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Endoscopic Sphincterotomy Permits Interval
Laparoscopic Cholecystectomy in Patients With
Moderately Severe Gallstone Pancreatitis

T. Ryan Heider, M.D., Alphonso Brown, M.D., Ian S. Grimm, M.D., Kevin E. Behrns, M.D.

Patients with moderately severe gallstone pancreatitis with substantial pancreatic and peripancreatic in-
flammation, but without organ failure, frequently have an open cholecystectomy to prevent recurrent
pancreatitis. In these patients, prophylactic endoscopic retrograde cholangiography (ERC) with endo-
scopic sphincterotomy (ES) may prevent recurrent pancreatitis, permit laparoscopic cholecystectomy,
and decrease risks. The medical records of all patients with pancreatitis undergoing cholecystectomy
from 1999–2004 at the University of North Carolina Memorial Hospital were reviewed. Data regarding
demographics, clinical course, etiology of pancreatitis, operative and endoscopic interventions, and out-
come were extracted. Moderately severe gallstone-induced pancreatitis was defined as pancreatitis without
organ failure but with extensive local inflammation. Thirty patients with moderately severe gallstone pan-
creatitis underwent ERC and ES and were discharged before cholecystectomy. Mean interval between ES
and cholecystectomy was 102 6 17 days. Cholecystectomy was performed laparoscopically in 27 (90%)
patients, open in three (10%) patients, and converted to open in two (7%) patients, with a morbidity rate
of 7% (two patients). No patient required drainage of a pseudocyst or developed recurrent pancreatitis.
Interval complications resulted in hospital readmission in seven (23%) patients. In conclusion, recurrent
biliary pancreatitis in patients with moderately severe gallstone pancreatitis is nil after ERC and ES.
Hospital discharge of these patients permits interval laparoscopic cholecystectomy, but close follow-up
is necessary in these potentially ill patients. ( J GASTROINTEST SURG 2006;10:1–5) � 2006 The Society
for Surgery of the Alimentary Tract
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The association between gallstones and pancreati-
tis was initially made by Opie1,2 in 1901, when he de-
scribed two potential etiologies of gallstone-induced
pancreatitis. His initial hypothesis suggested that
a gallstone impacted at the papilla would prevent pan-
creatic juice outflow and induce pancreatitis.1 Subse-
quently, he surmised that a gallstone may divert the
flow of bile into the pancreatic duct with biliopancre-
atic reflux and resultant pancreatitisdthe frequently
referred to ‘‘common-channel hypothesis.’’2 Because
of Opie’s postulate, elective cholecystectomy has
evolved as the treatment to prevent recurrent attacks

of gallstone-induced edematous pancreatitis.3 Recur-
rent gallstone pancreatitis may occur in 30%–50% of
patients by six weeks if the gallbladder remains in
situ.4–6 This risk is highest in the first month after
the index case of gallstone pancreatitis.7 These find-
ings led to the current practice of performing chole-
cystectomy, once symptoms have resolved, during
the initial hospitalization for gallstone pancreatitis.

Although most patients with gallstone pancreatitis
develop mild, edematous pancreatitis, approximately
10%–20% of patients manifest pancreatic necrosis
with systemic organ failure.8,9 In these patients with
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severe gallstone-induced, necrotizing pancreatitis,
endoscopic retrograde cholangiography (ERC) with
endoscopic sphincterotomy (ES) has been shown to
provide benefit in select patients.10–13 Patients with
extensive necrosis frequently develop infection and
undergo necrosectomy with concomitant cholecys-
tectomy, whereas others undergo cholecystectomy
months after the initial attack, or not at all.

A distinct subset of patients with pancreatitis present
with mild necrosis associated with fluid collections or
extensive peripancreatic regional inflammation, but
without organ failure. Typically, these patients resolve
their symptoms over 7–10 days, but computed tomo-
graphy reveals persistent inflammation that likely pre-
cludes successful laparoscopic cholecystectomy during
the index hospitalization. This presents a management
dilemma of either performing open cholecystectomy
with potential infection of a peripancreatic fluid collec-
tion, or observing thepatient and subjecting themto the
risk of recurrent pancreatitis. Early operation is associ-
ated with more complications and increased treatment
of fluid collections or pseudocysts.14,15 Recently, ERC
withES alone has been proposed as definitive treatment
for gallstone pancreatitis in select patients, but long-
term follow-up suggests that biliary symptoms requir-
ing cholecystectomy are not infrequent in these
patients.16–18 Therefore, ERC with ES alone does not
adequately treat patients with gallstone-induced
pancreatitis.

The aim of this study was to determine if in-
hospital ERC with ES safely permitted interval out-
patient laparoscopic cholecystectomy in patients
with moderately severe gallstone pancreatitis. We
found that ERC with ES was not associated with re-
current pancreatitis and that nearly all patients had
subsequent laparoscopic cholecystectomy.

METHODS

This study was reviewed and approved by the
University of North Carolina Committee on the
Protection of Human Rights. The medical records
of all patients with pancreatitis undergoing cholecys-
tectomy from 1999–2004 at the University of North
Carolina Memorial Hospital were reviewed from
a computerized index search. From these records,
data regarding demographics, clinical course, etiol-
ogy of pancreatitis, operative and endoscopic inter-
ventions, and outcome were extracted from
patients. Pancreatitis was defined as an episode of
acute-onset, epigastric pain associated with an ele-
vated serum lipase or amylase. The determination
of gallstones as the etiology was made by the pres-
ence of gallstones or biliary sludge on ultrasound
and the absence of alcohol consumption,

hyperlipidemia, hypercalcemia, pancreas divisum,
or trauma. Moderately severe gallstone pancreatitis
was arbitrarily defined by computed tomography
findings, including pancreatitis with mild (less than
30%) necrosis but extensive pancreatic and peri-
pancreatic inflammation associated with fluid collec-
tions. Patients included in the study did not exhibit
any symptoms, signs, or laboratory evidence of sys-
temic organ failure. All patients underwent ERC
with ES, were discharged from the hospital, and re-
turned for elective cholecystectomy at least 1 month
after ES.

Data are presented as mean plus or minus the
standard error of the mean, unless otherwise stated.

RESULTS

Thirty patients, who underwent ERC with ES
were discharged home and underwent interval chole-
cystectomy at least 1 month after the index episode
of moderately severe gallstone pancreatitis, were
identified (Fig. 1.). Of these patients, 14 were male
with a mean age of 52.4 6 3.5 years (Table 1).
Edematous pancreatitis was identified in 77% of pa-
tients, whereas minor pancreatic necrosis was found
in 23% of patients. Peripancreatitic fluid collections
were evident in 12 (40%) patients. Mean bilirubin
and serum lipase were 3.5 6 0.5 mg/dL and 12,009
6 4,174 IU/dL, respectively.

All patients underwent ERC with ES for gallstone
pancreatitis (Table 2). In addition, a concomitant
pancreatic duct sphincterotomy was performed in
one patient. Biliary stents were placed in six (20%)
patients, and both pancreatic and biliary stents were
placed in two patients. Common bile duct stones
were identified in 18 (60%) patients, and the bile
duct was cleared of stones at ERC in all but one
patient.

Cholecystectomy was performed in all patients at
a mean of 102 6 17 days after ERC and ES (range,
28–462; Table 3). An open procedure was deemed
necessary in three (10%) patients initially thought
to be candidates for laparoscopic cholecystectomy,
and two (7%) patients underwent conversion from
a laparoscopic to an open procedure. Planned open
cholecystectomy was deemed necessary in two pa-
tients, because a necrosectomy was required con-
comitantly, and in one patient due to extensive
prior right upper quadrant surgery. No patient re-
quired operative management of a pancreatic pseu-
docyst, and the morbidity from interval
laparoscopic cholecystectomy was 7% (two patients).
Mean and median postoperative length stays for all
patients undergoing cholecystectomy were 3 6 1
days and 1 day, respectively (range, 1–26 days).
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Interval complications requiring hospital readmis-
sion developed in seven (23%) patients (Table 4).
Cholangitis was present in two (7%) patients, with
one patient requiring biliary stent removal before
laparoscopic cholecystectomy. Abdominal pain,
pneumonia, nausea and vomiting, and an infected
peripancreatic fluid collection comprised the re-
maining patients. Importantly, no patient developed
signs of recurrent acute pancreatitis. Two patients
required endoscopic biliary stent removal, and one
patient required biliary stent placement and endo-
scopic drainage of an infected peripancreatic fluid
collection.

DISCUSSION

We hypothesized that ES would protect against
recurrent pancreatitis and permit safe interval lapa-
roscopic cholecystectomy in patients with moder-
ately severe gallstone pancreatitis. All patients in

this study experienced an episode of moderately se-
vere gallstone pancreatitis, were treated with ERC
and ES before discharge, and underwent interval
cholecystectomy without evidence of recurrent pan-
creatitis. Furthermore, no patient required operative
management of a pancreatic pseudocyst. Finally,
over 90% of patients had successful laparoscopic re-
moval of their gallbladder, but 23% of patients re-
quired hospital readmission in the interim between
ES and cholecystectomy.

Although the benefit of ERC with ES in patients
with severe necrotizing gallstone pancreatitis10–13

has been established and the limited value of this in-
tervention in edematous pancreatitis is known,13 no
study has assessed the utility of ERC and prophylac-
tic ES in patients with moderately severe gallstone
pancreatitis. Patients with moderately severe gall-
stone pancreatitis have persistent symptoms includ-
ing abdominal pain, nausea and vomiting, inability
to tolerate a diet, and sustained elevation of amylase
or lipase and cholestatic liver-associated enzymes.
Patients who meet these criteria should undergo
a CT scan to look for peripancreatic inflammationTable 1. Demographics

Number 30
Age (yr) 52.4 6 3.5
Male/female 14/16
Laboratory Data

Bilirubin (mg/dL) 3.5 6 0.5
Lipase (IU/dL) 12,009 6 4741

Pancreatitis
Edematous 23 (77%)
Necrotizing 7 (23%)

Peripancreatic fluid collection 12 (40%)

Table 2. Endoscopic interventions

ERC with ES 30 (100%)
Biliary stent 6 (20%)
Pancreatic stent 2 (7%)

Choledocholithiasis 18 (60%)
Clearance of CBD w/ERC C ES 17/18 (94%)

ERC 5 endoscopic retrograde cholangiography; ES 5 endoscopic
sphincterotomy; CBD 5 common bile duct.

Fig. 1. Representative images from computed tomography of a patient with large peripancreatic fluid col-
lection secondary to gallstone pancreatitis. Fluid is seen occupying the lesser sac and surrounding the
spleen. Laparoscopic cholecystectomy was performed safely 56 days after endoscopic sphincterotomy.
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and/or a fluid collection. In these patients, laparo-
scopic cholecystectomy at the time of the index
admission is technically difficult and is frequently
converted to an open procedure.14,15 Moreover, cho-
lecystectomy at the initial hospitalization may in-
crease the risk of infection in pancreatic and
peripancreatic necrosis. Furthermore, existing fluid
collections or pseudocysts, which likely would re-
solve over a longer period of observation, are fre-
quently addressed surgically or percutaneously.14

For these reasons, we empirically treated patients
who had moderately severe gallstone pancreatitis,
complicated by regional inflammation, with prophy-
lactic ES to prevent recurrent pancreatitis and permit
safe interval laparoscopic cholecystectomy. This ap-
proach appeared to be justified, based on literature
that documents an exceedingly low (0%–4%) risk
of recurrent pancreatitis after ES.19–21 Additionally,
because early cholecystectomy in an inflamed setting
is associated with increased morbidity,14,15 delayed
removal of the gallbladder would likely increase the
success rate of laparoscopic cholecystectomy and be
safer for the patients. However, our protocol deemed
eventual cholecystectomy necessary in all fit patients,
because numerous studies have shown that patients
treated by ES alone have a substantial risk of biliary
symptoms that require intervention.19,22,23 The data
in this study confirm our hypothesis that ES can pro-
tect against recurrent pancreatitis, and that interval
laparoscopic cholecystectomy is feasible and safe in
the majority of patients.

Prophylactic ES followed by interval cholecystec-
tomy offers the additional advantage of time for fluid
collection or pseudocyst resolution after the onset of
moderately severe pancreatitis. Pancreatic fluid col-
lections or pseudocysts complicate acute pancreatitis
in 10%–20%of patients, butmanyof these collections
will resolve over time without intervention.24–26

We chose to follow patients by serial computed

tomography to determine resolution of the pseudo-
cyst and found that at a mean of approximately 15
weeks, no patients required concomitant treatment
of a pseudocyst at the time of cholecystectomy.
Our protocol requires complete CT-proven resolu-
tion of peripancreatic fluid collections before lapa-
roscopic cholecystectomy. This approach contrasts
with that of Nealon et al.,14 who found that 60%
of patients required pseudocyst drainage at the time
of delayed (7 weeks) cholecystectomy. In this study,
however, a pseudocyst was arbitrarily deemed per-
sistent at 6 weeks. Our findings suggest that pseu-
docysts resulting from moderately severe gallstone
pancreatitis will resolve over time, and that with
careful observation, only laparoscopic cholecystec-
tomy is required after prophylactic ES.

Even though prophylactic ES followed by interval
laparoscopic cholecystectomy prevented recurrent
pancreatitis, these patients with moderately severe
pancreatitis require close monitoring because nearly
one quarter were readmitted to the hospital. Most re-
admissions were related to biliary or pancreatic com-
plications, including infection. Early in our
experience, two patients had cholangitis likely related
to biliary stent placement at the time of ERC with
ES. Currently, we limit biliary stent placement to
those patients who have a high likelihood of retained
bile duct stones or debris. In addition, these patients
may have mild necrosis of the pancreas or peripancre-
atic fat, and ERC with inadvertent pancreatography
may introduce bacteria into the necrosis. In this se-
ries, one patient required pancreatic debridement
for infected necrosis. Whereas there is reason for
concern that ERCP may result in bacterial contami-
nation of pancreatic necrosis and/or pancreatic fluid
collections, it was rarely seen in this patient popula-
tion. In addition, these patients with peripancreatic
fluid collections receive prophylactic antibiotics be-
fore endoscopic procedures. Furthermore, the infre-
quent patient with moderately severe pancreatitis will

Table 3. Operative management

Planned open cholecystectomy 3 (10%)
Laparoscopic cholecystectomy 27 (90%)
Conversion to open procedure 2 (7%)

Mean interval from ES to LC (days) 102 6 17
Range (days) 29–462

Mean postoperative length of stay (days) 3 6 1
Median 1
Range 1–26

Concomitant procedures
Necrosectomy 2 (7%)
Pseudocyst drainage 0 (0%)

Complications 2 (7%)

ES5 endoscopic sphincterotomy;LC5 laparoscopic cholecystectomy.

Table 4. Interval complications

No. of patients with complications (%) 7 (23%)
Complications
Cholangitis 2 (7%)
Abdominal pain 2 (7%)
Pheumonia 1 (3%)
Infected pancreatic fluid collection 1 (3%)
Nausea and vomiting 1 (3%)
Recurrent pancreatitis 0

Interventions
Biliary stent removal 2 (7%)
Biliairy stent placement 1 (3%)
Endoscopic drainage of fluid collection 1 (3%)
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have persistent abdominal pain, nausea, vomiting,
and inability to eat well, thus mandating pancreatic
necrosectomy for ‘‘failure to thrive.’’27 Therefore, al-
though these patients have less advanced disease than
patients with severe necrotizing pancreatitis with or-
gan failure, they require careful clinical follow-up to
diagnose and treat potential complications.

CONCLUSION

Moderately severe gallstone pancreatitis charac-
terized by local/regional inflammation without or-
gan failure is adequately treated by prophylactic
ERC with ES to eliminate the risk of recurrent pan-
creatitis. Interval cholecystectomy can be accom-
plished safely by a laparoscopic approach, and with
careful long-term follow-up, treatment of associated
pseudocysts is infrequent. This approach may trans-
form the approach to moderately severe pancreatitis
such that these patients with a life-threatening illness
receive only an ERC with ES, and a minimally inva-
sive cholecystectomy without major operations for
fluid collections or pancreatitis.
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Does Repeated Surgery Improve the Prognosis
of Colorectal Liver Metastases?

Zenichi Morise, M.D., Ph.D., Atsushi Sugioka, M.D., Ph.D., Junko Fujita, M.D., Ph.D.,
Sojun Hoshimoto, M.D., Takazumi Kato, M.D., Akitake Hasumi, M.D., Ph.D.,
Takashi Suda, M.D., Ph.D., Hiromichi Negi, M.D., Ph.D., Yoshinobu Hattori, M.D., Ph.D.,
Harunobu Sato, M.D., Ph.D., Kotaro Maeda, M.D., Ph.D.

Hepatic resection for colorectal metastases was performed for 188 patients. Overall survival rates after
the first hepatectomy are 41.4% and 32.7% for 5 and 10 years, respectively. The survival rate of 116 cases
with unilobar hepatic metastases (H1) is significantly higher than those of 48 cases with two to four bi-
lobar metastases (H2) and 24 cases with more than four (H3), respectively. However, the differences be-
tween the survival rates from H1 with multiple metastases, H2, and H3 are not significant, even though
the H3 group has no 10-year survivors. The 5-year survival rates after the second hepatectomy (30 pa-
tients) and the resection of the lung (26 patients) are 30.3% and 35.2%, respectively, in this series. In
those patients, the 5-year survival rates from the first metastasectomy are 43.4% and 50.3%, respectively.
There are 14 5-year survivors with multiple metastases and 8 of those patients underwent multiple sur-
geries. There are 13 patients with three or more repeat resections of the liver and/or lung. The 5-year
survival rates of the patients from the first and third metastasectomy are 53.9% and 22.5%, respectively.
Repeat operations for the liver and the lung contribute to the improving prognosis. ( J GASTROINTEST

SURG 2006;10:6–11) � 2006 The Society for Surgery of the Alimentary Tract
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Hepatic resection for colorectal metastases has
become an established procedure. The application
of the procedure should be considered in the first
step of the therapeutic strategy, because it is now
the only means that can provide the patients a possi-
bility of cure, with a 25–50% 5-year survival rate.1–4

Furthermore, recent improvements of the surgical
techniques reduced the mortality and morbidity,
and at present, the application of the procedure
tends to be expanding.5–7 However, there remain
several controversies, including the following ques-
tions. How does the resection of multiple lesions
contribute to the prognosis? How do repeat resec-
tions of the recurrent liver metastases contribute to
the prognosis? How do the surgical procedures for
the extrahepatic lesions, especially the lesions in the
lung, improve the prognosis?

We evaluate the impacts of (1) hepatectomy for
the multiple lesions, (2) repeat hepatic resections

for recurrent liver metastases, (3) metastasectomy
for lung metastases, and (4) the results from patients
who underwent multiple repeat (more than three)
operations, in our series of patients who underwent
hepatic resection for colorectal liver metastases.

PATIENTS AND METHODS

Hepatic resection for colorectal metastases, as
a complete resection of the lesions, was performed
for 188 patients, 221 times, from 1974 through
2004 in our hospital. There was no operative death
after hepatectomy during this period. Among them
are 96 patients with multiple metastases. There are
116 cases with unilobar hepatic metastases (H1, in-
cluding 24 cases with multiple metastases: H1-multi),
48 cases with two to four bilobar hepatic metastases
(H2), and 24 cases with more than four bilobar me-
tastases (H3). The survival curves of overall
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patients, patients with solitary metastasis, patients
with multiple metastases, and in the groups of
H1, H1-multi, H2, and H3, after the first hepatec-
tomy, were calculated.

In our series, 30, 26, and 13 patients underwent
repeat hepatectomy, pulmonary resection for the
metastases (after and/or before the hepatectomy),
and multiple repeat (three or more times) resections
of the liver and/or lung, respectively. The back-
grounds (age, gender, number and size of metastases,
time of diagnosis, differentiation, Dukes stage, and
lymph-node metastases of original site) of these
three groups of patients were compared with those
of the other patients, and there were no significant
differences, except that the ages of the patients in
these three groups are significantly younger than
that of the other patients without repeat operations.
There is a tendency for repeat surgery groups to
have more synchronous patients, but it is not signif-
icant (Table 1). The survival curves of the patients
with repeat hepatectomies, pulmonary resection,
and multiple repeat resections, after the first and
the last resection of the metastases, were calculated.

Statistical Analysis

For deceased patients, the cause of death was de-
termined based on data from their medical records.
Survival curves were constructed using the Kaplan-
Meier method. Mortalities from other causes were
treated as censored cases. Differences in survival
were evaluated using the log-rank test. All statistical
evaluations were performed using SPSS 8.0J (SPSS
Japan Inc., Tokyo, Japan) software package. Values
of P ! 0.05 were considered statistically significant.

RESULTS

Overall survival rates of cases after the first hepa-
tectomy are 41.4% and 32.7% for 5 and 10 years, re-
spectively (Fig. 1).

Multiple Metastases

The 5- and 10-year survival rates of patients with
multiple liver metastases are 28.5% and 18.8%,
respectively, and significantly lower than those of
patients with a solitary metastasis (Fig. 2). The
survival rates of H1 cases are 50.9% and 44.4% for
5 and 10 years and significantly higher than those
for the H2 and H3 cases. However, the differences
between the survival rates from H1-multi, H2, and
H3 are not significant, even though the H3 group
has no 10-year survivors (Fig. 3). Although four
H3 patients actually survived more than 5 years with
repeat metastasectomies and chemotherapy, two of
them died of recurrence after 5 years.

Repeat Metastasectomies

Repeat metastasectomies include repeat hepatec-
tomy, pulmonary resection after and/or before hepa-
tectomy, and multiple (three or more times) repeat
surgeries for the liver and/or the lung. The 5-year
survival rates after the second hepatectomy and pul-
monary resection are 30.3% and 35.2%, respectively
(Figs. 4 and 5). The 5-year survival rates from the first
metastasectomy in those two groups are 43.4% and
50.3%, respectively, which are higher than overall
survival after the first hepatectomy (Figs. 4 and 5).
The 5-year survival rates for patients with multiple
repeat surgeries from the first and third

Table 1. Summary of the backgrounds of patients without repeat surgery (Group A: 139 patients), with repeat
hepatectomy (Group B: 30 patients), with pulmonary resection (Group C: 26 patients), and with multiple repeat
(O3 times) resections (Group D: 13 patients)

Group A* Group B Group C Group D

Age (yr) 60.9 6 10.6 56.2 6 10.3 55.5 6 8.34 54.0 6 8.51
Gender (M/F) 97:42 23:7 19:7 11:2 NS†

Primary lesions (n)
Site (colon-rectum) 75:64 16:14 10:16 6:7 NS†

Histology (well-others) 87:52 20:10 14:12 8:5 NS†

Lymph node (no or para-lesional metastases-beyond
para-lesional metastases)

96:43 23:7 16:10 9:4 NS†

Dukes stage (A or B-C) 49:90 8:22 8:18 9:4 NS†

Metastatic lesions (n)
Synchronous-metachronous 58:81 19:11 14:12 8:5 NS†

Solitary-multiple 69:70 15:15 12:14 7:6 NS†

Tumor size (!3 cm > 3cm, !5 cm > 5 cm) 57:46:36 18:9:3 11:7:8 7:3:3 NS†

*Group A had a significant higher age than the other three groups: P ! 0.05 calculated with Student’s t test.
†With c2 test.
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metastasectomy are 53.9% and 22.5%, respectively
(Fig. 6). Among 134 patients more than 5 years after
the hepatectomies, 40 patients survived longer than
5 years. They include 14 cases with multiple metasta-
ses from a total of 69 cases, and 8 of those 14 patients
underwent repeat surgeries.

DISCUSSION

It is reported that almost half of patients with
colorectal carcinoma will eventually develop liver
metastases8 and resection is the only treatment that
offers chances of long-term survival or a cure at
the present. Since recent improvements of surgical
techniques reduced the mortality and morbidity,
the application of the procedure tends to be expand-
ing.5,6 Althoughprognostic factors hadbeen indicated
and used as criteria of eligibility for surgery in the
past, nowadays, a more liberal attitude that the main
criterion should only be complete resectability of the
tumors, prevails.7 We should now evaluate the ben-
efits of aggressive surgery, such as resection of

multiple metastases and repeat metastasectomy for
intra- and extra- (especially lung) hepatic recurrent
metastases.

Our data show, as in previous reports, that the
survival rate of patients with multiple liver metasta-
ses is significantly lower than that of patients with
a solitary metastasis. However, 5- and 10-year sur-
vival rates are not negligible, and the fact that quite
a few patients with multiple metastases actually sur-
vived more than 5 years after the hepatectomy en-
courages application of that procedure for those
patients, since long-term survival is hardly obtained
by other modalities. According to the classification
of Japanese Society for Cancer of the Colon and
Rectum, unilobar, two to four bilobar, and more
than four bilobar liver metastases are classified as
H1, H2, and H3, respectively.9 This classification
is supposed to reflect the number and location of
the metastases. Because the survival rates are not sig-
nificantly different between H1-multi, H2, and H3
groups in patients with multiple metastases, the
number and the location of the metastases are not
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Fig. 1.Overall survival rates of cases after the first hepatectomy are 41.4% and 32.7% for 5 and 10 years,
respectively.
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Fig. 2. The 5- and 10-year survival rates of the patients with multiple liver metastases (open circle)
are 28.5% and 18.8%, respectively, and are significantly lower than those of the patients with solitary
metastasis (closed circle) (P ! 0.001).
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significant prognostic factors in patients with multi-
ple metastases in our series. However, H3, the group
with patients who died of recurrence after 5-year
survival and without any 10-year survivors, might
be a poor factor for long-term survival of more than
5 years. For these (H3) patients and patients with
advanced diseases in the aspect of the primary lesion,
multidisciplinary treatments, including adjuvant
and/or neoadjuvant chemotherapy combined with
surgery, should be taken into consideration.4,10,11

We previously reported that using computed to-
mography during angiography as a preoperative
evaluation improves the rate of detection of minute
metastases and the rate of nonrecurrence in the
liver.12 However, detecting minute metastases did
not lead to improving the actual survival rate in this
series (data not shown). Although the patients with

recurrences only in the liver are supposed to benefit
from the examinations, they compose only one third
of all recurrent patients3 and tend to undergo repeat
hepatectomy. For the patients with multiple metas-
tases, a strategy would be needed that can deal with
extrahepatic, usually overlooked small metastases
and intrahepatic micrometastases, below the recog-
nition level of imaging diagnosis. Positron emission
tomography–computed tomography might be a use-
ful means for the detection of extrahepatic small me-
tastases.13,14 Neoadjuvant chemotherapy might also
be useful for selection of a candidate for interval sur-
gery and the control of micrometastases below the
recognition level, which can lead to postoperative re-
currences.15–17

In this series, a specific regimen of adjuvant che-
motherapy was not used for the patients. However,
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Fig. 3. The survival rates of H1 cases (open circle) are 50.9% and 44.4% for 5 and 10 years, respectively,
and significantly higher than H2 (closed circle) and H3 (open square) cases (P ! 0.05). However, the differ-
ences between the survival rates from H1-multi (closed square), H2, and H3 are not significant, even
though H3 group has no 10-year survivors. H1 5 116 cases with unilobular hepatic metastases (includ-
ing 24 cases with multiple metastases: H1-multi); H2 5 48 cases with four or fewer bilobular hepatic
metastases; H3 5 24 cases with more than four bilobular metastases.
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Fig. 4. The 5-year survival rate after the second hepatectomy (closed circle) is 30.3%. The 5-year survival
rate from the first metastasectomy in this group of patients (open circle) is 43.4% and higher than overall
survival after the first hepatectomy.
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adjuvant chemotherapy (mostly oral and, in some
cases, intravenous or transarterial) using 5-FU and re-
lated agents were undertaken for most cases. CPT-11
and oxaliplatin were not used in adjuvant chemo-
therapies in this series. A report says hepatic arterial
infusion after liver resection affected the long-term
survival of the patients.18 In our series, patients
with multiple metastases tend to receive ‘‘heavier’’
adjuvant therapy (intravenous, transarterial), and
it is possible that their survival was affected by the
therapies. However, in our series, the number of
the patients with hepatic arterial infusion was small
and the impact of the adjuvant therapy is thought
to be limited. The effect of various adjuvant chemo-
therapies should be a subject for further investigation.

Repeat resections of liver and lung metastases
contribute to improved prognosis.19–21 The survival
after repeat operations was comparable to that after
the first hepatectomy or the first pulmonary resec-
tion. Interestingly, the 5-year survival rate from the
first operation in those groups of patients with repeat

surgeries was higher than the overall 5-year survival
rate after the first surgery. Also, the 5-year survival
rate from the first operation in the patients with mul-
tiple (three or more) repeat operations was much
higher, even though the number of the patients
was small. Limited to the liver and the lung, repeat
surgery had a ‘‘pile-up effect’’ on the survival rate.
The survival curve after the first operation for the
patients who underwent repeat operations shifts to
the ‘‘right’’ compared with the overall survival curve.
Eight of 14 patients with multiple metastases, who
actually survived more than 5 years, had undergone
repeat operations. However, the longer (10 or more
years) survival for those patients tends to be equal to
overall survival. That fact may mean that, in many
cases, the procedures only extend survival and do
not provide cure. Also, this beneficial effect of repeat
surgery is partially due to the selection of patients
who can undergo repeat surgery without other non-
curative factors and who are of a younger age. How-
ever, a number of people did undergo repeat surgery,
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Fig. 5. The 5-year survival rate after the pulmonary resection (closed circle) is 35.2%. The 5-year survival
rate from the first metastasectomy in this group of patients (open circle) is 50.3% and higher than overall
survival after the first hepatectomy.
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Fig. 6. The 5-year survival rates of the patients from the first and third metastasectomy are 53.9% (open
circle) and 22.5% (closed circle), respectively.
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and the procedure benefits them either with or with-
out complete cure of the disease.

CONCLUSION

From our data, complete surgical resection of co-
lorectal liver metastases offers a cure for around 30%
of overall patients and around 20% of patients with
multiple metastases. Repeat operations improve the
prognosis. Furthermore, repeat operations on liver
and lung add an extending effect on survival of the
other patients without providing a cure. At present,
a strategy that aims for long-term survival using
repeat operations combined with adjuvant therapies
(i.e., adjuvant and/or neoadjuvant chemotherapies)
is recommended for those patients.
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Assessment of Diaphragmatic Stressors as Risk Factors
for Symptomatic Failure of Laparoscopic Nissen
Fundoplication

Atif Iqbal, M.D., Ganesh V. Kakarlapudi, M.D., Ziad T. Awad, M.D., F.R.C.S.I., F.I.C.S.,
Gleb Haynatzki, Ph.D., Kiran K. Turaga, M.D., M.P.H., Anouki Karu, B.A.,
Katie Fritz, B.A., Mumnoon Haider, M.B.B.S., Sumeet K. Mittal, M.D., F.A.C.S.,
Charles J. Filipi, M.D., F.A.C.S.

An important limitation of antireflux surgery is a 5%–10% failure rate. We investigated the correlation
between various diaphragm stressors and failure of antireflux surgery. Forty-one study cases who under-
went a reoperative antireflux operation from 1997 to 2001 and 50 control patients who had undergone
a successful laparoscopic Nissen fundoplication during the same period without clinical or symptomatic
evidence of failure were randomly selected for comparison. A retrospective analysis was conducted uti-
lizing a standardized diaphragm stressor questionnaire, addressing the period between the primary and
secondary operation. Stressors considered in the study included height, body mass index (BMI), postop-
erative gagging, vomiting, weight lifting (greater than 100 pounds), coughing, hiccuping, motion sick-
ness, retching, belching, antidepressant use, smoking, preoperative grade of esophagitis, size of hiatal
hernia, lower esophageal sphincter pressure, esophageal body pressures, and preoperative response to
proton pump inhibitors. Of the potential stressors investigated, the following were significantly associ-
ated with surgical failure after adjusting for other variables through multivariate analysis: gagging (P 5

0.005), belching (P 5 0.02), and hernia size greater than 3 cm (P 5 0.04; Table 1). Other potential risk
factors show trends as obvious in Fig. 2. Vomiting was significant (P5 0.01) in the earlier models but lost
significance when logistic regression was applied. Patients with postoperative gagging and an intraoper-
ative hiatal hernia (greater than 3 cm) have a poorer outcome, whereas patients with postoperative belch-
ing have a better long-term outcome. ( J GASTROINTEST SURG 2006;10:12–21) � 2006 The Society for
Surgery of the Alimentary Tract

KEY WORDS: Diaphragmatic stressors, failed antireflux repair, failed Nissen fundoplication

The surgical management of gastroesophageal re-
flux disease (GERD) has improved with a better un-
derstanding of the underlying pathophysiology of
the disease and technical refinements of the antire-
flux repair.1 However, the failure rate of all antireflux
procedures, both open and laparoscopic, is reported
to be 10%, ranging from 3%–30%.1–6 The most
common pattern of fundoplication failure is anatom-
ical; this includes fundoplication disruption, crus
closure failure, paraesophageal hernia formation,
a slipped Nissen, and a too tight fundoplication.7,8

Recent studies have shown that a sudden increase
in the intra-abdominal pressure, such as lifting
a heavy object, motor vehicle accidents or bouts of
coughing and/or vomiting, can precipitate anatomi-
cal failure of the fundoplication and symptom recur-
rence.9–11 In addition, large hiatal hernias, early
postoperative vomiting, and obesity may result in
the anatomic failure of laparoscopic antireflux sur-
gery.2,8,12 The purpose of this study is to objectively
identify factors that predispose to antireflux surgical
failure.
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MATERIAL AND METHODS

A retrospective case-control study was completed
to determine the influence of diaphragm stressors on
antireflux surgery failure by retrospectively analyzing
the data accumulated by a standardized telephone
questionnaire. Forty-one study cases that underwent
reoperative antireflux and recurrent hiatal hernia
surgery and 50 control group patients without clini-
cal or symptomatic evidence of failure after primary
antireflux surgery were evaluated. Control patients
were all operated upon by the senior author C. J. F.,
and their selection was based on patient availability,
operative date (at least 18 month follow-up), and
ability of the patient to reliably complete the phone
interview. The phone questionnaire was administered
after the primary surgery to assess the stressors in-
volved (Table 1).

Study Characteristics

Postoperative stressors considered in the study in-
cluded gagging, vomiting, induced vomiting, lifting
weights (greater than 100 pounds), coughing, hic-
cuping, body weight, height, body mass index
(BMI), motion sickness, retching, belching, antide-
pressant use, and smoking. Objective assessment of

the preoperative degree and severity of the disease
process was determined by preoperative grade of
esophagitis (on endoscopy), size of hernia (if any),
lower esophageal sphincter pressure, esophageal
body pressures, and preoperative response to proton
pump inhibitors (PPIs). The Savary-Miller classifica-
tion was used to assess the grade of esophagitis
(grade I, one or more nonconfluent mucosal lesions
with or without exudate or superficial erosions;
grade II, confluent erosions; grade III, circumferen-
tial erosions; and grade IV, ulceration, peptic stric-
ture, Barrett’s esophagus, mural fibrosis, or short
esophagus.)

Inclusion Criteria

All patients within the control group underwent
a primary laparoscopic Nissen fundoplication
(LNF) for GERD at Creighton University Medical
Center and demonstrated no symptomatic evidence
of failure at 1.7 or more years of follow-up (mean
2.8 years). The control group patients were chosen
from a pool that had undergone a previous LNF
by the senior author (C. J. F.) and were not matched
or temporally related to the study group. All patients
within the study group had a hiatal hernia after

Table 1. Study questionnaire

Questions Before 1st operation Before 2nd operation

1. Do you gag when you brush your teeth? Yes__ No__ Yes__ No__
__times per day/week/month __times per day/week/month

2. Do you induce vomiting? Yes__ No__ Yes__ No__
__times per day/week/month __times per day/week/month

3. Do you vomit frequently? Yes__ No__ Yes__ No__
__times per day/week/month __times per day/week/month

4. Do you frequently lift heavy objects? Yes__ No__ Yes__ No__
__times per day/week/month __times per day/week/month

5. Do you cough frequently? Yes__ No__ Yes__ No__
__times per day/week/month __times per day/week/month

6. Do you hiccup frequently? Yes No Yes No
__times per day/week/month __times per day/week/month

7. What is your current weight? __lbs.
8. Are you on an antidepressant medication? Yes__ No__ Yes__ No__

__times per day/week/month __times per day/week/month
9. Do you suffer with motion sickness? Yes__ No__ Yes__ No__

__times per day/week/month __times per day/week/month
10. Do you retch when you swallow solid food? Yes__ No__ Yes__ No__

__times per day/week/month __times per day/week/month
11. Do you retch when you swallow liquids? Yes__ No__ Yes__ No__

__times per day/week/month __times per day/week/month
12. Do you retch shortly after you eat? Yes__ No__ Yes__ No__

__times per day/week/month __times per day/week/month
13. Do you smoke? Yes__ No__ Yes__ No__
14. Do you belch often? Yes__ No__ Yes__ No__
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a previous LNF and were reoperated upon by either
of two coauthors (C. J. F. or S. K. M.).

Exclusion Criteria

All adult patients that had undergone a primary
open laparotomy, a thoracic repair, an associated
myotomy for achalasia, placement of an Angelchik
prosthesis, a laparoscopic Hill or Toupet fundoplica-
tion were excluded.

Preoperative Assessment

All patients underwent upper endoscopy and ma-
nometry. Upright esophagograms and 24-hour pH
monitoring were performed selectively. Proof of
a postoperative hiatal hernia in the study group
was obtained retrospectively by review of the opera-
tive notes. The patient’s response to PPIs was as-
sessed by the degree of preoperative symptom
improvement.

All patients on antidepressants (n 5 24) were as-
sessed separately so as to determine indications for
surgery. Indications in this subgroup were pain sec-
ondary to incarcerated hernia (n 5 4), recurrent
symptoms refractory to medication (n 5 12), unwill-
ingness to take life-long medications (n 5 5), and
a combination of the above (n5 3). Associated respi-
ratory symptoms were present in 6 out of 24
patients.

Radiographic technique for hiatal hernia measure-
ment. Hiatal hernia size was determined preopera-
tively by an upright esophagogram. A full chest
anterior-posterior esophagogram view was obtained
with a superimposed centimeter ruler. The distance
from the extrapolated hemidiaphragm confluence
at the midline to the gastroesophageal junction was
measured.

Surgical Indications

Patients with uncontrollable symptoms under-
went reoperative surgery. Objective findings on test-
ing were correlated with symptomatology.
Esophageal dilation was performed preoperatively
in patients with dysphagia. Chest pain secondary to
hiatal hernia formation was differentiated from
GERD by 24-hour pH monitoring.

Surgical Technique: Laparoscopic Nissen
Fundoplication

Control group. Five-millimeter trocars were placed
through the abdominal wall and both limbs of the
right diaphragmatic crus were dissected. The short
gastric vessels, including posterior short gastric ves-
sels, were divided using a harmonic scalpel (Ethicon

Endosurgery, Cincinnati, OH). A Penrose drain
was passed around the distal esophagus and the crural
defect was closed using interrupted nonabsorbable
sutures, after which a 60 French bougie was passed
into the stomach to assure proper tightness of the
crural closure. A portion of the fundus was pulled
by a Babcock clamp behind the esophagus and then
released to determine if sufficient laxity had been
gained. The Penrose drain was removed and a 60
French bougie was again introduced into the stom-
ach. A 2-0 Prolene U stitch was used for the fundopli-
cation. An additional 3-0 silk suture was passed
through the right and left plication limbs to complete
the 1.5 cm fundoplication. The pneumoperitoneum
was allowed to escape, and all wounds were closed
with subcuticular absorbable sutures.

Postoperative management. All patients in the con-
trol and the study group were routinely given intra-
venous antiemetics in the operating room and during
hospitalization. No postoperative nasogastric de-
compression was used for control group patients. A
clear liquid diet was routinely initiated within the
first 24 hours, and the diet was gradually advanced
thereafter. A Zofran (ondansetron hydrochloride)
and Reglan (metoclopramide) prescription was given
to all patients at hospital discharge. Patients were in-
structed to call their physician if any uncontrollable
nausea, dry heaving, or vomiting occurred.

Study Group

The primary LNF technique for the reoperative
study group varied significantly, and the operative
note was not always available for review. The experi-
ence of the operating surgeon for the study group
was not obtained. The postoperative care regimen
was not retrieved; however, the questionnaire ad-
dressed the diaphragm stress factors active during
the postoperative period. All patients in the control
group and nine patients in the study group were pri-
marily operated upon by the senior author C. J. F.
All patients in the study group had a hiatal hernia
as determined by operative notes. Not all hernias
led to the primary indication for surgery, but were,
at the least, associated with the failure.

Administration of questionnaire. All patients were
followed up by office visits and phone calls. The
questionnaire (Table 1) was administered to all reo-
perative patients and addressed the period between
the primary and secondary operation. The control
group questionnaire was administered 1.7 or more
years after the LNF and assessed the postoperative
period. A standard questionnaire (Table 2) to deter-
mine symptom management within both groups,
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plus a random group of 76 preoperative GERD pa-
tients, was used.

Statistical analysis. Data was maintained on an
Excel spreadsheet, and statistical analysis was per-
formed using Intercooled Stata Version 7.0 (Stata
Corporation, Houston, TX). All predictors were re-
corded as ‘‘Yes’’ or ‘‘No’’, except for age, sex, weight,
height, BMI, and the objective assessors of the disease
severity, which included grade of esophagitis, size of
hernia, lower esophageal sphincter pressure, esopha-
geal body pressures, and preoperative response to
PPI. The alpha level for the entire analysis was set
at 0.05, and all tests were two-sided. The univariate
analysis was performed using the unpaired t test,
chi-square test, the Fisher exact modification, and
theWilcoxon rank sum (Mann-Whitney two sample)
test, when appropriate. Multivariate analysis was
done using logistic regression modeling. Model
checking was performed using the standard tests for
the form of the linear predictor, the Hosmer-Leme-
show test for goodness of fit (systematic errors) and
rechecking the model after excluding highly influen-
tial points. Correlation between variables was
checked without using the Bonferroni correction.

