discontinuation

of the study, n (%)†
3 (1.7) 3 (1.6) 0.1 (23.1, 3.4)

Deaths‡, n (%) 5 (2.8) 9 (4.7) 22.0 (26.4, 2.2)
Local infusion/injection related events

Local reaction at site†, n/m (%) 8/179 (4.5) 18/190 (9.5) 25.0 (210.6, 0.2)
Laboratory adverse experiences

Any AE, n (%) 32 (17.8) 38 (20.0) 22.2 (210.2, 5.9)
Drug-related* AE, n (%) 11 (6.1) 9 (4.7) 1.4 (23.5, 6.5)
Serious AE, n (%) 0 (0.0) 2 (1.1) 21.1 (23.8, 1.1)
Serious drug-related* AE, n (%) 0 (0.0) 1 (0.5) 20.5 (22.9, 1.6)
Drug-related* AE leading to discontinuation

of the study, n (%)
0 (0.0) 0. (0.0) 0.0 (22.0, 2.1)

AE 5 adverse experiences.
*Determined by the investigator to be possibly, probably, or definitely related to study drug.
†Primary safety end points.
‡All deaths resulted from complications of severe infections and/or underlying comorbid illnesses and were judged to be unrelated to study drug,
except for one patient treated with piperacillin/tazobactam who died as a result of sepsis, felt by the investigator to be ‘‘possibly’’ related to the
study drug.

Vol. 10, No. 4
2006 Ertapenem vs. piperacillin-tazobactam for Intra-abdominal Infections 573



intra-abdominal infections. Antimicrob Agents Chemother
2000;44:2389–2394.

10. Livermore DM, Oakton KJ, Carter MW, Warner M. Activ-
ity of ertapenem (MK-0826) versus Enterobacteriaceae with
potent beta-lactamases. Antimicrob Agents Chemother
2001;45:2831–2837.

11. Livermore DM, Sefton AM, Scott GM. Properties and
potential of ertapenem. J Antimicrob Chemother 2003;52:
331–344.

12. Pelak BA, Woods GL, Teppler H, Friedland I, Bartizal K,
Motyl M. Comparative in-vitro activities of ertapenem
against aerobic bacterial pathogens isolated from patients
with complicated intra-abdominal infections. J Chemother
2002;14:227–233.

13. Shah PM, Isa-acs RD. Ertapenem, the first of a new group of
carbapenems. J Antimicrob Chemother 2003;52:538–542.

14. Solomkin J, Teppler H, Graham DR, et al. Treatment of
polymicrobial infections: Post hoc analysis of three trials
comparing ertapenem and piperacillin-tazobactam. J Antimi-
crob Chemother 2004;53(Suppl):ii51–ii57.

15. Wexler HM. In vitro activity of ertapenem: review of recent
studies. J Antimicrob Chemother 2004;53(Suppl):ii11–ii21.

16. Solomkin JS, Yellin AE, Rotstein OD, et al. Ertapenem ver-
sus piperacillin/tazobactam in the treatment of complicated
intra-abdominal infections: Results of a double-blind, ran-
domized comparative phase III trial. Ann Surg 2003;237:
235–245.

17. Teppler H, McCarroll K, Gesser RM, Woods GL. Surgical
infections with enterococcus: Outcome in patients treated
with ertapenem versus piperacillin-tazobactam. Surg Infect
(Larchmt) 2002;3:337–349.

18. Yellin AE, Hassett JM, Fernandez A, et al. Ertapenem mono-
therapy versus combination therapy with ceftriaxone plus met-
ronidazole for treatment of complicated intra-abdominal
infections in adults. Int J Antimicrob Agents 2002;20:165–173.

19. National Committee for Clinical Laboratory Standards
(NCCLS). Performance standards for antimicrobial disk sus-
ceptibility tests. Approved standard M2-A7, 7th ed. Wayne,
PA: National Committee for Clinical Laboratory Standards,
2000.

20. National Committee for Clinical Laboratory Standards
(NCCLS). Methods for dilution antimicrobial susceptibility
test for bacteria that grow aerobically. Approved standard
M7-A5, 5th ed. Wayne, PA: National Committee for Clini-
cal Laboratory Standards, 2000.

21. dela Pena AS, Asperger W, Warren B, Kafka R, Raz R,
Shivaprakash M, Vrijens F, Giezek H, Chan C, Stek M.

Microbiological results from a randomized, open-label study
of etapenem vs. piperacillin/tazobactam for the treatment of
community-acquired intra-abdominal infections (IAI) re-
quiring surgery. Presented at the 14th European Congress
of Clinical Microbiology and Infectious Diseases. Prague,
Czech Republic, May 1–4, 2004; Poster P1685.

22. dela Pena, AS, Asperger, W, Kockerling, F, Raz, R, Kafka
R, Warren, B, Shivaprakash M, Vrijens, F, Giezek, H,
Chan C. Ertapenem versus piperacillin/tazobactam for
the treatment of intra-abdominal infections (IAI) requiring
surgical intervention (OASIS-1): results of a prospective,
randomized, open-label study. Presented at the 14th Euro-
pean Congress of Clinical Microbiology and Infectious
Diseases, May 1–4, 2004; Prague, Czech Republic, Poster
P1686.

23. Christou NV, Turgeon P, Wassef R, Rotstein O, Bohnen J,
Potvin M. Management of intra-abdominal infections. The
case for intraoperative cultures and comprehensive broad-
spectrum antibiotic coverage. Arch Surg 1996;131:1193–
1201.

24. Cooper GS, Shlaes DM, Salata RA. Intra-abdominal infec-
tion: Differences in presentation and outcome between
younger patients and the elderly. Clin Infect Dis 1994;19:
146–148.

25. Elsakr R, Johnson DA, Younes Z. Oldfield EC III. Antimi-
crobial treatment of intra-abdominal infections. Dig Dis
1998;16:47–60.

26. Goldstein EJ. Intra-abdominal anaerobic infections: Bacteri-
ology and therapeutic potential of newer antimicrobial
carbapenem, fluoroquinolone, and desfluoroquinolone ther-
apeutic agents. Clin Infect Dis 2002;35:S106–S111.

27. Hecht DW. Prevalence of antibiotic resistance in anaerobic
bacteria: Worrisome developments. Clin Infect Dis 2004;
39:92–97.

28. Aldridge KE. Ertapenem (MK-0826), a new carbapenem:
Comparative in vitro activity against clinically significant
anaerobes. Diagn Microbiol Infect Dis 2002;44:181–186.

29. Brismar B, Nord CE. Monobactams and carbapenems for
treatment of intra-abdominal infections. Infection 1999;27:
136–147.

30. Cunha BA. Ertapenem. A review of its microbiologic, phar-
macokinetic and clinical aspects. Drugs Today (Barc) 2002;
38:195–213.

31. Gesser RM, McCarroll K, Teppler H, Woods GL. Efficacy
of ertapenem in the treatment of serious infections caused by
Enterobacteriaceae: Analysis of pooled clinical trial data.
J Antimicrob Chemother 2003;51:1253–1260.

574 Dela Pena et al.
Journal of

Gastrointestinal Surgery



Surgery Is Justified in Patients With Bowel
Obstruction Due to Radiation Therapy

Ming-Shian Tsai, M.D., Jin-Tung Liang, M.D., Ph.D.

The management of the patient with radiation-induced bowel obstruction remains controversial. To re-
assess the surgical therapy for radiation-induced bowel obstruction, we analyzed 22 patients operated
upon at the National Taiwan University Hospital. In 10 patients, peritoneal carcinomatosis was found
during operation. We classified them as ‘‘recurrence group’’ and the remaining 12 patients as the ‘‘study
group.’’ Three patients in the study group had metastases, which did not cause bowel obstruction. The
clinical presentation and image findings of both groups were not significantly different. The patients of
the study group tended to have a low body mass index (mean 6 SD, 18.7 6 1.92 kg/m2) and decreased
serum albumin level (mean 6 SD, 3.12 6 0.32 g/dl). Total parenteral nutrition was given for 27.1 6 16.0
days (mean 6 SD). The strategies of operation included resection and anastomosis (nine patients), bypass
(two patients), or ileostomy (one patient). Operation resolved bowel obstruction and enteral nutrition
was resumed in all the patients postoperatively. No early postoperative mortality occurred. Four patients
had morbidity, including one reoperation because of anastomotic failure, one enterovesical fistula, and
two cases of wound infection. The estimated median survival time of the study group (21 months)
was significantly longer than that of the recurrence group (5 months). Specifically in the patients without
previous neoplasm recurrence or metastasis, overall survival was 100%, 80%, and 53%, at 1, 2, and 5
years after surgery, respectively. We conclude surgery plays a role in both diagnostic and therapeutic as-
pects of radiation bowel injury. For selected patients, resection and primary anastomosis is an appropriate
choice. ( J GASTROINTEST SURG 2006;10:575–582) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Radiotherapy, radiation injuries, intestinal obstruction

Abdominal and/or pelvic radiotherapy play a role
in the treatment of many colorectal, gynecologic,
and urologic malignancies. The therapeutic dosage
of radiation, however, inevitably produces some
damage to the surrounding tissues, especially the
bowel. The manifestation of radiation bowel injury
varies in severity from transient nausea and diarrhea
to life-threatening obstruction and perforation.

The management of the patient with radiation-in-
duced bowel obstruction remains controversial. It
has been proposed that victims of bowel radiation in-
jury are seldom able to tolerate opreation,1 and
therefore conservative treatment is superior to surgi-
cal intervention. However, some authors advocate
the importance of aggressive and immediate surgical
intervention for these patients.2

We report our experience with surgical treatment
in patients with bowel obstruction after radiation
therapy of malignancy. We hypothesize that surgery

plays a role in the patients of radiation bowel injury
in terms of diagnosis and treatment and propose the
factors regarding the choice of surgical strategies.

MATERIAL AND METHODS

From 1993 to 2003 at the National Taiwan Uni-
versity Hospital, 22 patients underwent laparotomy
due to bowel obstruction after radiation treatment
for malignancies. The age of the patients ranged
from 32 to 88 years (mean 6 SD, 58.1 6 12.1 years).
The primary diseases included rectal cancer (14 pa-
tients), endometrial cancer (2 patients), cervical can-
cer (4 patients), and inguinal lymph node metastasis
with nasopharyngeal cancer (1 patient). Twenty-one
patients had undergone abdominal surgery before
radiotherapy (Table 1), and 18 patients had received
chemotherapy.
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Peritoneal carcinomatosis was found during lapa-
rotomy and was responsible for the intestinal ob-
struction in 10 patients. We classified the patients
with peritoneal carcinomatosis (7 women and 3
men) as the ‘‘recurrence group’’ and the remaining
12 patients (6 women and 6 men) as the ‘‘study
group.’’ The clinical presentation, image findings,
and survival time were compared between the two
groups. It should be noted, however, that not all of
the patients in the study group are free of neoplasm.
Three patients of the study group had metastatic le-
sions in lung, liver, and distant lymph nodes, respec-
tively. None of the metastatic lesions caused
intestinal obstruction in the patients.

Medical records were reviewed thoroughly. Data
collected included body mass index and albumin
level on admission, use of total parenteral nutrition
(TPN), operation method, treatment outcome, and
length of stay. In reviewing the clinicopathologic
features of the patients, the continuous data were
presented as mean 6 SD. Pearson c2 test, Fisher ex-
act test, and log-rank test were used where appli-
cable. Survival of these patients was estimated by
the Kaplan-Meier method. Significance was set at
P ! 0.05.

RESULTS
Radiation Dosage and Latency Period

The radiation dosage of study group ranged from
3000 to 6000 cGy (mean 6 SD, 4880.0 6 844.0 cGy)
over 17 to 43 fractions. The latency period between
the last course of radiotherapy and intestinal ob-
struction ranged from 1 to 96 months, with the
mean 6 SD being 26.5 6 25.2 months. Except for
one patient (the latency period was 96 months),
bowel obstruction occurred to the remaining pa-
tients of study group within 28 months after radio-
therapy. The latency period of these 11 patients
was 11.5 6 8.7 months (mean 6 SD).

One patient in our series experienced bowel
obstruction 1 month after the last course of

radiotherapy. He had NPC with lumbar spine and
inguinal lymph node metastasis. Radiotherapy on
the lumbar area and inguinal area started since 15
months prior to the operation. We believed the la-
tency period of radiation injury was actually longer
than 1 month in this patient.

Clinical Presentation and Image Findings

The clinical presentations of the recurrence and
study groups are listed in Table 2. Abdominal dis-
tention, pain, and nausea/vomiting were common
symptoms in both groups. The two groups showed
no significant difference in the clinical presentation.
One patient in the study group and two patients in
the recurrence group had concomitant fistula on ad-
mission. The diagnosis of bowel obstruction was
made on the basis of supine or erect roentgenograms
of the abdomen. The abdominal radiographs showed
distended fluid-filled loops of bowel proximal to the
obstruction (Fig. 1, A). Abdominal computer tomog-
raphy (CT) revealed dilated bowel loops with bowel
wall thickening (Fig. 1, B). In more than half of the
study group patients, CT can demonstrate suspected
peritoneal tumor recurrence or masses with undeter-
mined nature. Ascites was also noted in a significant
portion of patients in both groups (Table 2).

The patients of the study group tended to have
a low body mass index and decreased serum albumin
level (Figs. 2 and 3). Oral intake was so meager that
TPN was prescribed for all patients. The interval
from symptomatic onset to operation and the dura-
tion of TPN use are shown in Figure 4.

Surgical Pathology and Outcome

During surgery, the affected bowel loops were
found at terminal ileum in eight patients, jejunum
in one patient, and sigmoid colon in one patient.
The other two patients had more than one site

Table 1. Operation prior to radiotherapy
in study patients

Operation method No. of Patients

Low anterior resection 11
Hartmann’s procedure 2
Abdominoperineal resection 2
Total abdominal hystectomy D bilateral

salpingoophorectomy D partial
omentectomy

6

Total 21

Table 2. Clinical presentation and image findings of
the study and recurrence groups

No. of patients (%)

Clinical presentation
and image finding

Study group
(n 5 12)

Recurrence
group

(n 5 10) P Value

Abdominal distention 12 (100%) 10 (100%)
Abdominal pain 6 (50%) 8 (80%) 0.2
Nausea/vomiting 10 (83.3%) 8 (80%) 1.0
Recurrence suspected

or equivocal mass on
preoperative image

7 (58.3%) 7 (70%) 0.7

Ascites 4 (33.3%) 5 (50%) 0.7
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affected: jejunum and ileum in one patient, and jeju-
num as well as sigmoid colon in the other patient.
These affected loops were socked into the pelvis,
which was compatible with the radiation field. The
loops were adhered to the pelvic floor or adjacent or-
gans by dense adhesive bands. The adhesion bands
were so extensive that complete dissection was not

feasible in three of our patients. The operative find-
ings included one or multiple segments of fibrosis
and narrowing, adhesion band with strangulation
of the bowel, and dilatation as well as edematous
change of the bowel (Fig. 5, A).

The histological examination of the radiation-in-
jured bowel showed chronic inflammation or even
ulcers of the mucosa, suggesting the effects of
chronic ischemia. No acute inflammation, however,
was found on pathological examination. There was
extensive submucosal and muscular fibrosis. The in-
tima of arteries was unusually thickening, which ob-
structed the lumen of arteries (Fig. 5, B). Numerous
reactive fibroblasts can be seen in the fibrotic stroma.

The operation method and complications are
shown in Table 3. The choice of surgical strategies
was based on the patient’s condition, operative find-
ings, and surgeon’s preference. The creation of
stoma was our last choice due to its marked disad-
vantages (marked fluid and electrolyte loss). When
anastomosis was performed either in bypass or after
resection, we preferred the grossly healthy and pink-
ish intestinal segments that laid away from the low
abdomen and pelvis. The anastomosis of small bowel
to transverse colon was the most common type of
anastomosis, performed in eight patients. Two pa-
tients underwent segmental resection of small bowel
and then primary anastomosis. One patient under-
went anterior resection and partial resection of uri-
nary bladder for sigmoid stricture. We did not
perform any protective stoma in this series.

There was no early mortality (within 30 days after
operation) in this series. Only one patient with anas-
tomotic failure underwent further surgery. Enteral
nutrition was resumed in all 12 patients following
operation, and the duration from the operation to
the start of the patients’ oral intake was 8.0 6 2.3
days (mean 6 SD). The intravenous fluid was dis-
continued on day 12.0 6 4.3 (mean 6 SD) postoper-
atively. The length of hospital stay after the
operation ranged from 10 to 41 days, and the mean
6 SD was 17.5 6 10.0 days.

We followed the patients for a mean period of 16
months, ranging from 6 to 60 months. The patient
undergoing anterior resection and partial cystectomy
developed enterovesical fistula 1 month after the op-
eration. This patient died of extensive metastasis of
NPC 4 months after the operation and therefore
did not undergo secondary surgery for fistula. One
patient undergoing bypass and one undergoing re-
section experienced intermittent abdominal pain,
which could be managed by medical treatment. No
bowel obstruction occurred again during the fol-
low-up period. The only patient receiving stoma cre-
ation refused further operation for stoma closure.

Fig. 1. (A) The chronic and partial ileus seen in the plain ab-
dominal radiograph in a patient with ileus 2 years after radio-
therapy. (B) Computer tomography showing dilated bowel
loops with thickening bowel wall (arrow).

Vol. 10, No. 4
2006 Bowel Obstruction Due to Radiation Therapy 577



Five patients of the study group died during the
follow-up period, due to distant metastatic lesions
in three patients, perforated peptic ulcer in one pa-
tient, and respiratory failure in one aged patient
with pulmonary tuberculosis. The estimated median
survival time (Fig. 6) of the study group (21 months)
was significantly longer than that of the recurrence
group (5 months, P ! 0.001). Specifically in the pa-
tients without previous neoplastic disease recurrence
or metastasis, overall survival was 100%, 80%, and
53%, at 1, 2, and 5 years after surgery, respectively.

DISCUSSION

Intestinal damage is a common and significant
complication of radiation therapy for pelvic and ab-
dominal malignancies. The incidence of such com-
plications has been estimated to approach 10%.3,4

Among the various manifestations of radiation-in-
duced bowel injury, intestinal obstruction is the
most frequent presentation5,6 and also a difficult
challenge facing surgeons. Most of our patients ex-
perienced partial bowel obstruction initially, and
then the condition deteriorated to total obstruction

Fig. 2. The histogram shows the distribution of the BMI of the patients on admission. The mean 6 SD
was 18.7 6 1.92 kg/m2, and no patient had a BMI of higher than 23 kg/m2.

Fig. 3. The histogram shows the distribution of the patients’ serum albumin level on admission. The
mean 6 SD was 3.12 6 0.32 g/dl. Only one patient had the albumin level above the low limit of normal
value, 3.5 g/dl.
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in weeks or months. The long interval from symp-
tom onset to operation reflects the insidious nature
of radiation bowel injury.

In these patients presenting bowel obstruction af-
ter radiotherapy for malignant diseases, the most
common diagnostic dilemma is to distinguish radia-
tion enteritis from peritoneal infiltration by recur-
rence of malignant tumor, that is, peritoneal
carcinomatosis. In 12 of our 22 patients (54.5%), ra-
diation injury was the primary cause responsible for
bowel obstruction, instead of intra-abdominal tumor
recurrence. Because tumor recurrence and radiation
enteritis have similar radiographic features,7 differ-
ential diagnosis is sometimes difficult without a lapa-
rotomy. Merely based on the preoperative image
finding, up to 42% of our patients in the study group
were suspected to have peritoneal cancer recurrence.
On the other hand, 30% of the recurrence group
were not noted to have cancer recurrence on imag-
ing. Previous studies showed similar observations.8,9

In this regard, surgery not only facilitates an accurate
diagnosis of etiology but also allows prompt and ap-
propriate treatment for patients.8

Bowel decompression is an effective method of
treatment for some of the patients with bowel
obstruction. Conservative treatment with bowel de-
compression is appropriate for the initial man-
agement of bowel obstruction.10–12 However, if
radiation injury is the primary etiological factor in
bowel obstruction, only a small percentage of pa-
tients will respond to conservative treatment.13 In
one previous report, only 12 of 33 patients (36.4%)
with radiation bowel injury experienced the resolu-
tion of their obstruction under conservative manage-
ment by Cantor tube decompression.9 Of 12 patients

who had experienced resolution after bowel decom-
pression, 4 patients developed obstruction later.9

Furthermore, conservative treatment is not com-
pletely safe. It carries the potential risk of bowel
strangulation and subsequently increases morbid-
ities. Strangulated bowel has been observed at oper-
ation in about 6% of the patients receiving
conservative management.14 Some authors do not
suggest prolonged conservative treatment for more
than 5 days, because it is not only ineffective but
also possibly harmful.14,15

Nutrition support is essential for the patients with
radiation enteritis. Most of the patients in our series
were lean. The low body weight is a predisposing
factor of radiation bowel injury.16,17 Remarkable
body weight loss18 may also contribute to the pa-
tient’s emaciation. In our series, all patients experi-
enced remarkable body weight loss, and
preoperative prescription of TPN was therefore nec-
essary. Eleven (91.7%) of the study group also pre-
sented with hypoalbuminemia, which is common in
critically ill patients. It is well documented that hy-
poalbuminemic patients have a higher morbidity
and mortality rate when compared with patients
with a normal serum albumin.19 Although TPN
may provide nutrition support in the short term,
prolonged use of TPN is unable to reverse the hypo-
albuminemia.20 Moreover, hypoalbuminemia can be
worsened by artificial intravenous nutrition with so-
dium, water, and glucose.21 Even in severely mal-
nourished patients, the suggested duration of TPN
administration is 7210 days, with an expected reduc-
tion of overall complications of approximately
10%.22 Prolonged or aberrant use of TPN may
cause increased incidence of septic complications.22

Fig. 4. The interval between symptomatic injury and laparotomy as well as the duration of TPN in our
patients. Only one patient underwent surgery within 10 days after the onset of symptoms, and six pa-
tients received TPN for longer than 1 month. The interval from the onset of the patient’s symptoms
to the surgical intervention was 54.5 6 23.0 days (mean 6 SD), and the duration of TPN use was
27.1 6 16.0 days (mean 6 SD).
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For both diagnostic and therapeutic reasons, we
suggest prompt surgical intervention for all patients
with bowel obstruction due to previous radiotherapy
for malignancies. According to our data, the out-
come of laparotomy is fair. In an early report,16

100% of the patients died of overwhelming infec-
tion, following resection of necrotic perforated small
bowel. Remarkably, there was no mortality in our
case series. The marked improvement of surgical
outcome may be attributed to the better nutritional
support, the advance of surgical techniques, and,
probably most importantly, in-time surgical
intervention.

Histopathologically, delayed radiation enteritis is
characterized by diffuse collagen deposition and
progressive, occlusive vasculitis. The vasculitis and
fibrosis progress over time, resulting in narrowing

of the intestinal lumen with dilation of the bowel
proximal to the stricture. The affected segments of
intestine and serosa become thickened. Ulceration,
necrosis, fistula, and occasional perforation of the
intestinal wall may occur.23 The characteristics of
extensive fibrosis and chronic ischemia significantly
increase the difficulty of surgical dissection and the
risk of anastomotic failure in our patients and other
series.5 It has been known that cytokines and growth
factors involved in fibroblast activation and collagen
deposition are central components of radiation-
induced fibrosis.24 Elevated activity of transforming
growth factor b1 (TGF-b1) was found in the affected
loops.25 It has been proposed a future clinical trial be
undertaken of interferon g (IFN-g), which inhibits
excessive stimulation of TGF-b1.26

There are still debates about the surgical strate-
gies for radiation bowel injury. Some authors argue
that resection carries a higher risk of anastomotic
leakage than bypass surgery.5 In view of preventing
massive resection and subsequent short bowel syn-
drome, stricturoplasty has been performed success-
fully in some selected patients.27 However,
resection of the injured bowel is the preferred choice
in this series, because it enables the removal of
overtly diseased bowel and consequently prevents
the progression of radiation injury. Enteral nutrition
was recovered postoperatively in all of our patients
although leakage occurred in one patient. One re-
cent report also supports similar management proto-
col, in which 37 of the 39 patients with the
obstructive radiation enteritis type underwent ex-
tended intestinal resection with anastomosis.28

There are several considerations in the decision of
bowel resection: the remaining length of bowel, the
anastomotic site, and the severity of adhesion. If
the remaining length is not adequate to maintain
the patient’s nutritional status, resection of bowel
should be abandoned. Furthermore, the grossly
healthy bowel loops away from the radiation field
(e.g., transverse colon and jejunum) are the optimal
intestinal segments for anastomosis. The anasto-
motic leakage rate can be reduced from 50% to
7% by carrying out combined excision of the ileal

Fig. 5. (A) Typically, the lesion of radiation injury showed
segmental stenosis and fibrosis of the bowel (arrow). The af-
fected segment was nearly obstructed, and the bowel proxi-
mal to the lesion was marked dilated. (B) Microscopically,
chronic inflammation and extensive fibrosis were found in
the mucosa and submucosa of the radiation-injured ileum
(hematoxylin-eosin, original magnification 340).

Table 3. Morbidity of operation for bowel
obstruction due to radiation injury

Strategy of operation No. of Patients Morbidity

Resection and
anastomosis

9 2 (1 enterovesical
fistula, 1 leakage)

Bypass surgery 2 1 (wound infection)
Ileostomy 1 1 (wound infection)
Total 12 4
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end and ascending colon and anastomosing the il-
eum and the transverse colon, mainly due to the rel-
atively little injury to transverse colon by radiation.29

The severity of adhesion of injured organs is also one
factor in making decision to excise the bowel, al-
though some authors do not support this opinion.28

The extent of dissecting adhesion should be ade-
quate to release the anastomotic tension, but unnec-
essary dissection may result in unwanted tissue
damage and severe sequelae. One patient in our se-
ries developed fistula 1 month after resection of sig-
moid colon and partial cystectomy. In our opinion,
the newly developed enterovesical fistula was related
to the damage to both colon and urinary bladder
caused by extensive dissection. The occurrence of
fistula seemed too early to be due to the ongoing ra-
diation effects. We therefore do not suggest the
strategy of bowel resection when resection of urinary
bladder or vagina is necessary for release of adhesion.

On the other hand, bypass surgery is regarded as
a safe method of treatment if unaffected segments
are chosen for anastomosis.5,18 In comparison with
resection of diseased bowel, the requirement of dis-
section and therefore tissue damage are minimal in
bypass surgery. Nevertheless, bypass surgery has
two drawbacks: first, bacterial overgrowth in the

close loop can lead to diarrhea and abdominal
pain30,31; and second, progression of radiation injury
may cause necrosis, perforation, and fistulization
months or years after the bypass procedure.18 It
needs to be mentioned that small bowel stoma is
suggested only in desperately ill patients, because
it carries the risk of progressive radiation injury in
approximately 30% of patients.5 There was no pro-
gression of radiation injury observed in our patients
undergoing bypass during the follow-up period.
However, it can possibly occur later, because our
mean follow-up period is 16 months. Furthermore,
one of the two patients undergoing bypass subse-
quently developed frequent abdominal cramping
pain and required hospitalization.

Postoperative survival in this group of patients
mainly depends on whether the malignant disease re-
curs. In our series, all of the 13 patients with perito-
neal recurrence or metastasis died within 1 year after
operation. However, it is somewhat surprising that
the survival rate in the patients free of neoplasm is
only 53%, not as high as we originally thought. In
a recent report including patient suffering from all
types of radiation bowel injury, the reported 5-year
survival in disease-free patients is 69%.28 The lower
survival rate in our series than that report can be

Fig. 6. Kaplan–Meier survival curve of the patients after operation. The median survival of the study
group was 21 months, and the estimated 5-year survival rate was 37.7%. On the other hand, the median
survival of the recurrence group was 5 months (dashed line), and no patients in the recurrence group lived
for longer than 8 months after operation. There is a significant difference between the two groups (P !
0.001, log-rank test).
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partly explained by that we enrolled only the patients
of obstruction and excluded those with bleeding,
perforation, or fistulas. Mortality occurred in our
two patients without primary disease recurrence,
due to pulmonary tuberculosis and perforated peptic
ulcer, respectively. Although the causes of their mor-
tality are not related to radiation injury, prolonged
undernourishment may substantially decrease the
patient’s resistance against septic process and even-
tually precipitate the death. Careful long-term care
is still necessary for these weak patients even after
successful surgery resolving the radiation enteritis.

CONCLUSION

In conclusion, patients with bowel obstruction re-
lated to radiation bowel injury are malnourished.
Surgery plays a vital role in both diagnostic and ther-
apeutic aspects. We suggest that the timing of sur-
gery should be as early as possible in order to
improve treatment outcome. Resection of the in-
jured bowel is suitable for those patients without
risk of postoperative short bowel syndrome or severe
adhesion to adjacent organs. Grossly healthy seg-
ments of intestine away from radiation field were
the optimal choice for anastomosis.
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Spontaneous Mesenteric Hemorrhage Associated With
Ehlers-Danlos Syndrome

Akihiro Hosaka, M.D., Tetsuro Miyata, M.D., Hiroshi Shigematsu, M.D.,
Jun-o Deguchi, M.D., Hideo Kimura, M.D., Hirokazu Nagawa, M.D., Osamu Sato, M.D.,
Takehiko Sakimoto, M.D., Tomoyuki Mochizuki, M.D.

The vascular type of Ehlers-Danlos syndrome is a genetic disorder of connective tissue and is frequently
associated with catastrophic arterial complications. Its surgical treatment is extremely difficult because of
the fragility of vessels. This article describes three patients with vascular type of Ehlers-Danlos syn-
drome who developed mesenteric hemorrhage due to spontaneous arterial rupture. The clinical and mo-
lecular characteristics of the disease are briefly reviewed. ( J GASTROINTEST SURG 2006;10:583–
585) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Ehlers-Danlos syndrome, mesenteric hemorrhage, surgical management

Ehlers-Danlos syndrome (EDS) is a rare genetic
disorder affecting connective tissue. The vascular
type of EDS, also known as type IV or arterial-ec-
chymotic type, is characterized by thin translucent
skin, fragile arteries, easy bruising, and a typical fa-
cial appearance.1 Arterial rupture complicating vas-
cular EDS often leads to fatal conditions, because
the surgical management is extremely difficult due
to the friability of vessels.2–4

In this report, we describe three cases of sponta-
neous mesenteric hemorrhage associated with the
vascular type of EDS and discuss their surgical
management.

CASE REPORTS
Case 1

A 38-year-old man was admitted with a history of
sudden onset of abdominal pain. His medical history
included dissection of the right common and exter-
nal iliac arteries treated with aortofemoral bypass
grafting at the age of 31 and dissection of the left ex-
ternal iliac artery treated with bypass grafting be-
tween the left common and external iliac arteries at
the age of 37. He had been clinically diagnosed as
having the vascular type of EDS, based on these ar-
terial episodes, thin translucent skin, and a history of

excessive bruising, although no family history of the
disease was disclosed.

Computed tomography on admission demon-
strated intra-abdominal hemorrhage, aneurysms of
the proper hepatic and left renal arteries, dissection
of the right renal artery, and an extensive intrame-
senteric mass indicative of a hematoma. At laparot-
omy, bleeding from a tear in a branch of the
jejunal artery and massive intramesenteric hematoma
were found. The mesenteric vessels and surrounding
mesenteric tissues showed extreme fragility. Hemo-
stasis was achieved by gently ligating the bleeding ar-
tery with surrounding adipose tissue, without
resection of the intestine. Five hours after the oper-
ation, however, his blood pressure dropped sud-
denly, and he died 6 hours postoperatively despite
resuscitative attempts. Postmortem examination re-
vealed massive intra-abdominal hemorrhage, which
was considered to be the cause of death.

Case 2

A 42-year-old man was admitted with sudden on-
set of lower abdominal pain. He had experienced
a similar episode of acute abdominal pain a year
before, which had subsequently resolved without
any medical treatment. Computed tomography
showed a mass adjacent to the descending colon.

From the Division of Vascular Surgery, Department of Surgery, Graduate School of Medicine, University of Tokyo, Japan (A.H., T.M., H.S.,
J.D., H.K., H.N.); Department of Surgery, Saitama Medical Center, Japan (O.S., T.S.); and Kawagoe Gastroenterical Hospital, Japan (T.M.).
Reprint requests: Tetsuro Miyata, M.D., Division of Vascular Surgery, Department of Surgery, Graduate School of Medicine, University of
Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8655, Japan. e-mail: tmiyata-tky@umin.ac.jp

� 2006 The Society for Surgery of the Alimentary Tract

Published by Elsevier Inc.

1091-255X/06/$dsee front matter

doi:10.1016/j.gassur.2005.07.018 583

mailto:tmiyata-tky@umin.ac.jp


Laparotomy was performed, which revealed intra-
abdominal hemorrhage and a hematoma, 15 cm in
maximum diameter, between the inferior mesenteric
artery and descending colon. Not knowing the un-
derlying disease, we performed left hemicolectomy
with initial end-to-end anastomosis. The surgery
was extremely difficult because of fragility of the
mesenteric vessels and adipose tissue, and hemor-
rhage was controlled by gently ligating the vessels
together with surrounding tissues. Postoperative
examination of the resected specimen showed spon-
taneous bleeding from a branch of the inferior mes-
enteric artery. Six years after the operation, he
presented with another episode of acute lower ab-
dominal pain. Computed tomography revealed dis-
section of the infrarenal aorta extending to the
right common iliac artery and a retroperitoneal he-
matoma, which were treated conservatively. He was
clinically diagnosed as having vascular EDS, based
on his thin translucent skin and recurrent vascular
events, although he did not have a definite family
history of the disease. The diagnosis was confirmed
by culture of skin fibroblasts, demonstrating defec-
tive secretion of type III collagen. Eight years after
the first operation, he underwent ileocecal resection
with ileostomy for a perforation of the ascending
colon, followed by additional resection of small in-
testine on postoperative day 7 for multiple perfora-
tions due to injuries during the previous operation.
He was doing well 18 months after the last surgical
intervention.

Case 3

A 33-year-old man presented to our institution
with shock and severe abdominal pain of sudden
onset. He had a history of extensive subcutaneous
hematomas in the upper and lower limbs, spontane-
ous rupture of ulnar artery, and left renal infarction
due to dissection of the left renal artery, all of which
had been treated conservatively. With the presence
of thin translucent skin, characteristic facial appear-
ance, and family history of arterial ruptures, he had
been clinically diagnosed with vascular EDS. Com-
puted tomography revealed intra-abdominal hemor-
rhage, aneurysms of the common hepatic and splenic
arteries, and dissection of the left external iliac ar-
tery. At laparotomy, bleeding from a tear in a branch
of the jejunal artery was identified. The mesenteric
vessels and adipose tissue were extremely fragile.
Hemorrhage was controlled by gentle ligation of
the bleeding vessel together with surrounding adi-
pose tissue, without resection of the jejunum. Cul-
ture of his skin fibroblasts showed an apparently
normal quantity of type III collagen secretion.

Qualitative analysis of the produced collagen has
not been performed. He suffered multiple radial
and ulnar aneurysms during the postoperative fol-
low-up of 4 years, without any life-threatening
events.