RESULTS
Baseline Characteristics

Our sample consisted of 41 patients who under-
went laparoscopic reoperative antireflux surgery for
a failed Nissen fundoplication and 50 patients who
had no clinical or symptomatic evidence of failure,
until at least 18 months after primary antireflux sur-
gery. The baseline characteristics in the two groups
were similar, with the mean age being 50 years in
the case group (range, 29–75) and 52 years (range,
16–78) in the control group (P 5 0.6). There were
39% males in the case group, and 38% males in
the control group (P 5 0.92), and the average BMI
was slightly higher in the case group, 31 kg/m2

(range, 25–41), as compared to 30 kg/m2 in the con-
trol group (range, 19–41). A comparison of all base-
line characteristics has been shown in Table 3. The
mean duration between primary and redo surgery
in the study group was 3.12 years (range, 0.4–6.2
years), whereas the mean duration of follow-up in
the control group was 2.87 years (range, 1.7–4 years).

Stressors

Of the potential stressors investigated, preopera-
tive hernia size greater than 3 cm, postoperative gag-
ging, and decreased belching were found to be
associated with failure of reflux surgery after adjust-
ing for other variables through multivariate analysis

(Table 4). Comparison of stressors between the case
group and the control group has been illustrated in
Figs. 1 and 2.

Gagging. Postoperative gagging was measured as
number of episodes per week, and we found that
29% (range, 15%–43%) of patients in the study
group and 8% (range, 0.4%–15%) of the control
group had gagging postoperatively (P 5 0.03;
Fig. 1). Only one patient who had gagging also in-
duced vomiting.

Vomiting. Early postoperative vomiting, which
has previously been shown to have significant associ-
ation with failure, was significant only in the univar-
iate analysis (4% vs. 12%, P 5 0.01). Induced
vomiting was present in only 3.3% of our sample,
and this behavior was not associated with failure of
surgery or with other comorbidities like retching
(P 5 0.57, chi-square) or antidepressant medication
use (P 5 0.56, chi-square).

Retching. Postoperative retching was strongly cor-
related with vomiting (r 5 0.4, P 5 0.0001), and
there was a higher percentage of patients who
retched in the case group compared to the control
group (32% vs. 18%), though this difference was
not statistically significant (P 5 0.15).

Other mechanical stressors. Including postopera-
tive hiccups, coughing episodes per week and weight
lifting per month were not significant in the analysis.
Upon analyzing the relationship between body pres-
sure and these variables in each group, we found no
statistical association (P O 0.20 by chi-square) or
correlation (r 5 20.11 for hiccups, r 5 0.11 for
cough, r 5 0.02 for weight lifting, P O 0.2). The
percentage of patients with depression amongst the
control group and the case group was not statistically
different (23% vs. 29%, P 5 0.6).

BMI. Preoperative BMI has been quoted as an in-
dependent predictor of failure in previous studies,
whereas we did not find a significant difference be-
tween the two groups (P O 0.2). We found that in
those shorter than 165 cm, there was some evidence
to suggest that shorter people were associated with
less failure to surgery (OR 5 0.87 [range, 0.74–
1.0], P 5 0.07).

Belching. Early postoperative belching demon-
strated an inverse association with risk for failure,
with belching being more common in the control
group than in the case group (40% vs. 20% control
group). Belching was not associated with increased
body pressures (P 5 0.8) within the group.

Grade of esophagitis. Although the preoperative
grade of esophagitis, as related to surgical failure,
did not reach statistical significance (P 5 0.8), there
was a gradual transition from a negative odds ratio
(0.96, decreased risk) for an esophagitis grade of
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Table 3. Baseline characteristics and predictor variables classified by subgroups used in univariate analysis

Factors Controls (N 5 50) Study group (N 5 41) P value

Age‡ 52 51 0.6
Sex{

Male 19 16 0.92
Female 31 25

BMI‡ 29.8 (4.9) 31.1 (5) 0.24
Weight (lbs)‡ 182 (29) 193 (28) 0.08
Height (inches)‡ 65.5 (3.5) 66.2 (4.8) 0.4
LESP (mean)†,‡,k 5.1 (0.6) 5.5 (0.8) 0.6
Body pressure†,‡,†† 2 (1–3) 2 (1–3) 0.54
Grade of esophagitis (0–4)x,‡ 0 (0–4) 0 (0–4)
Patients with esophagitis{

0 25 (50%) 22 (54%)
1 6 (12%) 5 (12%)
2 12 (24%) 4 (10%)
3 4 (8%) 2 (5%)
4 1 (2%) 5 (12%) 0.8

Smoking*,{

Smoker 9 (18%) 4 (10%)
Ex-smoker 16 (32%) 11 (27%)
Nonsmoker 25 (50%) 26 (63%) 0.4

Coughing*,{ 14 (28%) 16 (39%) 0.4
Gagging*,{

At least once/wk 4 (8%) 12 (29%)
Never 46 (92%) 29 (71%) 0.01**

Weight Lifting*,{ (O100 lbs) 10 (20%) 12 (30%) 0.32
Vomiting*,{

At least once/wk 4 (8%) 12 (29%)
Never 46 (92%) 29 (71%) 0.01**

Induced vomiting*,{ 1 (2%) 2 (5%) 0.58
Hiccups/wk*,{ 10 (20%) 5 (13%) 0.40
Retching/wk*,{ 9 (18%) 13 (32%) 0.15
Belching/wk*,{,# 20 (40%) 8 (20%) 0.06
Motion sickness†,{ 8 (16%) 4 (10%) 0.5
Antidepressant usage/day†,{ 11 (23%) 12 (29%) 0.6
Response to PPIs preoperatively{

Good 19 (42%) 9 (24%)
Poor 13 (28%) 16 (42%) 0.3
Never taken 5 (12%) 3 (10%)

% with hiatal hernia† 82% 78% NS
Hiatal hernia size†,{

< 3 cm 33 (75%) 17 (50%)
O 3 cm 11 (25%) 17 (50%) 0.032**

NS 5 not significant; LESP 5 lower esophageal sphincter pressure; PPI 5 proton pump inhibitors.
*All factors considered in the immediate postoperative period.
†Factors considered before primary surgery in both groups.
‡Values reported as mean (standard error) except grade of esophagitis and body pressure reported as median (range).
xTwo sample t test used; Wilcoxon rank sum test was used for grade and body pressure.
kN 5 33.
{Values represented by n (%). Chi-square test and Fisher exact test used to test significance.
#Belching although was near-significant in the univariate analysis, was significant at P 5 0.02 in the multivariate analysis.
**Significant at alpha 0.05.
††Body pressures categorized as 1 5 low, 2 5 normal, and 3 5 high.
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0 to a positive ratio (1.44, increased ratio) for a grade
of 4, which was logical.

Hernia size. Hernia size has previously been de-
scribed as a risk factor, and we found that patients
with preoperative hiatal hernias greater than 3 cm
were associated with failure after antireflux surgery
(OR 5 3.17, P 5 0.04). Although the percentage
of patients with a hiatal hernia preoperatively was
higher amongst the control group than the study
group (82% vs. 78%), the number of patients with
hernia of more than 3 cm in size was significantly
higher in the study group.

Response to proton pump inhibitors. Only 41 pa-
tients in the study group and 33 patients in the con-
trol group had data available. The analysis with this

limited data set revealed more patients with a good
response to PPIs in the control group (46% in the
control group vs. 27% in the study group). The odds
ratio for risk of failure with improving response to
PPIs is 0.69 (95% CI 5 0.48–1.0, P 5 0.05).

Frequency of stressors. The study group had
a higher percentage of patients with more frequent
vomiting and retching (12% and 15%, respectively,
greater than five times/month), whereas those in
the control group had almost 22% of the population
with a higher frequency of belching (greater than five
times a month; Table 5).

There was no interaction between gagging and
retching (interaction term P 5 0.89, likelihood ratio
test). We do believe that patients may sometimes
confuse gagging and retching, and we performed
an analysis by combining both gagging and retching
into a single variable. On combining them, we found
that the odds ratio for surgical failure, when either
gagging or retching was present, was 3.06 (range,
0.97–9.6, P 5 0.05). This odds ratio is lower than
that for gagging alone in our model (10.4; range,
2.0–54.0, P 5 0.005).

To further validate our study, a random group of
76 preoperative GERD patients appearing at our
clinic were presented with the questionnaire to com-
pare the prevalence of significant stressors in the
general GERD population with those included in
this study and to better understand the incidence
of frequent gagging in GERD patients. This showed
that 22% of these patients (vs. 8% in the control
group and 32% in the study group) had gagging,
50% (vs. 40% in the control group and 19% in the
study group) had belching, and 9% had vomiting
(vs. 8% in the control group and 29% in the study
group), which is comparable to our data.

Most believe that the short esophagus and Bar-
rett’s esophagus are risk factors for antireflux surgery
failure. Twenty percent of patients in our study
group had Barrett’s esophagus before reoperation,
and five patients (12%) had a Collis gastroplasty dur-
ing reoperation, suggesting that a short esophagus
was present at the time of the initial operation.
The proportion of both of these conditions is much
higher than usually reported; however, our study was
not powered sufficiently to detect statistical differen-
ces between the case and control groups for these
risk factors.

DISCUSSION

This study demonstrates that gagging and moder-
ate to large hiatal hernias (greater than 3 cm) are sig-
nificant risk factors for failure of antireflux surgery,

Table 4. Logistic regression model

Variable
Odds ratio
(95% CI) P value

Grade of esophagitis (0–4) 0.93 (0.62–1.42) 0.76
Height†

!165 cm 0.87 (0.74–1.0) 0.07
O165 cm 1.06 (0.97–1.16) 0.20

Hernia size O3 cm 3.17 (1.04–9.69) 0.04*
Belching/wk 0.22 (0.06–0.82) 0.02*
Gagging/wk 10.4 (2.0–54.0) 0.005*
Smoking status (smoker,
ex-smoker, nonsmoker)

0.58 (0.25–1.38) 0.22

Weight (kg) 1.02 (0.98–1.07) 0.33

*Significant at alpha 0.05. Smoking assumed to have a dose response
effect, odds of smoker/ex-smoker 5 odds of ex-smoker/nonsmoker.
Hence, odds of smoker to nonsmoker 5 0.58 5 0.34. Separate mod-
els for individual testing of the three categories were also performed.
†Height was divided into spline terms at 165 cm (or 5ft 5in). This is
a continuous variable.

Fig. 1. Comparison of significant predictors of antireflux sur-
gical failure between the control group and the study group.
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and belching is a predictor associated with a favorable
outcome. Vomiting has some significance, but loses
it when gagging and other stressors are added to
the multivariate model. Coughing, retching, weight
lifting (greater than 100 pounds), and grade 3 and
4 esophagitis are potential risk factors for failure,
but none achieved statistical significance in our
study.

Fundoplication is commonly complicated by ab-
dominal bloating.13 Although postfundoplication
difficulty in belching has been shown to be a compli-
cation of surgery, previous studies have not used
postoperative belching as a prognostic indicator for
surgical outcome. The inverse association of belch-
ing with failure can probably be attributed to lower
chronic intragastric and intra-abdominal pressures
in this patient population. This raises a concern for
the postoperative prognosis of patients with
aerophagia.

Some studies have reported gagging as a postoper-
ative complication, but its importance as a predictor
of surgical outcome has never been recognized. In
our study, it is the strongest of all diaphragm stres-
sors investigated (OR 5 10.4). Whether gagging in
the immediate postoperative period is a complication
of surgery, or a behavior developed over a period of
time contributing to the underlying disease itself, is
yet to be determined.

Vomiting, retching, and coughing failed to
achieve statistical significance by multivariate analy-
sis (Fig. 2). Because both vomiting and coughing are
significantly associated with gagging by chi-square
tests, we could hypothesize that their direct effect,
if any, is being decreased after adjusting for other
variables. In this study, 13.3% of patients who did
not gag and 37.5% of those who did gag also
vomited (P 5 0.03). Similarly, 56.2% of patients
with cough, whereas 28% of those without cough,
also had gagging (P 5 0.041). Moreover, both

vomiting and coughing had a weak correlation with
gagging in our study (vomiting and gagging r 5

0.24, P 5 0.02; coughing and gagging r 5 0.23, P 5

0.02). The role of vomiting and coughing as indepen-
dent stressors might achieve significance with a larger
study population.

Similarly, weight lifting more than 100 pounds
was nonsignificant; a trend toward more patients lift-
ing weight (greater than 100 pounds) is shown in
Fig. 2. A significant trend toward higher weights be-
ing lifted was seen in the study group, but this obser-
vation was skewed by a few influential observations.

Our previous retrospective data has shown that
early postoperative vomiting, events that increase
intra-abdominal pressure, and surgeon inexperience
are risk factors for hiatal hernia recurrence.10,11 Can-
iano et al.14 reported that 29% of failed laparoscopic
Nissen fundoplications in children were due to
forceful emesis, and most of them had crural disrup-
tion as the underlying cause. Postoperative retching
is documented as a major problem in neurologically
impaired children and has been reported as a cause
of antireflux surgical failure in three patients.15 It
has been suggested that fundoplication may sensitize
the emetic reflex because animals have been shown
to respond to a previously subemetic dose of a cen-
trally acting opiate receptor agonist such as Imodium
(loperamide).16 Orringer et al.17 showed a signifi-
cantly higher recurrence rate if the procedure was
performed by residents as compared to staff sur-
geons. This highlights the importance of vomiting,
retching, and the experience of the surgeon in avoid-
ing surgical failures, and also the need for paying
meticulous attention to suture placement, knot ty-
ing, complete dissection, and a tension-free closure
of the diaphragm.

It is conventional wisdom that vomiting needs to
be avoided in the early postoperative period as the
fundoplication can herniate into the mediastinum,

Fig. 2. Nonsignificant trends in predictors of antireflux surgical failure between the control group and
the study group.
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necessitating immediate reoperation. Measures to
prevent vomiting include an alteration in the anes-
thetic agent, intravenous antiemetics given intrao-
peratively, scheduled medications during
hospitalization, medication before traveling (if mo-
tion sickness is a problem), written and verbal patient
instructions/education on the importance of anti-
emetic measures, and refillable prescriptions for the
long-term avoidance of vomiting. A single intrave-
nous dose of preoperative steroids has been shown
to significantly reduce the incidence and severity of
postoperative nausea and vomiting.18 However,
these studies involve limited surgical trauma such
as tonsillectomy, dental procedures, and laparoscop-
ic cholecystectomy. Intuitively, this approach may be

used in laparoscopic Nissen fundoplication proce-
dures and especially in patients who have been deter-
mined to have a preoperative propensity to gag.

Stressors that achieved significance in other stud-
ies, but failed to do so in our analysis, include obesity
and depression. GERD is highly prevalent in the
obese population.12,19,20 This could be due to chron-
ically elevated intra-abdominal pressure leading to
an increased gastroesophageal gradient.12,20 Another
study has shown that laparoscopic failure had no
correlation with age, sex, American Society of Anes-
thesiology classification, and duration of symp-
toms.21 GERD patients with concomitant major
depressive disorder who underwent laparoscopic
antireflux surgery gained less symptomatic relief
and suffered from postoperative dysphagia.22 Pa-
tients with psycho-emotional disorders and chronic
pain syndromes were dissatisfied with outcomes of
antireflux surgery due to persistent or new somatic
complaints.23 It should be noted that objective crite-
ria were met to demonstrate failure of surgery in our
study, but previous reports emphasize that objective
data does not correlate with failure in this particular
set of patients.

We have demonstrated that there is an observable
difference in the prevalence of stressors such as vom-
iting, gagging, and belching in the general GERD
population that has not undergone surgery, when
compared to patients who develop failure after anti-
reflux surgery. Studies with more subjects are
required to further elucidate this relationship.

Thus, in patients with large hiatal hernias (greater
than 3 cm), the surgeon should be circumspect when
advocating antireflux surgery. In addition, further
analysis of technical factors allowing post-Nissen
fundoplication patients to belch is appropriate. Once
the predictors of antireflux surgical failure are out-
lined as in Table 6, studies should determine cutoffs
that predict definitive failure if the underlying stres-
sors continue to act. Steps should be enforced to

Table 6. Frequency of stressors in each study group

Symptom

Symptom occurrence 0–1 times/mo Symptom occurrence 1–5 times/mo Symptom occurrence O5 times/mo

Cases Controls Cases Controls Cases Controls

Involuntary
vomiting

38 (92.7%) 49 (98.0%) 2 (4.9%) d 0 1 (2.0%)

Vomiting 31 (75.6%) 47 (94.0%) 5 (12.2%) 1 (2.0%) 5 (12.2%) 2 (4.0%)
Hiccuping* 34 (82.9%) 43 (86.0%) 1 (2.4%) 5 (10.0%) 4 (9.8%) 2 (4.0%)
Retching 29 (70.7%) 44 (88.0%) 1 (2.4%) 2 (4.0%) 9 (22.0%) 4 (8.0%)
Gagging 27 (65.9%) 46 (92.0%) 0 0 12 (29.3%) 4 (8.0%)
Belching 32 (78.0%) 31 (62.0%) 0 4 (8.0%) 6 (14.6%) 15 (30.0%)

*Data missing for two patients in the study group.

Table 5. Causes of LNF failure

Known 1. Postoperative vomiting†

2. Postoperative gagging*
3. Postoperative failure to belch*
4. Preoperative large hiatal hernia (O3 cm)*
5. Obesity
6. Inexperience
7. Depression

Possible 1. Increased postoperative
retching/coughing/straining

2. Postoperative weight lifting
3. Inexperience
4. Improper calibration of crus closure
5. Technical causes

Suture pullout
Suture breakage
Knot failure

6. Crus closure under tension
Elderly patient
Attenuated crus

7. Collagen metabolic disorders

*Causes proven by our study (P ! 0.05).
†Causes that reached near significance in our study.
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prevent the stressors preoperatively and to manage
them vigorously should they develop in the immedi-
ate postoperative period.

CONCLUSION

Diaphragmatic stress factors should be assessed
before and after laparoscopic antireflux surgery. In
particular, patients with postoperative gagging, vom-
iting, or a hiatal hernia (greater than 3 cm) have
a poorer outcome, whereas patients with postopera-
tive belching have a better long-term result. Preemp-
tive antiemetic regimens and possible use of
postoperative steroids are supported by this study.
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Mapping the Rectum: Spatial Analysis of Transanal
Endoscopic Microsurgical Outcomes Using
GIS Technology

Sabha Ganai, M.D., Jane L. Garb, M.S., Prathima Kanumuri, M.D., Roshni S. Rao, M.D.,
Albert I. Alexander, M.D., Richard B. Wait, M.D., Ph.D.

Transanal endoscopic microsurgery (TEM) is a technically challenging procedure hindered by rectal an-
atomic constraints. To study the relationship of lesion position with performance of TEM, a novel ap-
proach of spatial analysis using Geographic Information Systems (GIS) was developed. A retrospective
review was conducted on 144 consecutive TEMs, analyzing clinical, pathologic, and positional character-
istics. Two- and three-dimensional maps of rectal topology were developed. GIS was used for spatial
analysis, accounting for regional position and clustering of lesions. Lesions were located at a mean dis-
tance of 9.3 6 4.9 (SD) cm from the dentate line, with an average size of 3.1 6 1.4 cm. Proximal regions
were associated with prolonged operative time. Regions between the rectosigmoid junction and the peri-
toneal reflection were associated with peritoneal breach. In spatial regression analysis, regional character-
istics that were significantly associated with operative time included distance, presence of cancers, and
positive margins; peritoneal breach was significantly associated with lesion size and location; conversions
were associated with distance (P ! 0.05). Specific knowledge of lesion size and location in the context of
anatomic relationships is important for optimizing operative intervention. GIS provides a valuable tool in
organizing spatial information and can be extended into clinical research topics involving the distinction
of anatomic relationships. ( J GASTROINTEST SURG 2006;10:22–31) � 2006 The Society for Surgery of
the Alimentary Tract

KEY WORDS: Transanal endoscopic microsurgery, rectal anatomy, rectal neoplasm, health geographics,
geographic information systems

Transanal endoscopic microsurgery (TEM) using
the technique of Buess is a minimally invasive proce-
dure utilized as an alternative to traditional transanal
approaches in the excision of rectal neoplasms. De-
spite sophisticated features including binocular ste-
reoscopic magnification, precise instrumentation,
and improved access to proximal lesions,1,2 the pro-
cedure is technically challenging and has shown lim-
ited incorporation into surgical management
compared with other minimally invasive procedures.
Intrinsic limitations in TEM must be considered, re-
lated to the dimensions of the scope and the natural
spatial conflicts that occur when manipulating multi-
ple parallel-positioned instruments. The angled op-
tic also requires optimal patient positioning, with
the lesion situated in a dependent position. It is un-
certain whether the location of the lesion within the

rectum influences difficulty in performing the
procedure.

Geographic Information Systems (GIS) has been
used in various studies related to epidemiology, ana-
lyzing disease patterns, spatiotemporal relationships
with health outcomes, and relationships of disease
incidence with various environmental factors.3 In or-
der to test the hypothesis that the location of rectal
lesions influences performance of TEM, a novel
approach to spatial analysis of the rectum was
developed using GIS technology.

METHODS
Clinical Data Acquisition

After institutional review board approval, a retro-
spective review was conducted on all patients
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undergoing TEM at Baystate Medical Center in
Springfield, MA, between November 1993 and Oc-
tober 2004. Clinical data abstracted from medical re-
cords included age, gender, location of lesion, type
of procedure completed, patient position, peritoneal
entry (breach), conversions, operative time (min-
utes), hospital length of stay (hours), lesion pathol-
ogy, lesion size, presence of positive margins, and
complications. Outcomes detailing actuarial

recurrence and survival probabilities have been pre-
viously reported on this database.4

Location of lesion was assessed by operative sig-
moidoscopic evaluation detailing clockface position
and distance of lesion. Clockface position of lesion
was determined, noting 24 possible angles, with 12-
o’clock as anterior, 3-o’clock as left lateral, 6-o’clock
as posterior, and 9-o’clock as right lateral. Distances
were recorded caudocranially, in centimeters from
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Fig. 1. A two-dimensional map of rectosigmoid topology was constructed using cylindrical coordinates
{q, d}. Twenty regions were created by dividing the angular dimension (q) into four quadrants (anterior,
posterior, right, and left), with further division based on distance from the dentate line (d), delineated by
the anorectal line (d 5 2), the peritoneal reflection (d 5 8 2 3sinq), the rectosigmoid junction (d 5 13),
and the limit of the scope (d 5 18).
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the dentate line. Size of lesion was based on its max-
imum diameter in centimeters, as determined from
the pathologic specimen ex vivo.5 Patient position
was characterized as dorsal lithotomy, prone, or right
or left lateral decubitus.

All procedures were performed by a single surgeon
(A.I.A.), who used TEM as the exclusive technique of
local excision of sessile lesions of the rectosigmoid
colon. Bowel preparation and topical estrogen cream
for females were administered prior to surgery. TEM
operative technique was conducted as previously de-
scribed6,7 under general anesthesia using a 4-cm-di-
ameter, 20-cm-long operating rectoscope (Richard
Wolf, Knittlingen, Germany) fixed by a Martin
arm. Carbon dioxide insufflation was used. Patients
were positioned such that the lesion was in a depen-
dent position. Lesions were excised with at least 10-
mmmargins using cautery via either partial-thickness
excision (mucosectomy) or full-thickness excision to
perirectal fat. All defects were closed transversely us-
ing absorbable suture secured by a silver clip.

Construction of Rectal Map

A map of rectosigmoid topology was developed,
presuming the rectum to be of a cylindrical form
when conforming to the operating rectoscope
(Fig. 1). Cylindrical coordinates {q, d} were used to
create a two-dimensional map, with the angular di-
mension, q (radians), as the abscissa, and distance
from the dentate line, d (cm), as the ordinate. Angular

quadrants characterized anterior {p/4 ! q < 3p/4},
right lateral {3p/4 ! q < 5p/4}, posterior {5p/4 !
q< 7p/4}, and left lateral {7p/4! q<p/4} divisions.

Further subdivisions were determined based on
distances from the dentate line, representing the ano-
rectum {0 ! d < 2}, the extraperitoneal rectum {2 !
d < 8 2 3sinq}, the peritoneal rectum {8 2 3sinq !
d < 13}, the distal sigmoid {13 ! d < 18}, and the
proximal sigmoid {d>18}. These regions were based
on representations of the anorectal line8 (d 5 2), the
peritoneal reflection (d5 82 3sinq), the rectosigmoid
junction9 (d 5 13; 15 cm from anal verge), and the
limit of the scope (d5 18; 20 cm from the anal verge).
The peritoneal reflection (d5 82 3sinq) was charac-
terized such that its equation accommodated antero-
posterior anatomic variability; it was defined in
location as 7 cm from the anal verge anteriorly and
13 cm from the anal verge posteriorly based on aver-
aging of ranges reported for both genders.10–12

In order to allow representation in three dimen-
sions, data recorded in cylindrical coordinates were
translated into Cartesian coordinates, where {x, y,
z} 5 {rcosq, rsinq, 2d} (Fig. 2). The radius, r, was as-
signed a value of 2, accounting for the 4-cm diameter
of the operating rectoscope.

Data Analysis

Data compilation, descriptive statistics, and non-
parametric statistical analyses were conducted using
EpiInfo (Centers for Disease Control and Prevention,
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Fig. 2. Diagram representing conversion from cylindrical coordinates {q, d} to Cartesian coordinates
{x, y, z} 5 {rcosq, rsinq, -d}.

24 Ganai et al.
Journal of

Gastrointestinal Surgery



Atlanta, GA; 2004). Means are reported with their
standard deviation. Medians are reported with their
interquartile range (IQR). Statistical significance was
determined according to an a of .05. ArcGIS (ESRI,
Redlands, CA; 2004) was used for spatial representa-
tion and visualization of anatomic regions and lesions
in both two and three dimensions. Choropleth maps
were created demonstrating the proportion of lesions
with a clinical variable within an anatomic region.
Spatial autocorrelation (clustering) of outcomes
across local anatomic regions was tested using Mor-
an’s I-statistic. Analysis of point clustering across the
global study area was performed using Nearest
Neighbor analysis.13 The S-plus (Immersion Corpo-
ration, Seattle, WA; 2000) extension for ArcView
GIS (ESRI, 2004) was used to perform spatial regres-
sion analysis,14 identifying relationships between ana-
tomic regional characteristics with clinical outcomes.

RESULTS
Operative and Pathologic Characteristics

A total of 144 TEMs were attempted during the
study interval. Patients had a mean age of 64 6 14
years, with a male-to-female ratio of 1.09. Lesions
were located at a mean distance of 9.36 4.9 cm from
the dentate line, with an average maximal dimension
of 3.1 6 1.4 cm. Figure 3 demonstrates localization
of these lesions in three dimensions. Final pathologic
diagnosis was adenoma in 63%, adenocarcinoma in
31%, carcinoid tumor in 3%, and other in 4%. Pos-
itive margins were noted in 9% of specimens.

Patient operative position was dorsal lithotomy in
41%, prone in 33%, left lateral decubitus in 16%,
and right lateral decubitus in 10%. Full-thickness ex-
cision was completed in 64% of cases; mucosectomy
was performed in 24% of cases. Conversion to low
anterior resection occurred in 6% of cases secondary
to difficult access of lesion or lack of progress; con-
version to local excision by the technique of Parks
and Stuart15 occurred in 1% of cases secondary to
proximity to the anal verge. Median operative time
for full-thickness and partial-thickness excisions by
TEM was 82 minutes (IQR, 582120) compared
with 203 minutes (IQR 1732235) for conversions
(Mann-Whitney rank sum test, P 5 0.0003). Median
hospital length of stay was 29 hours (IQR 25231) for
completed TEM compared with 112 hours (IQR
382288) after conversions (Mann-Whitney rank
sum test, P! 0.0001). Lesions with size greater than
4 cm were associated with longer operative time
(median 120 versus 76 minutes; Mann-Whitney rank
sum test, P ! 0.0001).

Intraoperative complications occurred in 14% of
patients, including conversions in 7%, peritoneal

breach in 6%, and repositioning of the patient in
1%. Postoperative complications occurred in 10%
of patients who completed TEM. This included uri-
nary retention in 5%, bleeding in 1%, abdominal or
rectal pain in 1%, suture line dehiscence in 1%, and
other in 2%. There were no deaths related to the
technique.

Spatial Analysis

Figure 4 demonstrates the number of lesions per
anatomic region. The Moran’s I-statistic showed
no significant local clustering of lesions across ana-
tomic regions according to any variable; however,
significant global clustering of lesions was observed
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Anorectal Line 
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Rectosigmoid Junction

Peritoneal Reflection

Anal

Oral

Fig. 3. Three-dimensional representation of rectosigmoid
region rendered using ArcGIS software. Points represent
location of lesions subjected to transanal endoscopic micro-
surgical excision (n 5 144).
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over the study area (z 5 23.9; P ! 0.01). Figure 5
demonstrates the relationship between operative
time and anatomic region. No region distal to the
rectosigmoid junction was associated with an average
operative time greater than 2 hours. In spatial re-
gression analysis, anatomic regional characteristics
that were significantly associated with operative time
included proportion of cancerous lesions in the re-
gion (P 5 0.02), proportion of lesions with positive
margins (P 5 0.0003), and distance of lesions from
the dentate line (P 5 0.0001).

The relationship between peritoneal breach and
rectosigmoid anatomic region is depicted in Figure 6.

A greater proportion of procedures resulted in peri-
toneal breach within the region between the perito-
neal reflection and the rectosigmoid junction.
Significant regional predictors of peritoneal breach
in spatial regression analysis were average lesion size
(P 5 0.006), proportion of lesions greater than 4 cm
(P 5 0.004), and location (P 5 0.04). Type of proce-
dure performed (full-thickness or mucosectomy) was
not an independent predictor of peritoneal breach.

Figure 7 demonstrates the relationship between
anatomic region and conversions to anterior resec-
tion or transanal excision. A large proportion of con-
versions occurred in the sigmoid regions, as well the
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lateral aspects of the rectum. In spatial regression
analysis, only distance from the dentate line was an
independent predictor of conversion (P 5 0.0004).
Figure 8 demonstrates the relationship between
postoperative complications and anatomic region.
In spatial regression analysis, there were no anatomic
regional characteristics that were predictors of post-
operative complications.

DISCUSSION

Anatomic mapping is hardly an innovative con-
cept. The segmental anatomy of the liver as described

by Couinaud, for example, is a representation based
on vascular supply with extreme functional conse-
quence but without definite geographic surface de-
marcation.16 As a surgeon, with knowledge of the
utility of such a map, one is able to take what may
be a complex and variable structure and simplify it
into that which is approachable; ourmap thus informs
us.We can distinguish differences between right- and
left-sided colon cancer, conceptualize information
conveyed pictorially through imaging modalities,
predict the location of a gastrinoma, and imagine
the lymphatic drainage of a melanoma, all through
the use of mental anatomic maps. The use of
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structured anatomic maps allows us to communicate,
classify, process, and understand clinical information
with greater precision.

The decision to create our map of the rectum was
based on anatomic features relevant to performance
of TEM. Proximal sigmoid lesions are difficult to ac-
cess; this created the delineation of the regions be-
yond the rectosigmoid junction and the limit of the
20-cm-long scope. While full-thickness excisions
are a preferred method of excision by TEM,17 prox-
imal to the peritoneal reflection they risk entry, thus
compelling the surgeon to perform a mucosectomy.
The depiction of the peritoneal reflection was thus

formed to gain a better understanding of the rela-
tionship between anatomic location and peritoneal
breach. Distal lesions were assumed to be difficult
to perform with TEM secondary to inability to
properly fixate the apparatus and maintain pneumo-
rectum1; this resulted in the inclusion of the anorectal
line.

Anatomically, the rectum is more complex than
the map depicts, angulating sharply at the anorectal
ring, curving laterally with the valves of Houston,
and conforming to the sacral concavity.10 The rec-
tum is an anatomic structure that poses a challenge
to the surgeon in several ways. Although pathologic
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features such as invasion, lymphatic involvement,
and histologic grade are critical features in the deci-
sion-making process, the ability to conduct local ex-
cision of a rectal neoplasm is heavily influenced by
exposure and access. In addition, proximity to the va-
gina or prostate must be appreciated when dealing
with anterior extraperitoneal lesions. Anorectal, sex-
ual, and bladder function may also be compromised
by the procedure chosen, especially with abdominal
approaches.

In prior studies on TEM, distance of lesions from
the anal verge is a feature that has been graphically

depicted in histograms.18,19 Diagrammatic represen-
tations of rectal lesion distribution related to clock-
face position and distance have also been
conducted.20 In addition, in the scope of rectal can-
cer, analysis of an outcome measure, such as the ac-
curacy of endorectal ultrasound staging relative to
tumor location, has been studied, accounting for tu-
mor position relative to general quadrant and dis-
tance subdivisions.21 Despite the value in
traditional methods of descriptive and comparative
statistics, a grasp of the intricacies of the anatomic
region may be limited. GIS allows for the ability
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not only to graphically depict geographic incidence
but also to analyze patterns, clustering, and regional
density. Spatial regression analysis can also be per-
formed, accounting for multiple variables including
interrelationships with neighboring regions. How-
ever, the application of GIS to anatomic mapping
has to date been limited to dentistry and conceptual-
izing microvascular networks.22,23

Despite the inability to properly assess indicators
of the difficulty of a procedure retrospectively, it ap-
pears that prolonged operative time was associated
with the more proximal regions and may be an

adequate indicator of difficulty. In spatial regression
analysis, predictors of regions with prolonged oper-
ative time included greater distance and proportion
of lesions with cancers. In addition, there were
a greater proportion of lesions with positive margins
in regions with longer operative times. Conversions
appeared to be associated with the sigmoid colon
and the lateral walls of the rectum and were pre-
dicted by distance from the dentate line.

Peritoneal entry was associated primarily with re-
gions between the depicted peritoneal reflection and
the rectosigmoid junction. Predictors of breach
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included size of lesion and location andwere not influ-
enced by depth of excision. In a prior study on TEM,
no association had been demonstrated between peri-
toneal breach and the incidence of short-term compli-
cations.24 Indeed, in our series, all episodes of
peritoneal entry weremanaged endoscopically by pri-
mary closure and did not necessitate conversion to
laparotomy. However, one of the nine cases of perito-
neal breach was associated with the development of
a perirectal abscess. This patient had submucosal in-
vasion on pathology and later developed a cancerous
recurrence necessitating abdominoperineal resection.

Using nonparametric analysis, a statistically signif-
icant difference was shown in operative time and hos-
pital length of stay between patients who completed
TEM and those requiring conversion; these reflect
the expected times for patients undergoing anterior
resection.Knowledgeof regions associatedwith a lon-
ger operative time and a higher rate of conversion al-
lows for better planning of operative intervention.

Despite the challenge of TEM, it is a technique
that merits further adoption. The precision of visual-
ization, magnification, and instrumentation that
TEM allows in the excision of rectal lesions cannot
be achieved by traditional methods. Understanding
rectal topology has allowed us to better comprehend
the limitations of TEM. GIS has proved to be an ef-
fective tool in organizing spatial information and
should be extended into clinical research topics in-
volving the distinction of anatomic relationships.
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CO2 Abdominal Insufflation Pretreatment Increases
Survival After a Lipopolysaccharide-Contaminated
Laparotomy

Joseph M. Fuentes, M.D., Eric J. Hanly, M.D., Alexander R. Aurora, M.D.,
Antonio De Maio, Ph.D., Samuel P. Shih, M.D., Michael R. Marohn, D.O.,
Mark A. Talamini, M.D.

Carbon dioxide (CO2)-pneumoperitoneum is known to favorably modify the systemic immune response
during laparoscopic surgery. The presented studies were designed to determine whether treating animals
with CO2 abdominal insufflation before undergoing a lipopolysaccharide (LPS)-contaminated laparo-
tomy would serve as ‘‘shock prophylaxis’’ and thus improve survival and attenuate cytokine production.
Rats were randomized into five groups: CO2-pneumoperitoneum, helium-pneumoperitoneum, anesthe-
sia control, laparotomy/LPS control, and LPS only control. Animals in the first four groups all received
a laparotomy and a lethal dose of LPS. Immediately preceding their laparotomy, animals in the pneumo-
peritoneum groups received a 30-minute pretreatment of abdominal insufflation with either CO2 or he-
lium. The anesthesia control group received a 30-minute pretreatment of isoflurane. Animal mortality
was then recorded during the ensuing 72 hours. Subsequently, a similar protocol was repeated for mea-
surements of cytokines. CO2-pneumoperitoneum increased survival at 48 hours compared with LPS con-
trol (P!.05), and decreased interleukin-6 plasma levels at 2 hours (P!.05). Abdominal insufflation with
CO2 before the performance of a laparotomy contaminated with endotoxin increases survival and attenu-
ates interleukin-6. The beneficial immune-modulating effects of CO2-pneumoperitoneum endure after
abdominal insufflation. CO2-pneumoperitoneum pretreatment may improve outcomes among patients
undergoing gastrointestinal surgery who are at high risk for abdominal fecal contamination.
( J GASTROINTEST SURG 2006;10:32–38) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Carbon dioxide, pneumoperitoneum, laparotomy, sepsis, survival

Although laparoscopic surgery was initially
viewed with skepticism, it was eventually received
with enthusiasm as a minimally invasive means for
removal of the gall bladder. Today laparoscopic sur-
gery is used to perform a variety of complex proce-
dures and is an integral part of surgical resident
training.1 Its popularity is attributable to decreased
postoperative pain, faster recovery, decreased tissue
trauma, and a more rapid return to oral intake.2–5

Since its introduction, many studies have been per-
formed to delineate which gas should be used to cre-
ate the visual intraoperative field. Carbon dioxide
(CO2) has generally been accepted as the best gas be-
cause of its biologic properties: colorless, stable,
buffered in the blood, low risk of venous embolism,
and nonflammable/nonexplosive.6,7

Creating a pneumoperitoneum with CO2 is only
recently being recognized as an added benefit of lap-
aroscopic surgery. CO2-pneumoperitoneum has the
added independent benefit of modifying the inflam-
matory response to injury. Our laboratory has shown
that CO2-pneumoperitoneum has the ability to at-
tenuate the acute phase response in sepsis induced
by LPS and cecal-ligation-puncture.8,9 Furthermore,
we have demonstrated that CO2-pneumoperitoneum
decreases tumor necrosis factor alpha (TNF-a)
and interleukin (IL)-6 production while up-regulat-
ing the anti-inflammatory cytokine IL-10.10–12

Consistent with our findings, others have shown that
CO2-pneumoperitoneum reduces levels of TNF-
amRNA, IL-6, IL-1 receptor antagonist, and soluble
TNF receptor-1.13–15 More important, our
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laboratory has shown that CO2-pneumoperitoneum
increases survival in rodents challenged with endo-
toxin.16 However, the mechanism underlying this
phenomenon is only partially understood. Although
smaller incisions in laparoscopic surgery have been
advocated as the main factor in decreasing the inflam-
matory response,14 our research highlights the active
biologic state induced by CO2 as integral to the
mechanism behind the potentially beneficial immu-
nomodulatory properties observed during laparo-
scopic surgery. We have shown that CO2

insufflation given immediately after an LPS-contam-
inated laparotomy (6 cm) protects rodents from en-
dotoxic shock.16

Intra-abdominal infection and sepsis continue to
be a problem in surgical and critically ill pa-
tients.17,18 Sepsis continues to have a high mortality
(30%–70%) despite advanced technology and inten-
sive therapy.19 This study explores the possibility of
an alternative means of preventing intra-abdominal
sepsis. We hypothesized that CO2-pneumoperito-
neum pretreatment would also offer protection
against sepsis after a lipopolysaccharide (LPS)-con-
taminated laparotomy. Specifically, here CO2 insuf-
flation was used as a prophylactic agent to prevent
the development of endotoxic shock.

MATERIALS AND METHODS
General Procedures

Adult male Sprague-Dawley rats (Charles River
Laboratories, Wilmington, MA) weighing approxi-
mately 250 to 350 g were housed in plastic cages
where standard chow and water were available ad li-
bitum. Animals were acclimatized to their environ-
ment for 3 to 5 days after arrival and were then
fasted for 16 hours before procedures. The animal
housing environment maintained a 12-hour light/
dark cycle, a temperature of 72 �F, and a humidity
ranging between 30% and 70%. All surgical proce-
dures were performed under aseptic conditions. Be-
fore surgery, rats were preanesthetized rapidly in
a 15 3 15-inch glass jar using vaporized isoflurane
(‘‘IsoFlo,’’ Abbot Laboratories, North Chicago,
IL). Spontaneously breathing anesthetized animals
were placed supine and restrained with adhesive
tape. Anesthesia was maintained by delivering 2.5%
vaporized isoflurane through a nose cone. Pneumo-
peritoneum was achieved by delivering each respec-
tive gas through an 18-gauge angiocatheter placed
percutaneously through the abdominal wall. Insuf-
flation pressure was maintained at 4 mm Hg. LPS
was from Escherichia coli serotype 026:B6 (Sigma-Al-
drich, St. Louis, MO). After the completion of the

experiments, all rats were euthanized by anesthetic
overdose. All animal procedures were performed
on a protocol approved by Johns Hopkins Medical
Institution Animal Care and Use Committee.

Survival Study and Lipopolysaccharide Model

Sixty-five rats were randomized into five groups \
(n 5 13): CO2-pneumoperitoneum, helium-pneu-
moperitoneum, anesthesia control, laparotomy/LPS
control, and LPS only control. Animals in the first
four groups all received a 6-cm midline laparotomy
that was followed by instilling a lethal dose of LPS
(10 mg/kg) in the right colic gutter. All laparotomies
were immediately repaired using a double-layer 4-0
Vicryl closure. The LPS only control group received
an intraperitoneal injection of LPS at the same dose.
Immediately preceding their laparotomy, animals in
the pneumoperitoneum groups received a 30-minute
pretreatment of abdominal insufflation (4 mm Hg)
with either CO2 or helium. The anesthesia control
group received a 30-minute pretreatment of isoflur-
ane. Animal mortality was then recorded during the
ensuing 72 hours.