DISCUSSION

The vascular type of EDS is an autosomal domi-
nant disorder caused by structural deficits of colla-
gen type III encoded by the COL3A1 gene.5

Defective production of type III collagen, a major
component of blood vessels, results in marked dis-
tensibility and high wall stress of the artery, predis-
posing to arterial dissection, rupture, and aneurysm
formation.6 Patients are often asymptomatic until
a sudden arterial hemorrhage or bowel perforation
occurs. The first events are frequently catastrophic
and life-threatening. The median survival in a recent
cohort study of the disease was reported to be 48
years, and arterial complications accounted for
most deaths.4

The clinical diagnosis of the vascular type of EDS
is made by the presence of any two or more of the
following four major criteria: thin translucent skin,
arterial/intestinal/uterine fragility, extensive bruis-
ing, and characteristic facial appearance. The diag-
nosis is confirmed by detection of either abnormal
secretion of type III collagen by cultured skin fibro-
blasts or a mutation in the COL3A1 gene.1 Even if
the cultured fibroblasts yield an apparently normal
amount of type III collagen, further analysis by gel
electrophoresis in sodium dodecyl sulfate can dem-
onstrate structural abnormality of the protein.7 In
the present case series, all patients were clinically
compatible with vascular EDS. Culture of skin fibro-
blasts was performed in two patients. Although no
quantitative abnormality of production of type III
collagen was detected in case 3, a structural alter-
ation might be revealed by further biochemical
examination.

A literature review using MEDLINE revealed
that there was only one case report describing spon-
taneous rupture of the mesenteric artery between
January 1990 and December 2004, in which the pa-
tient did not survive the event.8 The surgical man-
agement of arterial complications in patients with
vascular EDS is very hazardous, with reported oper-
ative mortality of more than 40%.4 In cases of rup-
ture of middle-sized arteries, ligation with the
sacrifice of nonessential organs is recommended.2,3,9

In the present three cases, we experienced difficulty
controlling hemorrhage from small-sized mesenteric
arteries affected by the disease. The vessel walls were
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extremely thin and fragile, and attempts to expose
bleeding arteries led to new arterial tears. Even gen-
tle ligation cut into the vessel wall and resulted in ad-
ditional hemorrhage. Hemostasis could be achieved
by gently ligating the bleeding vessels together
with the surrounding mesenteric tissues, which
were also friable and edematous. Standard hemo-
static maneuvers, including full exposure of the
bleeding artery and ligation with direct contact be-
tween the ligature and vessel wall, might result in
failure to control hemorrhage. Minimal vessel dis-
section and gentle ligation including surrounding
tissues may be safer in the management of bleeding
from small-sized vessels. When resection of the
bowel becomes necessary because of ischemia, initial
end-to-end anastomosis should be avoided, since the
risk of anastomotic leakage is very high.3,4

CONCLUSION

The vascular type of EDS is sometimes compli-
cated by intra-abdominal hemorrhage due to mesen-
teric arterial rupture. Surgical management should
be simple and only to obtain hemostasis, in order
to achieve a successful treatment outcome.
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Postprandial Augmentation of Absorption of Water
and Electrolytes in Jejunum Is Neurally Modulated:
Implications for Segmental Small Bowel
Transplantation

Abdalla E. Zarroug, M.D., Karen D. Libsch, M.D., Scott G. Houghton, M.D.,
Judith A. Duenes, B.A., Michael G. Sarr, M.D.

Postprandial augmentation of absorption of water and electrolytes is believed to occur in the jejunum. Neu-
ral mechanisms of control, however, have not been studied in the in situ jejunum or in the transplanted
bowel. The aim of this study was to determine if postprandial augmentation of absorption occurs in the
in situ jejunum and to evaluate neural mechanisms controlling postprandial jejunal absorption. Based on
our previous work, we hypothesized that postprandial augmentation of absorption does not occur in the je-
junum in situ and that extrinsic denervation of the jejunum is associated with decreased postprandial absorp-
tion. Absorption was studied in an 80 cm, in situ jejunal segment in six dogs by using an isosmolar electrolyte
solution alone, or with 80 mmol/L glucose before and after jejunal transection to disrupt intrinsic neural
continuity of the study segment with the remaining gut. Net absorptive fluxes of water and electrolytes
were measured in the fasted state and after a 400-kcal meal. Another six dogs were studied 3 weeks after
our validated model of extrinsic denervation of jejunoileum; identical fasting and postprandial absorptive
states were evaluated. Postprandial augmentation of absorption of water and electrolytes did occur in the
jejunum (P ! 0.03) both in the absence and in the presence of intraluminal glucose. After intrinsic neural
transection or extrinsic denervation, no postprandial augmentation of absorption occurred, with or without
glucose. Postprandial augmentation of absorption of water and electrolytes occurs in the in situ jejunum.
Disrupting intrinsic neural continuity or extrinsic denervation (as after intestinal transplantation) abolishes
postprandial augmentation. ( J GASTROINTEST SURG 2006;10:586–592) � 2006 The Society for Surgery of
the Alimentary Tract

KEY WORDS: Absorption, intestinal transplantation, intrinsic nerves, postprandial extrinsic denervation

Small bowel transplantation (SBT) is a clinical real-
ity; however, it often remains plagued by prolonged
enteric absorptive dysfunction postoperatively.1–3

Transient decreases in absorption of water, electro-
lytes, and nutrients have been demonstrated previ-
ously in canine models of SBT.4,5 Although some
studies have looked at absorptive abnormalities after
SBT, few reports have evaluated absorption in the
postprandial or ‘‘fed’’ state in the neurally isolated (ex-
trinsically denervated) or transplanted bowel. Previ-
ous physiologic studies demonstrated postprandial
augmentation of absorption of water, electrolytes,
and nutrients in the enterically isolated intestine, usu-
ally in Thiry-Vella loops, but studies in the in situ je-
junum, which is not subject to the disuse atrophy of an

enterically isolated segment, are lacking.6–9 It is not
clear if net postprandial absorption is affected in path-
ophysiologic states induced by SBT, including ische-
mia/reperfusion injury, lymphatic disruption, severe
immunosuppression, immune phenomena, and dis-
ruption of intrinsic and extrinsic innervation.

Our aims were twofold: (1) to determine if post-
prandial augmentation of absorption occurs in the
in situ jejunum and (2) to evaluate mechanisms of
neural control mediating jejunal postprandial ab-
sorption. Our laboratory has been involved in trans-
lational investigations into the neural mechanisms
modulating enteric function in large animal models
of small intestinal autotransplantation, specifically
looking at the role of extrinsic denervation on
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absorption. Our recent work found, surprisingly,
that postprandial augmentation of net absorption
did not occur in the in situ ileum.9 Furthermore, ex-
trinsic denervation of the jejunoileum transiently de-
creased net postprandial absorption of both glucose
and glutamine in the in situ ileum at 2 weeks postop-
eratively; however, this resolved at 12 weeks postop-
eratively. We, therefore, hypothesized that
postprandial augmentation of net absorption simi-
larly does not occur in the in situ jejunum, with or
without intraluminal glucose. Furthermore, we hy-
pothesized that a model of jejunoileal autotransplan-
tation (extrinsic denervation) decreases postprandial
absorption of water and electrolytes. We studied ab-
sorptive function of the extrinsically denervated
small intestine devoid of confounding factors of im-
mune phenomena and ischemia/reperfusion injury
by using our previously validated canine model of je-
junoileal autotransplantation.10

MATERIAL AND METHODS
Overall Design

Six dogs underwent baseline experiments of ab-
sorption of water and electrolytes (sodium, potas-
sium, and chloride) in the in situ jejunum by using
intramural, jejunal-like infusates with and without
80 mmol/L glucose. Dogs were studied both in the
fasting and fed (postprandial) states. These dogs
served initially as the baseline, neurally intact control
dogs. After completion of baseline studies, these
same dogs underwent proximal jejunal and distal il-
eal transection and reanastomosis to disrupt intrinsic
neural continuity to the jejunal segment being stud-
ied, and studies were repeated at 3 weeks postopera-
tively with identical experiments of absorption.
Another six dogs underwent complete neural isola-
tion of the jejunoileum (disruption of intrinsic and
extrinsic neural input) and were studied with identi-
cal experiments of absorption 3 weeks postopera-
tively. We chose the 3-week postoperative time
point for study of absorption, because the dog’s
stools were still unformed at this time after neural
isolation of the jejunoileum.

Animal Preparation

Preoperative care, surgical operations, postopera-
tive care, and subsequent conduct of the experiments
were performed with approval of the Animal Care
and Use Committee of the Mayo Foundation and
in accordance with guidelines of the National Insti-
tutes of Health and the U.S. Public Health Service
policy on the humane use and care of laboratory

animals. All dogs were fasted for 12 hours before sur-
gical procedures.

Catheter and cannula insertion. Six healthy female
mongrel dogs, weighing 15–21 kg, were anesthetized
by using intravenous sodium methohexital induction
(12.5 mg/kg), and inhaled halothane (Ayerst Labora-
tories, New York, NY) was used for anesthetic main-
tenance. Through a midline celiotomy, a jejunal
infusion catheter (internal diameter 1.5 mm), a jeju-
nal aspiration catheter (internal diameter 3.0 mm),
and a modified Thomas cannula (internal diameter
10 mm) were placed 50, 65, and 145 cm, respectively,
distal to the ligament of Treitz. This configuration
allowed the use of a triple-lumen perfusion tech-
nique11 providing a 15 cm jejunal mixing segment
and an 80 cm test segment similar in principle to
our previous studies;4,5,12,13 this experimental setup
has been well-illustrated and described in detail pre-
viously.14 Dogs were administered intramuscular bu-
torphanol for postoperative pain control and
maintained on intravenous fluid and electrolytes for
3 days before ad libitum feeding. Absorptive studies
were performed after a 3-week recovery period.

Intrinsic neural disruption. After completion of
baseline studies, a secondary celiotomy was under-
taken, and all six dogs underwent proximal jejunal
and distal ileal transection and reanastomosis to
disrupt intrinsic myoneural continuity of the study
segment with the proximal and distal gut; all extrin-
sic neural innervation was carefully preserved except,
of course, for any extrinsic nerves traveling within
the wall of the proximal jejunum or distal ileum.
Briefly, the proximal jejunum, just distal to the liga-
ment of Treitz, and the distal ileum 5 cm proximal to
the ileocecal junction, were transected. End-to-end
jejunojejunostomy and ileoileostomy restored intes-
tinal continuity. Absorptive studies were performed
after a 3-week recovery period.

Complete intrinsic and extrinsic neural denerva-
tion. Six dogs underwent our model of in situ neural
isolation of the jejunoileum through a midline celiot-
omy, as described previously in detail.10 This well-
established and validated surgical preparation estab-
lishes a complete extrinsic denervation as well as
disruption of intrinsic myoneural and lymphatic con-
tinuity to the jejunoileum without interruption or
occlusion of the primary blood supply during the
procedure. In brief, all mesenteric, neural, lym-
phatic, and connective tissue at the base of the small
bowel mesentery traveling to the jejunum and ileum
except for the superior mesenteric artery and vein
were transected. Under 23 optical magnification,
the superior mesenteric artery and vein were skele-
tonized, and the investing adventitia and associated
neural elements were stripped off for a length of
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2 cm, leaving only the media and endothelium of the
superior mesenteric artery and vein as the only con-
nection to the bowel. The proximal jejunum, just
distal to the ligament of Treitz, and the distal ileum,
5 cm proximal to the ileocecal junction, were trans-
ected to complete the neural isolation. Previous
studies showed that concentrations of tissue cate-
cholamines (markers of extrinsic denervation) de-
creased to unmeasurable levels for more than 3
months postoperatively, indicative of extrinsic de-
nervation.10 Intestinal continuity was restored by
hand-sewn, end-to-end jejunojejunostomy and end-
to-end ileoileostomy. Absorptive studies were per-
formed after a 3-week recovery period.

Absorption studies. All dogs were fasted for the 12
hours before each experiment. Fully conscious dogs
were studied while resting comfortably in a Pavlov
sling. Experiments were performed at baseline and
at 3 weeks after the model of intrinsic neural disrup-
tion and at 3 weeks in the other six dogs undergoing
in situ neural isolation by using a modification of the
triple-lumen perfusion technique.4,5 Experiments
began with gentle flushing of the jejunal segment
with infusate to remove intraluminal debris and
mucous. Two types of warmed (39 � C), isosmolar
electrolyte solutions were used, one with and one
without 80 mmol/L glucose, both titrated to a pH
of 7.4 and designed to reproduce the electrolyte
composition of the jejunum while maintaining iso-
smolarity. The infusate without glucose contained
(in mEq/L) sodium 140, potassium 5, chloride 110,
and bicarbonate 35. The infusate with glucose con-
tained glucose 80 mmol/L and (in mEq/L) sodium
105, potassium 5, chloride 75, and bicarbonate 35.
Both perfusates contained 5g/L of the nonabsorb-
able volume marker polyethylene glycol (PEG;
molecular weight 3350 Da) labeled with 14C-PEG
(5mCi/L). Separate experiments on different days
were performed using perfusate with and without
glucose. Studies evaluating electrolyte absorption
were conducted exclusively using the perfusate with-
out glucose, whereas absorption of water only was
evaluated in the experiments utilizing the glucose-
containing perfusate. After flushing, the test solu-
tions were infused continuously via the first jejunal
catheter at 5 ml/minute. Luminal samples were aspi-
rated from the second jejunal catheter 15 cm distal
(to allow for mixing) at a constant rate of 1 ml/min-
ute by using a withdrawal pump (Harvard Apparatus
Co., Dover, MA). Effluent from the end of the test
segment (80 cm distal to the second catheter) was
collected by gravity through the distal jejunal can-
nula. Based on previous experiments, a 1-hour equil-
ibration period was allowed to establish the steady
state dynamics necessary for the use of this perfusion

technique.4,5,12,13 Thereafter, samples from the
proximal and distal jejunal catheter (80 cm test seg-
ment) were collected during four subsequent consec-
utive 1-hour intervals for analysis. All dogs were
studied in the fasted state for the first hour and
then fed a 200 g (400 kcal) mixed meal of chopped
pork liver with 120 ml cream (370 kcal) and subse-
quently studied for an additional 3 hours. Each per-
fusate was tested three times in each dog at each time
point (baseline and at 3 weeks after denervation).

Analytical Methodology

All samples were frozen immediately (220 � C),
analyzed in duplicate, and run within days of each
experiment. Concentrations of the nonabsorbable
marker 14C-PEG were measured by scintillation
techniques. Sodium and potassium concentrations
were measured by flame photometry; chloride con-
centrations were measured by chloridimetry.

Analysis of absorptive data. Net absorption of wa-
ter, sodium, potassium, and chloride was determined
using principles of the triple-lumen perfusion tech-
nique, as described previously.4,5,11 Steady state con-
ditions were established during the first hour of
infusion; the assumption was that the amount of
nonabsorbable marker entering the proximal jejunal
study segment per unit time equaled the amount of
marker leaving the distal jejunal test segment. The
differences in calculated volume entering and leaving
the 80 cm jejunal test segment were used to calculate
net absorption of water as calculated by changes in
concentrations of the nonabsorbable marker (14C-
PEG) between the proximal jejunal aspiration cathe-
ter and the distal diverting cannula by using standard
formulas for an 80 cm test segment for each experi-
mental interval and represented as net absorptive flux
(mL$cm21$min21). This triple-lumen technique al-
lows for, and takes into account, any enteric inflow
into the 80 cm test segment from the more proximal
jejunum by allowing for a 15 cm mixing segment.
This mixing segment between the infusion catheter
and the proximal aspiration catheter allows measure-
ment of the ‘‘adjusted’’ actual volume entering the 80
cm test segment as well as the ‘‘adjusted’’ actual con-
centrations of electrolytes entering the 80 cm test
segment. Differences in concentrations between the
start (proximal aspiration catheter) and end (distal
ileal cannula) of the test segment are then used to
calculate net absorption. Positive values for net ab-
sorptive flux represent net absorption, whereas neg-
ative values represent net secretion. Using
calculations based on the changes in concentrations
of 14C-PEG and standard formulas for the 80 cm
test segment, net absorptive fluxes for water and
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electrolytes were determined for each experimental
time interval. After summing the 15-minute time pe-
riods, the individual mean values of net absorption
for the four separate consecutive 1-hour intervals
per experiment (1 hour fasting and the first, second,
and third postprandial hour) were calculated; these
mean values for the three (each experiment was run
in triplicate) experiments were likewise calculated
for the mean in each dog, representing the fasting
and fed absorption values. Grand means in the fasted
state and the first, second, and third postprandial
hour were calculated across dogs for the basal and 3-
week time points.

Statistical Analysis

Mean net absorptive fluxes within groups were
compared across the time points (baseline and 3
weeks) during fasting and after feeding with analysis
of variance (ANOVA), and P values ! 0.05 were
considered significant. At each time point, differ-
ences between measurements during fasting and af-
ter feeding were also compared. Comparisons were
also made between perfusates with and without glu-
cose. Data in the text are presented as mean values 6

standard error of the mean (x 6 SEM).

RESULTS
Health/General Characteristics of Dogs

After catheter and cannula placement, intrinsic
neural transection, and complete neural isolation,
all dogs maintained a good appetite and remained
active and healthy. After intrinsic neural transection,
the dogs lost no weight and had normal stools. In
contrast, after complete in situ neural isolation,
dogs lost about 10% body weight and developed
a watery diarrhea that persisted for the 3 postopera-
tive weeks.

Net Absorption of Water and Electrolytes

During baseline (control) measurements (before
any denervation), feeding a mixed nutrient meal
lead to a postprandial augmentation of net absorp-
tion of water and electrolytes in the jejunal segment.
Net jejunal absorption of water in the postprandial
period was increased compared to the fasting period
(Fig. 1). This postprandial augmentation of water
absorption occurred both without (P ! 0.03) and
with (P ! 0.02) intraluminal glucose in the perfus-
ate. Postprandial augmentation of net absorption of
water was evident even in the first postprandial
hour (fasting 10.4 6 1.3 vs. fed 23.4 6 4.3 mL/cm
per minute; P ! 0.05). However, when these same

dogs were studied at 3 weeks after intrinsic neural
transection or when the separate group of dogs was
studied after jejunoileal neural isolation, postpran-
dial augmentation of water absorption was abol-
ished. This lack of postprandial augmentation of
water absorption after intrinsic neural transection
alone, or after jejunoileal neural isolation, occurred
whether intraluminal glucose was absent or present.
Furthermore, differences in net absorptive fluxes of
water during fasting (at baseline, after intrinsic neu-
ral transection alone, or after jejunoileal neural isola-
tion) did not differ across the time points (P O 0.05),
either with or without intraluminal glucose. When
net absorptions of water during the fasting and post-
prandial hours (at baseline, after intrinsic neural
transection alone, or after jejunoileal neural isola-
tion) were compared, there were no major differ-
ences between the perfusates, without and with
glucose (P O 0.05), at any time points.

Similar to net water absorption, feeding the mixed
nutrient meal to neurally intact dogs induced a post-
prandial augmentation of net absorption of sodium
and chloride in the in situ jejunum. A prominent
postprandial augmentation of net absorption of so-
dium (P ! 0.03) and chloride (P ! 0.02) occurred
over the 3 postprandial hours when compared with
the fasting hour (Table 1). No postprandial augmen-
tation of absorption of sodium or chloride was evident
3 weeks after intrinsic neural transection or after je-
junoileal neural isolation. No significant changes in
net absorptive fluxes of potassium were evident
when comparing preprandial and postprandial hours
at any time point during all three experimental con-
ditions (baseline neurally intact, after intrinsic neural
transection, or after jejunoileal neural isolation).

DISCUSSION

Our study demonstrated that postprandial aug-
mentation of net absorption of water and electrolytes
does occur in the in situ canine jejunum and does not
require intramural glucose to mediate this effect. Ad-
ditionally, this physiologic response in the jejunum
was abolished by transection of intrinsic neural con-
tinuity with the proximal and distal gut, suggesting
that the response was mediated via intrinsic neural
pathways. When interpreted in the context of our
previous study9 that showed that postprandial aug-
mentation of net absorption did not occur in the in
situ canine ileum, the important implication of this
study is that segmental small bowel transplantation
of the jejunum may demonstrate a greater adaptive
ability for absorption of water and electrolytes
when compared with the ileum.
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Our laboratory has had a primary interest in the
neural mechanisms involved in control of gut physi-
ology and more recently in absorption in the trans-
planted small intestine. We have tended to use
a large animal (canine) model of autotransplantation
specifically devoid of confounding factors of ische-
mia/reperfusion injury or immunologic phenomena
to investigate physiologic mechanisms.10 Our labo-
ratory first described postprandial augmentation of
net absorption of water and electrolytes in the canine
jejunum in 19816 and subsequently demonstrated
that this effect was partially maintained in the auto-
transplanted (but enterically isolated) jejunum.7

These initial data were confirmed in the jejunum
and ileum by other groups who also went on to
show that the brush border NaC/HC exchanger
(NEH3) seems to mediate this physiologic response,
at least in the ileum.15,16 All these studies were car-
ried out in enterically isolated intestinal segments
to allow better control of the experimental condi-
tions to measure absorption.

There are two important issues regarding post-
prandial augmentation of absorption yet to be ad-
dressed. First, what role do neural pathways play in
both the neurally intact, in situ jejunum and in the
‘‘neurally isolated’’ transplanted intestine, and sec-
ond, does this physiologic response differ in the jeju-
num versus the ileum? Conflicting reports have been
published on whether intact jejunal neural pathways
are required for postprandial proabsorptive augmen-
tation.17,18 Few studies have differentiated the role
of intrinsic and extrinsic neural mechanisms in medi-
ating postprandial augmentation of absorption. The

NaC/HC exchanger seems to play a major role in ileal,
but not jejunal, postprandial absorption.15 Moreover,
as mentioned above, all the previous studies of jejunal
postprandial absorption used enterically isolated,
modified Thiry-Vella loops perfused with an electro-
lyte solution from which net absorption was deter-
mined. We purposely carried out the current study
in the in situ jejunum to avoid potentially confounding
factors such as chronic enteric isolation necessitated
by Thiry-Vella loops, because we have shown previ-
ously that different responses occurred in the enteri-
cally isolated jejunum and ileum19 when compared
with the in situ gut.4,5 Indeed, based on our previous
work in the in situ ileum9 and in the proximal colon,20

we hypothesized that postprandial augmentation of
absorption would not occur in the in situ jejunum in
the absence of luminal glucose. Contrary to our find-
ings in the neurally intact in situ ileum,9 our study was
consistent with our initial work6 and confirmed that
postprandial augmentation of net absorption does oc-
cur in the intact, in situ jejunum.

The second goal of our study was to determine the
potential roles of both intrinsic and extrinsic innerva-
tion in this postprandial absorption. Because post-
prandial augmentation of absorption of water and
electrolytes continued to occur in enterically isolated
intestinal loops lacking myoneural continuity with the
proximal gut, our primary interest focused on extrin-
sic denervation. Interestingly, transection of intrinsic
neural continuity alone abolished the postprandial
augmentation of absorption observed at baseline in
the in situ neurally intact jejunum. This finding is con-
sistent with a previous report that used oxethazaine, an
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intraluminal topical anesthetic, in the jejunum, and
it was concluded that intact intramural neural trans-
mission (which did not differentiate extrinsic from
intrinsic neural transmission) was necessary for
meal-induced jejunal absorption.17 However, the
same group later used a different topical intraluminal
anesthetic, bupivacaine, and concluded that meal-in-
duced jejunal absorption does not require intact neu-
ral pathways.18 An earlier study from our laboratory
used an autotransplantation model of an enterically
isolated jejunal segment and also concluded that
postprandial augmentation of absorption continued
to occur and thus was mediated, in part, by a hormonal
mechanism. As for mechanisms mediated by the NaC/
HC transporter (NEHE), postprandial augmentation
of absorption in the ileum was demonstrated to be me-
diated by NEH3, but blockade of NEH3 in the jeju-
num failed to prevent postprandial augmentation of
net absorption, causing the questioning of the role
of NEH3 in this response in the jejunum,15,16 again
suggesting potentially important regional differences
in the small intestine.

Our study has several limitations that must be ac-
knowledged. First, our in vivo, large animal models
of denervation do not delineate different mucosal
transport systems or any variations that might occur
in paracellular flow. Second, luminal contents nor-
mally transit through the jejunum via bolus move-
ment, and our experimental methodology using
a constant perfusion technique with an artificial elec-
trolyte solution may limit the strength of our conclu-
sions.21 Furthermore, although our triple-lumen
technique allows for a 15 cm mixing segment, it is
conceivable that the complex nutrients in a meal
within enteric chyme, along with pancreatic juice,
bile, and mucus, may affect absorption of water and
electrolytes differently than from the simple electro-
lyte solution we used. We specifically only analyzed
net absorption relatively soon after the meal (first 3
hours) and used a meal high in fat content to delay
gastric emptying. Third, although the meal might al-
low glucose to enter into the ‘non-glucose’ perfusate,
we speculate that this small amount would not affect
our results and would be negligible at least in the first
postprandial hour. Finally, although our large animal
models of denervation were designed specifically to
evaluate neural mechanisms, whether the obligate
disruption of lymphatic continuity, necessitated by
the model of in situ neural isolation (extrinsic dener-
vation) plays a role in postprandial absorption, al-
though unlikely, is at least possible. Other factors
specifically designed to be absent in our study, such
as ischemia/reperfusion injury, immune rejection,
and pharmacologic effects of immunosuppression,
that are pertinent in the allotransplanted gut mayT
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also be important in altering enteric absorptive func-
tion in the post-transplant period.

Thus, postprandial augmentation of net absorption
of water and electrolytes does occur in the neurally in-
tact, in situ canine jejunum and is mediated in part by
intrinsic neural continuity with the proximal and dis-
tal gut. These two key observations may explain some
of the observations of enteric absorptive dysfunction
after clinical allotransplantation.1–3 The obligate dis-
ruption of enteric neural continuity required by the
transplantation procedure, and not solely the extrinsic
denervation, seems to be the primary determining fac-
tor. An important observation will be whether this
postprandial augmentation of absorption will return
after restoration of intrinsic neural continuity be-
comes reestablished over 6 weeks to 3 months postop-
eratively;22 this interval is also the time when normal
stool consistency returns.10

Our study has potential implications to segmental
transplantation as well. Several groups have sug-
gested that ileal grafts may be superior to jejunal
grafts, because the jejunum cannot ‘‘adapt’’ to ileal
resection by expressing bile salt and vitamin B12

transporters. The current study, in combination
with our past study of the ileum,9 suggests that post-
prandial augmentation of absorption may be more
important in the jejunum than in the ileum; this
observation may support the concept of segmental
intestinal grafts harvested from the jejunum rather
than the ileum, provided, of course, that postpran-
dial absorptive augmentation recurs in the jejunum
with restoration of enteric neural continuity across
the intestinal anastomosis. What effect immunosup-
pression or immune rejection may have on this phys-
iologic phenomenon is unknown.
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Visuospatial Abilities Correlate With Performance
of Senior Endoscopy Specialist in Simulated
Colonoscopy

Bo Westman, M.D., E. Matt Ritter, M.D., Ann Kjellin, M.D., Ph.D., Leif Törkvist, M.D.,
Ph.D., Torsten Wredmark, M.D., Ph.D., Li Felländer-Tsai, M.D., Ph.D.,
Lars Enochsson, M.D., Ph.D.

Visuospatial abilities have been demonstrated to predict the performance of medical students in simu-
lated endoscopy. However, little has been reported whether differences in visuospatial abilities influence
the performance of senior endoscopists or whether their vast endoscopy experience reduces the impor-
tance of these abilities. Eleven senior endoscopists were included in our study. Before the simulated en-
doscopies in GI Mentor II (gastroscopy: case 3, module 1 and colonoscopy: case 3, module 1), the
endoscopists performed three visuospatial tests: (1) pictorial surface orientation (PicSOr), (2) card rota-
tion, and (3) cube comparison tests that monitor the ability of the tested person to re-create a three-di-
mensional image from a two-dimensional presentation as well as mentally manipulate that re-created
image. The results of the visuospatial tests were correlated to the performance parameters of the vir-
tual-reality endoscopy simulator. The percent of time spent with clear view in the simulated colonoscopy
correlated well with the performance in the visuospatial PicSOr (r 5 20.75, P 5 0.01), card rotation (r 5

0.75, P 5 0.01), and cube comparison (r 5 0.79, P 5 0.004) tests. The endoscopists who performed bet-
ter in the visuospatial tests also were better at maintaining visualization of the colon lumen. Those who
performed better in the PicSOr test formed fewer loops during colonoscopy (r 5 0.60, P 5 0.05). In the
technically less demanding simulated gastroscopy, there were no such correlations. The visuospatial tests
performed better in endoscopists not playing computer games. Good visuospatial ability correlates sig-
nificantly with the performance of experienced endoscopists in a technically demanding simulated colo-
noscopy, but not in the less demanding simulated gastroscopy. ( J GASTROINTEST SURG 2006;10:593–599)
� 2006 The Society for Surgery of the Alimentary Tract
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That endoscopic skills depend on experience and
practice is a well known truth. With the introduction
of advanced medical simulators, it has been possible
to let residents reach proficiency levels before they
are allowed to do their first endoscopic or surgical
interventions, in an attempt to minimize discomfort
and potentially hazardous errors in live patients. Sev-
eral studies have demonstrated beneficial clinical ef-
fects of simulator training in both laparoscopic
surgery1,2 and endoscopic procedures like colono-
scopy.3–6 Because more than 40,000 Americans
die from medical errors every year, there is a great
deal of investigation into how newly available

technologies can help reduce medical errors.7 The
development and use of computer-based simulation
technologies for medical training has been recently
supported by the American College of Surgeons.8

Thus, a lot of attention has been focused on how
to use medical simulators for the initial training of
surgical and endoscopic procedures, whereas less at-
tention has been give to the ability of simulators to
monitor and assess the performance of physicians al-
ready in practice to ensure that skills are maintained
throughout their professional career. Furthermore,
little has been reported whether differences in visuo-
spatial abilities can influence the performance of
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senior endoscopists or whether their vast endoscopy
experience reduces the importance of these abilities.
The aim of our study was to determine if visuospatial
abilities correlated with performance of simulated
virtual endoscopy done by experienced endoscopists.

MATERIAL AND METHODS

Eleven experienced endoscopists participated in
the study. An experienced endoscopist was defined
as having performed more than 500 self-reported
gastrointestinal colonoscopy procedures. The demo-
graphics data for this group is summarized in Table 1.
All endoscopists performed the test program on an
individual basis. The test program was divided into
three consecutive parts. Each participant was first
asked to complete three different but previously
well-validated visuospatial tests (pictorial surface
orientation [PicSOr],9,10 card rotation, and cube
comparison tests).11 The PicSOr test is a computer-
based visuospatial test designed to assess the ability
to re-create a mental three-dimensional image from
a grayscale two-dimensional cube rendered on a com-
puter monitor. Subjects are asked to position a rotat-
ing arrow perpendicular to the upper surface of
a cube in a repeated fashion with variable cube orien-
tations. The PicSOr score in our experiment was cal-
culated by taking the mean of the differences
between the estimated angle and the actual angle,
thus accuracy is rewarded more than consistency. A
schematic presentation of the test is given in
Fig. 1. The card rotation and the cube comparison
tests are well known standard paper-based visuospa-
tial tests designed to assess the ability to mentally
manipulate a re-created image. For these tests, sub-
jects examine two similar shapes or marked cubes
and must determine if they could possibly be the

same. The chosen tests have been found to have
a good correlation to endoscopic performance12

and to the duration of training required to reach
a training goal on simulated endoscopy.13

After the visuospatial tests were completed, the par-
ticipants were asked to complete a questionnaire con-
cerning background factors and endoscopic
experience. Finally, they were asked to perform one
gastroscopy (case 3, module 1) and one colonoscopy
(case 3, module 1) in the GI Mentor II (Simbionix
USA, Cleveland, OH). These cases were chosen be-
cause they represent the most technically challenging
modules for gastroscopy and colonoscopy. GI Mentor
II consists of a hardware/software computer package
with an attachable endoscope that allows for both up-
per and lower flexible gastrointestinal endoscopy (i.e.,
esophagogastroduodenoscopy, colonoscopy, endo-
scopic retrograde cholangiopancreaticography, and
endoscopic ultrasound). The simulator incorporates
a computer-generated virtual reality presentation of
anatomy complemented with haptic feedback. The
software presents a series of ‘‘cases,’’ ranging from
those that are easily diagnosed to those that are diffi-
cult therapeutic cases. Performance is objectively as-
sessed with simulator-specific metrics, such as
percent of mucosa inspected, total examination time,
the efficiency of screening, and further parameters de-
pending on the nature of the case (Fig. 2). The partic-
ipants were asked to perform the gastroscopy and the
colonoscopy in the way they usually perform the en-
doscopy at their own institution. The instructors
demonstrated the simulator to the participant but
did not interfere with the examination in any way.
All the results from both the simulators and the visuo-
spatial testing were registered anonymously in a com-
puter database. The participants received immediate
feedback of their results.

Table 1. Demographic data for the participants

Subject Age Sex
Total

gastroscopies
Total

colonoscopies
Gastroscopy

experience (yr)
Colonoscopy

experience (yr)
Play computer

games

A 53 M O2000 O2000 O15 O15 No
B 55 M O2000 O2000 O15 O15 No
C 50 M O2000 O2000 O15 O15 Yes
D 50 M O2000 O2000 O15 O15 No
E 50 M O2000 O2000 O15 10–15 No
F 40 F O2000 O2000 10–15 10–15 No
G 50 M O2000 1000–2000 O15 10–15 Yes
H 52 M O2000 500–1000 O15 10–15 Yes
I 35 M O2000 500–1000 1–5 1–5 Yes
J 37 M 500–2000 500–1000 10–15 5–10 No
K 44 M 500–2000 500–1000 5–10 5–10 Yes
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Statistical Analysis

Data were analyzed using the statistical software
JMP 5.1 for Windows (SAS Institute Inc., Cary,
NC) and presented as mean 6 SEM. Student’s un-
paired t test was used for comparisons of two means
in groups with a normal distribution. In groups not
normally distributed, the nonparametric Wilcoxon/
Kruskal-Wallis test (rank sums) were used. Linear
regression analysis was used to analyze for relation-
ships between visuospatial abilities and simulated en-
doscopy performance.

RESULTS

Table 2 summarizes the correlations between the
three visuospatial tests and the metrics of the GI
Mentor II. In the easier gastroscopy module, none
of the three visuospatial tests correlated significantly
with the metrics of the examination, although there
was a trend towards the correlation of the cube com-
parison test with ‘‘time to second duodenum’’ (r 5

0.52; P 5 0.10). In the more complicated colono-
scopy module, all three visuospatial tests correlated
with at least one of the colonoscopy metrics. The
only metric that correlated significantly with all
three visuospatial tests was ‘‘time spent with clear
view.’’ The PicSOr test also correlated well with

the colonoscopy metrics ‘‘excessive loop was
formed’’ (r 5 0.60; P 5 0.05). When dividing the
group of participants into two subgroupsdwhether
they played computer games or notdwe noted strik-
ing changes in the correlation between the visuospa-
tial tests and the metrics of the colonoscopy. In the
group where the participants stated that they did
not play computer games, the strength of correlation
of the PicSOr test to the outcome of the simulated
colonoscopy improved significantly. In four out of
the eight given colonoscopy metrics, there were
strong and significant correlations with the PicSOr
test. Interestingly enough, one of the simulated colo-
noscopy parameters (‘‘mucosal surface examined’’)
that PicSOr did not correlate with in the nongaming
group correlated well in the PC-gaming group (r 5

20.90; P 5 0.04). The cube comparison test also
demonstrated significantly increased correlations
with the simulated colonoscopy metrics in non-PC
gamers (Table 3).