Cytokine Response Study

Sixty-two rats (n 5 8) were randomized into four
groups: CO2 pneumoperitoneum, helium pneumo-
peritoneum, anesthesia control, and laparotomy/
LPS only control. The first three groups received
30 minutes of preconditioning with their respective
treatments followed by a 6-cm midline laparatomy
for 10 to 30 minutes. Simultaneous to laparotomy,
rats received intraperitoneal LPS (1 mg/kg) in the
right colic gutter. The laparotomy/LPS only control
group received no preconditioning. Blood samples
for serum cytokine assays were collected through
cardiac puncture 2 hours after LPS injection. Plasma
was isolated by centrifugation and stored at 280 �C.
Plasma levels of TNF-a, IL-6, and IL-10 protein
were determined by enzyme-linked immunosorbent
assay using commercially available kits (Biosource,
Camarillo, CA).

Statistical Analysis

Statistical significance for survival studies was de-
termined by Kaplan-Meier analysis using the log-
rank test. Cytokine data are expressed as mean 6

standard error of the mean. One-way analysis of var-
iance test was used to detect general differences in
serum cytokine levels among all groups. To elucidate
specific significances in these parameters between
groups, multiple pairwise comparisons were per-
formed using the Student-Newman-Kelus method.

Vol. 10, No. 1
2006 CO2-Insufflation Pretreatment Increases Survival 33



Differences between groups were considered signifi-
cant when the P value was less than .05. Analysis was
performed using Microsoft Excel (Microsoft Corpo-
ration, Redmond, WA) and SigmaStat (SPSS Incor-
porated, Chicago, IL) software.

RESULTS
Survival Study

To determine whether CO2 pneumoperitoneum
pretreatment for 30 minutes had the potential to
prevent the detrimental effects of an LPS-

contaminated laparotomy, a survival study was per-
formed. Figure 1 demonstrates that at 24 hours after
an LPS-contaminated laparotomy was performed,
there was no significant difference in mortality
among groups (P 5 0.317 for CO2 vs. LPS control).
However, CO2-pneumoperitoneum significantly in-
creased survival compared with LPS control at 48
hours (85% vs. 46%, P5 .037). Helium pneumoper-
itoneum, laparotomy/LPS control, and anesthesia
control had intermediary survival (77% vs. 46%,
P 5 .124; 62% vs. 46%, P 5 .387; 69% vs. 46%,
P 5 .278, respectively). At 72 hours, a trend

Fig. 1. Kaplan-Meier survival analysis among rats (n5 65) pretreated for 30 minutes with CO2 pneumo-
peritoneum, helium pneumoperitoneum, or anesthesia control. Laparotomy/LPS control received no
pretreatment, whereas LPS control animals did not receive a laparotomy. At 24 hours, there was no sig-
nificant difference between groups, *P 5 .317 for CO2 versus LPS control. At 48 hours, CO2-pneumo-
peritoneum significantly increased survival compared with LPS control (85% vs. 46%, †P 5 .037),
whereas helium pneumoperitoneum, laparotomy/LPS control, and anesthesia had intermediary survival
(77% vs. 46%, P 5 .124; 62% vs. 46%, P 5 .387; 69% vs. 46%, P 5 .278, respectively). Furthermore, at
72 hours CO2-pneumoperitoneum increased survival compared with LPS control (69% vs. 38%, ‡P 5

.07), whereas helium pneumoperitoneum, laparotomy/LPS control, and anesthesia had intermediary
survival (62% vs. 38%, P 5 .124; 54% vs. 38%, P 5 .400; 69% vs. 38%, P 5 .162, respectively).
CO2 5 Carbon dioxide; LPS 5 lipopolysaccharide.
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existed toward CO2 pneumoperitoneum increasing
survival compared with LPS control, but this differ-
ence did not reach statistical significance (69% vs.
38%, P 5 .07), whereas helium pneumoperitoneum,
laparotomy/LPS control, and anesthesia again had
intermediary survival (62%vs. 38%, P 5 .124; 54%
vs. 38%, P 5 .400; 69% vs. 38%, P 5 0.162, respec-
tively). Animals treated with CO2-pneumoperito-
neum exhibited fewer clinical signs of abdominal
sepsis during the 72-hour observational period
(e.g., piloerection, diarrhea, hypoactivity).

Cytokine Response Study

To determine whether our previous observations
would correlate with a reduction in proinflammatory
cytokine levels and an increase in the anti-inflamma-
tory cytokine IL-10, a similar protocol was con-
ducted. Plasma levels of the proinflammatory
cytokine IL-6 were significantly suppressed in ani-
mals pretreated with CO2-pneumoperitoneum com-
pared with laparotomy control, anesthesia control,
and helium pneumoperitoneum (71%, 66%, and
65%, respectively, P!.05, Fig. 2). Moreover, plasma
levels of the proinflammatory cytokine TNF-a were
suppressed in the group pretreated with CO2 when
compared with laparotomy control, anesthesia, and
helium pneumoperitoneum (30%, 34%, and 28%,

respectively), although this difference did not reach
statistical significance (Fig. 3). IL-10 levels were not
significantly different between groups, although there
was a high IL-10 response among all groups.

DISCUSSION

The experiments presented herein were designed
to determine whether pretreatment with CO2-pneu-
moperitoneum for 30 minutes would serve as ‘‘shock
prophylaxis’’ in animals whose peritoneal cavity was
instilled with LPS during a laparotomy. We found
that CO2-pneumoperitoneum pretreatment pre-
vented early mortality at 48 hours post-LPS injec-
tion in the setting of a laparotomy. Moreover, at
72 hours, CO2 insufflation pretreated had borderline
significance (statistical significance may been
reached if our sample size was greater). This survival
study corroborates the results of our prior work in
which 30 minutes of CO2-pnuemoperitoneum treat-
ment increased survival even when the lethal dose of
LPS was injected 2 hours after treatment, and in
which CO2 insufflation immediately after laparoto-
my and LPS administration increased 72-hour sur-
vival.16 The current study confirms that CO2

insufflation does indeed modify the inflammatory re-
sponse induced by LPS, and most important, that

Fig. 2. Down-regulation of IL-6 plasma levels by 30 minutes pretreatment with CO2 insufflation after
a contaminated laparotomy. Plasma levels of IL-6 in animals pretreated with CO2 pneumoperitoneum
for 30 minutes were significantly suppressed when compared with laparotomy control, anesthesia con-
trol, and helium pneumoperitoneum (71%, 66%, and 65%, respectively). Data presented as mean 6

SEM. *P !.05 versus LAP (laparotomy) control, †P !.05 versus anesthesia, ‡P ! .05 versus helium
pneumoperitoneum. IL 5 interleukin; SEM 5 Standard error of mean.
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the effects are durable, producing a prophylactic ef-
fect against subsequent laparotomy and intra-ab-
dominal LPS administration. Furthermore, our
cytokine data support the concept of a mechanism
whereby CO2 insufflation increases survival by atten-
uating the cytokine storm induced by LPS. We ob-
served that IL-6 was significantly decreased in the
CO2 pneumoperitoneum group, whereas there was
a trend toward TNF-a being suppressed. Consistent
with these findings, we previously showed that CO2-
pneumoperitoneum decreases TNF-a and IL-6 re-
sponses sepsis.11,12,16 Previous studies showed that
cholecystectomy by laparoscopic surgery attenuates
IL-6 whereas cholecystectomy by laparotomy has
a significant elevation of IL-6.14 Although the au-
thors of the former study concluded that their results
show that less surgical stress with laparoscopic sur-
gery is the main cause of the difference between
open laparotomy and laparoscopic surgery, in our
study, animals pretreated with CO2 insufflation and
that then had a laparotomy still displayed decrease
levels of IL-6. This suggests that the unique biology
of the CO2-pneumoperitoneum is more important
than the size of incision.

The clinical implications of our study are that
CO2-pneumoperitoneum might have potential as
a therapeutic agent to prevent or treat surgical sepsis.
This study suggests that CO2-pneumoperitoneum
pretreatment may play a role as an adjuvant or

a perioperative agent used in operations with a high
risk of abdominal fecal contamination. CO2 anti-in-
flammatory effects are not unique to minimally inva-
sive surgery, but may be relevant in different clinical
areas. CO2 insufflation used in flexible endoscopy
has gained increased popularity over air because of
less pain and discomfort after the procedures.20 It
has been proposed that rapid CO2 absorption is
the main factor for less patient discomfort.20 CO2 in-
sufflation is also applied to prevent airembolism,
during drainage of subdural hematomas and during
cardiac surgery.21–23 Furthermore during cardiac
surgery, CO2 insufflation has also been reported to
significantly reduce the risk of airborne contamina-
tion and postoperative wound infection.24 All these
benefits are attributed to the active biologic state of
CO2. This study provides evidence that other proce-
dures in which CO2 could be applied instead of air or
saline to create a visual field should consider switch-
ing to CO2.

One limitation of our study is that, in an attempt
to measure cytokines levels at a time that would al-
low consideration of both TNF-a and IL-6, we har-
vested blood samples at 2 hours, when TNF-a and
IL-10 generally peak somewhat earlier. In this study,
plasma levels of TNF-a were modestly suppressed in
the CO2 group, and IL-10 levels were similar among
the study groups. Only IL-6 was significantly sup-
pressed in the CO2 group when compared with the

Fig. 3. TNF-a plasma levels after 30 minutes of their respective pretreatment after an LPS-contamin-
ated laparotomy. Plasma levels of TNF-a in animals pretreated with CO2 pneumoperitoneum were
suppressed when compared with laparotomy control, anesthesia, and helium pneumoperitoneum
(30%, 34%, and 28%, respectively), although these differences did not reach statistical significance by
one-way analysis of variance. TNF 5 tumor necrosis factor; LAP 5 laparotomy; LPS,
lipopolysaccharide.
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other groups. At 2 hours, TNF-a and IL-10 levels
already began to fall, making differences harder to
appreciate between groups. This limitation in exper-
imental design might explain why, in this study, IL-
10 levels were not significantly up-regulated in the
CO2-pneumoperitoneum group as seen in our previ-
ous studies.16 In this study, the laparotomy is known
to cause an acute phase response with the release of
proinflammatory cytokines such as TNF-a and IL-6
with the subsequent release of anti-inflammatory
mediators such as IL-10 and transforming growth
factor-beta.25,26 Moreover, studies suggest that dur-
ing a laparotomy the T-helper (Th1)/Th2 ratio
shifts toward a Th2-dominated cytokine profile
(anti-inflammatory), whereas during laparoscopic
surgery the Th1/Th2 balance is maintained.25,26

This may in part also explain the difference in
cytokine profile in this study.

We showed previously that abdominal insufflation
with CO2 causes local peritoneal acidosis without
affecting systemic acid-base status if properly venti-
lated.27 West et al.28 also showed that the cystosolic
pH of macrophages significantly decreased with
CO2, whereas macrophages incubated with air and
helium had no effect. Furthermore, West et al.29 also
showed that cultured peritoneal macrophages stimu-
lated with LPS had a significant reversible decrease
in TNF-a and IL-1 production when exposed to
CO2 in vitro with no inhibition with helium or air.
This group suggests that local tissue acidification
caused by peritoneal CO2 insufflation might explain
the decrease in the inflammatory response. Likewise,
in previous studies we demonstrated that helium
pneumoperitoneum does not cause local peritoneal
acidosis or increase survival, whereas CO2-pneumo-
peritoneum does cause local peritoneal acidosis and
does increase survival in an LPS model of sepsis.16,27

Taken together, CO2-pneumoperitoneum–mediated
acidification of the peritoneal cavity may explain the
increase in survival. In this study, pretreatment with
CO2 insufflation ‘‘primed’’ the peritoneal cavity and
prevented subsequent sequelae of endotoxic shock
from laparotomy and a lethal dose of LPS.

Future work should be conducted to evaluate
CO2-pneumoperitoneum pretreatment in the face
of a more clinically relevant model of sepsis such as
cecal ligation and puncture. Furthermore, studies
should be conducted to evaluate whether CO2 pro-
tection observed in the abdominal cavity holds true
in other macrophage-rich anatomic locations such
as the pleural cavity. This study suggests that CO2-
pneumoperitoneum pretreatment may play an im-
portant role as an adjuvant or perioperative agent
used in operations with a high risk of abdominal fe-
cal contamination. Studies should also attempt to

elucidate the specific mechanism whereby CO2-
pneumoperitoneumdwhether by acidification or
other meansd‘‘primes’’ the peritoneal cavity to sub-
sequent infection or injury.

CONCLUSION

Our data demonstrate that 30 minutes of CO2-
pneumoperitoneum pretreatment increases survival
among animals subjected to subsequent LPS-con-
taminated laparotomy. Furthermore, CO2-pneumo-
peritoneum pretreatment significantly decreases
IL-6 plasma levels 2 hours after LPS-contaminated
laparotomy. Finally, this study further supports our
and others’ findings that CO2-pneumoperitoneum
is a potent anti-inflammatory agent with possible
therapeutic properties.
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Comparative Evaluation of Gastrointestinal Transit
and Immune Response Between Laparoscopic
and Open Gastrectomy in a Porcine Model

Kazuki Ueda, M.D., Ph.D., Ronald Matteotti, M.D., Ahmad Assalia, M.D.,
Michel Gagner, M.D., F.R.C.S.C, F.A.C.S.

Several reports have shown advantages of laparoscopic gastrointestinal (GI) procedures when compared
with their open counterparts. The aim of this study was to assess the differences of GI transit and im-
mune response between laparoscopic and open gastrectomy in a porcine model. Fourteen pigs were as-
signed to undergo partial gastrectomy, either by laparoscopy (lap group) or by laparotomy (open group).
GI transit was assessed using 24 markers and measured until half of markers were evacuated. To assess
immune response, we used delayed-type hypersensitivity skin antigen testing (DTH) with vaccine anti-
gen. DTH was evaluated at 48 hours after the primary injection for induration. After 2 weeks, all animals
underwent necropsy and were evaluated for adhesion formation using a scoring scale. Operation time was
significantly longer in the lap group. The GI transit in the postoperative phase was significantly pro-
longed compared with the preoperative measured times. Postoperatively, the GI transit in the open
group was significantly prolonged compared with the lap group. Immune response measured by DTH
was better preserved in the lap group than in the open group. Adhesion formation was significantly less
in the lap group. We concluded that laparoscopic gastrectomy resulted in faster bowel recovery and less
immune suppression. ( J GASTROINTEST SURG 2006;10:39–45) � 2006 The Society for Surgery of the
Alimentary Tract

KEY WORDS: Laparoscopy, gastrectomy, gastrointestinal transit, immune response

Advances and experiences in laparoscopic surgery
have made it possible to perform complex surgical
procedures, including complex gastric surgery.1,2

Evident benefits of laparoscopic procedures include
better cosmesis, lesser postoperative pain, and faster
recovery than conventional surgery. Efforts were
made to compare the surgical stress response in dif-
ferent surgical procedures.3–5 Laparoscopic gastric
surgery is still not widely adapted. This is attributed
partially to the complexity of the procedure and to
the controversy over the applicability of laparoscopy
in malignancy.

After surgical trauma, the inflammatory cascade
causes changes in the activity of a wide variety of che-
mical substances, including catecholamines, nitric
oxide, glucocorticoids, the complement-coagulation
cascade, the kinin-bradykinin system, cytokines

(including tumor necrosis factor, and interleukins),
eicosanoids (arachidonic acid and its derivatives; leu-
cotrienes, prostaglandins, and thromboxanes), endo-
thelins, heat-shock proteins, platelet-activating
factor, and macro radicals.6–8 These cascades may in-
teract by stimulating and aggravating various other
mechanisms of the inflammatory response, which
may lead to circulatory dysfunction and multiple or-
gan failure. This physiological response, influenced
mainly by the magnitude of the surgical trauma, is
influenced by several factors such as anxiety, opera-
tive time, pain, hemorrhage, and infection. To mini-
mize the surgical-related stress, improvements in
anesthetic and operative techniques were suggested.
Considering the significantly lesser trauma to the up-
per abdominal wall, laparoscopic surgery seems to
present more appealing possibilities with respect to
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stress than traditional laparotomy.6,7 Several reports
have shown more preserved immune function after
laparoscopic intervention in comparison to open
techniques.3–5,7 In a canine model, laparoscopic pan-
createctomy demonstrated faster gastrointestinal (GI)
transit and less stress response than open surgery.4

In another experimental model, Burpee et al.3 de-
scribed a diminished stress response using delayed-
type hypersensitivity (DTH) testing in laparoscopic
liver resection when compared with open resection.

Laparoscopic surgery for early gastric cancer is
gaining increased acceptance. Several case series
have shown the objective advantages of laparoscopic
gastrointestinal surgery.9–13 Nevertheless, stress
responses and GI transit after surgery are still inad-
equately addressed. We hypothesized that laparo-
scopic gastrectomy is associated with earlier
recovery of GI transit and a lesser degree of stress
response when compared with its open counterpart.

MATERIALS AND METHODS

Experimental protocols were reviewed and ap-
proved by the Institutional Animal Care and Use
Committee of the Mount Sinai Medical Center,
New York, NY. Experiments were performed in
14 Yorkshire female pigs weighing 30 to 40 kg. The
animals were randomly allocated into two groups. In
the laparoscopic group (lap group), seven pigs un-
derwent laparoscopic partial (distal) gastrectomy,
and in laparotomy group (open group), seven other
pigs underwent a similar procedure. The animals
were housed in an animal facility 7 days before inter-
vention. They were maintained nil per os 12 hours

before intervention with ad lib access to water. On
the morning of surgery, they were premedicated
with intramuscular injections of tiletamine (Telazol,
4.4 mg/kg)/xylazine hydrochloride (2.2 mg/kg) and
0.004–0.04 mg/kg of atropin. In the operating room,
an intravenous line with ringer lactate was started at
100 ml/hour. General anesthesia was induced with
intravenous 20 mg/kg thiopental intravenously. After
endotracheal intubation, anesthesia was maintained
with 1.0%–2.0% isoflurane and air/oxygen (FiO2 5

0.50). Anesthetic methods and techniques were the
similar in both groups. An antibiotic prophylaxis
(intravenous amoxicillin, 7 mg/kg) was administered
at the beginning of the procedure.

Five days before surgery, the preoperative base-
line studies were performed in each animal for
DTH skin testing and GI transit time. The anes-
thetic method was used in the same fashion.

Surgical Procedures

Laparoscopic group. Through a 10 mm skin inci-
sion in the supraumbilical area, a Veress needle
was inserted and pneumoperitoneum was accom-
plished by insufflation with carbon dioxide up to
15 mmHg. A 12 mm diameter trocar was inserted
through the incision, and a 30-degree laparoscope
was introduced into the abdominal cavity. Four addi-
tional trocars were inserted under direct vision, in-
cluding two 15 mm trocars in the right and left
upper quadrant at the midclavicular line, one 12 mm
trocar in the right of the lateral side, and one
5 mm trocar in the left side of the lateral abdomen
(Fig. 1, A). An omentectomy was performed using

B. Open

20cm

A. Lap

15mm

12mm
5mm

Fig. 1. (A) Trocar placement for lap group; (B) skin incision for open group.
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ultrasonically activated shears (harmonic scalpel,
UltraCision Inc., Smithfield, RI). This dissection was
carried out to the right until the right gastroepiploic
vessels were identified. These vessels were then di-
vided with endoclips (United States Surgical Corp.,
Norwalk, CT) at their origin. To the left, the omen-
tectomy was continued until the middle part of the
spleen and the left gastroepiploic vessels were divid-
ed with either endoclips or the harmonic scalpel.
The lesser omentum was opened using the harmonic
scalpel. The right gastric artery was ligated with en-
doclips and divided. The short gastric vessels and left
gastric artery were preserved. The first part of the
duodenum was cleared by dividing the small vessels
with the harmonic scalpel and transected with an
Endo-GIA 30-3.5 (United States Surgical Corp.) ap-
proximately 2 cm distal to the pylorus. The proximal
stomach was divided, and thus, subtotal gastrectomy
was completed by using Endo-GIA 45-4.8. The
specimen was retrieved in a sterilized nylon retrieval
bag and removed through the 15 mm trocar site that
was extended to approximately 2.5 to 3 cm. Next, the
jejunum was divided 50 cm distal to the ligament of
Treitz with Endo-GIA 30-3.5, and side-to-side anti-
colic isoperistaltic gastrojejunostomy with the distal
limb was performed with Endo-GIA 45-4.8. The
gastroenterostomy was closed with single-layer con-
tinuous 3-0 silk. A jejunojejunostomy was fashioned
100 cm below the gastrojejunostomy site as a side-
to-side anastomosis with Endo-GIA 45-3.5, and
the enterotomies were closed with single-layer con-
tinuous 3-0 silk. The mesenteric defects were left
open, and all trocar sites were closed with 1-0 Vicryl
for the fascia and 3-0 nylon for the skin.

Open group. A 20 cm skin incision was made at the
upper midline (Fig. 1, B). The same procedure was
carried out as with the laparoscopic technique using
the same endoscopic stapler. The wound was closed
with 1-0 Vicryl for fascia and 3-0 nylon for the skin.

Postoperative Care

After completion of the procedure, the animals
were maintained nil per os for the first 12 hours, then
gradually advanced from water to small frequent
feedings of soft chow over the next 24 hours. Over
the next days, they gradually progressed to a normal
amount of solid food. Intravenous fluids were given
until the animals were able to drink sufficient
amounts. A heat lamp and/or pad were used if the
measured body temperature was below 100 � F.
Cefazolin (25 mg/kg) was given for 5 days.

For intraoperative analgesia, one dose of intrave-
nous buprenorphine (0.01 mg/kg) was administered

at the beginning of the procedure. Postoperatively,
a transdermal patch of fentanyl (100 mg for 72
hours), intramuscular Terazol (0.3–0.7 mg/kg) and/
or Banamine (0.5–2.2 mg/kg) were used as judged
necessary.

Blood Samples

Blood samples for complete blood count, chemis-
try (K, Na, Cl, glucose, total bilirubin, alkaline
phosphate, aspartate aminotransferase, alanine ami-
notransferase, cholesterol, total proteins, albumin,
gamma globulins, blood urea nitrogen, blood urea
nitrogen/creatinine ratio), and C-reactive protein
were collected in prechilled tubes as follows: before
surgery, 4 hours, and 1, 2, 3, and 7 days after surgery.

Gastrointestinal Transit Study

Fed state GI transit times were measured using
a divided nasogastric tube (0.5 cm pieces, number 5
24) as X-ray visible markers (Fig. 2, A). Five days be-
fore surgery, the preoperative baseline study was
performed on each pig. The 24 markers were intro-
duced through a thick orogastric tube into the stom-
ach with a small amount of water. An abdominal
X-ray film was taken after placement of markers into
the stomach for confirmation (Fig. 2, B). A GI transit
time was defined as an interval from the insertion
into the stomach to the point where half of the
markers were evacuated (stomach-to-anus transit).
For the postoperative GI transit study, the 24
markers were placed intraoperatively into the rem-
nant stomach before closing the gastrojejunostomy.
The GI transit time was measured using the same
endpoints described above.

Stress Response Study

All animals were immunized with Rhinogen BPE
vaccine antigen (Bordetella bronchiseptica–Pasteur-
ella multocida–Erysipelothrix rhusiopathiae bacterin-
toxoid, Intervet Inc., Millsboro, DE) at the age of
3 months as a presensitization. Each animal was given
an intradermal 0.2 ml injection of Rhinogen BPE in
the skin of the right forelimb. The greatest diameter
of induration was measured in millimeters 48 hours
after injection. The preoperative study was per-
formed 5 days before surgery. When finishing the
operation, 0.2 ml of Rhinogen BPE was injected in
the skin of the left forelimb for experimental study.

Necropsy

Two weeks after surgery, the animals were sedated
with Telazol (0.3–0.7 mg/kg intramuscular) and eu-
thanized with an anesthetic overdose of
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pentobarbital (120–150 mg/kg IV) and then autopsy
was performed. Adhesions were evaluated using the
score described by LeBlanc et al.14 (Table 1).

Statistical Analysis

StatView software version 5.0 (SAS Institute Inc.,
Cary, NC) was used for data analysis. Operative re-
sults and adhesion scores were compared using Stu-
dent’s t test (two-tailed). The blood test results were
analyzed using repeated measures analysis of vari-
ance (ANOVA). GI transit time and DTH skin test
results were analyzed using the Tukey-Kramer
method. A P value of less than 0.05 was considered
to be statistically significant. Results are expressed
as mean 6 SD (standard deviation).

RESULTS
Surgical Results

Surgical procedures were accomplished without
any remarkable adverse events. Operation time was
significantly longer in the lap group (157 6 32 min)

compared with the open group (109 6 31 min).
There were no significant differences in estimated
blood loss between the two groups. Skin incisions
were significantly longer in the open group (18.3 6

2.2 cm vs. 10.5 6 2.8 cm in the lap group). All oper-
ative results are shown in Table 2. In the postopera-
tive phase, six (two in the lap group, four in the open
group) of 14 animals experienced vomiting episodes
and loss of appetite but recovered postoperatively
within 2 or 3 days. Two animals had severe postoper-
ative complications and were treated by conservative
therapy such as infusions and antibiotics. We then
decided to sacrifice the animals, because they had
deteriorated. During the necropsy, we found the
cause of deterioration; one in the open group had id-
iopathic ileoileal intussusception and another one in
the in lap group had failure of the gastrojejunal anas-
tomosis. The remaining 12 animals were observed for
2 weeks after surgery.

Gastrointestinal Transit Time

The baseline GI transit time was 56.6 6 3.3 hours
in the lap group and 58.1 6 7.8 hours in the open

Table 1. Adhesion scoring scale

Score 0 1 2 3

Extent 0 adhesions 0%–25% 26%–50% O50%
Severity 0 adhesions Filmy/avascular Vascular and/or dense Cohesive
Dissection 0 adhesions Falls away with gentle traction Requires blunt dissection Requires sharp dissection

LeBlanc et al.14

Fig. 2. GI transit time was measured using (A) X-ray visible markers made from a nasogastric tube that
was divided in 5–7 mm sections. (B) Twenty-four markers were confirmed by abdominal fluoroscopic
imaging after placement into the stomach.
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group. The mean transit time in the baseline study
was 57.4 6 6.0 hours. There were no significant dif-
ferences between the two groups with regards to the
baseline study. Postoperative GI transit time was
111.5 6 10.7 hours in lap group and 137.9 6 12.6
hours in the open group. The GI transit times in
the postoperative phase were significantly prolonged
compared with the preoperative measured times
(Fig. 3). The postoperative GI transit time in the
open group was significantly prolonged compared
with that in the lap group (P 5 0.008).

Delayed-Type Hypersensitivity Skin Testing

DTH skin testing for baseline study was per-
formed at the same time as the GI transit time

baseline study. The mean maximal diameter at 48
hours of the baseline study for both groups is shown
in Fig. 4. No differences were observed between
both groups.

The lap group had a significantly greater re-
sponse to the DTH skin test than the open group
(P 5 0.002). There were no significant differences
compared with the baseline study in this group.
On the other hand, the open group had signifi-
cantly lesser responses compared with the baseline
study.

Blood Test Results

There were no significant differences between the
two groups in terms of complete blood count and
biochemical parameters analyzed.

Adhesion Formation

Adhesion formation was assessed during necropsy.
The results of this analysis are shown in Table 2.
At 2 weeks postoperatively, there were fewer adhe-
sions in the lap group compared with the open group
(P 5 0.03). The most frequent locations for adhe-
sions were the small intestine and the abdominal
wall, or the gastrectomy staple line and the liver
and spleen.

Table 2. Operative results

Lap group Open group P

Body weight (kg) 32.6 6 5.7 31.5 6 4.1 NS
Operating time (min) 157 6 32 109 6 31 0.01
Established blood
loss (ml)

68 6 39 51 6 47 NS

Skin incision (cm) 10.5 6 2.8 18.3 6 2.2 !0.0001
Adhesion score 4.8 6 1.1 6.7 6 1.4 0.03

Adhesion score was assessed in 12 animals (lap group, n 5 6; open
group, n 5 6). NS 5 not significant. Values are means 6 SD.

p<0.0001
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DISCUSSION

Most experimental studies addressing immuno-
logic postoperative changes reported less pro-
nounced inflammation and changes in various
immunologic parameters, as well as better preserva-
tion of the immune function, after laparoscopic pro-
cedures compared with conventional open
surgery.15–18 Minimally invasive surgery decreases
the degree of abdominal wall tissue injury and theo-
retically allows better preservation of the body’s im-
mune integrity compared with open surgery.19

These theoretical benefits might affect stress re-
sponse and gastrointestinal recovery after surgery.

The DTH response is an in vivo assay of cell-
mediated immune function.20 DTH recall antigen
testing involves the intradermal injection of a specific
antigen to which the patient has been previously ex-
posed. Bessler et al.21 demonstrated that there is sig-
nificantly less inhibition of DTH in animals after
laparoscopic colectomy compared with those under-
going open colectomy. In a pig model using DTH as
a reflection of T-cell function, Burpee et al.3 re-
ported a greater DTH response after laparoscopic
liver resection compared with open surgery. Our
study provides further evidence to support this con-
cept. We found that laparoscopic partial gastrectomy

was associated with better preservation of the im-
mune response as measured in DTH skin testing,
even though the operating time in the laparoscopic
technique was longer. These results suggest that
DTH response is affected by the degree of surgical
trauma. However, the exact mechanism by which
surgery causes immunosuppression is not fully
understood.

Gastrointestinal motility is known to be affected
by surgical trauma. Comparisons between laparos-
copy and laparotomy of the gastrointestinal transit
times have been well demonstrated by several
authors.4,22,23 In this study, we measured this as
stomach-to-anus transit time using visible markers
created from a divided nasogastric tube. This meth-
od is simple and associated with low cost. The lapa-
roscopic technique resulted in faster recovery of the
gastrointestinal tract than the open procedure.

During the necropsy, we assessed the adhesion
formation utilizing the adhesion scoring scale de-
scribed by LeBlanc et al.14 There were significantly
fewer adhesions in the lap group than the open
group. Adhesion formation is a complex multistep
process that occurs at the site of peritoneal injury.
The surgical trauma represents the balance of fibrin
deposition and degradation, which is regulated by
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plasminogen activator 1 and 2 (PAI-1 and PAI -2),
and tissue plasminogen activator (tPA) as an antago-
nist.24 The fibrinolytic response is regulated by
a number of cytokines, including interleukins-1 and
-6, and tumor necrosis factor a, which increase
PAI-1 secretion by mesothelial cells, thus enhancing
fibrin deposition.25 Laparoscopic surgery may also
have an effect on mesothelial cell secretions of the
proinflammatory cytokines as seen with macro-
phages, in particular interleukin-6, which is an auto-
crine cytokine for mesothelial cells.26 As indicated in
our results, laparoscopic surgery is associated with
better preserved immune response than open sur-
gery, which is reflected in less adhesion formation.

CONCLUSIONS

Laparoscopic gastrectomy was associated with
stronger DTH response and faster bowel recovery
when compared with open surgery in a porcine model.
Diminished stress response may have resulted in
fewer adhesions as well. Although further evaluation
is needed, these experimental findings may be trans-
lated into practical clinical advantages after laparo-
scopic gastric resections.
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Immune-Enhancing Diet and Cytokine Expression
During Chronic Sepsis: An Immune-Enhancing Diet
Containing L-Arginine, Fish Oil, and RNA Fragments
Promotes Intestinal Cytokine Expression During
Chronic Sepsis in Rats

Ryan T. Hurt, M.D., Paul J. Matheson, M.D., Ph.D., Michael P. Mays, B.S.,
R. Neal Garrison, M.D.

Chronic feeding with enteral immune-enhancing diets (IEDs) provides benefits based on composition of
the diet, route of feeding, and timing of feeding in relation to timing of trauma or surgery. Our prior
studies of acute feeding in naı̈ve rats demonstrated that IED promotes blood flow and proinflammatory
cytokines in the ileum. We hypothesized that chronic feeding with IED would shift gut immune status to
an anti-inflammatory state during chronic sepsis, resulting in an altered state of cytokine expression in
the gut. Five days prior to feeding, gauze was implanted subcutaneously in the backs of male
Sprague-Dawley rats, which were fed for 3 days with either control diet (CD, Boost; Mead-Johnson,
Evansville, IL) or IED (Impact; Novartis) and randomly assigned to one of four groups: saline control
(NS) C control diet (CD), sepsis (EC) C CD, NS C IED, or EC C IED. EC rats were inoculated with
109 CFU Escherichia coli and 109 CFU Bacteroides fragilis in 2 ml normal saline into the back sponge while
NS rats received 2 mL normal saline alone. After 3 days, animals were anesthetized and gut tissue sam-
ples were harvested and frozen at –80 �C. Tissue protein was extracted and ELISA was performed for
interleukin (IL-1b, IL-5, IL-6, IL-10, tumor necrosis factor (TNF)-a, and interferon (IFN)-g. In saline
controls, IED feeding decreased IL-1b, IL-5, IL-6, TNF-a, and IFN-g and increased IL-10 compared
with CD-fed animals. In septic animals, IED feeding increased IL-5 and IL-6, while decreasing IFN-g
and IL-10 in the distal third of the small intestine compared with CD-fed septic rats, whereas IL-1b and
TNF-a levels were unchanged. Chronic IED feeding produced a anti-inflammatory state via decreased
IFN-g and increased IL-5 and IL-6, which both promote gut IgA class switching, suggesting that the gut
is shifted toward humoral immunity during chronic IED feeding in septic rats. ( J GASTROINTEST SURG

2006;10:46–53) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: IL-1b, IL-5, IL-6, IL-10, interferon-g, TNF-a, immunonutrition, GALT, MALT, gut
blood flow

Despite advances in treatment and therapies, se-
vere sepsis presents a major health problem in the
United States with 215,000 deaths per year, or
9.3% of all deaths, and approximately $17 billion
in estimated medical expenses.1 Affected patients de-
velop a postinjury hypermetabolic state that leads to
negative nitrogen balance and the loss of lean body
mass, which primes the development of multiple or-
gan failure.1 In the past 20 years, the role that

nutrition plays in reducing septic complications in
ICU patients has been examined, including route
of nutrient delivery (parenteral versus enteral),2,3

timing of initiation of therapy,4 and composition of
individual diets.5–13 Early enteral feeding with im-
mune-enhancing diets (IED) decreased the rate of
septic complications in some patients. Immune-en-
hancing nutrients include glutamine, L-arginine,
u-3 fatty acids, and RNA fragments, and many IEDs
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are available, such as Immun-Aid (McGaw, Irvine,
CA), Nutren (Clintec, Chicago, IL), and Impact
(Novartis, Minneapolis, MN).

The mechanisms whereby IEDs enhance imm-
unity are diverse. Meta-analysis14–16 of IEDs in the
prevention of septic complications, length of hospital
stay (LOS), andmortality concluded that IEDreduced
septic complications compared with standard diets in
surgery patients.14 In one study, critically ill and elec-
tive surgery patients who received IED had shorter
LOS and decreased ventilator use compared with pa-
tients who received standard diets with comparable
caloric and nitrogenous content. Interestingly, meta-
analyses published to date have not demonstrated
a benefit inmortality in IED-fed patients.How immu-
nonutrients provide the benefits of decreased septic
complications, decreased hospital stay, and decreased
ventilator use remains a source of debate and the focus
of intense basic science and clinical research.

Potential mechanisms of IED benefits include en-
hanced gut mucosal immunity, altered inflammatory
processes, maintenance of intestinal tissue oxygena-
tion and/or barrier function, and improved systemic
nitrogen balance. We proposed that some of IED
benefits might involve improved blood flow during
nutrient absorption in the small intestine.17–19 Post-
prandial hyperemia is dependent on nutrient compo-
sition and site of nutrient absorption.20 The gut is the
largest immune organ and contains approxim-
ately 80% of the immunoglobulin cells located in
the gut-associated lymph tissue (GALT) of the ile-
um.21 Adequate blood flow and nutrient delivery to
the GALT tissue might help promote a well-directed
immunological response to infection. In the present
study, we hypothesized that chronic IED feeding in
rats with chronic sepsis would stimulate an anti-in-
flammatory state by decreasing the Th1 proinflam-
matory cytokines interleukin (IL)-1b, interferon
(IFN)-g, and tumor necrosis factor (TNF)-a and
increasing the Th2 anti-inflammatory IL-10. We
further proposed that chronic IED would increase
IL-5 and IL-6 promoting antibody class switching
to IgA and thus enhancing mucosal immunity. To
produce chronic sepsis, we injected bacteria or saline
into subcutaneous back sponges in Sprague-Dawley
rats and randomly assigned these animals to be fed ei-
ther IED or CD for 3 days prior to gut tissue harvest
to measure cytokine expression in the small intestine
(IL-1b, IL-5, IL-6, IL-10, TNF-a, and IFN-g).

MATERIAL AND METHODS
Animal Care

Animals were maintained in a facility approved by
the American Association for the Accreditation of

Laboratory Animal Care. The research protocol
was approved by the institutional Animal Care and
Use Committee and Biohazard Safety Committee
at the Louisville VA hospital. Thirty-two male
Sprague-Dawley rats (200–220 g) were acclimated
for 2 weeks prior to experimental use, during which
time the animals received standard rat chow (20 g/
day) and water ad libitum. Animal weights were re-
corded daily to ensure positive weight gain. Animals
were housed in individual metabolic cages to prevent
coprophagia, and a constant room temperature of
25 �C was maintained.

Chronic Sepsis Model

The current study used a model of chronic sepsis
first described by Mela-Riker et al.22 Over the years,
our laboratory has adapted the model for use in
microcirculation studies,23,24 and it is briefly de-
scribed here. Rats were anesthetized using intramus-
cular xylazine (60 mg/kg) and ketamine (150 mg/kg).
Food, but not water, was withheld the evening prior
to surgery. Using standard aseptic techniques, ani-
mals were prepped and draped in a designated sur-
vival surgical suite. An approximately 3-cm skin
incision was made between the scapulas. Through
a subcutaneous tunnel a sterile 5 3 5-cm2 gauze
sponge was placed near the base of the tail on the
lower back. Incision was closed with interrupted 4-
0 silk sutures. Animals were allowed free access to
food and water during a 5-day recovery period. After
the recovery period, a pooled bacterial inoculum
consisting of 109 colony forming units (CFU) in 1
ml of Escherichia coli and 109 CFU in 1 ml of Bacter-
oides fragilis was injected percutaneously in the im-
planted sponge. Forty-eight hours following the
first injection, animals received a second injection
of pooled bacterial inoculum. Control animals were
treated the same as septic animals but received 2 ml
of saline percutaneous injections versus the bacterial
inoculum. Experiments involving tissue harvest for
cytokine assay were carried out 24 hours after the
second sponge injection of either bacteria inoculum
or saline (total of 72 hours sepsis or 72 hours saline
control).

Feeding Regimen

Animals were fed 20 g/day of standard rat chow
and water ad libitum for 5 days following sponge im-
plantation. On the day of the first saline/bacteria in-
jection, rats were fed 10 g of rat chow at 08:00. After
bacteria or saline injections at 12:00, rats were fed ei-
ther 30 ml of control diet (CD) or 30 ml of IED at
15:00. For the next 2 days, animals received a total
of 60 ml of IED (1.00 kcal/ml) or 60 ml of CD

Vol. 10, No. 1
2006 Chronic Feeding With Enteral Immune-Enhancing Diets 47



(1.01 kcal/ml) with half the dose (30 ml) at 08:00 and
the other at 15:00. The dose of IED or CD given (60
ml/day) matched the caloric content of 20 g of stan-
dard rat chow (3.00 kcal/g) that our rats are normally
fed on a daily basis. On the day of tissue harvest (72
hours after first bacteria/saline injection), rats were
fed the 08:00 dose of IED or CD and then prepared
for surgery/tissue harvest at 12:00. Table 1 shows the
nutritional composition of the two diets. Boost CD
was chosen because it is the best available match in
nitrogen and caloric content of the IED used (Im-
pact). Figure 1 outlines the experimental protocol
timeline for sepsis, feeding regimen, surgery, tissue
harvest, and cytokine assays.

Surgery and Tissue Harvest

At 12:00, 72 hours following the first injection of
bacteria/saline, animals were anesthetized by intra-
peritoneal urethane (800 mg/kg) and a-chloralose
(60 mg/kg) with supplemental urethane (25% of orig-
inal dose) given as needed to maintain a surgical plane
of anesthesia throughout the experimental protocol.
Prior to surgery, animals received 1 ml of subcutane-
ous normal saline to maintain body fluid homeostasis.
Body temperature was monitored and maintained
at 37.0 � 6 0.5 �C using a heating pad and rectal
thermistor. Using PE240 tubing, a tracheostomy
was performed and animals spontaneously breathed
room air. The right carotid artery was cannulated
with PE50 tubing for measurements of mean arterial
pressure (MAP) and heart rate (HR). Animals were al-
lowed to equilibrate for 45–60 minutes following

completion of the surgery. Following equilibration,
animals’ MAP and HR were recorded and averaged
over a 20-minute period. Under deep surgical anes-
thesia, the small intestine was harvested and divided
into thirds, and the gut contents removed and
weighed. Tissue was placed in a 10% Triton X-100
reagent (1 ml/10mg tissue), homogenized, and stored
at280 �C until cytokine assay was performed. When
assays were ready, samples were thawed and cytokine
ELISAs for IL-1b, IL-5, IL-6, IL-10, IFN-g, and
TNF-a were performed. Protocols for the ELISAs
followed the directions included in the individual kits
(R&DSystems,Minneapolis,MN). Samples from the
distal third segment of the small intestine (ileum)
were assayed in triplicate with appropriate blanks
and controls.

Statistical Analysis

Data are expressed as mean 6 SEM, and differen-
ces between groups were determined by two-way
analysis of variance (ANOVA). The null hypothesis
was rejected a priori at P ! 0.05. When differences
were found using ANOVA, the post hoc Tukey-
Kramer honestly significant different multiple range
test was performed.