DISCUSSION

The results of this study demonstrate that visuo-
spatial abilities affect the performance of simulated
colonoscopy even when performed by highly experi-
enced senior endoscopists. This is an interesting

Fig. 1. Schematic presentation of the pictorial surface orientation (PicSOr) test.
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finding, because it demonstrates that although the
majority of the endoscopists in this group had per-
formed more than 2000 colonoscopies, differences
in visuospatial abilities still accounted for a portion
of the variability in the outcome in some of the sim-
ulated colonoscopy metrics. The tests used in this
study accurately reflect the visuospatial abilities re-
quired to perform gastrointestinal endoscopy. Endo-
scopists must re-recreate the three-dimensional
anatomy of the GI tract from the video display mon-
itor and then must mentally manipulate that image
to follow the lumen. This likely explains why the pa-
rameter ‘‘time spent with clear view’’ correlated well
with the performance in all three of the visuospatial
tests. There are two potential explanations for why
an endoscopist loses visualization of the lumen, ei-
ther they incorrectly predict where the lumen will
be and guide the scope in the wrong direction, or
they correctly estimate the location of the lumen
but lack the psychomotor skills to make the endo-
scope go where they want it to go. Given this group
of highly experienced endoscopists who likely

possess superior psychomotor scope handling skills,
the former explanation seems the most likely.
Thus, the endoscopists visuospatial ability is mani-
fest through their ability to mentally re-create the
path of the colon and maintain a view of the lumen.
The participants who performed better in the Pic-
SOr test also formed fewer loops. Although this as-
sociation is less clear, a similar mechanism is likely
involved.

In the technically easier simulated gastroscopy, vi-
suospatial abilities did not affect the result. Visuo-
spatial ability, we believe, does not affect the
outcome in simulated gastroscopy in contrast to
the findings in simulated colonoscopy because of
two main factors: (1) technical difficulty and (2) ana-
tomical factors.

Technical Difficulty

In gastroscopy, the path that the instrument
travels is much shorter, the esophagus is fixed and
relatively straight, and the lumen of the stomach is

Fig. 2. The flexible endoscopy simulator GI Mentor II and the cases used for this study.
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wider and thereby provides easy visualization. There
is only one technically more difficult passage of the
instrument at the pylorus. In colonoscopy, the in-
strument used is significantly longer and thus techni-
cally more demanding, the lumen has approximately
the same size throughout the colon, and there are
several sharp turns that the instrument has to take
on its way to the ileocecal vault.

Anatomic Factors

One of the most difficult passages in colonoscopy
is the passage of the instrument through the sigmoid
colon because of the tendency of sigmoid looping

due to the abundant and long mesocolon. Thus,
the sigmoid colon is not fixed in position to the sur-
rounding anatomical structures and poses much
more of a visuospatial challenge to the endoscopist
than the thoroughly fixed upper gastrointestinal
channel.

Previous studies have demonstrated correlations
between the visuospatial tests used in this study
and virtual endoscopy performance of novices.12–14

These, and most other studies published,3,5,14–19

have focused mainly on the importance of simulated
endoscopy training of novices like medical students,
fellows, and residents. To our knowledge, this study
is the first to demonstrate that visuospatial abilities

Table 2. Visuospatial tests and simulator metrics

Gastroscopy Case 3 Mod 1

Card rotation test
(% right answers)

Cube comparison test
(% right answers)

PicSOr mean
variation (degrees)

r P r P r P

Mucosal surface examined (%) 0.02 0.95 20.13 0.70 0.42 0.20
Time spent with clear view (%) 20.10 0.77 20.22 0.52 0.33 0.32
Efficiency of screening (%) 20.04 0.91 20.18 0.60 0.44 0.18
Time to second duodenum (s) 0.46 0.15 0.52 0.10 20.43 0.19
Total time (s) 0.50 0.12 0.23 0.49 0.04 0.91

Colonoscopy Case 3 Mod 1

Card rotation test
(% right answers)

Cube comparison test
(% right answers)

PicSOr mean
variation (degrees)

r P r P r P

Mucosal surface examined (%) 0.03 0.92 20.01 0.97 20.10 0.78
Time spent with clear view (%) 0.75 0.01 0.79 0.00 20.75 0.01
Efficiency of screening (%) 0.28 0.40 0.37 0.26 20.49 0.12
Time to caecum (s) 20.44 0.17 20.47 0.14 0.52 0.10
Total time (s) 20.15 0.67 20.22 0.51 0.28 0.40
Excessive local pressure 20.35 0.29 20.48 0.14 0.49 0.13
Excessive loop was formed 20.42 0.19 20.31 0.35 0.60 0.05

Table 3. Visuospatial tests and simulator metrics for colonoscopy in computer and not computer gamers

Computer gaming Not Computer gaming

Card rotation
test (% right

answers)

Cube
comparison

test (% right
answers)

PicSOr mean
variation
(degrees)

Card
rotation

test (% right
answers)

Cube
comparison

test (% right
answers)

PicSOr
mean

variation
(degrees)

r P r P r P r P r P r P

Mucosal surface examined (%) 0.32 0.61 0.01 0.98 20.90 0.04 0.06 0.91 0.13 0.81 20.10 0.85
Time spent with clear view (%) 0.83 0.08 0.68 0.21 20.55 0.33 0.78 0.07 0.95 0.00 20.93 0.01
Efficiency of screening (%) 0.25 0.68 20.05 0.93 20.18 0.77 0.48 0.33 0.83 0.04 20.95 0.00
Time to caecum (s) 20.67 0.22 20.37 0.54 0.28 0.65 20.51 0.30 20.75 0.08 0.81 0.05
Total time (s) 20.14 0.82 0.07 0.91 20.19 0.76 20.20 0.71 20.37 0.47 0.46 0.36
Excessive local pressure 0.24 0.70 0.24 0.69 20.77 0.13 20.52 0.29 20.77 0.07 0.85 0.03
Excessive loop was formed 20.53 0.36 20.26 0.68 0.77 0.13 20.44 0.38 20.50 0.31 0.46 0.36
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correlate with the outcome of simulated endoscopy
performed by highly experienced senior endoscop-
ists. The fact that visuospatial ability correlates
with performance in this group lends support to
the earliest of endoscopic simulators where trainees
entering fields with a higher degree of visuospatial
challenge, such as advanced laparoscopy/endoscopy
or other image-guided interventional disciplines
such as interventional radiology, could train to reach
proficiency levels set by experienced colonoscopists.
This study falls well short of the validation required
to determine at what level of ability someone
becomes unable to perform a procedure, but does
demonstrate that fundamental abilities continue to
influence performance even after extensive experi-
ence has been gained.

Of the three visuospatial tests used in this study,
the PicSOr test was the most powerful in predicting
the outcome of simulated colonoscopy. Although it
was better than the two other tests, it only correlated
to two of the metrics of the GI Mentor II (‘‘time
spent with clear view’’ and ‘‘excessive loop was
formed’’). The power of the PicSOr and the cube
comparison test, however, significantly changed
when the group was divided into subgroups of play-
ing computer games or not. In the group where the
participants stated that they did not play computer
games, the accuracy of both these tests significantly
improved (Table 3). Our group found in a previously
published study14 that medical students who played
computer games performed a virtual gastroscopy
better than those who said they did not play. In
this group of middle-aged endoscopists, there was
no difference in simulator performance between
those who played and those who did not play com-
puter games. Why the PicSOr test was so much
more effective in those who did not play computer
games is unclear, and one can only speculate about
the reasons. One possible explanation is that the
far from impressive graphic design of the PicSOr
test had a greater impact on those inexperienced
with gaming, and thus, they took this test more seri-
ously; a similar explanation is plausible also for the
cube comparison test.

CONCLUSION

Good visuospatial ability correlates with the per-
formance of simulated colonoscopy performed by
experienced endoscopists. In the technically less de-
manding simulated gastroscopy, visuospatial abilities
did not appear to influence performance. This study
indicates that gastroscopy to an experienced endo-
scopist is technically a fairly simple task, although

demanding from a pathophysiological standpoint,
whereas colonoscopy is technically more demanding
and constitutes more of a visuospatial workload.
These results indicate that there might be a role
for early endoscopic training to proficiency levels
of trainees entering fields that present a higher level
of visuospatial challenge.
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Chronic Pouchitis After Ileal Pouch–Anal Anastomosis
for Ulcerative Colitis: Effect on Quality of Life

Matthias Turina, M.D., Connie J. Pennington, M.D., Jennifer Kimberling, A.R.N.P.,
Arnold J. Stromberg, Ph.D., Robert E. Petras, M.D., Susan Galandiuk, M.D.

Chronic pouchitis can be observed in up to 30% of patients after proctocolectomy with ileal pouch–anal
anastomosis (IPAA) for ulcerative colitis (UC). It remains a poorly understood complication and often
requires chronic antibiotic and antidiarrheal treatment. We hypothesized that its occurrence can be
predicted by distinct clinical parameters and that it adversely affects quality of life. Sixty-eight of 129
consecutive UC patients who underwent IPAA over a 10-year period were evaluated by Cleveland Clinic
Global Quality of Life questionnaires, telephone interviews, and by chart review. Using bivariate com-
parison, clinical predictors for the occurrence of chronic pouchitis were sought, and postoperative data
analyzed with regard to functional results and quality of life. Nineteen of 68 patients (28%) experienced
chronic pouchitis, but its occurrence could not be predicted by any variable assessed. Patients with
chronic pouchitis complained of more frequent fecal incontinence (32% vs. 4% in controls; P !
0.01), of more frequent bowel movements (7.7/day vs. 6.2/day; P ! 0.05), and experienced severe ab-
dominal pain more often (P ! 0.05). Overall quality of life and satisfaction with surgery, as well as sub-
jective health and energy levels were lower in patients with chronic pouchitis (P ! 0.01); however,
greater than 80% of these patients would consider undergoing the same procedure again.
( J GASTROINTEST SURG 2006;10:600–606) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Ileal pouch–anal anastomosis, inflammatory bowel disease, pouchitis, quality of life,
ulcerative colitis

Since its introduction 1978 by Parks and
Nicholls,1 proctocolectomy with ileal pouch–anal
anastomosis (IPAA) has become the surgical
treatment of choice for ulcerative colitis (UC).
Proctocolectomy with IPAA has reliably produced
acceptable functional results as well as an improved
quality of life for these patients.2–4 One of the
most poorly understood long-term complications is
the development of pouchitis, which represents
a nonspecific inflammatory process of the ileoanal
pouch. Clinical symptoms include abdominal pain,
urgency, bloody or mucous diarrhea, fever, and/or
general malaise that usually respond to a single
course of oral antibiotics such as metronidazole or
ciprofloxacin. However, in some cases, the
symptoms persist and affected patients may require

repeated and/or long-term antibiotic treatment.
The incidence of acute or chronic pouchitis after
IPAA varies greatly according to the diagnostic
criteria used.5 The cumulative risk of both forms
has been reported to be as high as 51% at 48 months
after the initial operation, although reports vary
widely.6,7 Despite many studies on the quality of
life after IPAA2,7–9 and a substantial amount of liter-
ature on acute pouchitis, there is little information
on the quality of life in patients with chronic pouchi-
tis. We analyzed preoperative patient variables to
identify possible predictors of chronic pouchitis
and assessed functional results and quality of life
(QOL) in patients, with and without chronic pouchi-
tis, using the Cleveland Global Quality of Life In-
strument (CGQL).2
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MATERIAL AND METHODS
Study Population and Data Collection

Ileal pouch–anal anastomosis was performed in
129 patients for ulcerative colitis at the University
of Louisville and affiliated hospitals between
September 1990 and August 2000. The same
attending surgeon was present for all patients
enrolled into this study. Operative technique
included total proctocolectomy with either distal
rectal mucosectomy followed by hand-sewn ileal J-
pouch–anal anastomosis or stapled ileal pouch–rectal
anastomosis. A temporary diverting loop ileostomy
was used in patients receiving immunosuppression
and in those with tension on the IPAA. Radiographic
contrast examination and ileoscopy of the pelvic
pouch was routinely performed before ileostomy
closure.

A single gastrointestinal pathologist reviewed all
surgical pathology. Patients with a final diagnosis
of indeterminate colitis10 were included in our study,
whereas patients with Crohn’s disease as the
underlying pathology were excluded from analysis.

After approval of the University of Louisville
Institutional Review Board and written, informed
consent, patient data were obtained by retrospective
chart review, mailed QOL questionnaires, and
personal telephone interviews by a physician or
nurse practitioner. The questionnaire used was
a modified Cleveland Clinic Global QOL
questionnaire,11 adapted to our study parameters
listed below. Patients who responded to the QOL
questionnaire were divided into two groups: those
with chronic pouchitis and those with occasional or
no episodes of pouchitis.

Patient Evaluation and Definition of Chronic
Pouchitis

Initial symptoms of pouchitis, including increased
stool frequency, abdominal cramping, urgency, and/
or blood mixed with stool, were initially empirically
treated with a 7-day course of oral metronidazole, or
ciprofloxacin in the event of allergy. This typically
controlled symptoms rapidly. Patients were then
scheduled for physical examination with digital
examination to exclude the presence of an
anastomotic stricture as a predisposing factor for
pouchitis, and endoscopy was performed to evaluate
the ileal pouch. In patients who responded to the
initial antibiotic therapy, routine pouch biopsies
were not performed. Stool cultures were obtained
in those patients not improving with antibiotics
and those having repeated symptomatic episodes.
These patients underwent pouch endoscopy and

biopsy to exclude Crohn’s disease, cytomegalovirus
infection, or irritable pouch syndrome. If the initial
7-day course with metronidazole or ciprofloxacin
was unsuccessful (without relief of symptoms),
patients were placed on another antibiotic. Patients
who relapsed shortly after cessation of treatment
were placed on a 30-day course of antibiotics.
Patients who had further relapses resumed full dose
antibiotic treatment for 2 weeks, after which an
effort was made to taper to a lower dose. Some
patients were able to control symptoms with lower
maintenance doses; others required full therapeutic
doses for prolonged periods of time.

Chronic pouchitis was defined as patients having
one or more of the following criteria: (1) four or
more episodes of pouchitis per year, (2) active symp-
toms lasting for more than 4 weeks despite antibiotic
therapy, and (3) chronic antibiotic therapy was
required to control symptoms, and at least one
pouch endoscopy was performed documenting his-
tologic evidence of inflammation during an episode
of pouchitis.12

Study Parameters

Parameters assessed for this study fell into three
categories: (1) Preoperative and perioperative patient
variables, (2) postoperative functional parameters,
and (3) postoperative quality of life assessment.
The first section included general demographic
patient data such as age, height, weight, body mass
index, race, smoking history, American Society of
Anesthesiologists Score, and duration of the initial
operative procedure. Further variables included the
presence of extraintestinal manifestations, extent of
colonic disease, presence of dysplasia/carcinoma,
indication for the operation, and the age of the
pouch at follow-up. Postoperative functional
parameters included the presence of IPAA strictures,
number of diurnal and nocturnal bowel movements,
presence of leakage and fecal incontinence, ability to
distinguish flatus from stool, presence of cramping
and/or abdominal pain, and the use of antidiarrheal
medication, antibiotics, or pads to control symp-
toms. Functional parameters were assessed under
therapy in those patients on chronic antibiotic treat-
ment for pouchitis. Ileal pouch–anal anastomosis
stricture was defined as a rigid, fibrotic anastomotic
stricture not permitting passage of an index finger,
which required digital or instrumental dilatation
with or without sedation. Leakage was defined as
involuntary loss of feces leading to spotting of
underwear. Fecal incontinence, or ‘‘accidents,’’ was
defined as unintended soilage of underwear with
involuntary loss of actual bowel movements. Factors
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assessed in determining postoperative quality of life
included restrictions in dietary, working, or sexual
habits, fear of being in public, and whether or not
patients would be willing to undergo the same
procedure again and recommend it to a friend. Qual-
ity of life was evaluated by using a modified CGQL
instrument,2 which is a useful tool to measure QOL
by having patients rate their current overall quality
of life, health, and energy on a scale from 1 to 10
(10 being highest). The original CGQL divides the
sum of the three parameters by 30 to arrive at a final
score between zero and one.2 Finally, satisfaction
with the operation is separately assessed on a scale
from 1 to 10.

Statistical Analysis

A case control study was conducted comparing
the chronic pouchitis group of patients with the oc-
casional or no-pouchitis group. Results are stated as
mean (95% confidence interval for the mean) unless
otherwise specified. According to the distribution of
data, the unpaired t test or Mann-Whitney U test
was used for continuous variables and c2, or Fisher
exact tests for categorical variables. A significance
level of 0.05 was used. Results were computed
with JMP software, version 4.0 (SAS Institute Inc,
Cary, NC)

RESULTS

Of the 129 UC patients who had undergone IPAA
during the period from 1990–2000, there was a 53%
response rate (68 patients, 39 females, 29 males) to
our survey. Median age at operation was 39 years
(range, 12–67, years). A mucosectomy with hand-
sewn anastomosis was done in all but three patients
who underwent double-stapled IPAA. The final di-
agnosis after histological examination of the resec-
tion specimen by the gastrointestinal pathologist
was UC in 52 patients (76%) and indeterminate co-
litis in 16 patients (24%). Follow-up ranged from 1–
11 years (median, 4 years). Nineteen patients (28%)
experienced chronic pouchitis (12 female, 7 male),
whereas the remainder had occasional or no episodes
of pouchitis (27 female, 22 male). Neither the
distribution of gender (P 5 0.55) nor race (white
vs. African-American race) differed between groups
(P 5 0.57).

Three patients with chronic pouchitis (16%)
underwent pouch excision because of intractable
diarrhea. There were two deaths, one due to
metastatic rectal cancer 5 years after IPAA, and
one secondary to metabolic complications of total
parenteral nutrition at home 3 years postoperatively.