RESULTS

There were no significant differences in animal
body weights found among the four groups of ani-
mals (Fig. 2). Some of the IED animals developed di-
arrhea during days 2 and 3 of feeding compared with
no diarrhea in CD animals. We previously found
that chronic diarrhea developed in all animals fed
an IED diet during day 3 of feeding.19 All animals
had free access to water ad libitum and exhibited
positive weight gain during the protocol. No differ-
ences in mean arterial blood pressure were observed
between the four groups. As has been well described
in the past, our chronic sepsis model resulted in a sus-
tained tachycardia in both the IED and CD groups
compared with saline controls. Similarly, septic ani-
mals had significantly increased spleen weights com-
pared with saline controls (Fig. 2). Both tachycardia
and increased spleen weights suggest a state of
chronic inflammation produced by the sepsis model
used.

Chronic feeding of CD and IED in animals given
inoculums of bacteria or control injections of saline
produced different patterns of cytokine expression
in the small intestine. Figure 3 shows the levels of
IL-1b, IL-5, IL-6, and TNF-a measured in the dis-
tal third of the small intestine, while Figure 4 shows
the levels of IL-10 and IFN-g in the distal, middle,

Table 1. Nutritional comparison of enteral diets
used

Component (units)
CD

(Boost)
IED

(Impact)

Calories (kcal/ml) 1.01 1.00
Protein (mg/ml) 61 56
Carbohydrates (mg/ml) 139 132
Fat (mg/ml) 25 28
Sodium (mg/ml) 0.928 1.068
Potassium (mg/ml) 2.068 1.400
Osmolarity
(mOsm/mg H2O)

650 375

Immune-enhancing
components

d L-Arginine, u-chain
fatty acids, RNA

fragments

Comparison of IED versus CD. Summary of composition differences
between the control diet (CD, Boost; Novartis) and the immune-en-
hancing diet (IED, Impact; Novartis). Major differences include the
presence of immune-enhancing components in the IED and the hy-
perosmolarity and increased potassium in the CD.
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and proximal thirds of the small intestine. IED saline
decreased levels of IL-1b, IL-5, IL-6, and TNF-a in
ileal segments when compared with CD-fed saline
animals. IED saline significantly increased tissue lev-
els of IL-10 in all three small intestine segments
(Fig. 4, A) compared with CD saline. Conversely,
IED saline IFN-g tissue levels are decreased in all
three segments versus CD saline (Fig. 4, B). IED
sepsis increased IL-5 and IL-6 but remained un-
changed in IL-1b and TNF-a compared with CD
sepsis. IFN-g levels remained unchanged in proxi-
mal and middle thirds; however, IED sepsis de-
creased IFN-g in the distal third compared with
CD sepsis. IL-10 levels were unchanged in proximal,
but decreased in middle and distal, IED sepsis.

Sepsis and saline produced another set of distinct
cytokine patterns in each individual diet. IED and
CD saline IL-1b tissue levels remained unchanged
compared with IED and CD sepsis (Fig. 3). Sepsis
increased IL-5 and IL-6 in IED but significantly
decreased tissue levels in CD-fed animals (Fig. 3, C
and D). TNF-a levels remained unchanged by sepsis
in CD animals and increased in IED-ed animals
(Fig. 3, B). IL-10 levels in all three intestinal seg-
ments in CD animals remained unchanged by sepsis,
with all three tissue levels being significantly lower in

IED animals (Fig. 4,A). Conversely (Fig. 4, B) IFN-g
levels were significantly increased in IED saline
versus IED sepsis in all tissue. IFN-g levels remained
unchanged by sepsis in CD-fed animals.

DISCUSSION

In a recent editorial opinion, Singer and Cohen25

stated that despite advances in inflammation re-
search, the application of these findings is complex,
including with regard to the appropriate use of
immunonutrition. The metabolic response to stress
requires a physiologic insult to initiate cytokine
release (IL-1b, IL-2, IFN-g, and TNF-a), to activate
cellular immunity, and promote the proinflammatory
systemic inflammatory response syndrome (SIRS).26

Simultaneous with upregulation is feedback inhibi-
tion by the inflammatory process to release anti-
inflammatory cytokines (IL-4, IL-10, and IL-13).
The pattern of cytokine secretion that predominates
will determine immune competence to respond to
trauma, illness, or surgery. This process is been called
the mixed antagonist response syndrome (MARS).27

Recent studies focused on the ability of specific
immune-enhancing nutrients to stimulate immunity

Day: 0 1 2 3 4 5

BW BW BW BW BW BW = Body Weight

Anesthesia: IM ketamine/xylazine (150 / 60 mg/kg)

Surgery: backsponge placement

Day 5: 1st Innoculum Day 6 Day 7: 2nd Innoculum

Rat Chow
10 g

E. coli
+ B. fragilis

or NS

30 cc CD
or

30 cc IED

08:00 12:00 15:00 08:00 15:00 08:00 12:00 15.00

30 cc CD
or

30 cc IED

30 cc CD
or

30 cc IED

30 cc CD
or

30 cc IED

30 cc CD
or

30 cc IED

E. coli
+ B. fragilis

or NS

Anesthesia
IP urethane/α-chloralose
(800 / 60 mg/kg)

Surgery Equilibration

Hemodynamic
Time Points

Tissue Harvest for
Cytokine ELISAs

Day 8: Tissue Harvest & Homogenization for Cytokine ELISAs

60 min 60 min~30 min 20 min

BL1 BL2

Fig. 1. Schematic of the protocol followed. E. coli5 Escherichia coli, 109 CFU in 1 ml normal saline (NS);
B. fragilis 5 Bacteroides fragilis, 109 CFU in 1 ml NS; BW 5 body weight measurement; CD 5 control
diet, Boost, Novartis; IED 5 immune-enhancing diet, Impact, Novartis; IM 5 intramuscular; IP 5 in-
traperitoneal; BL 5 baseline.
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to promote healing.28,29 Nutrients that possess im-
mune-enhancing properties include L-arginine, glu-
tamine, taurine, u-3 fatty acids from fish oil,
messenger RNA fragments, antioxidant vitamins (vi-
tamin A, vitamin E, and vitamin C), and trace miner-
als (zinc, selenium, and copper).30 The use of
immune-enhancing nutrients alone or in combina-
tion in immune-enhancing enteral diets (IEDs) has
stimulated debate and research to elucidate the pro-
per role of these IEDs in the treatment of critically
ill patients. Suggested roles of IEDs range from use
in acute illness or trauma to use in chronic debilitat-
ing illnesses such as inflammatory bowel disease and
rheumatoid arthritis. Meta-analyses14–16,29 assess the
current literature with conclusions ranging from en-
dorsements of IEDs to suggestions that IEDs might
promote morbidity and mortality in some disease
conditions and/or patient populations. These find-
ings are not surprising. We19 and others25 have
pointed out that the constant flux of immune cells
and mediators results in a dynamic state that re-
sponds differently to stimuli depending on the stage
of the disease process, the combination of specific
immune-enhancing nutrients administered to vari-
ous patient populations, and the dosage, timing,
and route of the IED administration.

The response of the gut to physiologic insult is
complex.31 Mucosal immunity, inflammation, and
tolerance to bacterial pathogens require CD4C T-
lymphocytes (including both Th1 and Th2 subsets),
CD8C cytotoxic T cells, and other T-cell subsets
(T regulatory cells).32,33 B-lymphocytes are also
required and undergo commitment through
m / a class switching.34 Interactions between
B cells and CD4C T cells induce plasma cells to
stimulate polymeric IgA production.35 Mucosal
immunity also depends on antigen-presenting cells
(CD4C T cells, CD8C T cells, and epithelial cells)
to produce cytokines to regulate the overall immune
process as outlined above. The mix of cytokines pro-
duced in large measure determines the response of
the system to shift toward humoral or cellular immu-
nity. Naı̈ve CD4C T regulatory cells, which have
never encountered antigen, can differentiate into acti-
vated (effector) cells or memory cells.32,33 The muco-
sal migration patterns of these three T regulatory cell
subsets (naı̈ve, effector, and memory) along with B
cells form the basis of gut mucosal immunity. In the
presence of foreign peptide antigens, naı̈ve CD4C T
regulatory cells and antigen-presenting cells become
differentiated to effector CD4C T regulatory cells
and, depending on the overriding cytokine milieu,
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promote either the cell-mediated Th1 immunity or
the humoral-mediated mucosal antibody Th2 re-
sponse.32,33 Thus, the cytokine environment of the
mucosa-associated lymphoid tissue (MALT) reser-
voirs of Th cells determines the induction of the cell
subsets to stimulate humoral or cellular processes.
Iwasaka andNoguchi36 have shown that in human pa-
tients with severe sepsis, Th2 cell–mediated processes
predominate (humoral immunity), which they suggest
might lead to immunosuppression in these patients.

Furthermore, mucosal IgA is regulated by Th1
versus Th2 cell subsets.37 As already noted, CD4C

T helper cells are required for the mucosal IgA re-
sponse to protein-based antigens. Th2 cells are more
efficient at regulating this process, and significant
cross-regulation exists between the two pathways.
Th1 cells produce IFN-g, which facilitates isotype
switching from IgM to IgG2a and inhibits IL-4-
induced isotype switching, to inhibit Th2 cell prolif-
eration.34 Conversely, Th2 cells produce IL-4
despite enhanced, ongoing Th1 responses to inhibit
Th1 cytokine secretion.38 The presence of IL-12

promotes the continuation of the Th2 response.39

In the present study, we focused on the pattern of
cytokine protein levels in the tissue to assess the
functional response to septic shock of the terminal
ileum, the site of most GALT in the gastrointestinal
system. In order to characterize the GALT response
to sepsis and IED, studies are needed to analyze the
subclass response of IgG, IgE, and IgA in this
model.

In the present study, we describe the gut cytokine
response after chronic feeding with IED or CD in
septic versus saline control rats. These data demon-
strate a decrease in proinflammatory cytokines (IL-
1b, IL-6, IFN-g, and TNF-a) in animals fed IED
compared with CD and an increase in the anti-in-
flammatory cytokine IL-10. The cytokines measured
in this study have multiple effects.40 In the gut, IL-
1b from macrophages activates the vascular endothe-
lium and lymphocytes and increases the proliferation
of effector cells, with the end result of producing fe-
ver and increasing IL-6. IL-6 from macrophages
stimulates lymphocyte activation and increases
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Fig. 3. (A) Interleukin-1b (IL-1b) protein levels expressed as picograms per milligram of tissue in the last
third of the small intestine in the septic (EC) versus control (NS) groups fed either CD or IED. (B) IL-5
protein levels in the last third of the small intestine demonstrating decreased IL-5 in septic rats com-
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TNF expression in the saline groups while increasing TNF expression in the septic animals. *P ! 0.05
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antibody production, which also promotes fever and
induces acute-phase protein reactants. TNF-a from
macrophages and Th1, some Th2, and cytotoxic T
cells activate and induce nitric oxide production (in-
ducible nitric oxide synthase) and activate the vascu-
lar endothelium. Overall, these three cytokines
activate complement opsonization, promote phago-
cytosis, decrease viral and bacterial replication
(through increased body temperature), increase anti-
gen processing, and facilitate the adaptive immune
response to antigen. IL-5 from Th2 cells promotes
differentiation of B cells and production of IgA as
well as eosinophil growth and differentiation from
hematopoietic bone marrow stem cells. Th2 cells al-
so produce IL-10, which promotes switching to
MHC class II in B cells, inhibits Th1 cells, inhibits
cytokine release from macrophages, and stimulates
mast cell growth from hematopoietic cells. Th1
and cytotoxic T cells produce IFN-g to activate
macrophages and promote MHC class I and class
II in macrophages and somatic cells as well as pro-
moting B-cell differentiation and IgG2a synthesis, in-
hibiting T cell growth, activating natural killer cells,
and promoting other antiviral processes. In our
study, sepsis decreased IL-10 and IFN-g in the

IED-fed rats compared with the saline control
IED-fed rats and also reversed IL-5 and IL-6 expres-
sion in the terminal ileum, suggesting that IED pro-
motes IgA class switching in the terminal ileum,
presumably at the site of MALT.

CONCLUSIONS

IEDs have received significant interest in recent
years, including the 1995 study of Bower et al,41

which reported that in septic patients who received
adequate doses of Impact, an IED, the IED imparted
equal safety, decreased rate of infectious complica-
tions, and reduced length of hospital stay compared
with standard liquid diets. In our study, we examined
the small intestinal production of proinflammatory
(IL-1b, IL-6, IFN-g, and TNF-a) versus anti-in-
flammatory (IL-10) cytokines in septic rats chroni-
cally fed either IED containing L-arginine, mRNA
fragments, and u-3 fatty acids or an isonitrogenous,
isocaloric control diet lacking immune-enhancing
nutrients. We found that septic rats fed IED for 72
hours after the onset of sepsis had decreased GI pro-
duction of proinflammatory cytokines, increased
anti-inflammatory cytokines, and enhanced IgA
class switching in B cells via increased IL-5. Thus,
the cytokine milieu of the IED-fed septic rats pro-
moted gut mucosal humoral immunity and immuno-
globulin production via a predominantly Th2
pathway.
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Gastroesophageal and Pharyngeal Reflux Detection
Using Impedance and 24-Hour pH Monitoring
in Asymptomatic Subjects: Defining
the Normal Environment

Brant K. Oelschlager, M.D., Elina Quiroga, M.D., John A. Isch, M.D.,
Federico Cuenca-Abente, M.D.

Airway symptoms are often caused by aspiration of refluxed materials into the larynx. In this study we
sought to define the frequency, character, and proximal extent of refluxed contents d including nonacid
refluxdin normal subjects using intraluminal impedance to improve our understanding of the relation-
ship between reflux and aspiration. Ten subjects, who had no symptoms of gastroesophageal reflux dis-
ease or airway disease, underwent impedance/pH monitoring with a catheter that allowed simultaneous
esophageal and pharyngeal monitoring. Impedance detected 496 gastroesophageal reflux episodes in the
10 subjects during 240 hours of study. The majority, 399 (81% of the total) were acid reflux episodes
(pH! 4). Ninety-seven were nonacid (pHO 4). Most reflux episodes (348 of 496) reached the mid esoph-
agus (9 cm above lower esophageal sphincter). There were 51 reflux episodes that reached the pharynx
(PR). Only 13 (25%) of PR were acidic (pH ! 4), while 38 were nonacid. Twenty-six PR episodes were
liquid and 25 were mixed (liquid and gas). The median number of PR episodes measured with impedance
was 5 (0–10). In asymptomatic subjects, most episodes of gastroesophageal reflux are acidic and reach the
midesophagus. Reflux into the PR appears to be more common than previously believed, and most of
these episodes are not acidic. Thus, traditional 24-hour pH monitoring may underestimate the presence
of pharyngeal reflux. The combination of impedance with pH monitoring markedly enhances our ability
to accurately detect potential microaspiration. ( J GASTROINTEST SURG 2006;10:54–62) � 2006 The
Society for Surgery of the Alimentary Tract

KEY WORDS: Gastroesophageal reflux, respiratory symptoms, extraesophageal symptoms, airway
symptoms, pharyngeal reflux detection, esophageal impedance

Gastroesophageal reflux is a normal phenomenon
that results from transistory loss of gastroesophageal
competence due to a decrease of lower esophageal
sphincter (LES) pressure, an increase in abdominal
pressure, gastric distention, and a variety of other
physiologic conditions. When the number, the dura-
tion, or the upper extension of these episodes ex-
ceeds a certain threshold and/or when the patient
develops symptoms or mucosal damage, physiologic

reflux becomes gastroesophageal reflux disease
(GERD).

Most previous studies have analyzed the physio-
logy and pathophysiology of reflux episodes using
24-hour pH monitoring. Indeed this technique re-
mains the goal standard to differentiate physiologic
from pathologic reflux. However, 24-hour pH mon-
itoring has limitations, particularly in that it is not
able to detect episodes of reflux unless the pH is
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below 4 and usually measurements are limited to rel-
atively short segments of the esophagus.

A better understanding of the character, composi-
tion, and proximal extension of gastroesophageal re-
flux and of pharyngeal reflux in normal people may
yield valuable information and set the basis for
a more thorough explanation of ways in which reflux
causes esophageal and extraesophageal pathology.
We undertook this study to examine these and other
aspects of normal reflux episodes. We wished to de-
termine how often a normal reflux episode was acidic
or nonacidic, how high it reached in the esophagus,
whether its composition changed while in the esoph-
agus, and whether some of these episodes reached
the pharynx. To do this end, we used impedance
and 24 hour pH measurements. Impedance provides
information about (a) the physical characteristics of
the refluxate (liquid, gas, or mixed); (b) the direction
of the flow (oral or aboral); and (c) the acidity of the
reflux event by placing pH sensors on the catheter.
Since microaspiration is a major component of
GERD-related airway disease, we hypothesized that
combined pH/impedance pharyngeal monitoring
would provide valuable information regarding the
mechanism by which aspiration occurs.

METHODS
Patient Selection

Ten subjects (seven males and three females) were
provided a self-administered, standardized symptom
questionnaire. The questionnaire queried the fre-
quency (05 never, 15 once/month, 25 once/week,
3 5 once/day, 4 several times/day) of the following
18 symptoms: heartburn, regurgitation, chest pain,
solid dysphagia, liquid dysphagia, bloating, odyno-
phagia, hoarseness, abdominal pain, nausea, post-
prandial pain, bloating, globus, aspiration,
wheezing, cough, shortness of breath, and sore
throat. Each subject answered ‘‘never’’ for all symp-
toms, and this was confirmed by a study investigator.

This study was approved by the University of
Washington’s Human Subjects review board
(HSD-02-4684-D02).

Manometry/Impedance

A solid-state combined manometry and imped-
ance measurement catheter was used to exclude mo-
tor disorders and to accurately identify the location
of the upper esophageal sphincter (UES) and LES.
The design combines five manometry channels with
four pairs of impedance sensors, each separated by
5 cm. A station pull-through measurement of the
LES pressure determines the characteristics of the

sphincter. The LES pressure was averaged over a se-
ries of three respiratory cycles. The peristaltic pump
of the esophageal body was assessed over a minimum
of 10 episodes of deglutition with 5-ml aliquots of
normal saline. Ten additional swallows with 5 ml
of viscous material (Sandhill Scientific Inc., High-
lands Ranch, CO) were performed. Each swallow
evaluated the speed, duration, amplitude, and prop-
agation of the peristaltic wave, as well as the clear-
ance of the swallowed bolus across each pair of
impedance sensors and through the esophagus.
The UES location, pressure, and relaxation were
measured before completion of the procedure.

Twenty-Four – Hour Esophageal and
Pharyngeal pH and Impedance Monitoring

A specially designed bifurcated solid-state pH/im-
pedance catheter was used (Sandhill Scientific Inc.)
(Fig. 1.) The bifurcation allows one branch to be po-
sitioned with a pH sensor 5 cm above the LES while
the other was placed with the proximal sensor 2.0 cm
above the UES as determined by stationary esopha-
geal manometry. In this position, one catheter has
four pairs or impedance sensors that were placed in
the esophagus 3,5,7, and 9 cm above LES and
a pH sensor 5 cm above the LES. The other catheter
branch has a pH sensor 2 cm above the UES and
a pair of impedance sensors below (5 cm) and above
(2 cm) the UES. The catheter was placed transna-
sally and connected to a recording device worn by
the patient for 24 hours. The information was en-
tered into a software program, which reported events
(number and duration of reflux episodes) and calcu-
lated acid exposure times over the course of the
study. Data were acquired with Sleuth Software
(Sandhill Scientific Inc.) and analyzed with the Bio-
view GERD Analysis Software (Sandhill Scientific
Inc.) All tracings were individually reviewed, rather
than relying on the computer interpretation, to de-
termine reflux episodes and the proximal extent as
measured by pH and impedance. Meal periods were
excluded from the analysis. All subjects tolerated the
procedure well without incident or complications.

Impedance Definitions

Liquid episodes.We defined as ‘‘liquid’’ an episode
of reflux that manifested as a drop in the impedance
(measured in Ohms) of more than 50% from its
baseline. To be considered as reflux, the episode
should start in the distalmost sensor and propagate
aborally in at least the two distalmost sensors. The
height reached within the esophagus by the reflux
episode was defined as the most proximal impedance
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drop that met all criteria at that level and each of the
subsequent distal sensors (Fig. 2).

Gas episodes. We defined a gas reflux episode as
one that was associated with an increase in the im-
pedance level (in Ohms) of at least 50% from the
baseline level, when there was a simultaneous or ab-
oral propagation from the most distal channel.

Mixed episodes. A mixed episode was one in which
there was a combination of liquid and gas criteria in
the same episode.

Pharyngeal reflux. For an episode to be catego-
rized as pharyngeal reflux, a 50% drop in the imped-
ance in an aboral direction was required to be
present in all sensors, including the most proximal
sensor in the pharynx (Fig. 3).

Acid reflux. An esophageal reflux episode by im-
pedance was defined as acid if there was a corre-
sponding drop in the pH sensor below 4 in the
sensor located 5 cm above the LES. A pharyngeal
reflux episode was defined as acid reflux if the pH
in the pharynx concomitantly dropped below 4.

Nonacid reflux. A reflux episode detected by im-
pedance in which the pH in the corresponding pH
sensor did not record a pH below 4 (Fig. 4).

RESULTS
Esophageal Motility

Monometry data. TheMedian LESP was 20.2 mm
Hg (12–33.9mmHg). Peristalsis was present and nor-
mal in 100% of swallows. The average distal esopha-
geal amplitude was 70.7 mm Hg (42–106 mm Hg).

Impedance data. Impedance showed complete bo-
lus transit in 100% of liquid swallows and in 94% of
viscous swallows. The median bolus transit time was
7.0 seconds (5–9.2 seconds).

Gastroesophageal Reflux

A total of 496 gastroesophageal reflux episodes
were detected by impedance in these 10 subjects.
The median number of reflux episodes per patient
per 24 hours was 46 (29–82). Of these, 399

Fig. 1. Bifurcated (proximal and distal branch) impedance/pH catheter.

56 Oelschlager et al.
Journal of

Gastrointestinal Surgery



(80.4%), were acidic (pH ! 4) and 97 were nonacid
(pH O 4) (Table 1). Three hundred forty eight
(70%) of the episodes extended to at least the mid
esophagus 9 cm above the LES (Table 2). Only
122 (25%) episodes reached the most proximal
esophageal sensor (5 cm below the UES). The mean
amount of time that the reflux episode remained in
the esophagus before being cleared was 20 seconds
(1.5–126 seconds). The average acid exposure time
over 24-hour a period at 5 cm above the LES was
2.26% (1.5–3.4%). All reflux episodes detected by
pH were detected by impedance as well. None of
the subjects recorded any GERD-related symptoms
during the study.

Pharyngeal Reflux

Fifty-one episodes of reflux were detected at the
level of the pharynx by impedance measurements
(Table 1). The median number of episodes measured
per patient with impedance was 5 (range, 0–10). The
mean was 5.5 (SD53.8). Of these 51 episodes, 40
had a pH ! 4 when in the distal esophagus (5 cm
above the LES). When they reached the pharynx,
only 13 episodes (25.5%) were still acidic. Twenty-
six pharyngeal reflux episodes were purely liquid
and 25 were mixed (liquid and gas). The mean
amount of time that the reflux episode remained in

the pharynx before being cleared was 6 seconds
(0.2–18.6 seconds).

There were 15 pharyngeal reflux episodes de-
tected by pH monitoring over the 240 hours of mon-
itoring in these 10 subjects. The median number of
pharyngeal reflux episodes detected by pH monitor-
ing in a 24-hour period was 1 (0–6) per subject.
Thirteen of these acid reflux episodes were detected
by impedance (87%).

DISCUSSION

In this study, we sought to determine the charac-
ter, composition, and upward extent of reflux epi-
sodes that occur in normal individuals. In
particular we wished to determine the relationship
of distal to proximal reflux and to define the role
(if any) of nonacid reflux into the pharynx of normal
subjects. We found that impedance, when combined
with pH monitoring, produces a wealth of important
information regarding esophageal and pharyngeal
reflux. Indeed, we found that four of five reflux epi-
sodes in the distal esophagus are acid and that about
three-fourths of acid and nonacid episodes up to at
least 9 cm above the LES. Moreover, our study
showed that reflux into the pharynx is more common
than was previously believed and that most of these

Fig. 2. Nonacid pharyngeal reflux event (liquid).
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episodes (75%) are nonacid, suggesting that as re-
fluxed materials extend further upward into the
esophagus, they are at least partially neutralized. Be-
cause up to 20% of reflux episodes in the distal
esophagus and around 80% of such episodes in the
pharynx are nonacid, impedance, combined with
24-hour pH monitoring, provides a unique way to
study the importance of nonacid reflux in the patho-
physiology of GERD and is likely to greatly improve
our understanding of the role that microaspiration
has in the pathogenesis of GERD-related respiratory
disease.

The Use of Impedance in the Study
of Esophageal Physiology

Twenty-four – hour pH monitoring has provided,
up until recently, the only reliable way to study gas-
troesophageal and pharyngeal reflux. Of course, its
major shortcoming is that it only detects episodes
when the pH is less than 4. With the advent of
esophageal impedance we are now able to accurately
determine gastroesophageal reflux episodes, regard-
less of their pH. Impedance is the measurement of
electrical resistance. By attaching pairs of electrical
sensors to a catheter that is placed within the

esophageal and/or pharyngeal lumen, impedance
can detect the presence of a refluxed substance. Re-
fluxed material causes a change in the lumen’s ionic
content, which changes the impedance between the
electrical sensors. In the case of liquid refluxate,
there is a drop in the impedance; with air, the imped-
ance rises. A catheter that has multiple impedance
sensors located at different levels can evaluate the
proximal extension of the refluxate. Additionally, im-
pedance provides information about the physical
characteristics of the refluxate (liquid, gas, or mixed),
the direction of the flow (oral or aboral), and, by
placing pH sensors on the catheter, even the acidity
of the reflux event. An example is the recognition
that the majority of reflux episodes are a mixture of
gas and liquid.

Other techniques to measure nonacid reflux have
been developed but are currently impractical or have
substantial limitations. Some have aspirated esopha-
geal contents to analyze for gastric secretions, but
this allows analysis of only short periods and the
accuracy of detecting gastric enzymes with this tech-
nique is questionable.1 Scintigraphic methods are ex-
pensive, involve radiation exposure, and are of
limited duration (!1 hour).2 The most commonly
used method involves combined pH and bilirubin

Fig. 3. Acid pharyngeal reflux event (mixed).
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monitoring. However, this only indirectly measures
bile by spectrometry, which has limitations, may
miss more than 90% of nonacid reflux events be-
cause they do not contain bile, and requires a special
liquid diet to avoid false-positive readings.3,4

Nonacid Gastroesophageal Reflux

We found that nonacid reflux episodes are rela-
tively rare, representing less than 20% of all reflux
events into the esophagus. Accurate determination
of this type of refluxate to the distal esophagus is im-
portant, however, since it may explain the persis-
tence of symptoms despite appropriate medical
therapy in some patients. Likewise, duodenal gastro-
esophageal reflux is believed to be important in the
development of Barrett’s metaplasia,5 and some

believe that nonacid reflux is central to the patho-
genesis of many respiratory diseases (via
microaspiration).6

Using impedance technology, others have
reported that nonacid reflux episodes represent
20–50% of total events in the distal esophagus.7–11

The reasons why we found fewer reflux episodes in
our study is not clear. This may represent normal
variations or, more likely, result from modest differ-
ences in the interpretation of the studies. Indeed, in-
terpretation of impedance studies relies much more
on the reader’s interpretation than on pH monitor-
ing, which introduces the potential problem of inter-
observer reliability. We followed very strict criteria
for our study. All studies were read by at least two
of the study investigators, and only episodes agreed
upon by both investigators were included. Thus, if

Fig. 4. Nonacid reflux event detected by impedance, reaching 5 cm above the lower esophageal
sphincter (LES).

Table 1. Characteristics of the Reflux Events Detected by Impedance

Category Total No. Liquid Mixed Acid Nonacid

Pharyngeal reflux episodes 51 26 (51%) 25 (49%) 13 (26%) 38 (75%)
Esophageal reflux episodes 445 170 (35%) 247 (56%) 386 (87%) 59 (13%)
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anything, our study may have underestimated the
number of episodes.

Physiology of the Reflux Event

Another distinct advantage of impedance is that
it allows for accurate determination of the proximal
extent of a reflux event. In our study, most reflux ep-
isodes had its highest level at least to the midesopha-
gus. Similar to our findings, Balaji et al.12 reported
that 45% of reflux episodes reached at least as high
as 9 cm above the LES. Upward extent of reflux is
important in the pathophysiology of aspiration, and

defining the upper extent in normal subjects may
help us define another parameter to differentiate pa-
tients who may be at risk of airway disease.

We noticed two additional characteristics of a typ-
ical reflux episode. First, since impedance measures
the ‘‘presence time’’ of the reflux at each level of
the esophagus, one may indirectly calculate the vol-
ume. As the refluxate moves retrograde, it seems to
‘‘shrink,’’ with each aboral sensor registering
a shorter presence time (Fig. 5). In fact, each reflux
episode that reaches the pharynx is cleared very
quickly, with no episode lasting longer than 19 sec-
onds. The other finding is that acidity of a reflux
event is neutralized or ‘‘buffered’’ as it progresses ab-
orally. Almost all of the pharyngeal reflux events
started out with a pH ! 4 in the esophagus (78%),
but very few were still acidic when they reached
the pharynx (25.5%). This buffering effect has here-
tofore not been identified but could have an impor-
tant role in pathologic situations. These two findings
may explain why our study13 and others14,15 that
have used pharyngeal pH monitoring have noted
that the exposure of acid decreases as the reflux

Table 2. Number of Reflux Episodes Detected
at a Given Length of the Esophagus/Pharynx

Category

3 cm
above
LES

5 cm
above
LES

9 cm
above
LES

5 cm
below
UES

2 cm
above
UES

Reflux episodes 496 391 348 122 51

LES5lower esophageal sphincter; UES5upper esophageal sphincter.

Fig. 5. ‘‘Shrinking phenomenon’’d the bolus presence time decreases as the refluxate moves aborally.
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moves retrograde (because of lesser volume, neutral-
ization, or both) and why pharyngeal reflux episodes
are almost always short (!1 minute), occur in an up-
right position, and are infrequent.13 While this could
represent an artifact in a few cases, the majority of
the pharyngeal reflux events can be clearly detected
by impedance. The fact that the pharyngeal pH
monitor does not record a drop in pH either is a lim-
itation of the pH probes or represents a buffering
effect. We suspect it is the latter.

Pharyngeal Reflux

A relationship between the proximal extent of
acid reflux and the risk of aspiration has been re-
ported.13, 15–17 In an attempt to more closely link
GERD, aspiration, and airway injury, we, as well
other authors, have measured pharyngeal pH.18,19

Using this technique, we showed that the presence
of abnormal amounts of pharyngeal acid reflux is
a good predictor of response to both medical2 and
surgical20 therapy. While the positive predictive val-
ue of pharyngeal pH monitoring is good, we have
found the negative predictive value is poor, as pha-
ryngeal pH monitoring is normal in many patients
with GERD-related respiratory disease. Reasons
that have been proposed to explain this phenomenon

include (a) some reflux episodes may have a higher
pH to start with and (b) many acidic gastroesophage-
al reflux episodes likely experience a ‘‘dilution or
buffering’’ effect so that by the time they reach the
pharynx they no longer have a pH ! 4.21 The evi-
dence from this study suggests that both scenarios
are likely common. This is important because al-
though refluxate with a pH O 4 rarely causes severe
injury in the esophagus, it may damage the airway if
aspirated.

The ‘‘shrinking’’ and ‘‘buffering’’ phenomenon
that we have described is likely interrelated and
may be clinically relevant in two ways. It may explain
why solitary aspiration events of refluxed material
are in and of themselves imperceptible to the person
in whom they occur. It may also make it more likely
for them to be undetectable by traditional pH
monitoring.

Potential Limitations

A potential limitation of the study is that although
these subjects were asymptomatic, they may not rep-
resent true controls. This is highly unlikely since
they were screened rigorously. Indeed, they all de-
nied having any symptom potentially related to

Fig. 6. Swallow triggered in response to a reflux episode.
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GERD; they were all found to have normal LES
pressure and normal peristaltis by manometry and
impedance; and they all had normal esophageal acid
exposure (mean of 2.26%).

A second potential limitation is the difficulty
in differentiating pharyngeal reflux from the initia-
tion of a swallow by impedance. It is well known that
gastroesophageal reflux often triggers a reflexive
swallow. If a swallow occurs in a close temporal
relationship with a very proximal reflux event, it
can be difficult to differentiate whether the drop in
impedance in the pharyngeal sensor represents a
retrograde movement of reflux or is the beginning
of a swallow (Fig. 6). This was the case in 18 of
51 (35%) pharyngeal reflux events. To address this
issue, we are developing a new catheter with an addi-
tional oropharyngeal sensor proximal to the pharyn-
geal sensor. This should allow us, in most cases, to
determine whether a drop in impedance in the pha-
ryngeal probe corresponds to a reflux episode or a re-
flexive swallow. Finally, more data and experience
are needed to substantiate these findings.

CONCLUSIONS

In asymptomatic subjects, most episodes of gas-
troesophageal reflux are acidic and reach the mideso-
phagus. The typical reflux event experiences both
a ‘‘shrinking’’ and ‘‘dilutional’’ effect as it moves ab-
orally. In fact, reflux to the level of the pharynx,
while rare, appears to be more common than previ-
ously believed, and most of these episodes are very
short and are not acidic. Thus, traditional 24–hour
pH monitoring of the esophagus and pharynx may
underestimate the presence of pharyngeal reflux.
The combination of impedance with pH monitoring
has the potential to markedly enhances our ability to
accurately detect potential microaspiration. These
findings may have significant impact in the diagnosis
of GERD-related airway disease.
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Outcome of 1000 Liver Cancer Patients Evaluated
at the UPMC Liver Cancer Center
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We evaluated 1000 consecutive patients with liver tumors at the University of Pittsburgh Medical Center
(UPMC) Liver Cancer Center over the 4-year period from August 2000 to August 2004. Of the 1000
patients seen, 573 had primary liver cancer and 427 had metastatic cancer to the liver. The mean age
of the patients evaluated was 62.2 years, and 61% were male. Treatment consisted of a liver surgical pro-
cedure (resection or radiofrequency ablation) in 369 cases (36.9%), hepatic intra-arterial regional therapy
(transarterial chemoembolization or 90yttrium microspheres) in 524 cases (52.4%), systemic chemother-
apy in 35 cases (3.5%), and palliative care in 72 patients (7.2%). For treated patients, median survival was
884 days for those undergoing resection/radiofrequency ablation, compared to 295 days with regional
therapy. These data indicate that over 90% of patients with liver cancer evaluated at a tertiary referral
center can be offered some form of therapy. Survival rates are superior with a liver resection or ablation
procedure, which is likely consistent with selection bias. Hepatocellular carcinoma was the most com-
mon tumor seen due to referral pattern and screening of hepatitis patients at a major liver transplant cen-
ter. The most common reason for offering palliative care was hepatic insufficiency usually associated with
cirrhosis. ( J GASTROINTEST SURG 2006;10:63–68) � 2006 The Society for Surgery of the Alimentary
Tract

KEY WORDS: Liver, liver cancer, hepatocellular carcinoma, radiofrequency ablation, trans-arterial chemo-
embolization, 90yttrium Theraspheres

The liver is an organ that is commonly involved
either primarily or secondarily with malignant pro-
cesses. Hepatocellular carcinoma (HCC) is the most
common cancer to originate in the liver. Nearly
500,000 cases of HCC are diagnosed each year, mak-
ing this one of the most common malignant disor-
ders in the world.1 There has been an increase in
the incidence of HCC in the United States as a con-
sequence of chronic hepatitis C (HCV) infection and
the improved survival of patients with cirrhosis.2 In
addition to being a common site for the development
of primary malignancy, the liver is also a common
site of metastasis from other cancers. Patients with
colorectal metastatic disease make up the bulk of

patients considered for liver resection of secondary
hepatic tumors. Approximately 150,000 patients are
diagnosed with colorectal cancer each year in the
United States, and over 50% of these patients will
eventually develop hepatic metastases.3 Unlike other
malignant processes, liver resection is a curative op-
tion in some of these cases since metastatic disease
remains confined to the liver in a third of patients
who die of colorectal carcinoma.4

Long-term survival is rare among patients with
most primary or secondary malignancies to the liver
who receive systemic chemotherapy or supportive
care. The improvement in imaging studies and un-
derstanding of the vascular and segmental anatomy
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of the liver has allowed for increasing the number of
patients undergoing successful hepatic resections as
treatment for primary or metastatic liver tumors.
In addition, minimally invasive surgical procedures
and liver-directed regional therapies are now avail-
able for patients who are not surgical candidates
due to insufficient hepatic reserve or technical limi-
tations. These include radiofrequency ablation
(RFA), transarterial chemoembolization (TACE),
and yttrium-90 glass microspheres.5–14 Recent ran-
domized studies have shown a survival benefit for
TACE in HCC patients.15,16 Further, liver trans-
plantation is an accepted treatment modality for pa-
tients with HCC.17–19 Over the last decade, we have
observed a significant increase in the number of pri-
mary and metastatic liver tumor patient referrals to
a tertiary University Medical Center. Therefore,
the purpose of this study was to provide a descriptive
report of the diagnosis, treatment, and outcome of
1000 liver cancer patients evaluated during the
4-year-period 2000–2004.

MATERIAL AND METHODS

A total of 1000 consecutive patients with liver tu-
mors were evaluated at the UPMC Liver Cancer
Center (LCC) in Pittsburgh, Pennsylvania over
a 4-year period from August 2000 to August 2004.
Data was analyzed from an Institutional Review
Board-approved hepatic cancer registry. All patients
were seen in our Liver Tumor Clinic and were also
presented at a weekly multidisciplinary liver tumor
conference (Tumor Board); participants included
liver transplant and hepatobiliary surgeons, liver
transplant pathologists, hepatologists, abdominal
imaging radiologists, a hepato-oncologist, and the
LCC nursing/support staff. Initial evaluation usually
consisted of a triphasic helical CT scan of chest/ab-
domen/pelvis, routine blood work, hepatitis screen,
liver tumor markers (CEA, AFP, CA19-9), and a bi-
opsy of the liver tumor. For patients with metastatic
colorectal cancer to the liver, a positron emission
tomographic (PET) scan was usually performed as
well. All patients were presented at the Liver Tumor
Board to consider treatment options after the initial
evaluation was complete.

RESULTS

We evaluated 1000 patients with liver tumors at
the UPMC Liver Cancer Center over the 4-year-
period August 2000 to August 2004. During this
time, there was an increase of approximately 10%
in the total volume of outpatient clinic patients

evaluated during each consecutive year (Fig. 1). In
2004, there were 1432 total outpatient clinic visits.
This consisted of 508 new patient visits and 924 fol-
low-up visits (Fig. 2). From the new patient visits in
2004, there were 350 new liver cancer patients, indi-
cating that hepatic cancer accounted for w70% of
new patient referrals. The remaining 30% consisted
of benign liver masses, hepatic cysts, or gallbladder
disease. For the 350 new liver cancer patients seen
in 2004, the breakdown of cancer types is shown in
Figure 3. There were 149 HCC, 101 metastatic co-
lorectal cancers, 35 cholangiocarcinomas, 29 neuro-
endocrine cancers, and 36 other metastatic cancers.

Of the 1000 liver cancer cases diagnosed, 61%
were male, and the mean age was 62.2 years. Five
hundred seventy-three had primary liver cancer,
and 427 had metastatic cancer to the liver. The pri-
mary tumors consisted of HCC, cholangiocarcino-
ma, and gallbladder cancer. HCC was the most
common tumor diagnosed at our institute, making
up 47% of all hepatic tumors seen (Fig. 4). For those
patients with HCC, 77% also had cirrhosis. Meta-
static colorectal cancer accounted for 17% of liver
tumor patients. Cholangiocarcinoma was the third
most frequent tumor seen at 11%, and neuroendo-
crine cancer accounted for 7%. The remainder con-
sisted of other metastatic cancers, including renal
cell, breast, esophageal, gastric, and prostate carcino-
mas, as well as metastatic melanoma, sarcoma, and
adenocarcinoma of unknown primary.

Multiple modalities were used to treat our pa-
tients with liver cancer. The majority of treatments
consisted of liver surgical procedures or regional
therapy depending on the functional status of the
patient, the degree of liver insufficiency, and the re-
sectability of the liver cancer (Fig. 5). Surgical
procedures included liver resection or RFA. Patients
were prioritized to receive hepatic resection (with
curative intent) whenever possible, followed by
RFA or regional liver perfusion. There were 300 he-
patic resections performed during this time period.
An additional 69 patients underwent RFA as the pri-
mary treatment option. Of the 300 patients undergo-
ing liver resection, w15% also had simultaneous
RFA performed for a distinct tumor nodule that
could not be included in the resection field.

Regional therapy consisted of hepatic TACE or
90yttrium glass microspheres. TACE involves the in-
jection of chemotherapeutic agents into the hepatic ar-
tery delivered by the interventional radiologist from a
transfemoral percutaneous approach. 90Yttrium glass
microspheres are 20–30 mm beads containing
90yttrium. The microspheres can also be targeted to
specific lesions through selective catheterization of he-
patic artery branches to spare healthy tissue. A total of
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401 patients were treatedwithTACE, and 123 patients
received intra-arterial 90yttrium.A small portion of our
patients underwent systemic chemotherapy (3.5%),
usually for widely metastatic HCC or cholangiocarci-
noma. Of note, only 72 patients (7.2%) were offered
palliative care at the time of tumor diagnosis. These re-
sults indicate that over 90% of patients diagnosed with
liver cancer can at least be offered some treatment op-
tion. The most common reason for supportive care
was HCCwith Childs C cirrhosis and serum total bil-
irubin O 3.0 mg/dL.