The patient who died of metastatic rectal cancer was
treated by ultralow Hartmann procedure, colectomy
and ileostomy, and postoperative radiation elsewhere
1 year before the ileal pouch–anal anastomosis. The
patient who was on total parenteral nutrition had
chronic pouchitis with severe diarrhea and signifi-
cant weight loss and did not respond well to oral
antibiotic therapy and antidiarrheals. Home total
parenteral nutrition was subsequently started for
nutritional repletion and bowel rest.

Perioperative Patient Variables

Perioperative patient variables in patients with and
without chronic pouchitis are shown in Table 1. Us-
ing bivariate comparisons, there were no detectable
statistical differences between the two groups of

Table 1. Comparison of perioperative variables
between patients with and without chronic pouchitis

Patients with
chronic pouchitis

(n 5 19)

Patients without
chronic pouchitis

(n 5 49)

Patient
history Mean 95% CI Mean 95% CI

P
value

Age (years) 35.8 (29.7-42.0) 39.9 (36.0-43.7) 0.25
Body mass index 26.6 (20.8-32.3) 25.2 (23.0-27.4) 0.39
Duration of

disease (years)
9.5 (5.9-13.2) 9.9 (7.6-12.1) 0.85

ASA score 1.9 (1.5-2.2) 2.0 (1.9-2.2) 0.46
Duration of

operation
(minutes)

402 (346-458) 390 (361-418) 0.60

Time since
operation
at follow-up
(years)

3.9 (2.6-5.2) 4.1 (3.3-4.9) 0.85

Indication
for surgery

No.
patients %

No.
patients %

P
value

Medical failure 13 68 34 69 0.83
Toxicity 1 5 7 14 0.43
Other 5 26 8 16 0.49
Disease location
Proctosigmoiditis 1 5 5 10 0.70
Left-sided 4 21 18 37 0.34
Pancolitis 14 74 26 53 0.20
Histology*
UC 14 76 38 77 0.76
Indeterminate colitis 5 26 11 23 0.76
Dysplasia present 4 21 4 9 0.21

ASA 5 American Society of Anesthesiologists; CI 5 Confidence
interval.
*Based on examination of the surgical resection specimen by a gastro-
intestinal pathologist.
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patients for any variable with respect to the likelihood
of developing chronic pouchitis. Patients were similar
with respect to age, body mass index, duration of dis-
ease, and history of smoking. Extraintestinal manifes-
tations were present in 32% of patients with chronic
pouchitis as compared with 52% of patients without
chronic pouchitis. This difference was not statistically
significant (P 5 0.11). Postoperative septic complica-
tions including abdominal/pelvic abscess and/or per-
ineal fistula(s) occurred in one chronic pouchitis
patient and in two patients without chronic pouchitis.

Functional Results

Parameters describing postoperative pouch
function are shown in Table 2. Although not
statistically significant, the incidence of IPAA
stricture in the chronic pouchitis group was nearly
double (32%) that in patients without chronic
pouchitis (17%; P 5 0.16). The mean number of
bowel movements in chronic pouchitis patients at
7.7 per 24 hours (95% CI, 6.4-9.0) was higher than
in those who did not develop chronic pouchitis
(6.2 per 24 hours [95% CI, 5.6-6.8]; P 5 0.02).
Although daytime bowel movement frequency did
not differ (P 5 0.19), nocturnal bowel movement
frequency was higher in chronic pouchitis patients
with 2.5 per night (95% CI, 1.7-3.2) as compared
with 1.7 per night (95% CI, 1.4-2.0) in patients
without chronic pouchitis (P 5 0.02). The most
marked functional difference between the two
groups, however, was the rate of fecal incontinence
occurring in 32% of chronic pouchitis patients as
compared with 4% of patients without chronic
pouchitis (P ! 0.01). Interestingly, there was no
difference in the use of pads or antidiarrheal
medication, and the presence of chronic pouchitis
did not impair the patients’ ability to distinguish
flatus from stool (P 5 0.09). Mild cramping

abdominal pain was reported by a similar percentage
of patients in both groups. Nonetheless, three
patients (16%) with chronic pouchitis complained
of severe abdominal pain, whereas this was not
reported by any patient without chronic pouchitis
(P 5 0.02).

Quality of Life

Quality of life comparisons between patients with
and without chronic pouchitis are shown in Table 3.
There were no differences between groups in food,
work, or sexual restrictions, or in fear of being in
public. Despite this, the average quality of life scores
for patients with chronic pouchitis were lower for
overall QOL as well as for health and energy sub-
scores (P ! 0.01 for overall QOL). Patients’ overall
satisfaction with their operation, assessed on a scale
from 1 (lowest) to 10 (highest), was significantly
lower in pouchitis patients (7.4) compared with the
nonpouchitis group (8.9; P 5 0.01). Interestingly,
84.2% of patients with pouchitis would still undergo
the procedure again and would recommend it to
a friend, compared with 93.8% in the nonpouchitis
group, a difference that did not reach statistical
significance.

DISCUSSION

Chronic pouchitis after IPAA has only recently
begun to receive attention as an entity distinct
from acute pouchitis.12 Chronic inflammation of
the ileal pouch leads to substantial patient morbidity
and often requires long-term antibiotic treatment to
control symptoms. A clear separation between these
two variants of the same condition is therefore
necessary. The incidence of chronic pouchitis after
IPAA varies widely between 5% and more than

Table 2. Postoperative functional variables

Patients with
chronic pouchitis

(n 5 19)

Patients without
chronic pouchitis

(n 5 49)

Variable
No.

patients %
No.

patients %
P

value

Daily use of antidiarrheal medication 15 79 37 76 1.00
Pad usage 6 32 14 29 0.96
Abdominal cramping 12 63 22 45 0.28
Severe abdominal pain 3 16 0 0 0.02
Urgency 13 68 29 59 0.67
Cannot differentiate between flatus and bowel movement 1 5 12 25 0.09
Leakage 17 90 36 73 0.20
Accidents 6 32 2 4 0.006
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30%,5,13–16 presumably due to different diagnostic
criteria and inclusion of patients with both UC and
familial adenomatous polyposis. In our study investi-
gating patients with UC only, we identified chronic
pouchitis by the requirement for long-term or re-
peated courses of medical therapy to control symp-
toms. Shen et al.17 demonstrated that omitting
histology from the standard pouchitis disease activity
index not only simplifies pouchitis diagnostic criteria,
but provides for an equivalent sensitivity and specific-
ity. All chronic pouchitis patients had at least one
pouch endoscopy, and biopsy with histological evi-
dence of pouch inflammation. Pouch biopsy speci-
mens showed the typical findings of lymphocyte
infiltration, areas of acute inflammation, persistent
villous atrophy, and in some cases pyloric gland meta-
plasia. Using this approach, we diagnosed chronic
pouchitis in 28% of cases, a high number considering
a mean follow-up period of merely 4 years.

Pouchitis clearly seems to be an immune-medi-
ated phenomenon, because it is almost exclusively
seen in patients with inflammatory bowel disease
and rarely seen in those with familial adenomatous
polyposis who have undergone IPAA or continent
ileostomy.18,19 For this reason, we, unlike some
others, consider it important to evaluate results after
IPAA for inflammatory bowel disease separately
from those of IPAA performed for familial adenoma-
tous polyposis.

With regard to the development of pouchitis in
general, previous studies have identified a number of
potential risk factors. The diagnosis of Crohn’s dis-
ease has been thought to predispose patients to pou-
chitis, but reports are conflicting.10,20,21 Up to 70%
of patients with Crohn’s disease may develop chronic
pouchitis after IPAA. To avoid potential bias, we have
excluded Crohn’s patients from our study.

Interestingly, despite our high rate of indetermi-
nate colitis (24%), this was not associated with an
increased rate of chronic pouchitis (P 5 0.76). All
our pathology was initially reviewed by generalist
pathologists and treatment and surgery based on
these diagnoses. All surgical pathology was then
reviewed by a single experienced gastrointestinal
pathologist. This change in diagnosis is compatible
with data we have previously published.22,23 Other
series, in which the initial review was done by
specialist gastrointestinal pathologists have, as ex-
pected, reported lower rates of indeterminate colitis
(9%–16%).24,25

The presence of extraintestinal manifestations, es-
pecially primary sclerosing cholangitis, has by some
been reported to predispose to the development of
pouchitis.10,12,26,27 In our patients, the presence of
extraintestinal manifestations was not a predictive
factor, and was actually more frequent, but not
statistically so, in patients without chronic pouchitis.
In addition, an association between antineutrophil an-
tibodies and the development of chronic pouchitis has
been reported.28,29 Fleshner et al.28 has demonstrated
a correlation between high preoperative levels of peri-
nuclear antineutrophil cytoplasmic antibodies in
ulcerative colitis patients and the later development
of chronic pouchitis.

Stocchi and Pemberton6 reported that age, gender,
extent of disease, and postoperative sepsis did not pre-
dispose patients to pouchitis, whereas Kuisma et al.26

found that neither age, gender, duration of follow-up,
body mass index, smoking status, extent of disease,
nor indication for operation predicted the develop-
ment of pouchitis. Our data are in agreement with
this, as none of the preoperative and perioperative
clinical parameters correlated with the subsequent
development of chronic pouchitis.

Table 3. Quality of life after IPAA for UC

Patients with chronic
pouchitis (n 5 19)

Patients without chronic
pouchitis (n 5 49)

Quality of life parameter No. patients % No. patients % P value

Food restrictions 11 58 21 43 0.40
Work restrictions 4 21 5 10 0.25
Sexual dysfunction 6 32 10 20 0.35
Fear of being in public 4 21 9 18 0.75
Would do it again, and recommend it to a friend 16 84 46 94 0.34
Overall QOL* mean (95% CI) 7.1 (5.8-8.4) 8.8 (8.3-9.2) 0.003
Health QOL* mean (95% CI) 6.5 (5.3-7.7) 7.9 (7.4-8.4) 0.01
Energy QOL* mean (95% CI) 5.7 (4.3-7.1) 7.1 (6.5-7.6) 0.04
Satisfaction with surgery* mean (95% CI) 7.4 (5.9-8.9) 8.9 (8.5-9.4) 0.01

QOL 5 quality of life; CI 5 confidence interval; IPAA 5 ileal pouch-anal anastomosis.
*As adapted from the Cleveland Global Quality of Life instrument.2
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A significantly higher frequency of bowel move-
ments and more episodes of involuntary stool loss
were observed in patients suffering from chronic
pouchitis. Although questions regarding abdominal
pain are included in the Cleveland Clinic Global
QOL questionnaire, there have been few reports
on the frequency of abdominal pain in these patients.
Cramping abdominal discomfort was reported
frequently by both groups of patients, leading one
to question how many patients without chronic
pouchitis had associated irritable bowel syndrome.
However, severe abdominal pain occurred only in
chronic pouchitis patients.

Ileal pouch–anal anastomosis strictures, which
occurred in 21% of all patients of our series, did
not predispose to chronic pouchitis, although stric-
tures tended to occur more frequently in patients
suffering from chronic pouchitis. Although we have
recorded differences between groups in several
instances, we are not able to confer any statistical
significance for many of these findings due to the
limited number of patients in our study. However,
our data are in agreement with those of Hahnloser
et al.,7 who analyzed 409 patients with IPAA for
UC and found IPAA strictures in exactly 21% of
their study population.

Our 53% response rate to the QOL questionnaire
is comparable to other studies regarding mailed
QOL questionnaires, in contrast to those in which
QOL instruments are administered at the time of
routine office visits. We cite, for example, the study
by Hahnloser et al.7 in which full data sets were avail-
able for only 22% of patients, and the study by Tiai-
nen and Matikainen9 in which QOL questionnaires
were obtained in 62% of patients undergoing restor-
ative proctocolectomy. Needless to say, there is a se-
lection bias in any such sample. Nevertheless,
patients with chronic pouchitis had an overall lower
quality of life score and lower satisfaction with their
operation; however, they would still recommend
this procedure to others. This is in agreement with
the study of Neilly et al.30; in their series of 203 pa-
tients, almost 90% described their QOL as ‘‘always’’
better since undergoing IPAA, despite a high compli-
cation rate of pouchitis, small bowel obstruction, and
incontinence. Although patients with chronic
pouchitis experienced frequent episodes of fecal in-
continence, they did not have significantly more
food, sex, work, or social restrictions than their
counterparts without chronic pouchitis did. Medical
therapy for chronic pouchitis with antibiotics and an-
tidiarrheals resulted in a similar number of bowel
movements compared with patients without chronic
pouchitis. Chronic pouchitis patients did, however,
have lower global QOL scores, lower assessments

of their current state of health, and lower energy
levels than patients without chronic pouchitis.
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“How I Do It”

Pancreaticoduodenectomy: Superior Mesenteric
Artery First Approach
Patrick Pessaux, M.D., Deepak Varma, M.D., Jean-Pierre Arnaud, M.D.

Pancreaticoduodenectomy (PD) is the only effec-
tive treatment for cancers of the periampullary
region. Many technical modifications of reconstruc-
tion after PD have been described. However, the
technique of resection followed in most centers is
similar.1 One of the important predictive factors of
prognosis is the presence of retroperitoneal lymph
node metastases, which are present in 20%–77% of
resected specimens of patients with carcinoma of the
head of the pancreas.2 Hence, lymph node dissection
to the right of the superior mesenteric vessels is a
minimum requirement. Another common technical
difficulty encountered during classic PD is the pres-
ence of a replaced right hepatic artery arising from
the superior mesenteric artery (SMA). This anomaly
occurs in 15%–20% of patients. Inadvertent injury to
this vessel can occur during the dissection of the
uncinate process, especially in cases of advanced
tumors. Above all, infiltration of superior mesenteric
vein (SMV) and/or portal vein (PV) is encountered
in a significant proportion of patients with pancreas
head tumors.3 En bloc resection and reconstruction
of the vein can be performed without increased mor-
bidity and mortality.4 However, infiltration of the
SMA is considered a contraindication for resection.
Infiltration of these major vessels is usually identified
only toward the end of the resection process, when
the surgeon is committed to resection. The end result
is often a “margin-positive” resection. These patients
with margin-positive resection have a poor progno-
sis that is often not better than that of unresected
patients.

To overcome these technical difficulties and to
achieve an oncologically acceptable lymph node
clearance, we describe a technique of PD in which
the SMA is dissected first and the posterior pancreatic
capsule is dissected early during the operation. The
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posterior part of the pancreatic head is dissected off
the vessels first without dividing the pancreatic neck.
Thus the surgeon avoids the “point of no return” of
the classic operation while achieving early identifica-
tion of nonresectability. This method also accom-
plishes adequate lymphadenectomy and easier
identification and safeguarding of a replaced right
hepatic artery, if one is present.

TECHNIQUE

Laparoscopy is performed only in patients in
whom preoperative imaging has shown suspicion of
dissemination or features of unresectability. The ab-
domen is explored through a subcostal incision. Upon
opening the abdomen, a thorough and systematic
exploration is performed to search for any evidence
of tumor dissemination, such as peritoneal carcino-
matosis and liver metastasis. After confirming the
absence of dissemination, attention is directed toward
the tumor and the regional lymph nodes.

Dissection commences by incising the attachment
of the transverse mesocolon to the right perinephric
area. The transverse mesocolon is brought down
completely to expose the SMV where it lies anterior
to the third part of the duodenum. This mobilization
is carried farther to the left by incising the omental
attachment to the mesocolon along the avascular line.
This opens up the lesser sac, and the anterior surface
of the pancreas is exposed widely. Then, a liberal
“Kocherization” of the duodenum is accomplished
by incising the posterior peritoneum of the duode-
num. The Kocherization is continued up to the level
of the left border of the aorta. This enables a good
exposure of the aortocaval region. This region is as-
sessed for the presence of lymphadenopathy, and
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any suspicious lymph nodes are excised and sent for
frozen section examination. If any of these lymph
nodes are reported as positive, resection is abandoned.

Thus, a liberal Kocherization exposes the origin
of the SMA just superior to the point at which the
left renal vein crosses the aorta.

Dissection of the Superior Mesenteric Artery

After exposure of the origin of this vessel, it is
dissected all around with a right-angled dissector and
a vascular loop is passed around the vessel. Now, the
perivascular connective tissue surrounding the SMA
is incised longitudinally along the axis of the vessel
(Fig. 1). This incision is extended down along the
vessel by inserting a fine right-angled dissector along
the plane and ligating the individual lymphatics and
arterial branches. At a point approximately 1–2 cm
from the origin of the SMA, the replaced right hepatic
artery can be identified, if present. If present, this
vessel is looped and safeguarded. The dissection on
the SMA continues downuntil the junction of the third

Fig. 1. Origin of superior mesenteric artery is taped and dissected distally along the vessel.

and fourth parts of duodenum. The anterior aspect of
the vessel is dissected free by dividing the attachment
of the mesouncinate to this vessel, thus exposing the
lateral border of the PV and SMV. By now, all of
the connective tissue attachments between the PV
and the SMA have also been divided. This dissection
is of utmost importance, because during this stage
the presence of tumor invasion to the SMA can
be identified. If the tumor is invading the SMA or a
major portion of the vein, resection can be abandoned
at this stage and palliative measures can be under-
taken, as indicated. Further dissection in this region
is carried out after dissection of the hepatoduode-
nal ligament.

Dissection of the Hepatoduodenal Ligament

After cholecystectomy, the bile duct, along with
the surrounding lymphatics and loose areolar tissue,
is dissected, and the bile duct is divided at the level
of insertion of the cystic duct. This exposes the PV
in the hepatoduodenal ligament. The PV is traced
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down to the level of the neck of the pancreas by
ligating and dividing the areolar tissues surrounding
the vein. This completely exposes the suprapancreatic
PV. The hepatic artery lymph node is identified, and
it is excised to identify the common hepatic artery in
the suprapancreatic area. This vessel is traced distally
along its course, and the gastroduodenal artery is
identified at the point were the hepatic artery turns up
toward the liver. The gastroduodenal artery is ligated
in continuity and divided. The stump is suture li-
gated for additional protection. Now, further dissec-
tion of the posterolateral aspect of the PV in the
region of the pancreas is carried out.

Dissection of the Uncinate Process
and Neck of Pancreas

The superior dissection of the PV up to the supe-
rior border of the pancreas is continued down. This

Fig. 2. Exposure of the anterolateral aspect of portal vein and further dissection of the neck of pancreas.

is facilitated by gentle traction of the duodenum and
the head of pancreas inferomedially by the assistant.
Care should be taken not to apply forceful retraction
as this might tear the thin-walled veins on the lateral
side of the PV, causing unwarranted hemorrhage.
The posterolateral aspect of the PV is carefully dis-
sected with a right-angled dissector. During this
phase of dissection, one encounters two or three trib-
utaries of the PV to the head of pancreas. These are
divided in between ligatures or clips. Once these veins
are divided and the loose areolar tissue around the PV
is divided using electrocautery, the posterior aspect of
the neck of the pancreas is exposed (Fig. 2). This can
be easily separated from the PV as this plane
is avascular and does not contain any important struc-
tures. This dissection is carried out a little more to the
left until the splenoportal junction is exposed. Now,
the pancreas is ready for transection (Fig. 3). Diffi-
culty can be encountered during this stage of dissec-
tion, if there is tumor invasion to the PV or SMV.
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Fig. 3. Completed dissection and final transection of the neck of pancreas.

In case one encounters this, the dissection in this area
is temporarily suspended and the SMV below the
level of infiltration is dissected and “looped” for prox-
imal control. The previously exposed suprapancreatic
PV also is “looped” for distal control. Then, the pos-
terior aspect of the neck of pancreas is dissected free
of the anterior surface of the PV by blunt dissection
as in classic PD. On the other hand, if it is confirmed
that the tumor and a circumference of the vein can
be resected, the neck of the pancreas can be divided
and the splenic vein also is controlled before complet-
ing the resection along with varying amounts of
SMV/PV, depending on the degree of involvement.

After completely freeing the neck of pancreas, the
proximal jejunum and the stomach are divided as in
classic PD. Now, the only remaining attachment of
the specimen is the neck of pancreas (Fig. 3). The neck
of pancreas is divided using a surgical blade between
hemostatic stay sutures to complete the resection.

Reconstruction and restoration of gastrointestinal
continuity are effected as classic procedure.

DISCUSSION

Here, we describe a technique of posterior dissec-
tion of head of pancreas dissecting the SMA initially,
with the division of the pancreatic neck carried out
as the final step. This enables the surgeon to identify

signs of nonresectability during the early phase of the
operation. This approach also allows excellent lymph
node clearance and facilitates easier identification of
the replaced right hepatic artery.

The finding of tumor infiltration to the SMA is
considered a contraindication of PD as resection of
SMA and reconstruction involve a definite increase
in postoperative mortality and morbidity and does
not translate into better survival.5 Unsuspected tumor
invasion of the superior mesenteric vessels, especially
the lateral and posterior aspect of the SMV, is the
most common unexpected finding during PD.6
During a classic PD, this finding of vascular involve-
ment is realized by the surgeon at the final stages of
the resection, when the neck of pancreas has already
been divided. At this “point of no return,” the surgeon
is committed to resect the tumor and ends up with
a resection with a macroscopically positive margin.
These patients often have a poor prognosis. Most of
them have a survival worse than nonresected patients.
Our method of dissecting the SMA and the posterior
pancreatic capsule first during PD, avoids this di-
lemma. The neck of pancreas is divided as the final
step of the operation; thus, the surgeon need not
encounter the classic “point of no return.” The pres-
ence of major vascular involvement can be identi-
fied early enough to abandon resection.

Another advantage of this procedure is the early
identification of a replaced right hepatic artery arising
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from the SMA. This occurs in 15%–20% of patients.
Inadvertent injury to this vessel is possible, especially
in cases of advanced tumors. In our technique of
dissection where the critical area for replaced hepatic
artery is dissected first, this vessel can be identified
early during the course of the operation and can be
safeguarded. The dissection along this vessel is car-
ried out upward carefully to clear the lymphatics
along this vessel, followed by dissection of the hepato-
duodenal ligament and division of the common bile
duct.

Our technique of SMA first approach follows on-
cologic principles. Lymph node involvement is
common in lesions of the periampullary region2; me-
tastases to lymph nodes occur in 20–77% in cases of
cancers of the head of the pancreas. Hence, adequate
lymphadenectomy is definitely indicated during the
performance of PD. En bloc resection of the lymphat-
ics lying along the right side of the SMA is the mini-
mum extent of dissection during this operation.
Extended lymphadenectomy has shown to increase
postoperative morbiditywith no significant increase in
survival.7 Our technique of posterior approach PD
includes en bloc resection of lymph nodes along the
right and anterior aspect of SMA (between the SMA
and SMV) and hepatoduodenal ligament, a technique
consistent with current standards of practice.

The application of this approach may be difficult
in cases of PD for chronic pancreatitis because of the
significant peripancreatic inflammation and ad-
hesions. However, meticulous dissection of the unci-
nate process may not be required in cases of chronic

pancreatitis and vascular invasion is not an important
scenario in these patients.

In conclusion, we report an approach for PD in
which the SMA is dissected initially during the opera-
tion allowing early detection of inoperability, ade-
quate en bloc lymphadenectomy, and identification of
common anatomical variations, like a replaced right
hepatic artery from the SMA, which helps in safe-
guarding this important vessel.
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Review Article

Management of Common Bile Duct Stones

Eric S. Hungness, M.D., Nathaniel J. Soper, M.D.

Despite many advances in the recent decade,
the optimal treatment of choledocholithiasis is
controversial. Different modalities for successfully
treating common bile duct (CBD) stones have been
reported, and the appropriate therapy depends on
the patient’s condition and the relative local exper-
tise in laparoscopy, endoscopy, and interventional
radiology. Prior to the advent of laparoscopy, pa-
tients with choledocholithiasis requiring surgical
treatment underwent a laparotomy with common
bile duct exploration (CBDE) and T-tube
placement. Laparoscopic CBDE is now frequently
performed with either transcystic or transcholedo-
chal techniques resulting in lower morbidity
compared with open CBDE. Endoscopic retrograde
cholangiography with or without sphincterotomy
(ERC/ES) is commonly performed by endoscopists.
Interventional radiologists may dislodge or disinte-
grade stones by percutaneous transhepatic cholangi-
ography techniques. One of the main determining
factors of who performs these procedures is if chol-
edocholithiasis is detected before, during, or after
cholecystectomy. In this review, the various tech-
niques for CBD clearance will be discussed, focusing
on laparoscopic CBDE. An algorithm that assumes
an advanced laparoscopic surgeon with excellent
endoscopic and radiologic support is shown (Fig. 1)
that takes into account the ability to clear the com-
mon bile duct in the safest and most cost-effective
manner.

DETECTION OF COMMON DUCT
STONES

Patients with choledocholithiasis commonly
present with cholecystitis, pancreatitis, biliary colic,
cholangitis, and/or jaundice. Cholangitis is most
predictive, with some studies showing 100%

specificity.1 However, none of the other more
common clinical presentations are predictive. A
recent study by Tranter et al.1 demonstrated
a 14.2% incidence of choledocholithiasis in 1000
consecutive laparoscopic cholecystectomies with
routine intraoperative cholangiogram. Patients
presenting with cholecystitis, biliary colic, pancreati-
tis, and jaundice were found to have common duct
stones 7%, 16%, 20%, and 45% of the time,
respectively.

The most common imaging modality utilized in
working up patients with biliary symptoms is
transabdominal ultrasound. Compared to its high ac-
curacy in diagnosing cholelithiasis and cholecystitis,
transabdominal ultrasound has only 50%–80% sen-
sitivity in detecting common duct stones, depending
mostly on the presence of common bile duct dilata-
tion.2,3 Some studies have shown that if sonographic
CBD dilatation is combined with age greater than 55
and abnormal liver enzymes, choledocholithiasis can
be predicted up to 95% of the time.4

For those patients in whom choledocholithiasis is
suspected, more definitive tests may be performed.
ERC is highly specific in diagnosing common duct
stones and may be therapeutic with sphincterotomy
and duct clearance. However, this procedure is inva-
sive and associated with significant morbidity. A re-
cent prospective study of 1177 consecutive ERCS
demonstrated a 30-day morbidity rate of 15.9%,
with procedure-related mortality at 1%.5 Also, up
to 61% of patients undergoing ERC will be found
not to have common duct stones and will have un-
dergone an unnecessary invasive test.6,7

Recently, endoscopic ultrasound, magnetic reso-
nance cholangiopancreatography (MRCP), and heli-
cal computed tomography (HCT) technology have
been used to diagnose choledocholithiasis. To de-
crease unnecessary ERC/ES, some centers now rou-
tinely perform endoscopic ultrasound prior to ERC.
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A recent study showed the sensitivity and specificity
of endoscopic ultrasound to be 98% and 99%, re-
spectively.8 However, endoscopoic ultrasound is
highly operator-dependent compared with MRCP
or HCT. Additionally, MRCP and HCT imaging
have shown promise as noninvasive alternatives to
diagnose choledocholithiasis, with recent studies
showing positive predictive values of 95%–100%
for MRCP.9,10 MRCP is quite expensive and time-
consuming and does not have the therapeutic possi-
bilities of ERC. The use of a short sequence MRCP
has been proposed to reduce the issues of time and
cost without significantly afffecting its predictive
value.10 Kondo et al.11 showed that HCT was equiv-
alent to MRCP, but added the risk of contrast injec-
tion.1 This study also indicated that endoscopic
ultrasound was superior to both MRCP and HCT
in detecting small (!.5 mm) CBD stones.

PREOPERATIVE ENDOSCOPIC THERAPY

Endoscopic retrograde cholangiography plays an
important role in the early treatment of common
duct stones for elderly or debilitated patients and
in patients that present with jaundice, cholangitis,
or severe pancreatitis. For patients who may not
tolerate an operation, performing ERC/ES and leav-
ing the gallbladder in situ is a good alternative to

cholecystectomy, as recent studies have demon-
strated that 75%–84% of patients remain symptom
free with up to 70-month follow-up.12,13 Other stud-
ies have demonstrated a decreased mortality for pa-
tients undergoing ERC versus surgical drainage for
cholangitis and severe pancreatitis.14–16 However,
the use of routine preoperative ERC for suspected
choledocholithiasis is not warranted, recent studies
demonstrate that up to 61% of patients with sus-
pected common duct stones undergo an unnecessary
ERC with its associated morbidity.6 Additionally,
the E.A.E.S. (European Association for Endoscopic
Surgery) prospective randomized trial comparing
two-stage with single-stage management demon-
strated equivalent success rates for laparoscopic
CBDE versus preoperative ERC/ES followed by
laparoscopic cholecystectomy, with a significantly
reduced hospital stay for laparoscopic CBDE.17

Tai et al.18 showed that laparoscopic CBDE had
a 100% success rate in salvaging failed preoperative
ERC/ES.

Much of the morbidity linked with ERC/ES is
associated with the sphincterotomy. Endoscopic pap-
illary dilation has been suggested as an alternative;
however, a recent multicenter, controlled random-
ized study demonstrated that endoscopic balloon
dilatation resulted in a higher rate of pancreatitis
compared with sphincterotomy and recommended

Fig. 1. Management algorithm for treatment of common bile duct (CBD) stones. Assumes that the lap-
aroscopist is experienced in transcystic techniques and that ERC/ES is at least 90% successful at CBD
stone clearance. LFT 5 serum liver tests; CBDE 5 common bile duct exploration; ERC 5 endoscopic
retrograde cholangiography; ES 5 endoscopic sphincterotomy; IOC 5 intraoperative cholangiography;
US 5 laparoscopic ultrasonography. (From Jones and Soper51).
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that it should be avoided in routine practice.19 A
recent meta-analysis suggested that dilatation should
be the preferred method for endoscopic removal of
common duct stones in patients with coagulopathy.20

INTRAOPERATIVE DIAGNOSIS AND
TREATMENT

During laparoscopic cholecystectomy, the CBD
should be imaged if choledocholithiasis is suspected
or if the biliary anatomy is unclear. This can be
achieved by intraoperative cholangiography (IOC)
or laparoscopic ultrasonography (LUS). Prior to
either procedure, a clip is applied high on the cystic
duct at its junction with the gallbladder to prevent
stones from migrating down the duct. To perform
IOC, the cystic duct is partially transected, and
moveable stones are ‘‘milked’’ away from the CBD
and out the site of partial transaction. A cholangiog-
raphy catheter is inserted into the cystic duct and se-
cured in place with a clip, grasping jaws, or a balloon
fixation. Cholangiography is now routinely per-
formed with real-time fluoroscopy while slowly
injecting water-soluble contrast medium. The fol-
lowing characteristics should be ascertained: (1) the
length of cystic duct and location of its junction
with the CBD, (2) the size of the CBD, (3) the pres-
ence of intraluminal filling defects, (4) free flow of
contrast into the duodenum, and (5) anatomy of
the extrahepatic and intrahepatic biliary tree.

Evaluation of the CBD by LUS is an alternative to
IOC, even though most surgeons do not have
experience with this technique. A recent prospective
study showed that LUS had greater sensitivity and
equal specificity compared with IOC for detecting
CBD stones.21 LUS has better resolution than
transabdominal ultrasonography, and in experienced
hands, LUS appears to be as accurate as
cholangiography for demonstrating choledocholi-
thiasis and can be performed more rapidly.22,23 In
a prospective multicenter trial with 209 laparoscopic
cholecystectomy patients, the time to perform LUS
(7 6 3 minutes) was significantly less than that of
IOC (13 6 6 minutes).22 The study also showed
that LUS was more sensitive for detecting shones,
but that IOC was better in delineating intrahepatic
anatomy and defining anatomical anomalies of the
ductal system. The authors concluded that the two
methods of duct imaging were complementary.

LAPAROSCOPIC COMMON BILE DUCT
EXPLORATION

When common bile duct stones are found with
either LUS or IOC, laparoscopic CBD exploration

can take place via the cystic duct (transcystic
technique) or by directly incising and opening the
CBD with stone retrieval (laparoscopic choledochot-
omy). In the transcystic approach, small stones can
often be flushed through the ampulla into the duode-
num. Intravenous glucagon (1–2 mg) may be used to
relax the sphincter of Oddi, followed by vigorous
flushing of 100–200 ml of saline. When these
methods fail, a helical stone basket can be passed
over a guide wire through the cystic duct and into
the CBD to extract stones under fluoroscopic guid-
ance. If attempts at transcystic basket extraction
fail, a choledochoscope (<10 Fr) should be tried
next to remove the stones under direct vision. If
the CBD stone is larger than the lumen of the cystic
duct, the cystic duct should first be balloon-dilated
to a maximum of 8 mm diameter, but never larger
than the internal diameter of the CBD.24 The chol-
edochoscope is then passed into the peritoneal cavity
through the midaxillary port, utilizing a sheath to
prevent damage to the scope by the port’s value.
The choledochoscope is then inserted through the
cystic duct into the CBD under direct vision. Con-
tinuously infusing saline through the biopsy channel
helps distend the lumen of the duct, facilitating visu-
alization. A Segura-type stone basket is advanced via
the working channel of the scope beyond the stone
and opened. As the basket is pulled backward and ro-
tated, the stone is ensnared (Fig. 2).25 A completion
cholangiogram or ultrasound should always be per-
formed to conclusively demonstrate clearance of
the duct. Because of tissue edema secondary to duc-
tal dilatation and manipulation, the cystic duct
stump is ligated (rather than clipped) for added
security.

Successful transcystic duct clearance has been
reported in 80%–98% of patients in recent
series.17,26–27 Complications such as infection and
pancreatitis have been reported in 5%–10% of
patients, with a mortality rate of 0%–2%. The dura-
tion of hospitalization following an uncomplicated
transcystic duct stone extraction is the same as that
for laparoscopic cholecystectomy alone, averaging
1–2 days. The main advantage of the transcystic
approach is that it avoids choledochotomy. Poor
candidates for transcystic extraction techniques are
those with large or multiple CBD stones, stones in
the proximal ductal system, and those with small or
tortuous cystic ducts.

Other novel transcystic approaches include
balloon dilatation of the sphincter of Oddi and ante-
grade sphincterotomy. Carroll et al.28 reported
successful clearance of CBD stones in 17 of 20 pa-
tients (85%) by balloon dilatation; however, even
in this small series, three patients (15%) experienced
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mild postoperative pancreatitis. This method should
be avoided in patients with preexisting pancreatitis,
biliary dyskinesia, or anatomical sphincter anoma-
lies. A sphincterotome may be inserted via the cystic
duct and its tip placed just through the ampulla of
Vater into the duodenum. A duodenoscope is passed
transorally and used to allow proper positioning of
the sphincterotome before applying current to per-
form a sphincterotomy. DePaula and associates29

have reported the performance of transcystic ante-
grade sphincterotomy at the time of laparoscopic
cholecystectomy in 22 patients, and all had success-
ful stone clearance without complications; the proce-
dure added only 17 minutes to the operation.

If the transcystic approach fails, we recommend
laparoscopic choledochotomy. Indications for this
procedure are multiple or large stones, or those po-
sitioned within the proximal bile ducts in patients
with a CBD diameter larger than 8–10 mm.30,31

Stay sutures are usually placed on either side of the
midline of the anterior CBD wall to allow anterior
traction on the duct. A longitudinal choledochotomy

is made on the distal CBD, of adequate length to
allow easy palcement of a choledochoscope and
removal of the largest stone.