When examining patient survival by different
treatment modalities, survival rates were superior
with a liver resection or ablation procedure (Table 1).
This is likely consistent with selection bias in de-
termining therapy option. For patients undergoing
a surgical procedure (resection or ablative proce-
dure), the 3 year survival was 37.9% compared to
8.5% for those given regional therapy. The median
survival was greater for patients receiving resection
or RFA (884 days) than for those receiving regional
therapy (295 days). When examined by diagnosis,

Fig. 1. UPMC Liver Cancer Center (LCC) outpatient clinic visits 2002–2004. Data from the outpatient
LCC clinic log demonstrated an increase in the total volume of outpatient clinic patients evaluated dur-
ing each consecutive year.

Fig. 2. New vs. follow-up outpatient clinic visits 2002–2004. There was an increase in both new and
follow-up outpatient clinic patients evaluated during each consecutive year. From the new patient visits
in 2004, there were 350 new liver cancer patients, indicating that hepatic cancer accounted for approx-
imately 70% of new patient referrals. The remaining 30% consisted of benign liver masses, hepatic cysts,
and gallbladder disease.
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median survival was 1396 days for metastatic colorec-
tal cancer, 1135 days for neuroendocrine cancer, 452
days for cholangiocarcinoma, and 395 days for HCC.
The median survival of 41.7 months for metastatic

colorectal cancer to the liver compares favorably with
historical data and likely reflects the combined
approach of aggressive surgical techniques and more
effective chemotherapy with the newer agents.

Fig. 3. liver cancer patients 2004. Of the 350 new liver cancer patients seen in 2004, HCC was the most
common tumor diagnosed. HCC 5 hepatocellular carcinoma; CC 5 cholangiocarcinoma; NE 5 neu-
roendocrine tumor; CRC 5 metastatic colorectal cancer.

Fig. 4. Liver Cancer Patients 2000–2004. Spanning the four-year-period 2000–2004, 1000 patients were
diagnosed with liver cancer at the UPMC Liver Cancer Center. HCC was the most common tumor di-
agnosed at our institute, making up 47% of all hepatic tumors seen. HCC 5 hepatocellular carcinoma;
CC 5 cholangiocarcinoma; NE 5 neuroendocrine tumor; CRC 5 metastatic colorectal cancer.
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DISCUSSION/CONCLUSION

The liver is an organ that is commonly involved
either primarily or secondarily with malignant pro-
cesses. Approximately 150,000 patients are diag-
nosed with colorectal cancer each year in the
United States, and over 50% of these patients will
eventually develop hepatic metastases.3 In contrast,
although the incidence of HCC is on the rise, only
w15,000 new cases of HCC are diagnosed each year
in the United States,20 indicating that the incidence
of colorectal cancer with hepatic metastases is ap-
proximately 5-fold greater than HCC. In spite of this
finding, we have observed a significant increase in
the referral and diagnosis of HCC in our Liver Tu-
mor Clinic, prompting us to examine the trends in
liver cancer diagnoses over the last 4 years.

The major findings of this study are: (1) referrals
of patients with liver cancer have increased steadily
over the past 4 years; (2) HCC is the most common
liver cancer seen in our University Medical Center,
even though there are fewer cases of HCC in the
United States compared to metastatic colorectal
cancer; (3) treatment can be offered to over 90% of
patients diagnosed with liver cancer (meaning it is
better to refer patients whose cancers are ultimately
found to be too advanced for treatment than not to
refer patients who could have gained at least some
survival benefit from treatment); and (4) survival is
better if the tumors are amenable to resection/RFA
vs. regional liver therapy.

An important approach in the management of
liver cancer is the evaluation by a comprehensive mul-
tidisciplinary liver cancer team. Not only does this
contribute to the accurate and timely diagnosis and
staging of liver cancer, but it also allows the patient
to receive the overall best initial treatment approach
regardless of which specialist has referred the pa-
tient. For example, at the Liver Tumor Board Con-
ference, after confirming the diagnosis and staging,
an individual treatment strategy is formulated, such
as laparoscopic RFA as a bridge to liver transplanta-
tion, or downstaging of the tumor with 3–4 cycles of
TACE to facilitate subsequent resection.

Referrals of new liver cancer patients have in-
creased by approximately 10% per year for each of
the past 4 years. Although the exact reasons for this
increase are unknown, likely factors contributing in-
clude: (1) better educational efforts and community
outreach for current treatment options; (2) increased
screening of Hepatitis B virus negative- and HC
virus-positive patients for early HCC; and (3) addi-
tional treatment options and improved safety of

Fig. 5. Treatment of 1000 Liver Cancer Patients. Multiple modalities were used to treat our patients
with liver cancer. The majority of treatments consisted of liver surgical procedures (resection, RFA)
or regional therapy (TACE, 90yttrium microspheres). A small portion of our patients underwent system-
ic chemotherapy or palliative care.

Table 1. Actuarial survival of 1000 liver cancer
patients evaluated 2000–2004

Procedure 1 yr 2 yr 3 yr Median (days)

Resection/RFA 71% 59% 38% 884
Regional therapy 45% 23% 9% 295
Overall survival 53% 33% 25% 426
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surgical and regional liver therapies. While HCC,
cholangiocarcinoma, and metastatic colorectal or
neuroendocrine cancer accounted for the vast major-
ity of the liver cancer patients, approximately 20% of
patients evaluated were for other metastatic tumors
to the liver. In these cases, a liver-directed approach
is performed for those patients with liver-only or liv-
er-dominant disease, and the patient is counseled
that treatment is usually palliative.

Our approach to the management of HCC is be-
yond the scope of this article, and has been recently
summarized in algorithm 21 and textbook format.22

As has been reported in most HCC series, over
75% of patients with HCC had a background cir-
rhotic liver. With regards to liver transplantation
for HCC, it is difficult to summarize any concrete
treatment patterns during the 4-year period because
it includes HCC patients in the pre-model for end-
stage liver disease (MELD) era, those in the first year
of MELDwhere stage I and stage II patients received
priority points, and those in the current era where
only stage II HCC patients receive priority. One
observation noted is the trend to avoid open hepatic
resection for HCC except in the cases of noncirrhotic
livers. For those patients that are early Childs A with
a small HCC, preferred treatment approaches are
minimally invasive and consist of laparoscopic RFA
for small solitary tumors or regional therapy with
TACE or 90yttrium glass microspheres, recognizing
that many of these patients will eventually progress
to liver transplantation. The optimal neoadjuvant
therapy of HCC as a ‘‘bridge’’ to liver transplantation
remains to be defined, and randomized clinical trials
to address this have been proposed.

For treatment, over one-third (36%) of patients
were treated by resection or RFA, while 52% received
regional therapy. Asmight be expected, those patients
with tumors amenable to resectionor ablation had sig-
nificantly better 1-, 2-, and 3-year actuarial survival.
We are careful not to draw any conclusions regarding
treatment superiority because the data do not reflect
a randomized study. However, it is humbling to note
that overall three-year survival of the 1000 liver cancer
patients was only 25%, indicating that further re-
search into the biology and treatment of liver cancer
is required to improve these outcomes.
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Novel Two-Step Resection for Lesions Between the
Middle Hepatic Vein and Vena Cava Which Allows
the Middle Hepatic Vein to Be Preserved

Peter J. Horton, M.D., Prosanto K. Chaudhury, M.D., Tammy L. Znajda, M.D.,
John B. Martinie, M.D., Caroline Rochon, M.D., George N. Tzimas, M.D.,
Peter Metrakos, M.D.

Patients with bilobar colorectal cancer metastases to the liver present a unique problem in terms of re-
section. They sometimes require a staged approach to resection that takes advantage of the liver’s ability
to regenerate, as well as the newer chemotherapeutic agents (e.g., oxaloplatin, irinotecan (CPT-11), and
bevacizumab) that have become available. In cases of multiple bilobar metastases, if segment IV is clear of
tumor, a left lateral segmentectomy (LLS) can be performed, followed several months later by a formal
right hepatectomy. The remnant liver composed of the hypertrophied segment IV is drained by the mid-
dle hepatic vein (MHV). In this context, patients with lesions between the origin of the MHV and the
inferior vena cava (IVC) present a particularly difficult problem. Conventional excision would require
an extended hepatectomy and division of the MHV along with either the right or left hepatic veins
(RHV, LHV). This would make it impossible to continue with a formal resection of the remaining le-
sions in the contralateral liver without sacrificing the sole remaining hepatic vein. We present a novel
two-step hepatectomy for lesions between the MHV and the IVC that allows the MHV to be preserved
and all lesions to be resected. ( J GASTROINTEST SURG 2006;10:69–76) � 2006 The Society for Surgery
of the Alimentary Tract

KEY WORDS: Neoplasm metastasis, colorectal neoplasms, hepatic veins, hepatectomy, liver regeneration

Approximately 150,000 patients are diagnosed
with colorectal cancer yearly in the USA.1 Of these
patients, up to 25% will already have a metastasis to
the liver at the time they present,2,3 and almost 50%
will develop a recurrence within their lifetime. The
liver is the primary site of such recurrence.4,5 Surgical
resection is now the standard of care for colorectal
cancer liver metastases, with 5-year survival, after
complete resection, being reported between 25%–
45%.5–18 Unfortunately, only 10%–20% of patients
are amenable to surgical resection when they present
with their metastasis.19 As the available chemothera-
peutic options have improved, and morbidity from
liver resection has decreased, long-term survival after
multiple or staged hepatectomies is being re-
ported.20,21 Radical excision of colorectal cancer me-
tastases in the liver provides effective palliation, and
in a small number of patients, offers the chance of a
cure;5,17 therefore, surgeons are becoming increasingly

aggressive in their management of colorectal cancer
metastases.

Patients with bilobar colorectal cancer metastases
to the liver present a unique problem in terms of re-
section. They sometimes require a staged approach
to resection that takes advantage of the liver’s ability
to regenerate, as well as the newer chemotherapeutic
agents (e.g. oxaloplatin, irinotecan (CPT-11), and
bevacizumab) that have become available. In cases
of multiple bilobar metastases, if segment IV is clear
of tumor, a left lateral segmentectomy (LLS) can be
performed, followed several months later by a formal
right hepatectomy. The remnant liver composed of
the hypertrophied segment IV is drained by the mid-
dle hepatic vein (MHV).

In this context, patients with lesions between
the origin of the MHV and the inferior vena cava
(IVC) present a particularly difficult problem. Con-
ventional excision would require an extended
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hepatectomy and division of the MHV along with
either the right or left hepatic veins (RHV, LHV).
This would make it impossible to continue with
a formal resection of the remaining lesions in the
contralateral liver without sacrificing the sole re-
maining hepatic vein. We present a novel two-step
hepatectomy for lesions between the MHV and the
IVC that allows the MHV to be preserved and all
lesions to be resected.

METHODS
Case Report 1

A 25-year-old man presented with bilobar hepatic
colorectal metastases. Segments II/III contained
large-volume disease, and all segments contained
metastatic deposits, including one sited between the
MHV and IVC in segments I/IV and abutting seg-
ment VIII. The patient received neoadjuvant systemic
chemotherapy with 5FU/leucovorin and CPT-11.
The CT scan following this systemic chemotherapy
is shown in Fig. 1. The main problem was that he
had metastases close to the origin of all three hepatic
veins. In order to be able to perform an R0 resection,

at least one of these veins would have to be preserved.
In March 2004, the patient underwent the first stage
of a planned multistaged liver resection, aiming ini-
tially to clear the left side of his liver of disease and in-
stall a hepatic arterial infusion pump for postoperative
hepatic arterial infusion chemotherapy. The pump
was installed because his tumor was progressing on
chemotherapy. Intraoperative ultrasound was used
to confirm the CT scan findings. A LLS was per-
formed in standard fashion, using endovascular sta-
plers to transect and ligate the LHV and portal
structures. The LLS allowed the metastasis lying be-
tween the MHV and IVC to be approached from the
lateral aspect through the cut liver surface (Fig. 2).

The liver dissection was continued medially
through the cut surface of the liver. The dissection
was continued between the MHV and the metastasis
lying in front of the IVC and was extended around
all sides of the metastasis to encircle it. Extension
of the dissection into segment VIII allowed the tu-
mor to be excised with a clear margin of surrounding
liver tissue (Fig. 3). Nonanatomic resection of two
further lesions in segment IVa and segment V was
then performed. A Codman model 3000 (30 ml

Fig. 1. Postchemotherapy triphasic CT scan of the first patient, from January 2004. Colorectal cancer
hepatic metastases are indicated by white arrows, and the number indicates the hepatic segment that is
involved. Each metastasis is only numbered once. The relationship of the metastases to the RHV,
MHV, and LHV is indicated by the black arrows.
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capacity) constant flow implantable pump was in-
stalled using the gastroduodenal artery.

Postoperatively, he received both systemic and
hepatic arterial infusion chemotherapy. A postopera-
tive CT scan performed in August before his further
surgery (Fig. 4) showed the residual metastases in the
right liver in segments V, VII, and VII/VIII. Liver
regeneration between March and August was fol-
lowed by serial CT scans (Fig. 5). In September

2004, the VII/VIII lesion surrounding the RHV
was resected along with all remaining metastases.
The RHV had to be divided during the resection.
This left only the MHV to drain the liver remnant.
Carcinoembryonic antigen level was 39.87 mg/L
(range, 0–4.9) in August 2004 and fell to less than
0.5 mg/L following resection of the remaining
metastases.

Histology (March 2004). Six lesions were identified
on final histology. Two metastases were identified in
the resection specimens from segments II/III and
segment V, and one metastasis in segments I/IV
and IV. All were consistent with metastatic colonic
adenocarcinoma that had been completely excised.
The non-neoplastic liver was mildly steatotic. Sever-
al of the lesions consisted only of necrotic material,
calcification, and mucin pools without viable tumor.

Histology (September 2004). Four lesions were
identified in resection specimens from segments V,
IV/V, VII, and VII/VIII. On histology, all were con-
sistent with moderately differentiated metastatic
colonic adenocarcinoma that had been completely
excised. In some samples non-neoplastic liver dem-
onstrated mild to moderate multifocal steatosis, but
no fibrosis. Most lesions again showed evidence of
significant necrosis, calcification, and mucin pools
with only microscopic residual tumor.

The first step, which enabled us to preserve the
MHV, was the left lateral segmentectomy. In this first
patient, it was indicated because segments II and III
contained extensive colorectal cancer metastases,
but it also permitted step two to follow. The second

Fig. 2. Step one is a left lateral segmentectomy (LLS). This allows access to the area lying between the
MHV and IVC. The LLS is carried out regardless of whether there are colorectal cancer metastases in
segments II and III.

Fig. 3. Step two is a nonanatomical resection of the lesion be-
tween the MHV and IVC through the cut surface of the liver
via the lateral aspect.
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step was resection of the segment I/IV lesion lying
between the MHV and IVC, approaching the lesion
from the lateral aspect, through the cut surface of
the liver, which enabled us to preserve the MHV.

In summary of the first patient, the left hemi-liver
was cleared of tumor and both the MHV and RHV

were preserved. A subcutaneous continuous infusion
pump was implanted for postoperative hepatic arterial
infusion chemotherapy. Two months later, nonana-
tomical resections of the remaining metastases in seg-
ments V–VIII were carried out at the expense of the
RHV. All resection margins were clear of tumor,

Fig. 4. A triphasic CT scan of the first patient taken 5 months after resection of the metastases in the left
hemi-liver. Segments II and III have been resected along with the metastasis situated between the MHV
and IVC. Metastases in the right hemi-liver are indicated by white arrows, and the number indicates the
hepatic segment that is involved. Each metastasis is only numbered once. The RHV, MHV, and portal
vein (PV) are indicated by black arrows. The segment IV remnant is undergoing regeneration.

Fig. 5. Portal venous phase CT scans of the first patient, taken from consecutive series of triphasic
CT scans performed between March and August 2004. White arrows point to resected areas in segment
IV that are filling in due to liver regeneration. Persistent metastatic disease is seen around the RHV in
segments VII/VIII.
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and ultimately it proved possible to complete an R0
resection in this patient. The liver remnant depended
on the preserved MHV for venous drainage. The
patient is disease free twelve months later with a
carcinoembryonic antigen in the normal range.

Case Report 2

A 67-year-old man presented with colorectal can-
cer hepatic metastases that were felt to be unresect-
able. His CT scan is shown from July 2002. He
commenced systemic chemotherapy in January
2003. He had received eight monthly cycles of 5-
FU/leucovorin and CPT-11 when a repeat follow-
up CT scan in July 2003 (Fig. 6) showed that his tu-
mor had responded to the chemotherapy and was
potentially resectable. The main problem was a large
metastasis in the caudate lobe involving segment IV.
The metastasis extended between the MHV and IVC
and was abutting segment VIII. The liver was mod-
erately fatty and the left lateral segments were rela-
tively small, and therefore an extended right
hepatectomy was not considered feasible. Other me-
tastases were more peripheral and sited in segments
V and VIII.

The abdomen was entered through a bilateral
subcostal incision and the liver fully mobilized. In-
traoperative ultrasound was used to examine the liver
and confirm the CT scan findings. There was no ev-
idence of extrahepatic disease. A left lateral segmen-
tectomy was carried out in standard fashion using the
same technique as described in the first patient.

The liver dissection was continued through the cut
surface of the liver where the segment I tumor extend-
ed between the RHV and MHV near their junction
with the IVC. The right liver had to be taken com-
pletely off the IVC. The caudate lobe encircled the
cava and was taken off the cava by careful ligation
and transection of all venous branches to the caudate.
The dissection was continued into the right liver and
was extended around the tumor, freeing it completely
from the right liver. It then became apparent that the
tumor was adherent to the IVC and that this was the
last point of attachment. A side-biting Satinsky clamp
was placed on the IVC, and the tumor was resected
along with a portion of the caval wall. This defect in
the cava was then repaired. The right hemi-liver was
found to be extremely edematous after the resection
of this lesion, and resection of the remaining lesions
was therefore postponed.

Fig. 6. Postchemotherapy portal venous phase CT scans of the second patient taken from a triphasic CT
scan performed in July 2002. The scans show the extent of the metastatic disease prior to resection.
Hepatic metastases are marked by white arrows, and the number indicates the hepatic segment that is
involved. Each metastasis is only numbered once.
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The patient returned to the operating room on
the fourth postoperative day, at which time the me-
tastases in segments V and VIII were resected non-
anatomically after first performing intraoperative
ultrasound to confirm the anatomy. Again he toler-
ated the procedure well.

Histology (December 2002). All lesions from seg-
ments I, II, III, V, and VIII were consistent with
metastastic adenocarcinoma from a colonic primary
that had been completely excised. The non-neoplas-
tic liver showed moderate steatohepatitis. Again,
only microscopic residual disease was found on
histological examination, and two lesions were com-
posed of areas of necrosis with less than 5% viable
adenocarcinoma.

In summary of the second patient, the left hemi-
liver was cleared of tumor, and both the MHV and
RHV were preserved. A left lateral segmentectomy
was carried out even though segments II and III were
free of tumor. The caudate lobe along with the seg-
ment I/IV lesion were resected. The lesion was ad-
herent to the wall of the IVC, which was resected
along with the lesion. Resection margins were free
of tumor. Two days later at a second operation,
the lesions in segments IV, VI/VII, and VIII were re-
sected. The patient recovered well and is free from
recurrence 18 months postresection, having under-
gone an R0 resection.

DISCUSSION

Two-stage hepatectomy procedures combined
with portal vein embolization for the treatment of
patients with otherwise unresectable multiple and bi-
lobar colorectal liver metastases were developed as
a way to avoid leaving small-for-size liver remnants.
Portal vein embolization was designed to induce at-
rophy of the hemi-liver which had been embolized
while promoting hypertrophy of the opposite
hemi-liver.

Many centers are now resecting even more exten-
sive metastatic disease with the aim of clearing the
liver of macroscopic disease. Despite the increase
in the number and size of resections being per-
formed, the associated mortality in most units re-
mains low at less than 5%. The mortality was
2.8% in the series of 1001 consecutive liver resec-
tions reported by Fong.17 Although patient survival
can be predicted by factors such as the number and
size of metastatic lesions present in the liver, bilobar
disease, primary tumor biology, and extrahepatic dis-
ease, survival to 5 years and beyond is still possible
when multiple adverse factors are present.17

Unresectable colorectal hepatic metastases can
be made resectable in 12.5% of cases using

a multimodality approach to treatment.22 This ther-
apeutic approach, which combines preresection and
postresection chemotherapy, radio frequency abla-
tion, portal vein embolization, and multiple-staged
hepatic resections can achieve 33% survival at 5
years in patients with tumors that respond to treat-
ment and become resectable.22

Bismuth’s group has led the way with multimodal-
ity treatment of hepatic metastases. Multiple-staged
hepatectomies, second, and even third hepatecto-
mies20,21 have been shown to have a similar survival
benefit to one-stage hepatectomy when the aim is an
R0 resection, and they are integrated into an in-
tended multimodal strategy for tumor eradication.
Treatment has shown that long-term survival can
be achieved if metastatic colorectal disease can be
made resectable.19,21–28

Several patients with extensive metastatic disease
at our institution have undergone multiple-staged
hepatic resections and have ultimately been left with
part of a single hepatic segment, usually segment IV.
In general, these patients have undergone multiple-
staged liver resections combined with portal vein
embolization, preresection and postresection sys-
temic chemotherapy, and hepatic arterial infusion.
The aim of surgery was to achieve an R0 resection
while leaving part or all of a single hypertrophied he-
patic segment with a patent bile duct, portal vein,
and hepatic vein branch. The patients have usually
started with extensive bilobar metastatic disease con-
fined to the liver and sparing only a segment drained
by the MHV.

A single lesion situated between the MHV and the
IVC would normally demand an extended right hep-
atectomy (trisegmentectomy) to resect it. This would
require sacrificing the RHV and MHV, leaving the
patient with only the LHV. If the patient also had ex-
tensive disease in the left-sided segments, it would not
be possible to design an operation that could achieve
clearance of the disease in the liver by this approach,
even if the central liver segments were otherwise free
of metastatic disease. An extended left hepatectomy
would be an alternative to an extended right hepatec-
tomy but would require the LHV and MHV to be
sacrificed. If the patient had extensive disease in the
right liver as well, it would again not be possible to de-
sign a staged resection that could achieve clearance of
the hepatic disease, even if the central liver segments
were otherwise free of metastatic disease.

Our novel two-step approach to resection of cen-
trally placed liver lesions situated between the MHV
and the IVC should be of interest to liver surgeons
who undertake multiple-staged hepatic resections
for extensive liver disease. It is also useful in situa-
tions where preservation of liver parenchymal
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volume is paramount, such as in patients who would
otherwise require an extended right hepatectomy but
who would be unlikely to survive a resection of this
magnitude. The approach has proved safe in our
hands, even when combined with portal vein embo-
lization and systemic and hepatic arterial infusion
chemotherapy, and has even allowed the wall of the
IVC to be partially excised where it was felt to be
involved.

CONCLUSION

Conservation of liver mass and preservation of
more than one hepatic vein during liver resection
serves to increase the options available for the future
surgical management of the patient. This approach
is especially relevant now that newer, more effective
chemotherapy agents such as oxaloplatin and irinote-
can (CPT-11), and antiangiogenic agents such as bev-
acizumab, are available, and there is willingness, at
least in some units, to take an aggressive surgical ap-
proach in patients with colorectal cancer hepatic me-
tastases. It would not have been possible to clear the
liver of the first patient we described of disease if the
MHV had been divided at the first operation. The ex-
posure created by resection of segments II/III, whe-
ther they are involved by tumor or not, as the first
step to gain access to the area between the MHV
and the IVC was even sufficient to allow safe resection
of the wall of the IVC. Our approach increases the
chances of preserving the MHV while conserving liver
mass, and thereby reduces the size of the liver resec-
tion that patients have to undergo.

We thank Ann Hubert, B.A.V., of Medical Multimedia Services,
The Montreal General Hospital, who produced the line drawings
and radiological images used in this paper.
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Long-term Evaluation of Biliary Reconstruction
After Partial Resection of Segments IV and V
in Iatrogenic Injuries

Miguel �Angel Mercado, M.D., Carlos Chan, M.D., H�ector Orozco, M.D., Jos�e M. Villalta, M.D.,
Alexandra Barajas-Olivas, M.D., Javier Era~na, M.D., Ismael Dom�ınguez, M.D.

Roux-en-Y hepatojejunostomy is the procedure of choice for biliary reconstruction after complex
iatrogenic injury that is usually associated with vascular injuries and concomitant ischemia of the ducts.
To avoid the ischemic component, our group routinely performs a high repair to assure an anastomosis
in noninflamed, nonscarred, and nonischemic ducts. If the duct bifurcation is preserved, the Hepp-
Couinaud approach for reconstruction is an excellent choice. Partial liver resection of segments IV and V
allows adequate exposure of the bile duct at its bifurcation with an anterior approach of the ducts
(therefore not jeopardizing the circulation), allowing a high quality anastomosis. Long-term results of
bile duct reconstruction using this approach are described. Two hundred eighty-five bile duct
reconstructions were done between 1989 and 2004 in a tertiary care university hospital. The first partial-
segment IV resection was done in 1994; 94 cases have been reconstructed since then using this approach.
All of them had a complex injury (Strasberg E1–E5), and although in many cases the bifurcation was
preserved (E1–E3), a high bilioenteric anastomosis was done to facilitate the reconstruction. In 70 cases,
the bifurcation was identified, and in the 24 in which the confluence was not preserved, the right and left
ducts were found except in one case. In three patients, the right duct was found unsuitable for
anastomosis, and a liver resection was done. In the remaining 21, an anastomosis was done using a stent
(transhepatic, transanastomotic) through the right duct. According to Lillemoe’s criteria, 86 cases had
good results (91%). In four of the eight remaining patients, there was the need to operate again due to
the presence of an obstruction and/or cholangitis. In the rest, radiological instrumentation was done.
Four of these cases have developed secondary biliary cirrhosis, two of which have died while waiting for
a liver transplant, four and six years after reconstruction. Partial segments IV and V resection allows
adequate exposure of the confluence and the isolated left or right hepatic ducts. Anterior exposure of the
ducts allows an anastomosis in well-preserved, nonischemic, nonscarred, or noninflamed ducts.
Parenchyma removal also allows the free placement of the jejunal limb, without external compression
and tension, obtaining a high quality anastomosis with excellent long-term results. ( J GASTROINTEST

SURG 2006;10:77–82) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Bile duct injury, hepatojejunostomy

The surgeon that repairs complex bile duct
injuries can face several scenarios. In a minority of
cases (30% or lower), the injury is identified during
surgery, giving the opportunity for its repair. Most
cases are identified several days after the cholecys-
tectomy, and the manifestations are variable. In some
of these cases, there has been an attempt to repair the
injury. A minority of patients arrives weeks or
months after the injury with obstructive manifes-
tations.1

Complex injuries are defined as those suffered by
the common bile duct or its tributaries that require
a circumferential anastomosis.2 Most surgeons agree
that the best approach to the reparation is a
Roux-en-Y hepatojejunostomy. Other types of bil-
ioenteric anastomosis have also been attempted.3

The success of a bilioenteric anastomosis depends
on several factors; those in which the anastomosis
is tension-free, wide, and mucosa mucosa have a
better prognosis. Finding nonscarred, noninflamed,
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nonischemic ducts is also one of the keys to
obtaining a high-quality anastomosis.4 In many
cases, to obtain such characteristics of the duct,
exposure of the confluence is necessary (if pre-
served), as well as isolation of the right and left ducts.
To obtain these we remove the hilar plate and liver
parenchyma. Partial removal of segments IV and V
(Strasberg) allows the exposure of the ducts at this
level, giving the appropriate conditions for a high-
quality bilioenteric anastomosis.5,6 Herein, we re-
port the long-term results of Roux-en-Y bilioenteric
anastomosis done for repair of bile duct injuries with
the technical aid of partial segment IV resection
during surgery.

METHODS

Patients referred to our hospital with a confirmed
or suspected bile duct injury are evaluated according
to their general condition and time of evolution of
the injury. Unstable patients with sepsis, secondary
to cholangitis and /or intra-abdominal collections, as
well as those with intestinal fistulas and hydro-
electrolitic disorders are managed conservatively to
improve their general condition. When necessary,
percutaneous drainage of the duct is done, as well as
drainage of intra-abdominal collections. Limited
laparotomies are also done in some cases to drain
collections when the percutaneous approach is not
possible.

Once the patient has been stabilized, routine
laboratory tests are completed and efforts are di-
rected to outline the anatomy of the biliary tree and
the type of injury. Stable elective patients that arrive
several weeks or months after the injury are also
initiated on their protocol. The ultrasound, as well as
the CAT scan, are useful tools because they help us to
detect intra-abdominal collections. Intrahepatic and
often extrahepatic bile ducts are depicted, particu-
larly if they are dilated. Stable, elective patients in
whom the intrahepatic and extrahepatic ducts are
dilated can have surgery without further studies.

Endoscopic retrograde cholangiography (ERC) is
done in almost all patients that arrive several days
after the injury. The ERC gives us the possibility of
outlining the biliary tree anatomy, and in some cases,
even classifying the injury. In those cases in which
small duct injuries have happened, 60–70% are in
continuity with the biliary system, with or without
cystic duct leak; placing an endoprosthesis can be an
excellent treatment. Complete interruptions of the
bile duct or giant leaks are treated surgically. Efforts
are directed to outline the intrahepatic bile duct
anatomy in these cases; this is achieved by means of

magnetic cholangio resonance. In selected patients,
percutaneous transhepatic cholangiography is done
to identify the anatomy and establish drainage of the
biliary tree. Our group does not routinely place
percutaneous drains in every case.

Surgery is planned when the patient is stable,
without sepsis, and when the biliary anatomy has
been outlined and the injury classified. Injuries are
divided using the Strasberg classification. According
to the individual state of each patient, surgery is
planned for an early or late repair. Late repair is also
done in cases in which intestinal fistulas are
demonstrated, as well as in those where abdominal
wall defects are present. Angiography is not rou-
tinely done to investigate arterial injury. When the
patient arrives with subhepatic drains, fistulography
is done to rule out intestinal fistulas and to evaluate
if the biliary tree fills. Nuclear magnetic resonance
allows identification of all major components of the
biliary tree so that the operation can be planned.
Careful evolution of the study with intraoperative
comparison is essential to achieve complete bile duct
drainage.

Operative Technique

Once all the adhesions of the right upper quadrant
have been sectioned, dissection of the jejunal limb is
performed (if it was done before in an attempt to
repair) because misplacement and erroneous con-
struction of the Roux-en-Y has been found in some
patients.7 For a correct hilar dissection, it is necessary
to avoid the interruption of arterial branches as much
as possible. No effort is done to dissect completely
the arterial supply to the liver.

Hilar plate is sectioned and the hilus is retracted
caudally. If bile leak is observed, thin bile dilators are
carefully inserted and their dissection assessed to
identify the main ducts. If we find both the ducts and
the confluence preserved, the dilator is placed to find
the anterior and posterior right duct. The left duct is
also explored. The anterior aspect of the common
duct is cut, and the section is directed to the left duct.
Small arterial bleeding is controlled with isolated
stitches of 5-0 absorbable monofilament. When
opening the anterior aspect of the duct, confluence
is visible, and once again, exploration of the ducts is
done. The longitudinal anterior section is directed to
the left duct, opening it as wide as possible. If the
confluence is low, no further maneuver is necessary
to perform a high-quality anastomosis.

If the bifurcation is lost, with isolated right and
left component, and/or the confluence is high and
deep in the liver, dissection of the ducts is not
easily obtained. There are circumstances in which
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adequate ducts are found, giving us the opportunity
to retract only segment IV. Liver resection of the
segment IV base is done when the liver is over-
hanging the upper ducts, allowing adequate exposure
of the left duct. It is very important to stay in the
coronal plane where the left duct is found, as stated
by Strasberg.6 If the confluence is not preserved
in the same coronal plane, the dissection is directed
to the gallbladder bed to expose the right duct.
Resecting liver parenchyma of segments IV and V to
allow identification of the right duct (Figs. 1 and 2)
has been extensively and masterly described by
Strasberg.

Liver resection at this level may result in venous
bleeding that can be easily controlled with tempo-
rary compression, electrocoagulation, argon beam
cautery, and/or dehydrated cellulose. To obtain
a complete view of the confluence and/or the isolated
right and left hepatic ducts, liver parenchyma can
be removed. When adequate exposure has been
achieved, parenchyma removal is also done to allow
the free placement of the jejunal limb, so that when
the retractors are released, no external compression
is obtained over the jejunum. Finding the right duct
can be difficult sometimes. Strasberg’s anterior
approach is very useful to identify the duct. If we
fail to find it, partial segments IV and V resection can
be considered.

The anastomosis is complete when a healthy duct
is found, allowing a wide and tension-free anastomo-
sis. This is achieved by placing 5-0 everted absorbable
monofilament stitches. If isolated ducts are found and
the distance between them is appropriate (less than
1 cm), a new confluence can be created by placing
everted stitches anastomosing the medial and lateral
borders of the right and left ducts. The bilioenteric
anastomosis is performed all around the circumfer-
ence of the new confluence. If the distance between
both ducts is greater than 1 cm, we will be compelled
to perform two separated anastomoses. Sometimes,
in this situation, a transanastomotic stent on the right
side is placed temporarily.

Stents are not used routinely, only when small
diameter (less than 4 mm) or unhealthy ducts are
found. Under these circumstances, a transanasto-
motic stent is used. Therefore, a mucosa-mucosa
anastomosis is very difficult to achieve, and the
tendency is to perform a portoenterostomy over
the prosthesis to allow drainage of the bile into the
intestinal lumen.

Two hundred eighty-five bile duct reconstruc-
tions were done in a 15-Year period (1989–2004) in
a tertiary care university hospital. The files of these
patients were reviewed, and the cases in which partial
segment IV removal was done were evaluated.
Postoperative outcome after reconstruction was

Fig. 1. View of the hepatic hilus once the plate has been removed and the base of the segment IV has
been resected. The left duct is open longitudinally, exposing the confluence and the right duct (arrow).
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evaluated. Lillemoe’s criteria were used to grade the
outcome (good 5 resolution of obstructive episode
and/or cholangitis, without symptoms and normal
bilirubin; poor 5 the opposite).8

RESULTS

Ninety-four patients of the 285 treated had
a partial segments IV and V resection. All of them
had complex injuries (Strasberg E1–E5). Mean age
was 42 years (range 17–75); 68 were female patients.
Four cases were repaired at the initial operation, in
which the surgeon called our team to realize the
reparation (two injuries at our own institution, two
from outside hospitals). Twenty-four patients arrived
with less than 1 month since the injury occurred, and
66 cases arrived with a previous attempt of reparation:
35 had a failed hepato-choledochoduodenostomy, 20
with failed hepatojejunostomy, three with internal
biliary fistula secondary to prolonged subhepatic
drains, and finally, eight with an external biliary
fistula. Table 1 shows the type of injuries according to
the Strasberg classification.

Resection of partial segments IV and V was
indicated when one of the following situations was
found: (a) confluence preserved with inadequate
common hepatic duct: 60 cases (low diameter,
suspected or demonstrated ischemia); (b) unpre-

served confluence: 24 cases; and (c) nonsufficient
space for jejunal limb: 10 cases. In both (a) and (c)
groups, a high-quality bilioenteric anastomosis was
performed. In group (b), both ducts where found
using the segments IV and V approach, except in one
case in which no right duct was found. This patient
had a reduced-size right lobe, and a resection was
needed. In two cases, very small, scarred ducts were
found (less than 2 mm in diameter) so resection was
also done.

In the remaining 21 cases, we were able to do an
anastomosis. In eight patients, there was the need to
perform two anastomoses; in the remaining 13, we

Fig. 2. Left and right duct lumen exposed. Anterior openings of the left duct have been done.

Table 1. Scenario and classification

No.
patients
(n 5 94)

Time of
injury

Strasberg’s
classification

No. of
cases

4 Acute E1-E2 4
24 !1 month E1-E2 8

E3 12
E4 2
E5 2

66 Previous
attempt

E1-E2 6

E3 46
E4 8
E5 6
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did an anastomosis to the left duct and a type of
Porto enterostomy to the right duct, with a trans-
anastomotic stent. No operative deaths were re-
ported.

According to Lillemoe’s criteria, good results
were found in 86 cases. No obstructive jaundice and/
or cholangitis were reported in 86 patients (91%).
The patients returned to normal life and activity,
including four pregnancies. Here were included the
70 cases with preserved junction, seven of the eight
cases with two separated anastomoses, and 7 cases
with the transhepatic transanastomotic stents, which
were removed 6 to 9 months after the operation.

In the remaining eight cases, four needed a new
surgery and a radiological instrumentation was
attempted in the rest. In the four reoperated subjects,
transhepatic transanastomotic stents were placed.
Two of these developed secondary biliary cirrhosis
with bleeding portal hypertension; they died waiting
for a liver transplant. Two remained with percutane-
ous stents for another 6 months and are waiting for
a donor. The four patients with radiological in-
strumentation are being managed with periodical
change of the prostheses. Only four cases were lost for
follow-up.

DISCUSSION

When a complex injury that cannot be treated by an
endoscopic procedure is found, Roux-en-Y hepatoje-
junostomy is the preferred approach for reparation of
the bile duct.9 Although other variants of bilioenteric
anastomosis have been described with success, such as
hepatoduodenostomy or choledochus duodenos-
tomy, most surgeons prefer a Roux-en-Y hepatojeju-
nostomy. Duct-to-duct anastomosis has a high failure
rate, and most surgeons with experience in bile duct
repair do not recommend it. After a biliary injury,
finding two well-preserved ducts is not as common as
one would expect, contrary to what happens on the
reconstruction after a liver transplantation. The
former results in a high-tension anastomosis, due in
many cases to the loss of substance and devascularized
stumps found on this pathology.4

In our complete series, we have identified failure of
the duct-to-duct anastomosis (46/285). These cases
showed obstructive jaundice with a stricture at the
middle of the duct; it is intended that they bemanaged
by an endoscopist. Failures were treated surgically,
and a hepatojejunostomy was performed. Because
there were good lengths of the common hepatic duct,
segment IV resections were not required.

The Hepp-Couinaud technique has shown good
results for patients in which a bilioenteric anasto-

mosis is needed.10 Because the left hepatic duct is
‘‘extrahepatic’’ at the base of segment IV, section of
the anterior surface of the duct at this level allows the
visualization of the confluence. A wide tension-free
mucosa-mucosa anastomosis allows the entire drain-
age of the biliary tree. As stated by Strasberg, is the
ideal approach for reparation of E1–E3 injures.6 If
an injury or its consequences, such as biloma,
collections11 or ischemia, involve the ducts above
the bifurcation or confluence, the right and left ducts
are found separately. Moreover, ducts can be found
scarred and/or ischemic.

The goal is to obtain a high-quality bilioenteric
anastomosis, meaning a wide tension-free, non-
ischemic mucosa-mucosa anastomosis, with ade-
quate drainage. To achieve this we have to section
the anterior surface of the common duct, directing it
to the anterior surface of the left duct. A minimum
opening of 1 cm is desirable. Tension-free anasto-
mosis is obtained by having enough space for the
placement of the jejunal limb, or obtaining an
adequate free limb by means of preparing the
mesenterium, with preservation of the vascular
arcades. If there is any doubt about the tension of
the anastomosis and if it is not possible to obtain
more free limb, mobilization of the liver from the
falciform ligament and/or coronary ligament might
be necessary. Nevertheless, this is an uncommon
condition. Healthy, noninflamed, nonischemic, non-
scarred ducts are necessary.

Types of sutures are also very important, as has
been emphasized by Lee et al.11 Heavy nonabsorb-
able sutures are more likely to produce granulomas
with consequent obstruction. Also, the inflammatory
reaction to this type of suture produces scarring that
may obstruct the anastomosis. Five (5-0) absorbable
monofilament everted sutures produce an excellent
apposition of mucosa to mucosa. We recommend
that the jejunal limb be fixed to the liver capsule to
prevent twisting of the limb and tension at the level
of the anastomosis.

Finally, it is very important to rule out dysfunc-
tion of the Roux-en-Y limb. Although it has been
suggested that the Roux-en-Y limb may have some
motor disturbances, in our experience we have found
erroneously built Roux-en-Y limbs with the conse-
quent malfunction.7 If a high-quality anastomosis
can be done in a patient in whom the bifurcation is
preserved, the rate of success is very high.

Resection of segments IV and V has the following
after advantages:

1. Morbidity and mortality of the resection is null.
Bleeding can be easily controlled, and in the
majority of cases, it is not significant.
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2. When an isolated right duct is found, prolong-
ing the dissection to the gallbladder bed
(Strasberg) allows the localization of the main
right duct as well as the right anterior or
posterior duct.

3. The posterior walls of the main, left, and right
ducts are left undisturbed. In addition, the
lateral aspects are respected, preventing ische-
mic damage. An undisturbed posterior wall
limits the potential damage to the portal vein
and artery.

4. Resection allows identification of healthy ducts.
5. Resection gives enough space for placement of

the jejunal limb. In Strasberg’s experience as
well as ours, it is needed only in about one third
of the cases.

6. Partial segment IV resection, as stated by
Strasberg, is a useful adjunct to the approach
of segment V resection to find the isolated right
duct.

The final goal is to obtain optimal conditions to
do a high-quality bilioenteric anastomosis. Partial
liver resections of segments IV and V, when needed,
are excellent assets to reach this condition.

Several other instances have to be considered to
obtain a high-quality bilioenteric anastomosis. Clas-
sifying the injury allows adequate planning of the
operation. Elective repair with all collections drained,
as well as identification of the biliary anatomy, allows
correct planning of the operation. Nevertheless, there
are some patients in which an early repair gives us the
opportunity to perform a high-quality procedure.6

Our results show that partial liver resection
improves the conditions for a high-quality bilioen-
teric anastomosis. In our experience after a 5-year

follow-up, neither morbidity nor mortality has been
associated to this maneuver, therefore showing
excellent results in patients in which the bifurcation
is preserved.
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Alcoholic Hepatitis With Leukemoid Reaction
After Surgery

Angel M. Morales, M.D., Luis A. Hashimoto, M.D., David Mokhtee, M.D.