After the stones are removed under endoscopic vi-
sualization, the ductotomy is usually closed either
primarily or over an appropriately sized T-tube.
Some centers have utilized transcystic tubes (C-
tube) or antegrade stenting with choledochorrhaphy
for CBD drainage.31,32 Closure over a nasobiliary
tube, if placed preoperatively with ERC, has also
been described.33 Common duct closure is accom-
plished with fine absorbable sutures by using intra-
corporeal suturing techniques, and if a T-tube or
C-tube is used, it is exteriorized through the lateral
port site. Recent studies have demonstrated compa-
rable results regardless of the technique of duct clo-
sure.34 Others have shown decreased complications
with primary closure compared with T-tube use.31,35

The patient is generally discharged 2–4 days post-
operatively. If a T-tube is used, a final cholangio-
gram is performed 14–21 days postoperatively with
removal of the tube if no abnormalities are noted.

Fig. 2. Transcystic choledochoscopy. (A) The flexible choledochoscope is passed into the common bile
duct through the cystic duct. Under direct vision, the basket is advanced distal to the stone and opened.
(B) As the basket is withdrawn through the working channel of the choledochoscope, the stone is en-
snared. The basket, stone, and choledochoscope are then removed as a unit. (From Jones and Soper51).
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Retained stones demonstrated by T-tube cholangi-
ography may be effectively removed percutaneously
after allowing maturation of the T-tube tract. Percu-
taneous extraction is successful in more than 95% of
patients with retained stones,36 otherwise postopera-
tive ERC will be required.

Overall, laparoscopic choledochotomy is success-
ful in 84%–94% of patients with a minor mor-
bidity rate of 4%–16% and a mortality rate of
0%–2%.17,26,27 Potential complications of this tech-
nique include CBD laceration, bile leak, sewn-in
T-tubes, and stricture formation.30 Many surgeons
have not mastered laparoscopic suturing and feel un-
comfortable closing the choledochotomy for fear of
a resultant stricture; however, no biliary strictures
were identified in two recently published studies of
over 500 patients undergoing laparoscopic CBDE,
with a mean follow-up of over 3 years.37,38

Recently, some centers have explored intraopera-
tive ERC as an alternative to common bile duct
exploration. Enochsson et al.39 reported that the
technique was safe with 93.5% duct clearance; how-
ever, it added one hour of operative time compared
with laparoscopic cholecystectomy alone. In another
study, intraoperative ERC was as effective as laparo-
scopic CBDE in duct clearance (w90%), but
morbidity was doubled and hospital costs were sig-
nificantly increased.40 Intraoperative ERC relies on
preoperative coordination with a skilled endoscopist
if the surgeon is not trained in ERC. Positioning in
the operating room also makes the technique more
difficult than in the endoscopy suite.

The possibility of finding CBD stones at the time
of laparoscopic cholecystectomy and potential treat-
ment plans must be discussed with the patient prior
to the operation. Many surgeons routinely leave
CBD stones in place during laparoscopic cholecys-
tectomies for planned postoperative endoscopoic
removal. This management approach risks repeat
operation if postoperative ERC is unsuccessful in
removing the CBD stones. It is also of interest
that a recent prospective study reported that more
than 50% of clinically silent common bile duct
stones passed spontaneously within 6 weeks.41 Nei-
ther the number of stones nor stone size was predic-
tive of spontaneous stone passage. The authors
suggested a short-term expectant management
approach for patients with clinically silent
choledocholithiasis.

POSTOPERATIVE ENDOSCOPIC
THERAPY

Postoperative ERC/ES should be considered for
definitive treatment of CBD stones when (1)

laparoscopic CBDE fails to clear the duct, (2) the
surgeon is inexperienced in laparoscopic CBDE,
(3) retained stones are discovered postoperatively,
(4) a patient’s comorbidities make a prolonged op-
eration risky, and (5) the common bile duct is small
and prone to postoperative stricture. Multiple stud-
ies have shown that the incidence of retained CBD
stones after laparoscopic cholecystectomy is ap-
proximately 2.5%.38,42 Regardless of the reason,
postoperative ERC/ES maintains the goals of min-
imally invasive surgery with a rapid return to full
activity. However, relying on postoperative ERC/
ES subjects the patient to an additional procedure
with its associated morbidity, and possibly a second
operation if endoscopic stone extraction fails. In
a recent study by Rhodes et al.,43 80 patients dis-
covered to have choledocholithiasis at the time of
laparoscopic cholecystectomy were randomized to
have laparoscopic CBDE versus postoperative
ERC. Clearance of the duct was 100% for lapar-
scopic CBDE and 93% for ERC, with a significantly
decreased hospital stay for patients undergoing lap-
aroscopic CBDE. Other studies have shown that
even in experienced hands, endoscopic sphincterot-
omy has an overall failure rate of 4%–18% for
stone clearance.44 Because of the uncertainty of
postoperative ERC, it may be reasonable to insert
a catheter through the cystic duct into the CBD
at the time of laparoscopic cholecystectomy when
CBD stones are discovered. Leaving a transcystic
catheter in the common bile duct may increase
postopearative ERC success by allowing a guide
wire to be passed into the duodenum, thereby as-
suring cannulation of the duct.45

Ultimately, the overall skill and comfort level of
available surgeons and endoscopists determines the
algorithm used to treat patients with choledocholi-
thiasis. Open common bile duct exploration should
always be considered a viable option.

OPEN COMMON BILE DUCT
EXPLORATION

Open CBD exploration should be considered the
default position, not a ‘‘failure’’, if laparoscopic
CBDE and/or postoperative ERC are unsuccessful.
The most common reason to convert to open
CBDE is an impacted stone at the ampulla of Vater,
and these cases require a transduodenal exploration.
Open CBDE should also be considered as the initial
procedure of choice if patients present with dilated
CBD or multiple common bile duct stones. This
entails either performing a choledochoenterostomy
or a sphincterotomy (sphinteroplasty). Studies have
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shown overall similar results with either of the two
operations. Therefore, surgeon experience should
dictate which one is performed.46 Some authors,
though, have suggested choledochoenterostomy for
CBD greater than 2 cm in diameter to create a large
opening between the bile duct and intestine.

Sphincterotomy and Sphincteroplasty

Sphincterotomy consists of incising the distal part
of the sphincter musculature for a distance of ap-
proximately 1 cm. This incision should not extend
beyond the outer wall of the duodenum. A sphincter-
oplasty requires complete division of the sphincter
muscle. This creates a patulous, wide opening that
is followed by suture approximation of the wall of
the duodenum to the wall of the CBD.

After a choledochotomy is made as previously de-
scribed, a catheter or dilator is passed distally and
left in place to serve as a guide. A generous Kocher
maneuver is then performed, after which a longitudi-
nal anterior duodenotomy is made at the level of the
ampulla, which can be palpated. The dilator is then
used to bring the ampulla into the operative field,
being careful not to perforate the duct. For sphinc-
terotomy, the ampulla is then incised sufficiently
along the anterosuperior side (opposite the pancre-
atic duct orifice) to permit removal of the impacted
calculus.

For sphincteroplasty, the ampulla and distal CBD
are divided for a distance of 1.5–2 cm, directed ante-
romedially. The sphincter is usually divided sequen-
tially between small clamps, with sequential suture
approximation of the duodenal and bile duct mu-
cosa. This is done using fine interrupted absorbable
suture. The duodenum is closed transversely and the
choledochotomy is managed as previously described.

Choledochoenterostomy

The most common choledochoenterostomy is the
side-to-side choledochoduodenostomy, usually in
the setting of a dilated CBD with multiple stones.
A generous Kocher maneuver is performed and the
distal CBD is exposed. A 2–3 cm longitudinal chol-
edochotomy is made close to the lateral border of
the duodenum along with a similar-sized longitudi-
nal duodenotomy at the corresponding location. A
‘‘diamond-shaped’’ anastomosis is made with inter-
rupted absorbable sutures. One potential complica-
tion from this is the ‘‘sump syndrome’’ caused by
food or other debris caught in the distal CBD.
This complication is rare (w1%), and can be man-
aged with ERC/ES.47,48 Other authors have sug-
gested end-to-side choledochoduodenostomy as
well as choledochojejunostomy as alternatives,49

although endoscopic biliary access following these
operations is nearly impossible. It should be ac-
knowledged that laparoscopic choledochoenterosto-
mies have also been reported anecdotally,50 although
there has been little experience with this technique.

CONCLUSIONS

Choledocholithiasis remains a complicated and
challenging disease process for today’s clinicians.
Transabdominal ultrasound and ERC are the most
common preoperative imaging modalities with en-
doscopic ultrasound, MRCP, and HCT emerging
as potentially more accurate and less invasive tools.
Intraoperatively, LUS and IOC are complimentary
in detecting CBD stones, while laparoscopic
CBDE is commonly and safely performed by sur-
geons comfortable with advanced laparoscopic tech-
niques. Postoperative ERC is effective with failure of
laparoscopic CBDE, surgeon inexperience, and un-
favorable anatomy and patient selection. Open
CBDE should never be looked upon as a failure,
while sphincterotomy, sphincteroplasty, and chole-
dochoenterostomy remain necessary operations for
certain patients. The proposed algorithm is only
a guideline, and ultimate treatment depends on phy-
sician experience and available resources.
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Gastrointestinal Images

Foregut Duplication Cyst of the Stomach

Steven C. Cunningham, M.D., Donna E. Hansel, M.D., Elliot K. Fishman, M.D.,
John L. Cameron, M.D., F.A.C.S., F.R.C.S. (Eng) (hon), F.R.C.S.I. (hon)
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A 63-year-old woman presented to a local hospital
with fever and abdominal pain. Her past medical
history and review of systems were unremarkable,
except for recent mild early satiety. Abdominal exam-
ination was notable only for tenderness in the left
upper quadrant, and routine laboratory results were
normal. Computed tomography (CT) revealed a large
mass in the lesser sac. After aspiration yielded sterile
mucinous material, the patient was referred for
further management for what was presumed to be a
pancreatic mucinous neoplasm. CT demonstrated
a cystic lesion, 10 cm 3 7.6 cm, at the tail of the pan-
creas (Fig. 1). At operation, however, the mass easily
dissected away from the pancreas but was intimately
associated with the posterior wall of the proximal gas-
tric fundus, near the cardia. The cystic lesion was
resected with a margin of normal stomach, and the
gastric defect was closed primarily. Because the vagus
nerves were sacrificed, a Heinecke-Mikulicz pyloro-
plasty was performed. Pathology revealed a benign
cyst lined with pseudostratified ciliated epithelium
and sharing its wall with the stomach (Fig. 2), consis-
tent with a foregut duplication cyst. No adult gastric
mucosa was identified after thorough sectioning.

Because duplications of the alimentary tract are
formed before differentiation of epithelium into the
characteristic adult types, they are generally named
for the organs with which they are associated (rather
than the mucosa lining them).1 Nevertheless, be-
cause the term ‘‘gastric duplication’’ implies the
presence of gastrointestinal mucosa (usually gastric,
but may be small intestinal or colonic),2 the term
‘‘foregut duplication’’ is preferred when (as in the
present case) pseudostratified ciliated epithelium

predominates.3–5 Duplications of the stomach are
typically single, noncommunicating with the gut,
less than 12 cm in diameter, and located on the
greater curvature or on the anterior or posterior gas-
tric wall. Accounting for between 3% and 16% of
duplications of the gut, duplications of the stomach
are nearly twice as common in females as males.1

Review of the literature revealed that the first case
of gastric duplication was reported in 1911,6 and

Fig. 1. Computed axial tomographic scan. The large gastric
duplication cyst (asterisk) appears to arise from either the
pancreas (P) or the stomach (St). In contrast, a clean fat plane
exists between the cyst and the spleen (Sp).
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subsequently approximately 150 cases have been
reported. A wide spectrum of presentations and
associated pathologies has been documented. Pre-
sentations range from asymptomatic to acute
abdomen7 and include gastric outlet obstruction,8

pancreatitis,9 hemoptysis,10 upper or lower gastro-
intestinal bleeding,11–13 and ulcerated antral mass.14

Most cases are recognized in the first year of life,
but the diagnosis has been made as early as in utero15

and as late as in a 67-year-old patient.16 Associated
pathologies include pulmonary sequestration,17 mul-
ticystic kidney and gonadal dysgenesis,18 neoplasias,
such as adenocarcinoma19 and carcinoid,20 originat-
ing in the duplication, and hypergastrinemia.11

Gastric duplications have been typically treated by
open resection, but laparoscopic resection21 and en-
doscopic electrosurgical snare resection22 have been
reported. In any case, treatment of symptomatic le-
sions by complete resection is ideal. Six cases of gas-
tric cancer arising in duplications of the stomach
were recently reviewed,23 but their true malignant
potential is unclear.
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Fig. 2. Photomicrograph of the gastric duplication cyst. Cil-
iated columnar epithelium of a gastric duplication cyst is
present overlying an incidental leiomyoma present in the
wall of the stomach (hematoxylin and eosin stain; original
magnification, 340).
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Letters to the Editors

‘‘Identification and Management of an Errant
Antiperistaltic Roux Limb After Total Gastrectomy’’

To the Editor
We read with interest the two case reports by

DiBaise et al.1 in the May 2005 JOURNAL OF GASTRO-

INTESTINAL SURGERY, ‘‘Identification and Manage-
ment of an Errant Antiperistaltic Roux Limb After
Total Gastrectomy.’’1 The authors indicated that
the first case had an ‘‘antegrade barium study’’ that
showed ‘‘no evidence of obstruction, bowel dilata-
tion, or retrograde flow of contrast.’’ The second
case had a ‘‘barium-contrast small bowel series’’
that showed ‘‘a delay in emptying from the esopha-
gojejunal ‘pouch’ but no anastomotic narrowing,
bowel obstruction, or dilated bowel.’’ The diagnosis
in each case required invasive intestinal manometry.

We would like to know how the barium studies
were performed in each patient. At our institution,
motility assessment is a standard component of any
fluoroscopic study when patients present with dys-
phagia, vomiting, or any other symptoms suggestive
of a functional versus a mechanical obstruction. In
the past several years, we have been referred several
cases of antiperistaltic Roux limb reconstruction
that were misdiagnosed at outside institutions which
we subsequently diagnosed by upper GI exam and/or
small bowel series.2 The key to the diagnosis is
a thorough assessment of motility. An antiperistaltic
Roux limb will frequently appear completely normal
with the initial challenge of barium. Initial transit
may appear paradoxically unremarkable, particularly
if barium is administered in small increments. With
administration of more barium, the increased lumi-
nal volume of contrast will trigger the abnormal

retrograde peristaltic activity within the Roux limb.
Once the Roux limb has expelled the contrast and
decompressed itself, peristaltic activity may return
to antegrade before the cycle repeats itself. Hence,
the functional pathology tends to manifest intermit-
tently, and the diagnosis will be missed if only a cur-
sory assessment of motility is made at one or only
a few brief points during the study. When we per-
form our barium exams in patients with suggestive
symptoms, we spend several minutes observing mo-
tility, particularly if the static anatomic views appear
unremarkable.

We welcome the authors’ response to our
comments.

Myrosia T. Mitchell, M.D., and
Associate Professor, Department of Radiology
Arunas E. Gasparaitis, M.D.
Assistant Professor, Department of Radiology
John Alverdy, M.D.
Associate Professor, Department of Surgery
University of Chicago
Chicago, Illinois
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Response to the Letter to the Editor by Dr. Mitchell
et al. regarding the manuscript entitled ‘‘Identification
and management of an errant antiperistaltic Roux limb
after total gastrectomy’’ (JOGS 2005;9:726–732)

John K. DiBaise, M.D.

I thank Dr. Mitchell and his colleagues for their
interest in the recent report describing two instances
of errant construction of a Roux-en-Y esophagojeju-
nostomy resulting in antiperistaltic orientation of the
Roux limb and disabling symptoms. I also read with
interest their recent review of unusual complications
following gastric bypass surgery, in which they de-
scribe one additional case of an errant antiperistaltic
Roux limb construction.1 The authors are to be
commended for such thorough performance and in-
terpretation of barium contrast upper gastrointesti-
nal studiesdan art in which there seems to be
declining expertise as a consequence of the increas-
ing use of other imaging modalities.2 With regards
to the question of Mitchell et al., I cannot comment
on the specifics of interpretation by our radiologists;
however, these were senior academic radiologists
with specific expertise in gastrointestinal studies.
Nevertheless, I should add that both patients de-
scribed demonstrated poor tolerance to oral barium,
which may have limited the evaluation.

Despite the ability of barium studies to evaluate
certain aspects of motility, I remain unconvinced of
the diagnostic utility of barium studies in detecting
specific motility abnormalities, particularly in the re-
constructed bowel where dysmotility may occur rela-
tively commonly and intermittent retrograde flow
may be seen even with normal peristaltic orientation
of the bowel.3,4 In general, barium studies in the re-
constructed bowel are unable to diagnose specific
motility abnormalities as compared with manometry
and are mainly useful for delineating anatomical/
structural features. Neither barium contrast study
nor manometry is able to provide conclusive data
of antiperistaltic bowel orientation and they are,

at best, only able to demonstrate findings suggestive
of or consistent with such an abnormality. I would
also like to point out that neither of our cases ‘‘re-
quired’’ the use of intestinal manometry. The find-
ings from manometry, however, aided the decision
to proceed with exploratory laparotomy with the in-
tent of reexamining the orientation of the Roux limb.
As pointed out by Mitchell et al., manometry does
have a number of disadvantages, including that it is
invasive, uncomfortable for the patient, difficult to
interpret, and not widely available. Indeed, the avail-
ability of a high-quality barium study is also lacking.
Clearly, in complex situations as described, the clini-
cian needs to rely upon the available expertise and
his/her clinical judgment.

Once again, I would like to thank Dr. Mitchell
and his colleagues for adding to the literature on
the occurrence of errant antiperistaltic Roux-en-Y
construction. Highlighting this technical error will
hopefully prevent its future occurrence.
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