Alcoholic hepatitis (AH) is a clinicopathologic syndrome resulting from an excessive intake of alcohol.
Leukemoid reactions (LRs) are characterized by a strikingly elevated granulocyte count over 40,000–
50,000 cells/mm3. Although a leukocytosis of 15,000–18,000 cells/mm3 is frequently seen in AH, LRs are
rare in this context. AH-associated LRs are a sign of poor prognosis and have a high mortality. A
64-year-old male with a history of heavy alcohol intake underwent a right hemicolectomy for cecal car-
cinoma. Preoperative laboratory data were normal with the exception of an albumin of 2.1 g/dL. Liver
biopsies that were taken because of a nodular appearance revealed micronodular cirrhosis, steatohepati-
tis, and Mallory bodies. Postoperatively, the patient developed a leukocytosis that progressively increased
to 72.6 cells/mm3. He also developed signs of impaired hepatic and renal function. Extensive workup
failed to reveal a source of infection. A trial of intravenous antibiotics had no impact on the leukocytosis.
Methylprednisolone at a dose of 40 mg IV daily was started on postoperative day 9. The patient expe-
rienced a progressive decline in white blood count (WBC), which reached 25.2/mm3 on postoperative
day 14. However, he died on postoperative day 16. We conclude that the patient had AH-associated
LR in the postoperative period, but died despite successful treatment of the LR with steroids.
( J GASTROINTEST SURG 2006;10:83–85) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Alcoholic hepatitis, leukemoid reaction, Mallory bodies, steroid therapy

Alcoholic hepatitis (AH) is a clinicopathological
syndrome resulting from an excessive intake of alco-
hol.1 The presence of AH is not related to the degree
of alcohol consumption, and the severity can be esti-
mated by a ‘‘discriminant function’’ (DF): DF 5

4.6 3 prothrombin time (seconds) C serum bilirubin
(mg per dL).2 Mortality can be as high as 75% for
patients with a DF over 93.2 Leukemoid reactions
(LR) are characterized by a strikingly elevated granu-
locyte count as a result of infection, stress, chronic
inflammation, or neoplasm.3 The threshold between
leukocytosis and LR is usually established at 40,000–
50,000/mm3.

Although a leukocytosis of 15,000–18,000/mm3

is frequently seen in AH, LRs are rare in this con-
text; only 14 patients have been reported in the lit-
erature. AH-associated LR is a sign of poor
prognosis with a high short-term mortality, even
with a low DF.4 There have been two cases of
AH-associated LR that were treated with steroids
and survived.1,5 We report a patient with AH and
cecal adenocarcinoma who developed LR after

surgery and was treated with steroids. Although
his LR improved, he did not survive.

CASE REPORT

A 64-year-old Hispanic male underwent a right
hemicolectomy for a cecal adenocarcinoma. He had
a history of drinking six cans of beer and three
glasses of gin every day for 35 years. On admission,
his physical exam was unremarkable. His preopera-
tive laboratory results were as follows: white blood
count 11,500 cells/mm3; platelets 365,000/mm3;
prothrombin time 14.9 seconds; albumin 2.1g/dL;
electrolytes, liver function tests, and chest roentgen-
ogram were normal.

During the operation, his liver appeared congested
and nodular; biopsies revealed micronodular cirrho-
sis, steatohepatitis, and Mallory bodies (Fig. 1). His-
tologic sections of the right colon that was removed
confirmed the presence of an adenocarcinoma. Post-
operatively, the patient developed a leukocytosis
that progressively increased to 72,600/mm3 on
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postoperative day 9. Extensive workup did not reveal
the presence of infection or leukemia. Methylprednis-
olone 40 mg IV qd was begun on postoperative day 9.
The patient experienced an immediate improvement
24 hours later. His leukocytosis decreased to 46.7/
mm3. By the 14th postoperative day, his white blood
count had further decreased to 25.2/mm3. However,
despite this hematologic improvement, the patient’s
kidney and liver function continued to deteriorate,
and he expired on postoperative day 16.

DISCUSSION

Fifteen cases of AH-associated LR, including ours,
have been reported in the literature (Table 1). The
patient reported here is a case of AH-associated LR
after an abdominal operation. In 1977, Maddrey
et al. described a discriminant function to analyze the
results of treatment of AH with corticosteroids. An
association was found between death, prolongation

of prothrombin time, and the level of serum bilirubin.
The discriminant function (DF) formula that best
predicted survival was DF 5 4.6 3 prothrombin time
(seconds) C serum bilirubin (mg per dL). All deaths
occurred in patients whose initial DF was greater than
93, and corticosteroids significantly improved mor-
tality over placebo (12% vs. 75%).2

Mitchell et al. reported eleven patients with AH-
associated LR.4 Six patients in this group died even
though they had a DF lower than 93. Our patient
also died despite a DF of 69. The reason for this
increased mortality is not clear, but AH-associated
LR might be a bad prognostic factor. If this is the
case, the DF formula may not be applicable under
these circumstances. To validate this hypothesis,
a large number of cases would need to be collected
to perform a valid statistical analysis.

The pathophysiology of LR in these patients
has not been elucidated. The release of excessive
amounts of tumor necrosis factor-alpha (TNF-a)
has been postulated to be instrumental in the causa-
tion of leukemoid reaction in alcoholic patients.6

However, Arguelles-Grande et al. reported a patient
in which the cytokine profile did not demonstrate in-
creased amounts of TNF-a. In their patient, levels of
IL-18 and IL-1b were increased. IL-1b stimulates
the proliferation and maturation of neutrophils in
the bone marrow both directly by the induction of
granulocyte-macrophage colony-stimulating factor
(GM-CSF) and granulocyte colony-stimulating fac-
tor (G-CSF); thus the postulated pathogenic sequ-
ence for LR: increased IL-18 produces increased
IL-1b, which along with increased IL-8 (described
in severe AH) produces neutrophilia. In this setting,
corticosteroids may play a role by their reported
inhibition of IL-1b transcription.1

Steroids have been used to treat AH-associated
LR in only three patients, including ours. Two of
them survived after their LR improved with steroids.
In our patient, the LR dramatically improved after
steroids, but he died of hepatorenal syndrome. The
remaining twelve patients described in the literature
did not receive steroids. Eleven of these had no
change in their LR and subsequently died of hepa-
torenal syndrome. Even though the experience with
steroids in the management of AH-associated LR is
small, its use should be considered before the devel-
opment of hepatorenal syndrome.

SUMMARY

We describe a patient with severe alcoholic
hepatitis and a leukemoid reaction after surgical in-
tervention for a right hemicolectomy for cecal ade-
nocarcinoma. Alcoholic hepatitis and leukemoid

Fig. 1. Liver biopsy microphotograph (Hematoxylin and
Eosin) showing (A) steatohepatitis and (B) a Mallory body (cy-
toplasmic inclusion) (arrow) within a degenerated hepatocyte.
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reaction have been reported in 14 other cases, repre-
senting a subgroup of alcoholic hepatitis with a par-
ticularly high mortality. In two of these patients, the
use of steroids improved their outcome. However,
although the leukocyte count of our patient did im-
prove, our patient died.

We thank Dr. Alan H. Tyroch, Department Chair, Texas Tech
University Health Sciences Center at El Paso, for proofreading
the manuscript, editorial comments, and support in the presentation
of this paper.
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Table 1. Previously recorded cases of alcoholic hepatitis with leukemoid reaction

Date Author
Presenting WBC

(cells/mm3)
Highest WBC
(cells/mm3) Response PT (s)

TB
(mg/dl) DF Outcome

1961 Colman et al.7 38,900 57,000 None 15.8 10.4 83 Died HD 16
1962 Edmundson et al.8 57,400 129,000 None 16.25 11.7 86 Died HD 18
1962 Edmundson et al.8 86,000 86,000 69,000 16.8 5.4 83 Died HD 9
1962 Edmundson et al.8 50,400 50,400 33,000 19.25 10.9 99 Died HD 115
1968 Reynolds et al.9 61,000 61,000 None 20.75 25 120 Died HD 46
1975 Wallach et al.10 46,000 78,000 96,000 15.8 4.9 78 Survived
1975 Baur et al.11 34,900 82,500 34,900 14.7 11.8 79 Died HD 28
1978 Hawkins et al.12 14,000 51,000 None 16 35 108 Died HD 7
1991 Mitchell et al.4 33,600 105,000 None 16.5 13.8 90 Died HD 27
1991 Mitchell et al.4 57,000 None 14.25 0.5 66 Died HD 44
1991 Mitchell et al.4 41,000 None 16.8 23.8 101 Died HD 60
1993 Larvol et al.5 45,000 84,100 7,500 Survived
1998 Juturi et al.6 80,000 136,000 None 20 23.4 115 Died
2002 Arguelles et al.1 37,500 8,400 9.2 Survived
2004 Morales et al.* 11,500 72,600 25,280 14.9 0.6 69 Died HD 16

WBC 5 white blood count; PT 5 prothrombin time; TB 5 total bilirubin; DF 5 discriminant function; HD 5 hospital day.
*Our patient.
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Comparison Between Hepatic Wedge Resection and
Anatomic Resection for Colorectal Liver Metastases

Daria Zorzi, M.D., John T. Mullen, M.D., Eddie K. Abdalla, M.D., Timothy M. Pawlik,
M.D., M.P.H., Axel Andres, M.D., Andrea Muratore, M.D., Steven A. Curley, M.D.,
Gilles Mentha, M.D., Lorenzo Capussotti, M.D., Jean-Nicolas Vauthey, M.D.

Some investigators have suggested that wedge resection (WR) confers a higher incidence of positive mar-
gins and an inferior survival compared with anatomic resection (AR) of colorectal liver metastases
(CLM). We sought to investigate the margin status, pattern of recurrence, and overall survival of patients
with CLM treated with WR or AR. We identified 253 consecutive patients, in a multi-institutional da-
tabase from 1991 to 2004, who underwent either WR or AR. WR was defined as a nonanatomic resection
of the CLM, and AR was defined as single or multiple resections of one or two contiguous Couinaud
segments. Clinicopathologic factors were analyzed with regard to pattern of recurrence and survival.
One hundred six WRs were performed in 72 patients and 194 ARs in 181 patients. There was no differ-
ence in the rate of positive surgical margin (8.3%), overall recurrence rates, or patterns of recurrence be-
tween patients treated with WR vs. AR. Patients who had a positive surgical resection margin were more
likely to recur at the surgical margin regardless of whether they underwent WR or AR. The median sur-
vival was 76.6 months for WR and 80.8 months for AR, with 5-year actuarial survival rates of 61% and
60%, respectively. AR is not superior to WR in terms of tumor clearance, pattern of recurrence, or sur-
vival. WR should remain an integral component of the surgical treatment of CLM. ( J GASTROINTEST

SURG 2006;10:86–94) � 2006 The Society for Surgery of the Alimentary Tract
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Given recent improvements in surgical technique
and the development of more effective chemothera-
py, the indications for surgical resection of colorectal
liver metastases are expanding, with staged and re-
peat hepatic resections now commonplace.1–6 The
basic tenets for the resection of both primary and
secondary hepatic malignancies include a clear path-
ologic surgical margin and the preservation of suffi-
cient functional hepatic parenchyma.7,8 Although the
performance of a systematic anatomic resection has
been reported to improve tumor clearance and out-
come in patients with hepatocellular carcinoma,9–12

similar findings have not been clearly demonstrated
in patients with colorectal liver metastases
(CLM).8,13–15 Some investigators have reported
a higher incidence of positive surgical margins and
an inferior survival in patients who undergo a wedge

resection compared to those who undergo an ana-
tomic resection of CLM, concluding that an ana-
tomic resection is a superior oncologic procedure
for CLM.16 Other studies, however, report similar
rates of positive margin and similar outcome in pa-
tients treated with wedge resection or anatomic re-
section.14,15,17 In this study we report our
experience with 253 patients, who underwent either
a wedge or anatomic resection for CLM, to assess
the oncologic efficacy of these two approaches to
the surgical treatment of CLM.

METHODS

We identified 253 consecutive patients, who un-
derwent either a wedge or anatomic hepatic resec-
tion for CLM between March 1991 and May 2004,
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from an international multicenter database with con-
tributors from three institutions: the University of
Texas M. D. Anderson Cancer Center (Houston,
TX), the Surgical Oncology Unit, Institute of Re-
search and Cure of Cancer (Candiolo, Italy), and
the Division of Digestive Surgery, University Hospi-
tal (Geneva, Switzerland). Before surgery, all pa-
tients were evaluated with a baseline history and
physical examination, serum laboratory tests, and ap-
propriate imaging studies (computed tomography or
magnetic resonance imaging scan of the abdomen
and pelvis and chest radiography or a chest computed
tomography scan) at the discretion of the treating
physician. All patients with CLM and no clinical, ra-
diographic, or intraoperative evidence of extrahepatic
disease were eligible for resection. Patients were
deemed to have resectable disease only if it was antic-
ipated that the metastasis could be resected with
a negative margin.

The liver segments are as described by Coui-
naud,18 and the operative procedures in the anatomic
group were defined according to the Brisbane 2000
terminology of liver anatomy and resections,19 in
which a segmentectomy is a resection of a Couinaud
segment9 and a sectionectomy is a resection of one
of Healey’s segments.20 Anatomic resection was de-
fined as a segmentectomy, multi-segmentectomy,
sectionectomy, or segmentectomy plus sectionec-
tomy. Anatomic resection (AR) was performed for
large, deeply situated, or multiple-clustered CLMs
located in one part of the liver. Wedge resection
was defined as a nonanatomic resection of the
CLM to include a rim of microscopically normal tis-
sue. Wedge resection (WR) was performed for small,
peripheral, isolated CLMs. Patients who underwent
hemihepatectomy, trisectionectomy, or combined
WR and AR were excluded from this analysis. The
cohort of the present study represents a subpopula-
tion of a previous study concerning 557 hepatic
resections for CLM.21

The following data were collected for each patient:
demographics; laboratory data, including carcinoem-
bryonic antigen (CEA); tumor number and location;
operative details; pathologic margin status; disease
status; site of recurrence; date of last follow-up; and
date of death. Data were recorded as follows: clinical
features, present or absent; age, !65 years or > 65
years; CEA level, 6 200 ng/mL or O200 ng/mL;
tumor number, !3 or > 3; tumor size, !5 cm or
> 5 cm; and surgical margin status, positive or nega-
tive. A positive margin was defined as the presence of
exposed tumor along the line of transection or the
presence of tumor cells at the line of transection
detected by histologic examination. Synchronous
metastases were defined as concurrent metastases.

After hepatic resection, all patients were regularly
followed and prospectively monitored for recurrence
by serum CEA levels, a chest radiograph, and a com-
puted tomography or magnetic resonance imaging
scan of the abdomen every 3 months up to 2 years,
and then every 6 months thereafter. Complete fol-
low-up imaging was available for 252 of 253 patients,
and recurrences were categorized as at the surgical
resection margin, other intrahepatic site, or extrahe-
patic site. One patient was lost to follow-up.

Statistical analyses were performed with SPSS sta-
tistical software (SPSS Inc, Chicago, IL). Actuarial
survival was calculated using the Kaplan-Meier
method from the time of diagnosis of CLM, and
differences in survival were examined using the
log-rank test. A P value ! 0.05 was considered
significant.

RESULTS
Clinicopathologic Characteristics

Two hundred fifty-three patients underwent ei-
ther a WR or AR for CLMs, including 159 (63%)
men and 94 (37%) women. The median age was 61
years (32–88 years). The primary colorectal carcino-
ma was located in the colon in 155 (61%) patients
and in the rectum in 63 (25%) patients; in 35
(14%) patients the location was unknown. At the
time of the initial resection of colorectal cancer, pos-
itive lymph nodes were identified in 159 (62.8%)
patients, and synchronous liver metastases in 98
(38.7%) patients. The remaining 155 (61.3%)
patients developed metachronous CLMs at a median
disease-free interval of 16 months (2–120 months)
from the time of resection of the primary colorectal
cancer. The disease-free interval was less than 12
months in 55 (35.5%) patients. The CEA level at
the time of hepatic resection exceeded 200 ng/mL
in only eight (3.2%) patients. One hundred and for-
ty-four patients (57%) had a single liver metastasis,
70 (28%) patients had two or three metastases, and
39 patients (15%) had more than three metastases.
The median diameter of the largest CLM was 2.7
cm (0.3–18 cm). The size of the largest metastasis
was less than 5 cm in 212 (84%) patients. On final
pathologic analysis, the surgical margin was micro-
scopically positive in 21 (8.3%) patients.

The clinicopathologic features of the wedge re-
section and anatomic resection groups are presented
and compared in Table 1. The sex distribution, age,
primary tumor site, primary lymph node status, syn-
chronous diagnosis of CLM, preoperative CEA level,
and number of liver tumors were similar between the
two groups. Patients who underwent WR, however,
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were more likely to have a disease-free interval of less
than 12months (49% vs. 30%; P5 0.02) and a largest
tumor size of less than 5 cm (94% vs. 80%; P 5

0.004) compared with patients who underwent AR.

Surgical Treatment

Three hundred hepatic resections were performed
in 253 patients: 106 (35%) wedge resections in 72
patients and 194 (65%) anatomic resections in 181
patients. The hepatic resections are listed in Table 2.
A single wedge resection was performed in 54 (75%)
of the 72 patients, whereas 18 (25%) of the 72 pa-
tients had two or more WRs. The most common
anatomic resection was a left lateral (S2–3) biseg-
mentectomy in 88 (49%) patients, followed by

bisegmentectomy 5–6 in 15 (8.3%) patients. Mono-
segmentectomies were performed in 42 (23%) pa-
tients and resection of two discontiguous segments
in 13 (7%) patients.

Outcome

The outcome of patients undergoing wedge resec-
tion vs. anatomic resection for CLMs is presented in
Table 3. The median length of stay was 7 days for
both groups. There was only one (1.4%) postopera-
tive death after a wedge resection, and two (1.1%) af-
ter anatomic resections (P 5 0.6). The complication
rate was similar between the two groups (28% vs.
23%; P 5 0.4).

Table 1. Comparison of the clinicopathologic features between the two groups

Variables Wedge resection (n 5 72) % Anatomic resection (n 5 181) % P-value

Sex
Female 26 36 68 37.6 0.8
Male 46 64 113 62.4

Age
!65 years 44 61 120 66.3 0.4
> 65 years 28 39 61 33.7

Primary tumor site
Colon 42 58.3 113 62.4 0.9
Rectum 17 23.6 46 25.4
Unknown 13 18.1 22 12.2

Primary lymph node status
Negative 28 38.9 66 36.5 0.7
Positive 44 61.1 115 63.5

Timing of CLM
Synchronous 25 34.7 73 40.3 0.4
Metachronous 47 65.3 108 59.7
Disease-free interval (n 5 47) (n 5 108)
Median 12 months 18.5 months 0.006
!12 months 23 49 32 29.6 0.02
>12 months 24 51 76 70.4

CEA level
!200 ng/mL 63 87.5 160 88.4 0.3
>200 ng/mL 1 1.4 7 3.9
Unknown 8 11.1 14 7.7

Number of tumors
Single 45 62.5 99 54.7 0.3
Multiple 27 37.5 82 45.3
63 nodules 65 90.3 149 82.3 0.1
O3 nodules 7 9.7 32 17.7
Largest tumor size
Median (range; cm)

2.1 cm (0.5–6) 3 cm (0.3–18) 0.001

!5 cm 68 94.4 144 79.6 0.004
>5 cm 4 5.6 37 20.4

Surgical margin
Positive 6 8.3 15 8.3 0.9
Negative 66 91.7 166 91.7

CEA 5 carcinoembryonic antigen; CLM 5 colorectal liver metastasis; n 5 number of patients.
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On final pathologic analysis, 21 (8.3%) patients
had a positive surgical resection margin. There was
no difference in the rate of positive surgical margins
per patient in the wedge resection group (6/72,
8.3%) compared to the anatomic resection group
(15/181, 8.3%). Moreover, the rate of positive surgi-
cal margins was similar between the two groups
when calculated per resection (WR, 6/106, 5.7%
vs. AR, 15/194, 7.7%; P 5 0.5).

At a median follow-up of 25 months, 100 patients
(39.5%) have recurred. The overall recurrence rates
were comparable between the two groups (37.5% vs.
40.3%; P5 0.4). The median time to recurrence was

longer in the wedge resection group (16.2 months vs.
11.4 months), but this did not reach statistical signif-
icance (P 5 0.07). The pattern of recurrence did not
differ between the two groups (Table 4).

Nine (3.6%) patients developed a recurrence at
the site of the surgical resection margin, two
(2.8%) in the WR group and seven (3.9%) in the
AR group. Interestingly, only three of these nine sur-
gical margin recurrences occurred in patients with
a positive resection margin (Table 5). Patients with
a positive resection margin were more likely to recur
at the surgical margin (positive 14.3% vs. negative
2.6%; P 5 0.03), regardless of whether they under-
went WR or AR (WR, 17% vs. AR, 13%; P 5 0.8;
data not shown).

Analysis of Prognostic Factors for Survival

The overall 1-, 3-, and 5-year survival rates for the
entire cohort of 253 patients were 96.7%, 74.7%,
and 59.2%, respectively (Table 3). Synchronous pre-
sentation, tumor size, CEA level, and nodal status of
the primary tumor had no impact on survival (P O
0.05; data not shown). There was no difference in
the median or overall 5-year survival in patients trea-
ted with WR (77 months, 61% survival) compared
to those treated with AR (81 months, 60% survival;
Table 3 and Fig. 1).

Prognostic factors for survival were analyzed for
the entire group of 253 patients, and the results are
summarized in Table 6. By univariate analysis, sur-
vival was significantly worse for patients with multi-
ple tumors (P 5 0.016), especially more than three
tumors (P 5 0.007), a time of recurrence of less than
12 months (P 5 0.0001), and recurrence at the sur-
gical margin (0.005). Of note, the type of resection
performed (WR vs. AR) and the status of the surgical

Table 2. Types of hepatic resection

Liver resection

No. of
patients
(n 5 253)

No. of
procedures
(n 5 300)

Wedge
Single 54 54
Two 10 20
Three 3 9
Four 2 8
Five 3 15
TOTAL 72 106

Anatomic
Monosegmentectomy 42 42
Segment 5 12 12
Segment 6 8 8
Others 22 22
Bisegmentectomy 126 126
Left lateral (S2–3) 88 88
S5–6 15 15
S6–7 9 9
Others 14 14
Discontiguous segmentectomies 13 26
TOTAL 181 194

Table 3. Outcome of patients undergoing wedge resection vs. anatomic resection for CLM

Variable All patients (n 5 253) Wedge (n 5 72) Anatomic (n 5 181) P-value

Median (range) LOS (days) 7 (3–42) 7 (4–27) 7 (3–42) 0.6
Complications 61 (24%) 20 (28%) 41 (23%) 0.4
Postoperative death 3 (1.1%) 1 (1.4%) 2 (1.1%) 0.6
Positive surgical margin 21 (8.3%) 6 (8.3%) 15 (8.3%) 0.9
Total recurrences 100 (39.5%) 27 (37.5%) 73 (40.3%) 0.4
Median time to recurrence (months) 12.3 16.2 11.4 0.07
Median follow-up (months) 25 25.8 24.73 0.5
Median survival (months) 80.8 76.6 80.8 0.15
Survival (%)

1 year 96.7% 100% 95.4%
3 years 74.7% 83.3% 71.5% 0.15
5 years 59.2% 60.5% 59.5%

LOS 5 length of stay.
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resection margin (positive vs. negative) had no
impact on survival.

DISCUSSION

Complete hepatic resection offers the best chance
for long-term survival for patients with colorectal
carcinoma liver metastases. In a recently published
series, we reported a 5-year overall survival rate of
58% in patients who underwent hepatic resection
of CLM, a superior survival to that achieved with ra-
diofrequency ablation (RFA) alone or in combina-
tion with resection in patients with unresectable
disease.22 The major limitation to the complete re-
section of CLM in the majority of patients who pres-
ent with bilobar or bulky disease is the need to
preserve a sufficient functional liver remnant. Advan-
ces in hepatic surgery and perioperative care have
enabled extensive hepatic resections of up to 80%
of the functional liver parenchyma with low rates
of morbidity and mortality in major centers.23,24

Yet despite these improvements, the majority of

patients with CLM are not candidates for curative
resection owing to the extent of their disease.

Strategies to increase the proportion of patients
who are candidates for curative resection have
emerged over the past several years, including neo-
adjuvant chemotherapy,25,26 portal vein emboliza-
tion,27,28 two-stage hepatectomies,1,5 and repeat
hepatic resections.29,30 The goal of all of these strat-
egies is to permit resection of all metastases with
negative histologic margins while preserving suffi-
cient functional hepatic parenchyma. The resection
strategy must be individualized for each patient
based on the size, number, location, and distribution
of the metastases. Extensive or multiple-clustered
metastases in one lobe of the liver are best treated
with a hemihepatectomy or extended hepatectomy;
a single, large (O5 cm) metastasis, especially when
located deep within the liver, is best treated with
an anatomic, segment-oriented resection; and lastly,
a small, superficial metastasis is best treated with
a nonanatomic wedge resection. In patients with
extensive bilobar disease in whom a two-stage
approach is planned, the metastases in the left hemi-
liver (the functional liver remnant) are typically
cleared by wedge resections in the first stage. A right
portal vein embolization is then performed, followed
by a right or extended right hepatectomy to resect
the right liver metastases as the second stage.31

The advantage of performing a limited, nonanatomic
wedge resection in the first stage is the preservation

Table 4. Comparison of the patterns of recurrence
of the WR and AR groups

No. (%) patients who recurred
by type of resection

Site of recurrence WR (n 5 72) AR (n 5 181) P-value

Surgical margin 2 (2.8) 7 (3.9) 0.5
Other intrahepatic 10 (13.9) 17 (9.4) 0.2
Extrahepatic 8 (11.1) 25 (13.8) 0.4
Intra C extrahepatic 7 (9.7) 24 (13.2) 0.3
Any recurrence 27 (37.5) 73 (40.3) 0.4

AR 5 anatomic resection; WR 5 wedge resection; No. 5 number of
patients.

Table 5. Recurrence at the surgical margin
according to the margin status at the time of
hepatic resection

No (%) patients with margin recurrence,
by margin status and resection

Type of
recurrence

Positive margin
(n 5 21)

Negative margin
(n 5 32) P

Surgical margin 3 6
Rate/patient 3/21 (14.3%) 6/232 (2.6%) 0.03
Rate/procedure 3/21 (14.3%) 6/279 (2.1%) 0.007
Any recurrence 11 89
Rate/patient 11/21 (52.4%) 89/232 (38.4%) 0.2

Fig. 1. Overall survival stratified by surgical procedure. WR
5 wedge resection (n 5 72; solid line); AR 5 anatomic resec-
tion (n 5 181; broken line). Median survival was 76.6 months
in patients with WR and 80.8 months in patients with AR; the
5-year survival rate was 61% and 60%, respectively (P 5

0.15).
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of a maximal amount of liver parenchyma that will
hypertrophy after portal vein embolization to be-
come the functional liver remnant. Implicit in this
and other resection strategies is an equivalent out-
come for each type of resection in terms of the inci-
dence of positive margins, recurrence, and survival.
However, is this the case?

Many authors have retrospectively studied the
prognostic impact of the choice of surgical resection
approach to CLM.13,14,32–43 Most studies found that
the type of hepatic resection performed, whether a
major, anatomic resection or a limited, nonanatomic
resection, had no impact on survival.13,14,32–41 Two
studies reported a slightly better outcome in patients
treated with a nonanatomic, limited resection.42,43

Other authors, however, have asserted that survival
is superior in patients treated with an anatomic re-
section compared to those treated with a wedge re-
section.16,34,35 DeMatteo et al.16 compared 119
patients who underwent a wedge resection to 148 pa-
tients who underwent an anatomic resection of CLM
from 1985–1998. Patients who had a segmental re-
section had a significantly lower rate of positive mar-
gins (2% vs. 16%) and a longer median survival
(53 months vs. 38 months) compared to those who
had a wedge resection. They concluded that a seg-
mental resection is oncologically superior to a wedge
resection, and thus is the procedure of choice for the
resection of CLM.

In this multi-institutional study, we found no dif-
ference in the incidence of positive margins or sur-
vival in patients treated with either anatomic
resection or wedge resection. We found an identical
8.3% incidence of positive margins after both ana-
tomic resection and wedge resection and 5-year sur-
vival rates of approximately 60% in both groups,
similar to the findings of others in their recent
studies.15,44 Elias et al.15 reported a 7.1% in situ re-
currence rate in patients undergoing a wedge resec-
tion compared to 12.5% in the patients in the
anatomic resection group. Kokudo et al.14,44 found
similar rates of a ‘‘minimal margin’’ of less than
2 mm (27% AR vs. 21% WR) and 5-year survival
(46% AR vs. 40% WR) for the two types of
resection.

In keeping with a more aggressive surgical ap-
proach to CLM over the past several years, 43% of
the patients in this series had multiple metastases,
and 12% of patients underwent more than one wedge
or anatomic resection at the time of surgery. Accord-
ingly, liver parenchyma had to be carefully preserved
in these patients to permit multiple and perhaps addi-
tional hepatic resections. This is in contrast to previ-
ous series16,34,45 in which the vast majority of the
patients had one liver metastasis and underwent a sin-
gle procedure, and so the predicted surgical margin
was large. This may explain why our rate of positive
margin was 8.3% in the anatomic resection group

Table 6. Univariate analysis of prognostic factors for survival

Variable No. % 5 years survival (%) Median survival (months) P-value

Type of resection
Wedge 72 28.5 60.5 80.8 0.15
Anatomic 181 71.5 59.8 76.6

Number of tumors
Single 144 56.9 71.2 112.2 0.016
Multiple 109 43.1 39.1 58.2
63 nodules 214 84.6 64.6 105.7 0.007
O3 nodules 39 15.4 39.2 49.6

Surgical resection margin
Positive 21 8.3 17.1 58.2 0.28
Negative 232 91.7 66.7 101.9

Recurrence posthepatectomy
Yes 100 39.7 44.1 58.2 0.06
No 152 91.7 86.4 92.8

Time to recurrence
!12 months 48 48 21.5 33.3 0.001
>12 months 51 51 60.7 80.8

Site of recurrence
Surgical margin 9 3.6 48.6 35.8 0.005
Intrahepatic only 27 10.7 68.6 109.2
Extrahepatic only 33 13 40 58.2
Intra C extrahepatic 31 12.3 18.6 41.6
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compared toonly 2% in the studybyDeMatteo et al.16

However, it does not explain the relatively high inci-
dence of positive margins after wedge resection re-
ported by Scheele et al.45 (30%), Fong et al.46

(17%), andDeMatteo et al.16 (16%). In this multicen-
ter study, the surgeons at each center were diligent
about preserving an adequate margin throughout the
wedge resection, being careful not to fracture the
liver parenchyma along the interface between the hard
tumor and the softer normal liver substance.

The incidence and patterns of recurrence were
similar between the wedge and anatomic resection
groups (Table 4), comparable to the findings of Ko-
kudo et al.14 As expected, there was an increased risk
of a surgical margin recurrence in patients with a pos-
itive surgical margin at the time of hepatic resection.
Though the presence of a positive surgical resection
margin has been shown to be a negative prognostic
factor in many studies,16,35,46,47 we did not find it
to be a predictor of survival in this study (Table 6).
Nonetheless, the median survival of patients with
a positive resection margin was only 58 months com-
pared with 102 months for patients with a negative
margin. This difference was not statistically signifi-
cant, perhaps owing to the small number of patients
in the positive margin group.

The concept of performing limited, nonanatomic
wedge resections with narrow margins is supported
by the fact that CLM are histologically well-circum-
scribed,8 micrometastases in the liver parenchyma
surrounding CLM are rare and are primarily con-
fined to the immediate vicinity of the tumor bor-
der,44 and satellitosis and Glisson sheath extension
are uncommon.35,44 In our previous study,21 we
demonstrated that the width of a negative surgical
margin does not affect the risk or site of recurrence
or the overall survival. In the present study, we spe-
cifically addressed whether surgical technique
(wedge vs. anatomic resection) affects outcome of re-
section for CLM. The data demonstrate no inherent
oncologic benefit to an anatomic resection, thereby
validating the continued use of nonanatomic wedge
resections when clinically appropriate. Further
support for the performance of a limited wedge
resection comes from studying the patterns of
recurrence. The incidence of an isolated intrahepatic
recurrence after a wedge resection is only 14% com-
pared to 9% after an anatomic resection (P 5 0.2).
Performing a large, anatomic resection does not
prevent or lower the incidence of intrahepatic recur-
rence by simply removing more hepatic parenchyma
at risk. Tumor biology dictates the likelihood and
pattern of recurrence. These findings are in agree-
ment with those of Kokudo et al.,14 who noted an
ipsilateral intrahepatic recurrence rate of 19.6% after

wedge resection and found that 90% of these recur-
rences were resectable with favorable patient survival
after the second hepatectomy.

CONCLUSION

An anatomic segment-oriented hepatic resection
of CLM is not superior to a nonanatomic wedge re-
section in terms of the incidence of positive margins,
the pattern of recurrence, or survival. The type of re-
section(s) chosen for a particular patient should be
based on the anatomy of the lesion(s) and the goal
of preserving an adequate volume of functional liver
parenchyma. A nonanatomic wedge resection of
CLM is a safe, simple, and oncologically equivalent
alternative to anatomic resection and should remain
an integral component of the surgical treatment of
CLM.
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Case-Control Comparison of Laparoscopic Versus
Open Distal Pancreatectomy

Vic Velanovich, M.D.

Laparoscopic distal pancreatectomy is becoming an increasingly used modality in the surgical treatment
of pancreatic disease. The assumption is that this will lead to shorter hospitalization and faster recovery.
However, actual comparative data between open and laparoscopic distal pancreatectomy is lacking. The
purpose of this study is to compare these surgical procedures. All patients who underwent either laparo-
scopic or open distal pancreatectomy/splenectomy were reviewed. Fifteen patients underwent laparo-
scopic resection, whereas 41 underwent an open resection. The 15 laparoscopic patients were
matched to 15 open patients for age, gender, and pancreatic pathology. Data gathered included length of
stay, pancreatic leak, postoperative complications, and return to normal activity. Of the 15 laparoscopic
patients, three were converted to open operations. Laparoscopic patients had a median length of stay of 5
days (range, 3–9) compared with 8 days (range, 6–23) for the open patients (P 5 0.02). The pancreatic
leak rate was 13% in each group. Overall postoperative complication rate was 20% in the laparoscopic
group compared with 27% in the open group. Laparoscopic patients reported a return to normal activity
in 3 weeks (range, 2–7) compared with 6 weeks (range, 4–10) for open patients (P 5 0.03). Laparoscopic
distal pancreatectomy/splenectomy does lead to shorter hospital stay and faster return to normal activity.
Pancreatic leak rate and overall complication rate appear similar. ( J GASTROINTEST SURG 2006;10:
95–98) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Laparoscopic pancreatectomy, pancreatic neoplasms, distal pancreatectomy

Distal pancreatectomy with or without splenec-
tomy is a standard operation for many pancreatic dis-
eases.1 As laparoscopic surgery has extended its
horizons beyond cholecystectomy to more complex
operations with improved quality of life,2 it was a nat-
ural progression that laparoscopic distal pancreatec-
tomy be developed. There have been several reports
documenting the feasibility and safety of laparoscopic
distal pancreatectomy with and without splenectomy;
3–12 however, none of these have compared the
laparoscopic approach to the open approach. The
purpose of this study was to determine if laparoscopic
distal pancreatectomy did lead to shorter hospital
stays, faster return to normal activity, yet with similar
complication rates.

METHODS AND MATERIALS
Patients

Laparoscopic distal pancreatectomy with splenec-
tomy was introduced into Henry Ford Hospital in

October 2003. Since that time, 15 laparoscopic distal
pancreatectomies have been performed by the au-
thor. Forty-one distal pancreatectomy/splenectomy
operations have also been performed since October
1996 by the author. The records of these patients
have been reviewed for gender, age at time of the op-
eration, pancreatic pathology, occurrence of pancre-
atic leak, other complications, and length of stay.

Operations

Although the author’s technique for laparoscopic
distal pancreatectomy/splenectomy has been previ-
ously published,12 a brief description is still appro-
priate. After general, endotracheal anesthesia is
induced, the patient is positioned in a 45 degree
right lateral decubitus position with the patient’s
hip at the break in the table. The operating table is
flexed to open the space between the patient’s costal
margin and iliac crest. After appropriate antisepsis is
achieved, the abdomen is entered under direct vision
superior to the umbilicus with a Hasson cannula.
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The abdomen is insufflated with CO2 gas to the ap-
propriate volume and pressure. Under direct vision,
10 mm ports are placed in the epigastrium and left
posterior axillary line, and a 12 mm port is placed
in the left midclavicular line.

The lesser sac is entered by dividing the gastro-
colic ligament from the right gastroepiploic vessels
to the gastric fundus, so that the entire gastrocolic
and gastrosplenic ligaments are divided. The pancreas
is identified and the retroperitoneum divided along
the inferior border of the pancreatic body and tail.
Using gentle retraction, the retropancreatic space is
developed proximal to the tumor. Care is taken to
ensure that the splenic artery and vein are included
with the pancreatic body. The retroperitoneum supe-
rior to the pancreas is divided to allow a grasper to be
visualized. A one-half inch Penrose drain is brought
around the pancreas as a ‘‘lasso.’’ Using the Penrose
drain lasso, the pancreas can be retracted away from
the retroperitoneum, and the completion of the retro-
pancreatic dissection to the tail of the pancreas com-
pleted. The splenic flexure of the colon and the
remaining splenic peritoneal attachments are divided
to mobilize the pancreas and spleen completely. The
pancreas is divided proximal to the tumor with an en-
do-GIA stapler with vascular staples, allowing from
enough normal pancreas for an adequate margin.
The distal pancreas and spleen are placed in a laparo-
scopic retrieval bag and brought out through the 12
mm port, which usually has to be enlarged to accom-
modate the specimen. The operative site is inspected
for bleeding. A 10 mm flat, Jackson-Pratt drain is
placed next to the pancreatic remnant and brought
out through the left posterior axillary line port. The
fascia and skin are closed in the customary fashion.

The open operation was done either through an
upper, midline incision or a left, subcostal incision.
Otherwise, the conduct of the operation was similar
except for the following details. The pancreas was di-
vided using a TA-60 stapler, occasionally incorporat-
ing the splenic vessels, and frequently ligating and
dividing the splenic artery and vein separately from
the pancreatic parenchyma. A 10 mm flat Jackson-
Pratt drain was placed next to the cut remnant of
the pancreas and brought out through a separate stab
incision. The abdomen was closed in layers, and the
skin closed with staples.

Case-Control Comparison

The 15 laparoscopic patients were matched to 15
open, control patients based on age (within 10 years),
gender, and pancreatic pathology (malignant lesions,
cystic lesions, neuroendocrine tumors, or chronic
pancreatitis). The priorities of matching were tissue

diagnosis, gender, and then age. The matching was
successful for these characteristics. Weight was not
used in the matching, but will be reported. The med-
ical records of each laparoscopic and matched, open
control were reviewed for length of stay, occurrence
of pancreatic leak (defined as amylase-rich fluid of
any amount from the operatively placed drain after
3 days), and postoperative complications of Clavien
class II or higher.13 Patients were questioned, either
at the time of postoperative office visit or by tele-
phone, as to when they felt like they returned to nor-
mal activity. As patients were asked to recall this
event, it was believed that they could not be very pre-
cise; therefore, ‘‘weeks’’ was chosen as the unit of
measure.

Statistical Analysis

As this was a retrospective case-control study de-
sign, continuous data (i.e., length of stay and return
to normal activity) were analyzed using the paired
signed rank test. Nominal data (pancreatic leak rate
and overall complication rate) were analyzed using
Fisher’s exact test. A P-value of P! 0.05 was consid-
ered significant.

RESULTS

Of the patients in the laparoscopic group, nine
were female and six were male. The average age
(6 standard deviation) was 65 6 14 years. Although
weight was not used in the matching process, the av-
erage weight for the laparoscopic group was 75.2 6

8.5 kg, whereas in the open group, it was 80.3 6 13.4
kg. Of the 15 cases begun laparoscopically, three
(20%) were converted to an open laparotomy (these
cases were kept in the laparoscopic group). One was
for bleeding; the other two for retroperitoneal tumor
adherence. In all three of the converted cases, the
final pathology of the tumor was ductal adenocarci-
noma. Table 1 presents the distribution of pathology
for both the laparoscopic and open cases.

Table 1. Distribution of pathology by operation
type

Laparoscopic
(n 5 15)

Open
(n 5 41)

Ductal or cystic adenocarcinoma 20% 32%
Benign or indeterminate cystic neoplasm 53% 15%
Neuroendocrine tumor 13% 10%
Chronic pancreatitis 13% 29%
Other d 15%
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Case-Control Analysis

The median hospital length of stay for the laparo-
scopic group was 5 days (range, 3–9 days) compared
with 8 days (range, 6–23 days) for the open controls
(P 5 0.02). Two of 15 (13%) laparoscopic patients
developed pancreatic leaks compared with 2 of 15
matched controls (P 5 NS). Significant complica-
tions occurred in three (20%) laparoscopic patients
and four (27%) open patients (P 5 NS). In the lap-
aroscopic group, these complications included two
wound infections and one urinary tract infection.
In the open group, these complications included
two wound infections, one pneumonia, and one in-
tra-abdominal abscess. The median length of time
to when patients felt that they had returned to nor-
mal activities was 3 weeks (range, 2–7) in the laparo-
scopic group compared with 6 weeks (range, 4–8) in
the open group (P 5 0.03).

DISCUSSION

This study demonstrates that laparoscopic distal
pancreatectomy not only can be performed as safely
as open distal pancreatectomy for selected patients,
but also leads to shorter hospital stays and faster re-
turn to normal activity. The complication rates were
similar between both groups, and similar to previ-
ously published morbidity data.1,14,15 A literature
search of previous publications did not find another
study directly comparing the laparoscopic to the
open, laparotomy approach. Therefore, this study
confirms what is anticipated about a minimally inva-
sive approach to distal pancreatectomy.

Of particular interest is that all three conversions
to open laparotomy occurred in patients with pan-
creatic adenocarcinoma. After conversion, all three
patients did have their tumors resected. Some have
suggested that pancreatic adenocarcinoma is a con-
traindication to laparoscopic resection.11 Certainly,
it is well-known that adenocarcinoma of the body
and tail of the pancreas has a lower resectability rate
than tumors of the head of the pancreas.16 This has
been attributed to patient presentation at a more ad-
vanced stage. In laparoscopic distal pancreatectomy,
local fibrosis or inflammatory response caused by the
tumor is probably the cause of the difficult laparo-
scopic dissection. Nevertheless, laparoscopy in pan-
creatic cancer has distinct advantages even if the
resection cannot be completed laparoscopically.
Firstly, peritoneal or liver metastases that were
missed by CT scan may identify unresectable pa-
tients before laparotomy.17 Those patients may be
referred sooner to definitive chemoradiation or other
nonsurgical therapies.18 In addition, laparoscopy

does not seem to increase the risk of peritoneal or
trocar site recurrence.19

Although this study is consistent with other stud-
ies comparing open to laparoscopic surgery for a va-
riety of operations, this study does have limitations.
Firstly, this is not a prospective, randomized trial
and therefore suffers from the limitations of retro-
spective studies. Some of these limitations are miti-
gated by the case-control design and by the fact
that all of the operations were done by the same sur-
geon. Length of stay is an easily documented end
point, as are the in-hospital complications. Never-
theless, as the patients studied were treated over
a nine-year period, changes in discharge planning
and supportive care may have affected length of stay
in more recent years. However, the return to normal
activity end point was the most difficult one with re-
spect to precision. Patients were contacted after the
fact and were asked to remember how soon they felt
they had returned to normal activity. Hence, this end
point does suffer from recall bias. There is no way
around this criticism. It would seem reasonable to
assume that whatever imprecision there was would
be distributed equally among both groups, but there
is no way to verify this assumption. However, the
magnitude of the difference seems reasonable.

Despite the limitations of this study, it does sup-
port the assertion that laparoscopic distal pancreatec-
tomy yields equivalent surgical results, with shorter
hospitalization and faster return to normal activity.
Obviously, a prospectively designed randomized trial
would better prove this point. Still unresolved is
whether or not pancreatic adenocarcinoma of the
body and tail of the pancreas is consistently feasible
with the laparoscopic approach.
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Original Articles

Does the Literature Support an Indication for
Hepatic Metastasectomy Other Than for
Colorectal Primary?
Adnan Alseidi, M.D., W. Scott Helton, M.D., F.A.C.S., N. Joseph Espat, M.D., M.S., F.A.C.S.

Hepatic resection for colorectal hepatic metastatic disease has been demonstrated to have a significant
outcome benefit for selected patients. Advances in anesthetic and surgical technique have resulted in a
significantly reduced morbidity and mortality for this procedure, and this management approach has
become widely practiced. This hepatic resection paradigm is also being applied to hepatic metastatic
disease of noncolorectal origin. The purpose of this report is to review and summarize the reported
literature inorder todefine if the currentdata support an indication forhepaticmetastasectomy.Thespecific
cancer primaries that this analysis evaluated include breast, melanoma, gynecologic, neuroendocrine,
sarcoma, and gastric cancer. Based on the data examined, we propose that although hepaticmetastasectomy
for noncolorectal cancer may be a promising component of overall oncologic treatment, the role of
surgical resection cannot be generalized and at present should be individualized based on the patient’s
clinical course and by the biologic behaviors of specific malignancies. ( J GASTROINTEST SURG 2006;10:
99–104) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Hepatic resection, liver, cancer, metastasectomy, survival

The treatment of metastatic lesions in the liver
has, over the past decade, changed significantly. Ad-
vances in anesthesia, operative instrumentation, and
improved imaging technologies have, in combination,
resulted in improved patient selection for hepatic
resection and reduced surgical blood loss, operative
time, and related perioperative morbidities and mor-
tality.1–3 Hepatic metastasectomy has been proved to
be safe and effective for colorectal metastases. The
current recommendation is that patients with colo-
rectal cancer metastases confined to the liver should
be considered for a resection as long as a resection
can leave ∼25% or more of functional parenchyma.1–3
With this in mind, can an outcome benefit be ex-
pected for hepatic metastasis from primary malignan-
cies other than colorectal? And does the literature
support an “indication” for this procedure? In order
to examine this more carefully, we undertook a litera-
ture analysis to determine if there are data to support
hepatic metastasectomy for malignancies other than
colorectal cancer.
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Reprint requests: N. Joseph Espat, MD, MS, FACS, University of Illinois at Chicago, Department of Surgery M/C 958, 840 S. Wood St.,
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Published by Elsevier Inc. doi:10.1016/j.gassur.2005.04.009 99

Approximately 13,000 liver resection procedures
are performed annually in the United States. Al-
though no specific data are available to define the
underlying pathology, we propose that the majority
of these procedures are performed in the treatment
of colorectal cancer (CRC) metastases.
The American Cancer Society (ACS) listed the 11

most prevalent malignancies in 2004.4 These in-
cluded, in order of incidence, the following: prostate
cancer, breast cancer, lung cancer, colorectal cancer,
non-Hodgkin’s lymphoma, bladder cancer, malig-
nant melanoma, uterine/cervical cancer, ovarian
cancer, pancreatic adenocarcinoma, and kidney
cancer. The liver is an uncommon site for metastases
for several of these malignancies, including prostate,
bladder, uterine/cervical, and kidney cancers. In addi-
tion, the treatment for non-Hodgkin’s lymphoma is
primarily medical, rather than surgical, and is not
commonly associated with hepatic lesions.
Of the remaining six malignancies in the ACS list,

hepatic metastasis from a primary tumor in the lung

mailto:jespat@uic.edu
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represents advanced and incurable disease and resec-
tion is contraindicated, because it is without any
shown benefit in survival or quality of life.5–8 Pancre-
atic adenocarcinoma frequently metastasizes to the
liver; however, hepatic resection for this disease has
never been shown to result in a survival benefit.9 In
contradistinction, resection of colorectal metastases
to the liver has been shown to improve survival.1–3
For the purpose of this discussion, however, it is
excluded from our study.
After excluding the malignancies in the ACS list

that do not commonly metastasize to the liver or
are not routinely treated with resection due to the
advanced stage of the disease, the remaining common
malignancies that may meet criteria for hepatic me-
tastasectomies are breast cancer,melanoma, and ovar-
ian cancer. Other uncommon malignancies with an
annual incidence of less than 20,000 cases in the
United States include neuroendocrine tumors, sar-
coma (specific subtypes), and gastric cancer. These
are included due to their propensity to metastasize to
the liver. Table 1 provides an overview of the ACS
list of malignancies and those ultimately chosen for
investigation in our literature search.

Table 1. Selection of Primary Cancers to Search

Top 11 Malignancies According to the American
Cancer Society, 2004

Uncommon metastasis to liver

Surgery contraindicated
Lung (3), Pancreas (10)

Prostate (1), Bladder (6), Uterus (8),
Kidney (11)

Medical treatment
Non-Hodgkin’s lymphoma (5)

Excluded from this study
Colorectal metastases (4)

Breast (2), melanoma (7), ovary (9)

Plus

Neuroendocrine, sarcoma, gastric

(uncommon tumors with tendency to metastasize to liver)

Parentheses represent ranking by the American Cancer 
Society of the 11 most prevalent malignancies. 

However, the question at hand—Is metastasec-
tomy “indicated”? The purpose of this study is to
examine the literature and assess if any aggregate
outcome benefit, either for survival or for quality of
life, has been reported following metastasectomies
for noncolorectal hepatic metastasis.

METHODS

An integrative online literature search was per-
formed of the English language medical literature
using MEDLINE, EBM-ACP, COCHRANE, and
DARE databases. The key words “disease” and “ma-
lignancy” were used for a primary sort of related
articles. Additional representative key words were
used to refine the literature search, including “non-
colorectal metastasis,” “hepatic resection,” “liver
resection,” “survival,” “metastasectomy,” “quality of
life,” “clinical trial,” and “randomized.” Any literature
detailing anecdotal case reports, a series of less than
10 patients, or “ablative” (RFA/cryoablation/ethanol
injection) therapies were excluded from our search.
The search was further limited to literature published
in the years 1993–2003.

RESULTS

As anticipated, the number of studies identified
was limited and we were unable to identify articles
detailing the results of randomized trials for any of the
six primaries in our search, that is, trials comparing
resection ofmetastasis with current nonsurgical treat-
ment. The articles described studies that were all
retrospective in nature, although a few included data
that were prospectively collected, and most had small
numbers of patients (Table 2). Furthermore, the
reported data in these articles were not uniform, with
different end points being reported and lack of speci-
fied selection criteria for resection in others. The
results of the literature search was sorted according
to the six primary cancer types—breast, melanoma,
ovary, neuroendocrine, sarcoma, and gastric—and are
summarized in Table 2. The studies related to each of
these sixmalignancies are also briefly discussed below.

Breast Cancer

Four single institutional studies were identified.
These included sample sizes ranging from 20–54
patients, in which all patients had their sole metastasis
to the liver. Recognizing that breast cancer is the
most common cancer in females (32% of all cancers)
with about 250,000 cases in 2003 alone,4 breast cancer–
related hepatic resection is undertaken in less than
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1.0% of patients afflicted. In these studies, survival
benefit was attainable for selected patients undergo-
ing resection, albeit for a very limited subset. In addi-
tion, a consistently designated selection factor in these
studies for a survival advantage was a lengthened
interval from primary resection to the development of
metastases. On the other hand, the issue of estrogen
receptor status remains unclear, with some evidence
to suggest that patients with a negative hormonal
status do worse; this was not consistent throughout
the studies reviewed. Resection of metastases in these
studies constituted a component of total oncologic
treatment.10–13

Malignant Melanoma

One study was identified that included data from
the two largest, prospectively collected melanoma da-
tabases (JohnWayneCancerCenter and SydneyMel-
anoma Unit). The data were obtained from a total of
1750 patients (combined), with 34 patients demon-
strating, preoperatively, disease limited to the liver.
These 34 patients (2%) underwent exploratory lapa-
rotomy, and 24 (71%) patients underwent resection
(1.4% of the total). Of these 24 patients, 18 had a
complete hepatic resection with curative intent, and
6 were resected with palliative intent. Median overall
survival improved in the resected patients versus the
patients who underwent exploration but were not
resected (28months versus 4months). Resection con-
stitutes a component of total oncologic treatment.7

Ovarian/gynecologic Cancer

Data were limited to two studies with 12 and 26
patients, respectively, from two specialty centers with
mixed disease populations. Median survival following
resection was similar at approximately 27 months.
The selection factor for survival advantage was a pro-
longed interval (�12 months) from primary resection
to the development of metastases. Resection consti-
tutes a component of total oncologic treatment in
carefully selected patients.8,14

Neuroendocrine Cancers

The largest amount of data found in our literature
search are related to these diseases. The data in
the three studies found by the literature had patient
samples ranging from 15 to 170. In one of the studies,
by Elias et al,15 the data are not clearly defined
as carcinoid and pancreatic neuroendocrine and non-
pancreatic neuroendocrine cancers, rather simply as
well-differentiated endocrine neoplasms. What is
consistent in these studies is the high (�66%) recur-
rence rate after hepatic resection. Differing observa-
tions have been made concerning the biologic

behavior of carcinoid versus islet cell neuroendocrine
disease; however, whether this has an effect on sur-
vival or quality of life in the fast of resection is not
clear. Symptom relief is reported following hepatic
resection, although recurrence of symptoms is com-
monplace across the series. All reports, evaluated by
this review, have long-term survivors, although no
specific selection criteria can be discerned. Resection
is, however, justified in the face of demonstrated im-
provement in quality of life,15,16 although not perma-
nent, and on the shown effect on survival.15–17
Sarcoma. Our review identified two studies detail-

ing hepatic resection in sarcoma patients. One of
the studies is a large single-center experience of 331
sarcoma metastases to the liver, of which 56 patients
underwent resection of all gross hepatic disease.
Gastrointestinal stromal tumor (GIST) and gastroin-
testinal leiomyosarcoma comprised the majority of
disease subtypes. The 1-, 3-, and 5-year survival rates
(median, 39 months) were significantly improved
compared with those for incompletely resected pa-
tients. A separate study specifically addressing leio-
myosarcoma metastases of 26 patients revealed a
similar survival advantage. Factors significant for pos-
itive outcome benefit included complete resection
and the interval from primary resection to the devel-
opment of subsequent hepatic metastases (�2
years).18,19

Gastric Cancer

Opposing patient selection criteria were presented
in the Japanese and Western Center studies. The
three studies identified included patient cohorts rang-
ing in size from 15 to 22, each treated with hepatic
metastasectomy. Metachronous disease and a solitary
metastasis were associated with a survival advantage.
The tumor size and location of the primary tumor
were also seen as prognostic indicators in one study.
Interestingly, the Japanese report, which represents
the 17-year experience of a specialty center, strongly
supports that heptatic metastasectomy for gastric
cancer is only potentially possible in a very select
patient population; nevertheless, it demonstrated
that resection constitutes a component of total onco-
logic treatment.20–22

CONCLUSIONS

The identified and available data on the topic of
hepaticmetastasectomy for the a priori definedmalig-
nancies (breast, melanoma, ovarian, neuroendocrine,
sarcoma, and gastric) in this literature analysis were
derived from class III evidence, retrospective case
series, or database review. In general, data support
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that hepatic hepatectomy can be performed safely;
however, there were few commonalities in these series
with respect to the optimal factors for patient selec-
tion. The reported resection outcome experience for
breast, melanoma, ovarian, and gastric cancers sug-
gests that hepatic resection is a component of total
oncologic therapy rather than a “stand-alone” proce-
dure. Hepatic resection for GIST and leiomyosar-
coma metastases had the most consistent emerging
data to support the procedure, as increasing interval
to hepatic disease and complete resection conferred
an appreciable and significant survival advantage. The
neuroendocrine disease–hepatic resection data did
not allow any conclusions to be drawn due to the
heterogeneity of the reports. The data contained in
the reviewed series suggest that symptom relief fol-
lowing hepatic resection is attainable, although com-
plete and long-term cure is less common.
Although a promising component of overall treat-

ment, the role of surgical resection for non–colorectal
cancer–related hepatic metastases cannot be gener-
alized and at present should be individualized based
on the patient’s clinical course and by the biologic
behaviors of the specific malignancy.
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Staphylococcal Liver Abscess and Acute
Cholecystitis in a Patient With Crohn’s
Disease Receiving Infliximab
Tushar R. Patel, M.D., Kepal N. Patel, M.D., Andrew H. Boyarsky, M.D.

We present an unusual case of empyema of the gallbladder associated with a pyogenic liver abscess
in a patient with Crohn’s disease on Infliximab. It manifested by weakness, weight loss, and vague
abdominal pain, which eventually localized to the right upper quadrant 4 days prior to admission.
Diagnostic evaluation, which included ultrasonography and computed tomography, revealed cholelithiasis,
gallbladder wall thickening, and a low-attenuation, complexmass in the left hepatic lobe. Cholecystectomy
and open drainage of the liver abscess were successfully performed. There are few reports of intrahepatic
abscess associated with Crohn’s disease. The relationship between acute cholecystitis and Crohn’s dis-
ease has also been documented. However, this report documents the unusual complication of pyogenic
liver abscess secondary to acute cholecystitis in the unique population of Crohn’s disease patients on
Infliximab. (J GASTROINTEST SURG 2006;10:105–110) � 2006 The Society for Surgery of the
Alimentary Tract

KEY WORDS: Crohn’s, infliximab, cholecystectomy, liver abscess

The prevalence of cholelithiasis in the general
population is a well-known and established fact. The
estimated prevalence of gallstones has been deter-
mined by ultrasonography to range from 11% to 15%
in women and 3% to 11% in men under 50 years of
age. Gallstone formation increases with age, with a
prevalence as high as 50% in women and 15% in
men 60 years of age or older. Individuals with a family
history of gallstones; who belong to certain ethnic
groups (i.e., Native Americans); who have obesity,
diabetes, small bowel malabsorptive syndromes, rapid
weight loss, or multiparity; and those on hyperali-
mentation are at increased risk of developing gall-
stones.1 The relationship between inflammatory
bowel disease and biliary tract disease has also been
well documented.2 A common complication of symp-
tomatic cholelithiasis is acute calculus cholecystitis,
which usually results from impaction of a gallstone
in the cystic duct or the neck of the gallbladder that
completely obstructs the organ.
Pyogenic abscesses represent the most common

type of hepatic abscess encountered in the United
States.3 The incidence may approximate as high as
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20 cases per 100,000 patient admissions. Patients
with Crohn’s disease have a higher incidence of liver
abscess (114–297 per 100,000) than the general
population.4
Infliximab (Remicade) is a chimeric (human-

mouse) monoclonal antibody targeted at human
tumor necrosis factor-α (TNF-α), a proinflammatory
cytokine that may be important in the pathogenesis
of Crohn’s disease. Although Infliximab’s mechanism
of action is incompletely understood, its action is
thought to target the immune system by its ability to
bind precursor cell-surface TNF, perhaps leading
to monocyte apoptosis. Infliximab antagonizes the
biological activity of TNF-α by binding to it on
macrophage and T-cell surfaces. The most frequent
adverse effects of Infliximab are headache, nausea,
and upper respiratory tract infections, and some
anecdotal case reports of an increased propensity in
Staphylococcus auerus infections. We recently success-
fully treated a patient with Crohn’s disease who pre-
sented with a true intrahepatic abscess associated with
acute cholecystitis. This patient was also being treated
with Infliximab.

mailto:boyarsky@umdnj.edu
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CASE REPORT

A 28-year-old man with a 19-year history of
Crohn’s disease presented to his primary care phy-
sician with complaints of vague abdominal pain, a 10-
pound weight loss, and weakness over the past
3 months. The pain localized to the right upper quad-
rant 4 days prior to admission. The pain was unremit-
ting, sharp, and nonradiating and was associated with
nausea, without vomiting, fevers, chills, or diaphore-
sis. He denied changes in his bowel habits or any
urinary symptoms. His past medical history was sig-
nificant only for Crohn’s disease. His medications
included Pentasa, Prilosec, and Infliximab, which he
had been receiving for 7 months prior to this current
illness for episodic inflammatory flare-ups intractable
to standard therapies.
Physical examination revealed a thin male in no

acute distress. Pertinent physical findings disclosed
no evidence of scleral icterus or jaundice. His abdo-
menwas soft andmildlydistendedwithmoderate right
upper quadrant tenderness. Nomasses were palpable,
and rectal examination was negative for occult blood.
Laboratory results were as follows: white blood

cell count, 9.0 K/mm3 (4.0–10.0); total bilirubin, 0.4
mg/dl (0.1–1.2); alkaline phosphatase, 337 IU/L (37–
107); AST, 18 IU/L (12–45); ALT, 21 IU/L (3–40);
amylase, 34 U/L (44–128) and lipase, 62 U/L (40–
175). Right upper quadrant ultrasonography revealed
a thickened gallbladder wall, no pericholecystic
fluid, multiple small filling defects consistent with
cholelithiasis, no intrahepatic ductal dilatation, and
a common bile duct measuring 4 mm in diameter.
An abnormal hypoechoic intrahepatic lesion mea-
suring approximately 6 × 4 × 6 cmwas noted posterior
and medial to the gallbladder. Abdominal computed
tomography scan, which was performed to further
delineate this intrahepatic finding (Fig. 1), revealed
a complex low-attenuation mass in the lateral seg-
ment of the left hepatic lobe. This was consistent
with an abscess. The gallbladder demonstrated uni-
form wall thickening with pericholecystic inflamma-
tory changes. Several distal small bowel loops were
found to be thickened, presumably secondary to
active Crohn’s disease.
Based on these findings and the patient’s clinical

examination, he was taken to the operating roomwith
the diagnosis of acute cholecystitis with an intrahe-
patic abscess. Upon exploration, he was found to
have gallbladder empyema. No gross perforation was
noted. In the lateral segment of the left lobe of
the liver, an obvious mass was palpable clearly sepa-
rate from the gallbladder. Needle aspiration was per-
formed, which revealed a purulent fluid collection.
An incision was made over the mass, and using the

Fig. 1.Computed tomography scan of the abdomen revealing
acute cholecystitis and evidence of a hepatic abscess.

liver finger-fracture technique, the abscess was
drained and cultures were obtained. Two drains were
left in place, and the wound was copiously irrigated.
The small bowel in this area appeared mildly in-
flamed, but no perforation or intraloop abscess was
noted.
The patient’s postoperative course was remarkably

uneventful. He was initially kept on broad-spectrum
antibiotics until the intraoperative culture results
were obtained. Pentasa and Prilosec were continued,
while the Infliximab was discontinued. Intraoperative
cultures grew S. aureus (methicillin sensitive) from
both gallbladder and the liver. Antibiotics were ap-
propriately manipulated, and he was kept on oral
antibiotic therapy for 4 weeks. Echocardiography
revealed no evidence of valvular heart disease. The
patient was discharged on postoperative day 6, toler-
ating oral intake, on oral antibiotics, with home
wound care. Pathologic examination of the gallblad-
der revealed acute cholecystitis with areas of focal
wall necrosis and cholelithiasis.

DISCUSSION

Hepatic abscess is a relatively rare problem. The
most common cause of pyogenic liver abscess is as-
cending cholangitis secondary to benign ormalignant
biliary tract obstruction. Other causes include portal
vein bacteremia or pylephlebitis resulting from intes-
tinal infections such as appendicitis or diverticulitis;
hepatic artery bacteremia from systemic infections
such as endocarditis; direct extension from adjacent
infections such as gangrenous cholecystitis, pancre-
atic abscess, or subhepatic abscess; Crohn’s disease;
secondary infections of traumatic hepatic hematomas;
necrosis of hepatic neoplasms; and cryptogenic, in
which no obvious cause can be identified (Table 1).
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Crohn’s disease is associated with various hepato-
biliary disorders, including pericholangitis, sclerosing
cholangitis, granulomatous hepatitis, and cholelithia-
sis.5–7 Liver abscess is rare; only 30 reported cases of
Crohn’s disease with liver abscess could be identified
with variable data8 (Table 2).
Crohn’s disease may predispose a small subset of

these patients to aggressive microbial invasion of the
portal venous system with seeding of the hepatic pa-
renchyma.5 Indeed, frequent portal venous bacter-
emia has been documented in inflammatory bowel
disease.9 Themore common and well-known compli-
cations of Crohn’s disease, such as fistulization, perfo-
ration, and intra-abdominal abscess formation, create
conditions known to otherwise be favorable to the
development of liver abscess.10,11 The frequent use of
adrenal corticosteroid therapy, malnutrition, and the
presumed underlying immunologic abnormalities in
Crohn’s disease may also play a role.12
It has been well established that patients with

Crohn’s disease, regardless of gender and age, have
almost a doubled risk of developing cholelithiasis
compared with the general population.13 The pre-
valence has been reported to be between 13% and
34%.13–15 The pathogenesis of gallstones and the
increased incidence in Crohn’s disease is unknown.
Cholesterol gallstones account for more than

80% of the gallstones in theWestern world; however,
patients with Crohn’s disease are more prone to pig-
ment (calcium bilirubinate) than cholesterol gallstone
formation. Previous reports have demonstrated
normal cholesterol saturation with increased content
of bilirubin in the bile of patients having had an ileal
resection due toCrohn’s disease.16 Patients withmore
extensive Crohn’s disease, especially those including
the duodenum, may have impaired mucosal release
of cholecystokinin and, as a consequence, decreased
gallbladder motility.17–20
In this case, Crohn’s disease quite possibly precipi-

tated the formation of gallstones and cholecystitis,

Table 1. Causes and prognostic indicators of liver abscesses

Causes of Liver Abscesses Types of Organisms Poor Patient Prognostic Indicators

Cryptogenic (40%) Gram-negative aerobes (50–70%) Age �70, WBC �20,000, albumin �2
Biliary tract obstruction (37%) Gram-positive aerobes (30%) Increasing bilirubin, SGOT
Portal bacteremia (11%) Anaerobes (40–50%) Multiple abscesses, aerobic abscess
Systemic bacteremia (6%) Fungal (26%) Diabetes, septicemia, malignancy
Direct extension (4%) Sterile (7%) Biliary etiology, complication
Other (2%) Polymicrobial bacteremia

Data from Seeto RK, Rockey DC. Pyogenic liver abscess: Changes in etiology, management and outcome. Medicine 1996;75:99–113; Garrison
RN, Polk HC. Liver abscess and subphrenic abscess. In: Blumgart LH, ed. Surgery of the liver and biliary tract, 2nd ed. Edinburgh: Churchill
Livingstone, 1994. p. 1091–1102; Zinner MJ, Schwartz SI, Ellis H. Liver abscess and hydatid cyst disease. In: Zinner MJ, Schwartz SI, Ellis
H, eds. Maingot’s Abdominal Operations, 10th ed. Stamford, CT: Appleton & Lange, 1997.

Table 2. Reported Cases of Liver Abscesses
in Patients With Crohn’s Disease

Author Year Associated Clinical Findings

Snavely JR 1946 Diarrhea and abdominal
tenderness

Taylor FW 1949 Pylephlebitis
Lerman B 1962 Suppurative pylephlebitis
Sparberg M 1965 Hepatic abscess alone
Zarnow H 1976 Duodenobiliary fistula
Watts HD 1978 Multiple hepatic abscesses
Nelson A 1979 Hepatic abscess alone
Labatto S 1980 Hepatic abscess alone
Hatoff DE 1983 Perineal Crohn’s disease
Brositus TA 1983 Streptococcus meningitis

intermedius
Macpherson DS 1985 Hepatic abscess alone
Valero V 1985 Thoracic empyema
Teague M 1988 Hepatic abscess alone
Kotengi H 1991 Hepatic abscess alone
Vakil N* 1994 Staphylococcal hepatic abscess

with cutaneous infection

Modified from Vakil N, Hayne G, Sharma A, Hardy DJ, Slutsky A.
Liver abscess in Crohn’s disease. Am J Gastroenterol 89:1090–1095,
1994.
*Retrospective review; all other publications are case reports.

leading to empyema of the gallbladder and an intrahe-
patic abscess. Hepatic abscess secondary to cholecys-
titis usually occurs as a direct extension of infection.
Local factors such as chronic inflammation and gall-
bladder wall ischemia as well as systemic factors, such
as immunosuppression, may all be contributory to
abscess formation.
The finding of S. aureus as the organism growing

from both the gallbladder and abscess culture sites
further supports our belief that both processes were
related. There have been reports of S. aureus being
cultured from pyogenic liver abscesses in Crohn’s
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patients, but these patients reported cutaneous in-
fections in the weeks preceding the diagnosis of
the abscess. The common organisms involved with
pyogenic hepatic abscesses are listed in Table 1.
The historical standard treatment of a solitary pyo-

genic liver abscess is surgical drainage with identifi-
cation and correction of the underlying process
coupled with systemic antibiotics for 2–6 weeks to
treat concurrent smaller and undiagnosed purulent
collections within the liver.21–24 Medical treatment
with antibiotics alone can be successful early in the

PYOGENIC HEPATIC ABSCESS 

Clinical suspicion 

No Yes

Surgical Drainage,  
±  percutaneous drainage, 
Treat Underlying Source 

Solitary or Few, 
Large abscesses 

Multiple small 
    abscesses 

Percutaneous Drainage 
      And Antibiotics 

Antibiotics alone 

Empiric Broad- 
Spectrum Antibiotics

Computed tomography, 
diagnostic aspiration 

Intraabdominal
Source?

Identify and Treat 
Source 

Treatment failure 

Fig. 2. Treatment algorithm for patients with pyogenic hepatic abscess. Adapted from Glasgow RE,
Mulvihil SJ. Hepatic abscess. In: Cameron JL, ed. Current Surgical Therapy, 6th ed. St. Louis, MO:
Mosby, 1998. p. 314–321.

course of the disease, in patients with small multi-
ple abscesses (�1.5-cm diameter) and when there is
no surgically correctable factor. Computed tomogra-
phy– or ultrasonography-guided percutaneous drain-
age can be successful in poor-risk patients or in
patients with a solitary abscess, who do not have other
indications for surgical exploration. Laparoscopy has
been used for both diagnosis and drainage when
percutaneous attempts have failed.25 In this case,
our patient had an obvious surgically correctable
etiological factor and thus a clear indication for
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exploration. Figure 2 presents and summarizes a
treatment algorithm for patients with a pyogenic he-
patic abscess.
If untreated, nearly all pyogenic liver abscesses

prove fatal. Modern diagnostic imaging, antibiotics,
and aggressive early surgical or percutaneous drain-
age have further improved mortality statistics to
80–90% survival. Several factors, such as delayed di-
agnosis, undrained or poorly drained collections,
multiple small undrainable abscesses, and untreated
primary etiologic sites, however, are still associated
with a poor prognosis in patients with pyogenic
hepatic abscesses (Table 1).
A heightened awareness of the risks of Infliximab

use is crucial in patients with chronic infections or
iatrogenic induced immunodeficiency. TNF-α, a
major proinflammatory cytokine, plays an important
role in host defense against infection. Inhibition of
its activity could therefore be anticipated to augment
the risk of infection in patients with preexisting ab-
normalities of immune regulation. Infliximab’s anti–
TNF-α properties target the immune system, raising
concerns about the potential for immune sensitization
and immunosuppressive sequelae.26 The relationship
between cytokine inhibition and infection may also
be associated with comorbidities such as diabetesmel-
litus, heart disease, disability, and concurrent immu-
nosuppressive medication.27 Many cases have been
reported where the use of Infliximab therapy has
been associated with unusual bacterial infections such
as Escherichia coli colitis, aseptic streptococcal menin-
gitis, and staphylococcal intramyocardial inflamma-
tion. In the latter case, a chronic inflammatory
process was activated by infliximab, suggesting in
this case that an underlying chronic biliary infection
was further stimulated by this immunosuppressive
drug.28–30

CONCLUSION

Pyogenic hepatic abscess can be a challenging clin-
ical problem and, despite modern modalities, is still
associated with a rather highmorbidity andmortality.
Patients with Crohn’s disease are more prone to liver
abscess formation and are also at higher risk of devel-
oping cholelithiasis. An increased use of Infliximab
may put these patients at increased risk of developing
an unusual bacteriologic flora potentially leading to
acute cholecystitis with or without a hepatic abscess.
Appropriate diagnostic evaluations and aggressive
treatment should improve the prognosis for this
potentially life-threatening complication.
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The Value of Reoperative Procedures After Unusual
Reconstructions in the Gastrointestinal Tract
Associated With Substantial Morbidity
Hueseyin Bektas, M.D., Harald Schrem, M.D., Frank Lehner, M.D., Ursula Schmidt, M.D.,
Helmut Kreczik, Jürgen Klempnauer, M.D., Thomas Becker, M.D.

Reconstructive procedures of the gastrointestinal tract after resection or for bypass surgery are well
established and almost completely standardized but still may cause significant morbidity. Deviations from
standard reconstructive procedures have pitfalls, especially when complex reconstructions are required,
and may lead to substantial morbidity. Scientific evidence for the indication to reoperate as well as the best
methods to be applied is lacking and surgical experience indispensable. We report on 10 reoperative
cases between 1999 and 2003 after uncommon reconstructive procedures in the gastrointestinal tract
associated with substantial morbidity. In five cases (five of seven), operative correction of uncommon
reconstructions in the upper gastrointestinal tract after gastrectomy, completion gastrectomy, or distal
gastric resection could completely alleviate the complaints including reflux esophagitis, whereas
incomplete relief of symptoms was achieved in the remaining two cases (two of seven). Corrective
procedures used end-to-side esophagojejunostomy or end-to-side gastrojejunostomy with a retrocolic
isoperistaltic jejunal Roux-en-Y loop and end-to-side jejunojejunostomy approximately 40 cm distal to
the proximal anastomosis for biliary and exocrine pancreatic drainage. After biliodigestive anastomosis,
problematic cholangitis could be completely alleviated in three cases (three of three) using end-to-side
hepaticojejunostomy with a retrocolic isoperistaltic jejunal Roux-en-Y loop and end-to-side
jejunojejunostomy 40 cm distal to the hepaticojejunostomy for reconstruction of the continuity of
the gastrointestinal tract. Compliance with well-established standard reconstructive procedures is of
elementary importance in the gastrointestinal tract. Operative correction of uncommon reconstructions
associated with morbidity is usually indicated. (J GASTROINTEST SURG 2006;10:111–122) � 2006 The
Society for Surgery of the Alimentary Tract

KEY WORDS: Reflux esophagitis, biliary reflux, cholangitis, reconstruction after gastrectomy, biliodiges-
tive anastomosis

Reoperation of the foregut and midgut remains a
frequent challenge for the general surgeon. Complex
reconstructive procedures following major gastroin-
testinal surgery in this area can lead to a series of
physiologic and functional complications that, in
some cases, require a second operation.1,2 The most
frequent long-term complications are biliary reflux
following gastrectomy and recurrent cholangitis fol-
lowing biliodigestive anastomosis. Both symptoms
can occur individually or in combination following
pancreaticoduodenectomy. Some uncommon recon-
structive procedures can have widely varying and dra-
matic consequences in individual patients.2–4 Patients
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who have undergone uncommon reconstructive pro-
cedures of the gastrointestinal tract associated with
morbidity are often referred to tertiary referral cen-
ters like our institution for further therapy. We ana-
lyzed the data for such problematic reconstructive
procedures that was collected retrospectively over
the last 5 years in our institution.Using selected cases,
we illustrate the problems associated with uncommon
reconstructive procedures and bring the approach to
them into discussion. At the outset, it must be pointed
out that the examples chosen are individual cases
and the symptoms and the possible surgical proce-
dures used should be discussed within that context.

mailto:Bektas.Hueseyin@mh-hannover.de
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Because all reconstructive procedures are associated
with specific advantages and disadvantages, we aim
to stimulate the discussion of the indications for
reoperation and the procedures used for corrective
surgery after uncommon reconstructions associated
with morbidity.

MATERIAL AND METHODS

We report on 10 reoperative cases (six men and
four women; average age, 63 years) between 1999
and 2003 after uncommon reconstructive procedures
in the upper gastrointestinal tract or biliary tract asso-
ciated with substantial morbidity (Table 1). All 10
cases were reviewed retrospectively using the pa-
tient’s hospital records. Follow-up was performed
for this study by telephone inquiry to obtain a recent
medical history update.

RESULTS
Case 1

A 59-year-old patient presented with esophageal
reflux symptoms following gastrectomy for gastric
carcinoma 2 years previously. He complained of

Table 1. Overview of our patients’ clinical characteristics including follow-up and results of reoperative surgery

Interval Anatomic
Symptoms between primary description Follow-up
leading to operation after primary after Relief of

Patient reoperation and symptoms operation reoperation symptoms

1 Postprandial heartburn, 2 years Correct 2 years Complete relief and weight gain
regurgitation

2 Postprandial fullness, 3 months Not correct 3 years Incomplete relief
intermittent vomiting, (development of recurrent cholangitis)
reflux esophagitis

3 Early dumping, extreme 2 years Not correct 4 years Incomplete relief
reflux esophagitis (persistent early dumping)

4 Postprandial reflux with 2 years Correct 3 years Complete relief
heartburn, postprandial
fullness, hiccough

5 Biliary reflux with heartburn 3 months Not correct 3 years Complete relief
6 Intestinal nutrition not 3 months Not correct 4 years Complete relief and weight gain

possible, severe vomiting
7 Biliary reflux with heartburn 30 years Correct 3 years Complete relief and weight gain
8 Recurrent cholangitis 3 years Not correct 3 years Complete relief
9 Recurrent cholangitis 2 years Correct 3 years Complete relief and weight gain
10 Cholangitis with sepsis, 4 weeks Not correct 1 year Complete relief

elevated transaminases

Interestingly, the anatomic description of the primary reconstruction proved to be incorrect during reoperation in most cases. The use of a
isoperistaltic retrocolic Roux-en-Y reconstruction with a jejunal limb of 40 cm during reoperation attained complete relief of symptoms in
8 of 10 cases and incomplete relief in the remaining 2 cases.

heartburn and regurgitation, in particular, postpran-
dially and at night. Diagnostic work-up revealed
reflux esophagitis. According to the available opera-
tive report, an end-to-side esophagojejunostomy
using a jejunal omega loop was performed. From 5 to
6 cm distal to the end-to-side esophagojejunostomy, a
side-to-side jejunojejunostomy over a length of 20 cm
using the omega loop was described, probably with
the intention of providing a substitute reservoir after
total gastrectomy (Fig. 1). This description of the
previous reconstruction could be confirmed during
reoperation. Under the assumption that reflux esoph-
agitis in this patient was the consequence of the close
positioning of the side-to-side jejunojejunostomy to
the esophagojejunostomy, the corrective procedure
comprised a reconstruction with end-to-side esopha-
gojejunostomy using a retrocolic isoperistaltic jejunal
Roux-en-Y loop after dismantling of the previous
end-to-side esophagojejunostomy and resection of
the side-to-side jejunojejunostomy. The patient was
discharged after 10 days without any perioperative
complications and went home with no remaining
complaints. Follow-up for the purpose of this study
revealed that our patient had gained a lot of weight
and was still free of heartburn and regurgitation
2 years after reoperation.
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Fig. 1. Reconstruction following gastrectomy with an end-
to-side esophagojejunostomyusing a jejunal omega loop and an
about 5- to 6-cm distally positioned side-to-side jejunojejunos-
tomy over a length of approximately 20 cm. As a consequence,
postprandial and night-time heartburn and regurgitation
occurred in case 1, leading to reoperation.

Case 2

A 49-year-old female patient complained of post-
prandial feeling of fullness, digestive problems, inter-
mittent vomiting, and typical symptoms of reflux
esophagitis, 3months after undergoing a distal gastric
resection with Roux-en-Y-reconstruction for recur-
rent gastric ulcerations intractable to conservative
treatment. Her medical history revealed that ERCP
and endoscopic papillotomy followed by laparoscopic
cholecystectomy had been carried out for biliary pan-
creatitis several years previously. Recent radio-
graphic contrast studies revealed delayed emptying of
the residual stomach. During gastroscopy, abnormal
stomach-emptying contractions and an antiperistaltic
jejunal loop distal to the gastrojejunostomy were
observed. This established the indication for reopera-
tion. During reoperation, an end-to-side gastrojeju-
nostomy with an antecolic, antiperistaltic first loop
of the jejunum was found with an end-to-side jejuno-
jejunostomy approximately 20 cm distal to the gas-
trojejunostomy. It became evident that the wrong
end of the divided proximal jejunum was used for
gastrojejunostomy instead of the created Roux-en-Y
limb (Fig. 2). This uncommon reconstruction of the

digestive tract explained the complaints of our pa-
tient. During reoperation, the gastrojejunostomy was
dismantled and the end-to-side jejunojejunostomy re-
moved by resection of the distal part of the first loop
of the jejunum, which was used for gastrojejunostomy.
A new reconstruction with end-to-side gastrojejunos-
tomyusing a retrocolic, isoperistalticRoux-en-Y-limb
and an end-to-side jejunojejunostomy 35�40 cm
distal to the gastrojejunostomy was performed. The
patient was discharged symptom free after 3 weeks
of convalescence without complications. For the pur-
pose of this study, we investigated this case further and
learned that the patient is now complaining of recur-
rent cholangitis, 3 years after corrective surgery. An
episode of necrotizing pancreatitis has also developed.
However, the symptoms that led to corrective surgery
did not reappear.

Case 3

A 62-year-old female patient presented with
hyperglycemia-hypoglycemia syndrome accompanied
by dumping and extreme reflux symptoms with
reflux esophagitis, 2 years after undergoing subtotal
gastric resection and later completion gastrectomy.
According to the operative report, the reconstruction
was done using an omega loop and a gastric substitute
with a pouch. Radiographic studies and endoscopy
could show the pouch but failed to describe it in detail.
Due to the severity of symptoms, reoperation was
indicated. Intraoperatively, an antecolic jejunal loop
was found that was used for end-to-side esophagojeju-
nostomy. Directly underneath the esophagojejunos-
tomy, a side-to-side jejunojejunostomy was found.
However, this anastomosis was positioned horizon-
tally on the same jejunal loop about 30 cm distally,
so that the end-to-side esophagojejunostomy and the
side-to-side jejunojejunostomy lay directly over one
another (Fig. 3). The symptoms were easy to under-
stand, given the intraoperative picture. The patient
could be partially helped by resection of the pouch
and conversion into an end-to-side esophagojejunos-
tomy with a retrocolic, isoperistaltic Roux-en-Y loop.
The patient was discharged following convalescence
after a complicated course with intra-abdominal ad-
hesions and a stricture leading to ileus and conse-
quently another operative revision with extensive
adhesiolysis. Four years following corrective surgery,
the patient still complains of early dumping, although
without reflux symptoms and without any reflux
esophagitis detectable by endoscopy.

Case 4

A 56-year-old female patient presented with biliary
reflux with heartburn, postprandial feeling of being
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Fig. 2. Reconstruction following distal gastric resection with an end-to-side gastrojejunostomy using an
antecolic, antiperistaltic first loop of the jejunum with an end-to-side jejunojejunostomy approximately
20 cm distal to the gastrojejunostomy in case 2. It became evident that the wrong end of the divided
proximal jejunumwas used for gastrojejunostomy instead of the created Roux-en-Y limb. As a consequence
extreme symptoms of postprandial feeling of fullness, intermittent vomiting, digestive problems, and
typical symptoms of reflux esophagitis occurred.

full, and hiccough. Gastric banding had been pre-
viously carried out to treat morbid obesity, and later
a distal gastric resection was performed due to intrac-
table ulcerations. According to the operative report,
reconstruction following distal gastric resection was
performed using an antecolic, jejunal Roux-en-Y loop
for end-to-side gastrojejunostomy. Diagnostic work-
up revealed an end-to-side jejunojejunostomy ap-
proximately 20 cm distal to the gastrojejunostomy.
The assumption that the distance between the gastro-
jejunostomy and the jejunojejunostomy was too short
and therefore enabled reflux, together with the as-
sumption that compression of the Roux-en-Y limb
between the colon and the abdominal wall could cause
disturbed gastric emptying, established the indication

for reoperation. Intraoperatively, the descriptions of
the operative report concerning the reconstructive
method used could be confirmed (Fig. 4). The short
antecolic Roux-en-Y loop was resected. Reconstruc-
tion was performed using a retrocolic, isoperistaltic
Roux-en-Y jejunal loop for end-to-side gastrojejunos-
tomy. End-to-side jejunojejunostomy was performed
approximately 40 cm distal to the gastrojejunostomy.
The patient was discharged symptom free 12 days
later following a complication-free convalescence.
The patient was contacted by telephone, and it was
established that 3 years following corrective surgery
she had remained symptom free and her weight
stable.
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Fig. 3. Reconstruction following completion gastrectomy with an antecolic jejunal omega loop that was
used for end-to-side esophagojejunostomy in case 3. During reoperation a side-to-side jejunojejunostomy
was founddirectly underneath the esophagojejunostomy, so that the end-to-side esophagojejunostomy and
the side-to-side jejunojejunostomy lay directly over one-another. As a consequence serious reflux symp-
toms with reflux esophagitis occurred. Further, this patient suffered from with hyperglycemia-hypoglyce-
mia syndrome accompanied by dumping.

Case 5

This case was similar to case 4. A 67-year-old male
patient underwent a distal gastric resection and had
a reconstruction with a very short retrocolic Roux-
en-Y loop with an end-to-side jejunojejunostomy ap-
proximately 15 cm distal to the gastrojejunostomy.
He suffered from biliary reflux with heartburn (Fig. 5).
Biliary reflux and heartburn could be successfully
eliminated by dismantling the jejunojejunostomy and
repositioning it approximately 40 cm distal to the
gastrojejunostomy. This patient was discharged
symptom-free following a 2-week stay in hospital. A
telephone inquiry established that our patient was
symptom free with stable weight 3 years following
reoperation.

Case 6

A 67-year-old female patient was referred to us
who had 3 months previously undergone a partial

duodenopancreatectomy, to treat pancreatic carci-
noma that had infiltrated the duodenum. Reconstruc-
tionhad been performedwith only one loop. Since the
operation, the patient had been fed intravenously,
because intestinal nutrition was not possible. Every
time intestinal feedingwas started, a feeling of fullness
occurred followed by severe vomiting. Radiographic
contrast studies showed an occlusion of the proximal
small bowel. This finding prompted reoperation.
Intraoperative investigation revealed an end-to-side
gastrojejunostomy with an omega loop and triple
side-to-side jejunojejunostomy. This reconstruction
resulted in a closed short-cut system because distal
to the third side-to-side jejunojejunostomy, the point
of entry for the GIA stapler into the lumen was closed
too tightly with a running suture, so that the distal
gut lumen was functionally closed (Fig. 6). The pan-
creas, the bile duct, and the gastric stump were all
connected to the first loop of the omega loop. These
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Fig. 4. Following stomach resection, reconstruction with a short antecolic, jejunal Roux-en-Y loop for
end-to-side gastrojejunostomy was performed in case 4 leading to reoperation due to biliary reflux with
heartburn, postprandial feeling of being full, and hiccough.

intraoperative findings easily explained the symptoms
presented. Following removal of the gastrojeju-
nostomy, the omega loop including the three jejuno-
jejunostomies was resected. The new reconstruction
involved a retrocolic, isoperistaltic Roux-en-Y limb
for end-to-side gastrojejunostomy and an end-to-
side jejunojejunostomy approximately 40 cm distal to
the gastrojejunostomy to drain the bile and exocrine
pancreas. The passage of food was eventually possi-
ble and problem free through this conversion into a
two-loop reconstruction. As a consequence of the
previous difficult clinical course, before reoperation,
the patient became anxious of vomiting andwas reluc-
tant to eat, and it took 2 months for normal digestion
and normal food passage to resume. Follow-up re-
vealed that our patient was symptom free 4 years
after reoperation and enjoyed a steady weight gain.

Tumor recurrence of pancreatic carcinoma has not
been detected to date.

Case 7

A 61-year-old male patient was referred to us with
reflux symptoms. His medical history revealed that
distal gastric resection had been performed for gastric
ulceration 30 years previously. Reconstruction had
been carried out with an end-to-side gastrojejunos-
tomy using the first jejunal loop (Fig. 7). The patient
was symptom free for many years. Over the past few
years, however, he had developed reflux symptoms
that were unresponsive to medication. Endoscopy re-
vealed second-grade esophagitis and gastritis with
obvious significant biliary reflux. The patient was
discharged symptom free 16 days following removal
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Fig. 5. Reconstruction was performed after distal stomach resection with a very short retrocolic Roux-
en-Y loop with an end-to-side jejunojejunostomy approximately 15 cm distal to the gastrojejunostomy,
which caused biliary reflux in case 5. The symptoms were eradicated by distal repositioning of the end-
to-side jejunojejunostomy.

of the gastrojejunostomy and reconstruction with a
retrocolic, isoperistaltic Roux-en-Y limb and an end-
to-side jejunojejunostomy approximately 40 cm distal
to the gastrojejunostomy for biliary and exocrine pan-
creatic drainage. From telephone contact, we learned
that the patient was still symptom free 3 years after
reoperation and was slowly gaining weight.

Case 8

A 63-year-old male patient with cholecysto-
and choledocholithiasis was treated by end-to-side
hepaticojejunostomy. Since then the patient had
complained of recurrent cholangitis. According to
the operative report reconstruction was carried out
with an approximately 30-cm-long Roux-en-Y limb.

Three years after the initial procedure, reoperation
was performed. During reoperation, it became evi-
dent that the retrocolic Roux-en-Y limb for hepatico-
jejunostomy was only 15 to 20 cm long (Fig. 8). The
patient was discharged symptom-free after 2 weeks
following removal of the hepaticojejunostomy and
creation of a new end-to-side hepaticojejunostomy
using a 40-cm-long retrocolic, isoperistaltic Roux-
en-Y limb and an end-to-side jejunojejunostomy 40
cm distal to the hepaticojejunostomy to reestablish
the continuity of the gastrointestinal tract. Inquiry
by telephone established that 3 years after corrective
surgery, the patient was symptom free and without
antibiotic treatment. Recurrent cholangitis did not
reappear during follow-up.
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Fig. 6.Reconstruction in case 6 with an end-to-side gastrojeju-
nostomy using an omega loop and triple side-to-side jejuno-
jejunostomy after partial duodenopancreatectomy. This
reconstruction resulted in a closed short-cut system because
distal to the third side-to-side jejunojejunostomy the point of
entry for the GIA stapler into the lumen was closed too tightly
with a running suture, so that the distal gut lumen was func-
tionally closed.

Case 9

A 62-year-old male patient presented himself to
us with recurrent cholangitis, 2 years after having
undergone a biliodigestive anastomosis in another
hospital for inflammatory bile duct obstruction. We
deduced from the operative report that the anastomo-
sis had been performed with a nonexcluded jejunal
loop (Fig. 9). According to our understanding, the
underlying reason for recurrent cholangitis was a
consequence of this surgical approach. We there-
fore performed a reoperation with removal of the
anastomosis, flushing of the bile duct system, and
end-to-side hepaticojejunostomy with a retrocolic,
isoperistaltic Roux-en-Y jejunal limb and an end-to-
side jejunojejunostomy approximately 40 cm distal
to the hepaticojejunostomy in order to reconstruct the
continuity of the gastrointestinal passage. The patient
was discharged symptom free after 2 weeks following
a complication-free convalescence. For the purpose
of this work, we questioned the patient 3 years after
reoperation and he was still symptom free and had
gained a significant amount of weight.

Fig. 7. Reconstruction in case 7 following distal gastric resec-
tion with an end-to-side gastrojejunostomy using the first jeju-
nal loop. After about 30 years, serious reflux esophagitis and
gastritis with biliary reflux developed leading to reoperation.

Case 10

A 61-year-old male patient was referred to our
institution with cholestasis due to gallbladder carci-
noma. Following tumor resection, extrahepatic bile
duct reconstruction was carried out using end-to-
side hepaticojejunostomy. In the postoperative
course, cholangitis developed with elevated transami-
nases. Reoperation was carried out due to the devel-
opment of sepsis without any obvious reason. During
reoperation, an end-to-side hepaticojejunostomy
with a retrocolic, antiperistaltic first limb of the
jejunum was found with an end-to-side jejunojeju-
nostomy approximately 40 cm distal to the hepatico-
jejunostomy. It became evident that the wrong end
of the divided proximal jejunum was used for hepatic-
ojejunostomy instead of the created Roux-en-Y limb
(Fig. 10). This erroneous reconstruction of the extra-
hepatic bile duct explained the development of cho-
langitis with sepsis since chymus was transported
by peristalsis directly from the duodenum into the
biliary tree. Reoperative reconstruction involved
conversion of the previous reconstruction into a
Roux-en-Y reconstruction with the correct Roux-
en-Y limb and end-to-side anastomosis of the jejunal
limb that was previously used for hepaticojejunos-
tomy to the Roux-en-Y limb approximately 40 cm
distal to the rehepaticojejunostomy. Two weeks after
reoperation, the patient could be discharged symp-
tom free. Recurrent cholangitis did not reappear
during follow-up.
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Fig. 8. Reconstruction of the extrahepatic biliary tract in case 8 using a retrocolic Roux-en-Y limb for
hepaticojejunostomy that was only 15�20 cm long. As a consequence this patient suffered recurrent
cholangitis. This problem was solved by reconstructive surgery of the bile duct with a 40-cm-long Roux-
en-Y limb.

DISCUSSION

Following gastrectomy, some of the most frequent
problems associated with gastrointestinal reconstruc-
tion are heartburn and reflux esophagitis caused by
biliary reflux and regurgitation of food.1–3 The
early and late postprandial dumping syndromes are
well-known complications after gastrointestinal
reconstruction following partial or total gastrectomy.
There is no method available to date that is able
to avoid these complications completely.5,6 Case 3
illustrates that early dumping remains a potential
problem after reoperative surgery using a jejunal
Roux-en-Y limb, the method generally favored by us
for reconstruction. In this case, an improvement
was attained in terms of reflux symptoms, including
reflux esophagitis. No improvement was, however,
achieved with respect to early dumping. Unfortu-
nately, the results of remedial surgery for dumping

are variable and unpredictable.3 Our cases demon-
strate that different reconstructions including loop
(non-Roux) reconstructions (cases 1, 3, 6, 7, and 9)
either with or without omega configuration as well
as short Roux limbs (cases 4, 5, and 8) or antiperistaltic
or inverted Roux limbs (cases 2 and 10) can lead
to substantial morbidity. In 8 of 10 of these cases,
complete relief of symptoms could be achieved by the
uniform application of the 40-cm-long, isoperistaltic
retrocolic Roux-en-Y limb during reoperative recon-
struction. In the remaining two cases (cases 2 and 3),
only incomplete relief of symptoms could be attained
(Table 1).

Loop (Non-Roux) Reconstructions With
or Without Omega Configuration

After partial gastric resection, serious morbidity
can be caused by afferent-loop syndrome, efferent-loop
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Fig. 9. Biliary tract reconstruction in case 9 was performed
with a nonexcluded jejunal loop leading to recurrent cholan-
gitis and reoperation.

syndrome, and blind-loop syndrome.7–10 In many
cases, these complications are avoidable if the
reconstruction of the gastrointestinal tract is per-
formed according to well-established and almost
completely standardized surgical methodology. Af-
ferent-loop syndrome originates either from outflow
obstruction of the afferent omega loop caused by a
constricting side-to-side jejunojejunostomy or from
a too-wide outflow opening so that the gastric or
esophageal contents fill the afferent loop, in both
cases leading to bacterial overgrowth in the afferent
loop as well as obstruction of intestinal transport of
bile and exocrine pancreas secretions.9 In our series,
the afferent-loop syndrome was a major problem in
cases 1 and 3. Affected patients frequently complained
of lack of appetite, vomiting bile, bloated feeling,
and diarrhea. Vomiting typically alleviates these
symptoms immediately in the short term. Omega
loop reconstruction with side-to-side jejunojejunos-
tomy after gastrectomy appears to be potentially
problematic in our view because it may cause afferent-
loop syndrome, especially when the side-to-side
jejunojejunostomy is created proximal to the esophago-
or gastrojejunostomy as reported in case 1. If an
omega loop reconstruction is used for reconstruc-
tion, it should be carried out with side-to-side jejuno-
jejunostomy approximately 15�20 cm distal to the
esophago- or gastrojejunostomy to avert afferent-
loop syndrome. Case 6 demonstrates that for complex
reconstructive surgery of the digestive tract, sufficient
operative experience with the specific procedure is

Fig. 10. Biliary tract reconstruction was carried out with the
wrong end of the divided proximal jejunum, and it was used for
hepaticojejunostomy instead of the created Roux-en-Y limb
in case 10. This situation was leading to early postoperative
cholangitis with sepsis prompting operative revision.

essential. In efferent-loop syndrome, stomach empty-
ing is hindered through a mechanical bend, for
example, caused by adhesion, invagination, or a
constricting anastomosis.11 Overgrowth of the blind
loop with gut bacteria can lead tomaldigestion and vi-
tamin B12 deficiency. Case 6 in our series represents a
drastic case of efferent-loop syndromewith iatrogenic
mechanical stenosis of the efferent loop following
erroneous reconstruction after partial duodenopan-
createctomy. Case 7 demonstrates that jejunal loop
reconstruction without an omega configuration can
lead to severe reflux gastritis and esophagitis due to
inverted transport of bile and exocrine pancreatic
juice into the stomach and esophagus. The additional
development of afferent loop syndrome could be ex-
pected. In our experience, good to very good clinical
results of reoperative surgery for afferent- or efferent-
loop syndrome can be attained with a retrocolic, isop-
eristaltic Roux-en-Y jejunal limb. This limb is typically
used as an end-to-side esophagojejunostomy or an
end-to-side gastrojejunostomy. An important princi-
ple here is that the Roux-en-Y limb is long enough
proximal to the end-to-side jejunojejunostomy to
avoid reflux.
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Fig. 11. Our standard reconstruction approach with a retrocolic, isoperistaltic Roux-en-Y jejunal limb
with a length of approximately 40 cm for gastrointestinal as well as extrahepatic biliary tract reconstruction.

In our view, the cholangitis illustrated in case 9 is
a consequence that is to be expected after biliary tract
reconstruction using an end-to-side hepaticojejunos-
tomywith the jejunum in its continuity. It appears ob-
vious that bacteria in the chymus can easily ascend into
the biliary tract in this constellation. With regard
to the latter, it should be remembered that recurrent
cholangitis may also complicate state-of-the-art re-
construction of the extrahepatic biliary tract with a
Roux-en-Y limb. Nevertheless, we are convinced that
reoperation should usually be carried out in cases
with recurrent cholangitis after hepaticojejunostomy,
because otherwise recurrent cholangitis may lead to
life-threatening sepsis, chronic necessity of antibiotic
treatment, and secondary sclerosing cholangitis fol-
lowed by chronic liver failure. In our experience, a
rehepaticojejunostomy with a Roux-en-Y limb and
an end-to-side jejunojejunostomy 40 cm distally ap-
pears to be the best strategy in such reoperative cases.

Short Roux Limbs

Both reflux esophagitis (cases 4 and 5) after distal
gastric resection and recurrent cholangitis (case 8)
following hepaticojejunostomy are often the result
of a too-short Roux-en-Y limb. Following collective
surgical experience as well as the experience of our

series, we consider a length of 40 cm for the Roux-
en-Y limb to be ideal to best avoid reflux of bile
and pancreas secretions and thus reflux esophagitis
or reflux of gastric contents into the biliary tract and
thus cholangitis.3,11–13 In our reoperative cases pre-
sented here, the initially used limbs for reconstruction
were on average between 15 and 20 cm long and
therefore clearly too short. In these cases, reoperation
using a Roux-en-Y jejunal limb with a length of 40
cm was able to eradicate recurrent cholangitis as well
as reflux esophagitis for the long term. In this context,
it should be noted that the inaccuracy of intraopera-
tive measurement of bowel length is notorious, par-
tially due to the varying contractile state of the bowel.

Antiperistaltic or Inverted Roux Limbs

Cases 2 and 10 demonstrate that the use of the
wrong end of the divided proximal jejunum for gas-
trojejunostomy or hepaticojejunostomy does lead to
biliary reflux after distal gastric resection or cholan-
gitis after hepaticojejunostomy due to antiperistaltic
instead of isoperistaltic anastomosis. We believe that
both complications could be the consequence of lack
of attention to relevant detail during the procedure.
In both cases, the symptoms prior to reoperation
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could be completely corrected with the use of an isop-
eristaltic, retrocolic Roux-en-Y limb with a length of
40 cm.

CONCLUSIONS

Our illustrative collection of cases shows that re-
constructions of the gastrointestinal tract that are
complicated by significant morbidity should usually
prompt reoperation as soon as possible. In our view,
these cases impressively show the value of a retrocolic,
isoperistaltic Roux-en-Y jejunal limb with a length
of approximately 40 cm for gastrointestinal as well
as extrahepatic biliary tract reconstruction in reopera-
tive cases (Fig. 11). Compliance with well-established
standard reconstructive procedures is of elementary
importance in the gastrointestinal tract. In conclu-
sion, operative correction of uncommon reconstruc-
tions associated with morbidity is usually indicated.
The potential problems associated with bias and

the fact that uncontrolled data are used in this report
result from the significant methodologic difficulties
that are encountered when reoperative procedures
and their values are to be evaluated in a systematic
manner, aiming at a high grade of scientific evidence.
Therefore, reoperative surgery in digestive tract
reconstruction is still characterized by the need for
further case studies and scientific methodologic inno-
vation combined with extensive personal clinical
experience.
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Postoperative Bezoar Ileus After
Early Enteral Feeding
Konstantin J. Dedes, M.D., Marc Schiesser, M.D., Markus Schäfer, M.D.,
Pierre-Alain Clavien, M.D., Ph.D., F.A.C.S., F.R.C.S.

Postoperative enteral nutrition is a widely accepted route of application for nutrition formulas due to a
low complication rate, a good acceptance by patients. and a favorable cost-effectiveness. We report three
cases of bezoar ileus after early postoperative enteral nutrition, using a fine needle jejunostomy (FNJ)
in two cases and a nasoduodenal tube in one case. A male patient who underwent gastric resection for
a gastrointestinal stroma tumor and was nourished through an fine needle jejunostomy developed an acute
abdomen on the seventh postoperative day. Surgical exploration revealed a mechanical ileus caused
by denaturated nutrition formula distal to the catheter tip. The second case, a female patient, underwent
gastric resection for a gastric cancer and on the fourth postoperative day developed acute onset of
abdominal pain. Intraoperative findings were the same as described in the first case. The third case, a male
patient with necrotizing cholecystitis, underwent open cholecystectomy. Postoperative enteral feeding
was performed using a nasoduodenal tube. He developed a small bowel obstruction on the 17th
postoperative day that was caused by an intraluminal bezoar. In conclusion, bezoar formation represents
an underestimated complication of postoperative enteral feeding. Acute onset of abdominal pain and the
development of small bowel obstruction are the main clinical symptoms of this severe complication.
The pathogenesis of bezoar formation remains unclear. (J GASTROINTEST SURG 2006;10:123–127) � 2006
The Society for Surgery of the Alimentary Tract

KEY WORDS: Enteral nutrition, complications, feeding catheter jejunostomy, nasoduodenal tube,
bezoar ileus

Malnutrition represents a well known risk factor
that increases postoperativemorbidity andmortality.1
Therefore, early enteral nutrition is now widely used
after major gastrointestinal (GI) surgery in many in-
stitutions.2 Enteral nutrition represents the physio-
logic route of food application and is increasingly
preferred due its low complication rate (e.g., no cen-
tral line infections) and its favorable lower costs com-
pared to parenteral nutrition.2–4
Whereas oral food application is often not possible

after major surgery of the upper GI tract during
the first postoperative days, postpyloric and jejunal
feeding can easily be performed by either using naso-
jejunal tubes or percutaneous catheter jejunostomy
(FNJ).5 The reported complication rates in the litera-
ture are very low, ranging in most series from 1.6 %
to 2.7%.5–7
Enteral nutrition using a small-bored needle cathe-

ter jejunostomy (9 French, Freka FCJ; Fresenius Kabi
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GmbH, Stans, Switzerland) is routinely performed
after esophageal, gastric and pancreatic resections in
our institution. Major advantages of the FNJ are the
possibility of a prolonged administration of enteral
nutrition over several weeks and that oral nutri-
tional intake is not hampered by the presence of a
nasoduodenal tube.
We report three cases of bezoar ileus after early

postoperative enteral nutrition using an FNJ in two
cases and a nasoduodenal tube in one case.

CASE REPORTS
Case 1

A 62-year-old male patient underwent gastric re-
section for a gastrointestinal stroma tumor. There
were no preexisting comorbidities. After total gas-
trectomy and cholecystectomy, a Roux-en-Y recon-
struction with end-to-side esophagojejunal pouch
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anastomosis and jejunojejunal anastomosis was per-
formed. The FNJ was inserted into the jejunum as
described by Delany8 around 50 cm distally to the
jejunojejunal anastomosis. As usual, localization and
function of the FNJ were intraoperatively con-
trolled by injecting clear fluid. The operative course
was completely uneventful.
Early enteral nutrition using a standard formula

containing 22 g fiber per liter (Novasource; Novartis
Nutrition, Switzerland) was started 6 hours postoper-
atively with a flow rate of 20 ml/hr. From postopera-
tive day one to 5, the flow rate could stepwise be
increased from 20 ml/hr to 30 ml/hr, thus increasing
the daily volume from 100 ml to 550 ml, respectively.
The clinical course remained uneventful until postop-
erative day 7, when the patient developed acute pain
and abdominal distention. The computed tomogra-
phy scan confirmed the clinical suspicion of a me-
chanical ileus and revealed an acute small bowel
obstruction with subsequent dilatation of the proxi-
mal jejunum. There were no pathologic findings re-
ported relating to the FNJ.
Intraoperatively, we found a small bowel obstruc-

tion proximal to the insertion of the FNJ (Fig. 1).
The jejunal lumen was completely obstructed by de-
naturated enteral nutrition formula. The feeding
tube was firmly stuck in that intraluminal plug. After
removal of the FNJ, the denaturated mass was evacu-
ated through a longitudinal incision of the jejunum.
The patient recovered without further problems,

Fig. 1. Complete obstruction of the jejunal lumen by denaturated enteral nutrition formula. The feeding
tube is firmly stuck in the intraluminal plug.

whereby oral food intake was completely normalized
when he was discharged from the hospital at postop-
erative day 18.

Case 2

A 36-year-old pregnant female patient (23rd week
of gestation) was admitted with increasing abdominal
pain, nausea, and emesis. Ultrasonography showed a
large ovarian tumor on the left side measuring 23 cm
× 11 cm × 15 cm, whereas no pathologic findings of
the pregnancy or other intra-abdominal lesions could
be detected. The tumor was resected through a
midline laparotomy. Histologic examination of the
2.5-kg specimen revealed a metastasis of a gastric
cancer (Krukenberg tumor).Theprimary tumorcould
be confirmed by gastroscopy but no furthermetastasis
was detected. The patient was then reoperated with
abortive cesarean section, total gastrectomy with D2-
lymphadenectomy, and cholecystectomy. A Roux-en-Y
reconstruction with end-to-side esophagojejunal
pouch anastomosis and jejunojejunal anastomosis was
performed. Finally, the FNJ was inserted into the
jejunum 50 cm distal to the jejunojejunal anastomosis.
Enteral nutrition was started 6 hours postopera-

tively using a standard formula containing 22 g fiber
per liter (Novasource; Novartis Nutrition) with flow
rate of 20 ml/hr (480 ml/day). The flow rate was
steadily increased up to 40 ml/hr without any clinical
disturbances (1000 ml/day) in the following days. On
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postoperative day 4, the patient developed acute ab-
dominal pain and peritoneal signs. Without further
investigations, the patient underwent re-laparotomy
at the same day. Intraoperatively, a distended and
hemorrhagic small bowel was found that originated
from a mechanical obstruction at the FNJ. The small
bowel was paved with denaturated nutrition formula
forming a firm intraluminal plug of 80 cm in length.
The feeding tube could be removed and the proximal
small bowel was cleared through a jejunotomy (Fig. 2).
The postoperative course was uneventful, and the
patient was discharged on postoperative day 20.

Case 3

A 74-year-old male patient was referred with acute
necrotizing cholecystitis and sepsis. A radical restor-
ative cystectomy for bladder cancer T3 N0 with cre-
ation of a gastric pouch had been performed several
years before. Except for chronic obstructive pulmo-
nary disease, he had no other underlying diseases.
Open cholecystectomy was performed immediately
after admission. The postoperative course was com-
plicated by cardiac and renal insufficiency. On the
third postoperative day, parenteral nutrition was
started (Nutriflex; B. Braun Medical AG, Sempach-
Station, Switzerland). On postoperative day 8, a duo-
denal tube (16/9 French; Freka Trelumina; Fresenius
Kabi GmbH) was inserted, and enteral feeding with
a non–fiber-containing formula for renal insufficient
patients (Nepro; Abbott Nutrition, Baar, Switzer-
land) was started at 10 ml/hr. Flow rate was increased

Fig. 2. Evacuation of the intraluminal plug through a jejunotomy.

to 30 ml/hr the next day (800ml/d). On postoperative
day 15, the patient developed acute abdominal pain
and peritoneal signs. Enteral nutrition was dis-
continued immediately, and computed tomography
scan revealed a mechanical obstruction of the small
bowel. The patient underwent re-laparotomy at the
same day. Intraoperatively, a distended and hemor-
rhagic small bowel was found that originated from a
mechanical obstruction distal to the duodenal tube.
Through enterotomy, denaturated nutritional for-
mula was evacuated. Unfortunately, the patient did
not recover and died on postoperative day 38.

DISCUSSION AND REVIEW OF THE
LITERATURE

Early postoperative enteral nutrition is usually well
tolerated and has significant benefits by reducing in-
fectious complications. Different access for enteral
nutrition can be used including nasogastric or naso-
duodenal feeding tubes, percutaneous catheter feed-
ing jejunostomy, and percutaneous endoscopic or
surgical tube gastrostomy. Although tube gastrosto-
mies are predominantly used for long-term nutri-
tional support in patients with impaired swallowing,
FNJ and nasoduodenal tubes are rather restricted
to perioperative nutrition after major upper GI and
pancreatic surgery. Intraoperatively, FNJ is placed
through the abdominal wall and then inserted into a
jejunal loop that has been attached to the abdominal
wall. The reported morbidity in the literature for
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major complication ranges from 1.6% to 2.7%.5–7
The most common complications are phlegmatous
infections at the entry site of the FNJ at the abdominal
wall, which are usually treated with antibiotics and
local disinfection. Catheter obstruction can often be
managed conservatively by flushing with liquid in-
cluding antioxidants (e.g., vitamin C). Catheter dis-
lodgment with subsequent infusion of nutrition into
the abdominal cavity is a rare complication (1%) and
requires reoperation. Mechanical bowel obstruction
due to bowel necrosis and pneumatosis intestinalis
have been reported only rarely.
By thoroughly reviewing the literature, we identi-

fied only four patients with small bowel obstruction
due to bezoar formation after enteral feeding.9–11
The incidence of this rare complication is unknown,
because only few cases are reported. O’Neil et al.10
reported a 79-year-old woman with gastric cancer
undergoing subtotal gastrectomy with Roux-en-Y re-
construction. Isocaloric non–fiber-containing enteral
nutrition formula was administered through a nasog-
astric tube with the tip distal to the gastrojejunal
anastomosis. Enteral feeding was started on the first
postoperative day with 10 ml/hr and gradually in-
creased to 80ml/hr over the next 48 hours. She devel-
oped acute crampy abdominal pain on postoperative
day 7. Plain abdominal radiography revealed a com-
plete small bowel ileus caused by a bezoar in the
efferent limb of the jejunum. Enteral feeding was
immediately stopped. The bezoar was managed con-
servatively by intraluminal filling of 5 0 ml papain
containing normal saline every 6 hours. O’Malley
et al.9 reported a 39-year-old man who underwent
subtotal gastrectomy for bleeding gastric ulcer. A
feeding catheter jejunostomywas placed for postoper-
ative enteral nutrition using isocaloric non–fiber-con-
taining formula. Flow rate was started at 6 ml/hr
and increased to 125 ml/hr by the fifth postoperative
day. On day 7, he developed fever and acute abdomi-
nal pain. Radiology showed an intestinal mass ob-
structing the small bowel lumen. The patient was
reoperated and precipitated nutrition formula that
stuck in the jejunum lumen was found. In addition,
the small bowel wall was necrotic, and a segmental
resection was performed with an end-to-end anasto-
mosis. McIvor et al.12 reported a 45-year-old man
with a serious thrombotic thrombocytopenic pur-
pura. The patient needed prolonged mechanical ven-
tilation due to respiratory failure, and enteral
nutritionwas started by nasogastric tube using a fiber-
containing formula at a rate of 25 ml/hr and increased
to 125 ml/hr within 10 hours. On the sixth day the
abdomen became distended. Enteral nutrition was
stopped and parenteral nutrition started. Surgical ex-
ploration 3 days later revealed a dilated cecum and

terminal ileumwith inspissated stool. A right hemico-
lectomy and ileostomy were performed. Finally, Date
et al.11 described one patient with small bowel ob-
struction after gastrectomy as a result of precipitation
of enteral feeding formula, but no further details
were published.
In our patients, bezoar formation occurred after

enteral nutrition with fiber-containing nutritional
formula using an FNJ and nasoduodenal tube. This
represents an incidence of 1% in our department;
since we have used 200 FNJs during the four
recent years. Similar to three of the four published
cases, two of our patients also underwent gastrec-
tomy, whereas the third patient had gastric pouch
creation as urinary bladder replacement, and small
bowel obstruction became clinically present after sev-
eral days of enteral feeding. The pathogenesis of
bezoar formation as a complication of enteral nutri-
tion remains unclear. It has been assumed that both
an impaired postoperative bowel motility and simul-
taneous overload with fiber-containing enteral nutri-
tion are related to bezoar formation.10,12Disturbances
of intraluminal pH levelsmay occur after gastrectomy
due to the lack of acid secretion and could contribute
to precipitation of fibers at the tip of the feeding
tube. Furthermore, an increased flow rate may lead to
intraluminal accumulation of enteral nutrition, and
precipitation may then occur in the absence of intesti-
nal fluid. The careful review of our cases failed to
demonstrate any risk factors, such as use of opioids
and diuretics, fluid substitution, and flow rate of en-
teral nutrition. We assume that bezoar formation
might be attributed to intestinal acid-base levels. A
suggested prevention could be dilution of the formula
initially with water.7 This might have a positive effect
on concentration of fibers and the acid-base level
inside the intestinal lumen.
In conclusion, bezoar formation represents a rare

but serious complication of postoperative enteral
feeding that may be underestimated. Acute onset of
abdominal pain and the development of small bowel
obstruction require immediate discontinuation of the
enteral feeding and further investigations to rule out
severe complications, such as bezoar formation. Due
to its unknown pathogenesis, it remains unclear how
this complication can be avoided.
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Thrombosis of a Large Portal Vein Aneurysm:
Treatment by Thrombectomy, Aneurysmorrhaphy,
and Portocaval Shunt
Martin Wolff, M.D., Nico Schaefer, M.D., Joachim Schmidt, M.D., Andreas Hirner, M.D.

An otherwise healthy 32-year-old woman had unspecific upper abdominal complaints. Diagnostic work-
up, including a helical computed tomography (CT) scan and indirect splenoportography, revealed a giant
extrahepatic portal vein aneurysm (PVA) extending to the central part of the splenic vein. On laparotomy,
a thrombectomy and creation of a portocaval side-to-side shunt were performed. Thirteen days later,
she was readmitted for re-thrombosis of the aneurysm. She underwent another laparotomy with
thrombectomy and tapering of the portal venous wall (aneurysmorrhaphy) by vascular staplers. On follow-
up 25 months after the operation, full relief of symptoms was noted. She was on warfarin therapy. Her
portal venous systemwaspatent. (JGASTROINTESTSURG2006;10:128–131) �2006TheSociety forSurgery
of the Alimentary Tract

KEY WORDS: Portal vein aneurysm, aneurysmorrhaphy, portocaval shunt

CASE REPORT

A 32-year-old female patient was admitted to a
community hospital because of 3 days of progressive
epigastric pain and nausea. She had no previous illness
and no history of liver or pancreatic disease. Physical
examination showed tenderness of the upper abdo-
men and a low-grade fever of 38.2�C. Peripheral
blood count and biochemistry were normal, apart
from a bilirubin of 1.4 mg/dl. Upper gastrointestinal
endoscopy showed mild gastritis without gastro-
esophageal varices. Ultrasonography revealed a
heterogeneous echogenic mass at the porta hepatis.
On CT scan, a large blood-equivalent mass with
compression of the pancreatic head and the hepatic
hilum was demonstrated.
She was transferred to our hospital for further

treatment. A helical CT scan and indirect spleno-
portography revealed complete thrombosis of an 8 ×
6-cm extrahepatic PVA extending to an aneurysmatic
splenic vein of 5 cm in diameter (Fig. 1).
The patient underwent a laparotomy, which

showed congested bowel and pancreas, a normal liver,
and 2.5 L of clear ascites. On opening the gastrocolic
ligaments, there was an impressive protrusion of the
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thrombosed and ectatic central part of the portal and
superior mesenteric vein and the splenic vein under-
neath the body and head of the pancreas (Fig. 2).
There was no arterioportal fistula. The portal aneu-
rysm was mobilized from the hepatoduodenal liga-
ment by retracting the common bile duct to the left.
In order to obtain better access to the giant aneurysm,
the gallbladder, which contained stones, was re-
moved. The aneurysm was opened laterally at the
supraduodenal portion of the portal vein, and the
protruding thrombotic material was removed by
using Fogarty catheters and suction until good inflow
from the mesentery and backflow from the liver were
obtained. A cell saver and systemic heparinization
were used. Closure of the aneurysm was achieved by
resecting a part of the wall longitudinally in order
to reduce the diameter. A pressure measurement
showed 23 mm Hg in the portal vein and 8 mm Hg
in the infrahepatic vena cava and a central venous
pressure of 6 mm Hg. Assuming a still existing ele-
vated resistance within portal branches of the liver,
the decision was taken to create a side-to-side porto-
caval shunt in order to facilitate outflow from the
ectatic venous system. Following mobilization of
the suprarenal vena cava, a tension-free anastomosis
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Fig. 1. Preoperative helical computed tomography scan with contrast enhancement during the portal
phase. A, Portal vein aneurysm (PVA) with acute complete thrombosis. B, Extension of the portal vein
thrombosis into the aneurysmatic splenic vein and gallbladder with stones.

could be achieved. Histologic examination of a liver
biopsy and of the portal vein wall showed no
abnormalities.
On postoperative day 3, a hematoma in the right

subhepatic space was evacuated, which was attributed
to anticoagulation. Thereafter, a helical CT scan,
indirect splenoportography, and color flow ultra-
sound demonstrated a patent portal system and ortho-
grade flow within the portal vein (Fig. 3). The patient

Fig. 2. Operative view into the lesser sac from the right. The stomach is reflected cephalad. The splenic
part of the venous aneurysm (SVA) is shown at the inferior border of the pancreas (P).

was discharged on postoperative day 11 on a thera-
peutic dosage of low-molecular-weight heparin.
Two days later, the patient was readmitted for a

recurrent thrombosis of the portal system, which was
demonstrated on another CT scan. She underwent
emergency laparotomy and another thrombectomy
of the portal system. Transient clamping of the por-
tocaval shunt was performed.This time, the thrombe-
ctomy was carried out by opening the aneurysmatic
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Fig. 3. Postoperative imaging on day 5 after the operation. A,
Indirect splenoportography depicts the patency of the portal
system with orthograde flow into the liver and patency of the
portocaval shunt by opacification of the inferior vena cava
(VC). B, Helical computed tomography scan with contrast
enhancement of the portal venous phase showing the still
enlarged portal vein (PVA) and the patency of the portoca-
val shunt as evidenced by contrast media in the inferior VC.

splenic vein as well as the previous venotomy at
the portal vein. Both the splenic and portal veins were
thoroughly mobilized. Tapering of the vessel
diameters (aneurysmorrhaphy) was achieved by using
multiple vascular stapler lines (30-mm Endo-GIA
USS; Tyco Healthcare, Mansfield, MA). The patient
recovered uneventfully and was discharged after ad-
justment of the dosage of phenprocoumon.

On follow-up 25 months after the operation, the
patient presented without complaints and has con-
tinued working as a music teacher. Color Doppler
ultrasonography revealed a patent portal system,
orthograde flow in the intrahepatic portal vein with
a patent portocaval shunt, and a normal spleen size.
Blood cell counts and biochemical tests of liver func-
tion were normal.

DISCUSSION

PVAs are rare. However, asymptomatic aneurysms
are described with increasing frequency due to the
wide use of ultrasound and CT.1 Most extrahepatic
and intrahepatic PVAs have been described in associa-
tion with liver disease, portal hypertension, and arte-
rioportal fistulas.1,2 A PVA at the umbilical portion of
the portal vein may be associated with a portohepatic
venous shunt and encephalopathy. In our present
case, the etiology of the large fusiform aneurysm in-
volving the central part of the portal vein and the
splenic vein remains unclear. This entity could be also
referred to as a giant central ectasia of the portal
system, which is of congenital origin, probably.
In most reports, asymptomatic PVAs have been

managed by observation.1 However, in contrast to
fusiform aneurysms, a saccular aneurysm can be re-
sected with relative ease.2 Complications of large
PVAs include compression of the bile duct and rup-
ture or thrombosis of the aneurysm with subsequent
development of portal hypertension.1,2 When acute
thrombosis of the aneurysmatic portal vein occurs, it
may mimic a pancreatic or hepatic mass on ultra-
sound.3,4 Color Doppler sonography may be helpful,
but the extent of the thrombosis can be investigated
best by contrast-enhanced helical CT or magnetic
resonance imaging.5

Acute thrombosis of the aneurysm can be managed
nonoperatively.3,5 However, cavernous transforma-
tion of the porta hepatis, the development of portal
hypertension with the risk of variceal bleeding, and
a possible extension of the thrombosis intomesenteric
vein branches causing venous infarction remain an
imminent problem.1

Therefore, we decided in this young patient to
thrombectomize the portal system, reduce the resis-
tance to portal flow by a portocaval shunt, improve
laminar flow by aneurysmorrhaphy, andmaintain pat-
ency by anticoagulation. This case is unusual because
of the large size of the PVA, the extension into
the splenic vein, and the absence of an underlying
cause.
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Predictive Factors for Pancreatic Fistula After
Pancreaticosplenectomy for Advanced Gastric
Cancer in the Upper Third of the Stomach
Chikara Kunisaki, M.D., Ph.D., Hiroshi Shimada, M.D., Ph.D.,
Hidetaka Ono, M.D., Ph.D., Yuichi Otsuka, M.D., Goro Matsuda, M.D.,
Masato Nomura, M.D., Hirotoshi Akiyama, M.D., Ph.D.

This study aimed to retrospectively investigate the predictive factors for pancreatic fistula following
pancreaticosplenectomy. Pancreatic fistula is a major lethal complication of pancreaticosplenectomy.
However, predictive factors for this condition have not yet been established. Between April 1992 and
March 2000, 147 patients with advanced gastric cancer that was located predominantly in the upper
third of the stomach were enrolled in this study. Predictive factors for pancreatic fistula were investigated
using univariate and multivariate analyses. Pancreatic fistula, as defined according to our criteria, was
observed in 73 (49.7%) patients. In the univariate analysis, age, body mass index, serum zinc level,
hyperlipidemia, and comorbid disease all significantly affected the incidence of pancreatic fistula. In the
multivariate analysis, body mass index, hyperlipidemia, and comorbid disease independently predicted
the occurrence of pancreatic fistula. By contrast, the experience of the operating surgeon had no significant
effect on the frequency of this condition. Our results suggest that pancreaticosplenectomy, the surgical
merit of which is not apparent, should be avoided whenever possible. If this operative procedure must
be used (e.g., in patients with extensive tumor presence), careful manipulation and appropriate drainage
are essential, particularly in cases showing predictive factors of pancreatic fistula. (J GASTROINTEST SURG
2006;10:132–137) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Gastric cancer, pancreatic fistula, pancreaticosplenectomy, upper third of the stomach

In Japan, D2 gastrectomy is considered to be an
established and reliable procedure. However, the use
of this method has been discouraged in routine clini-
cal practice inWestern countries due to the relatively
high operative mortality and the lack of apparent
survival benefit.1,2 In Japan, pancreaticosplenectomy
or splenectomy for advanced gastric cancer located
in the upper third of the stomach was previously
used to achieve a more complete D2 gastrectomy,3,4
but this procedure appeared to have no survival bene-
fits5,6 and a higher incidence of complications after
pancreaticosplenectomy was reported by many clini-
cians.7,8 Although a surgical approach has great po-
tential in the treatment of gastric cancer, locoregional
control with extended lymph node dissection is some-
times offset by higher morbidity and mortality rates.
A subset analysis of the data from the Medical Re-
searchCouncil (MRC)Gastric Cancer Surgical Trial1
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and the Dutch Gastric Cancer Group Trial2 revealed
that the higher morbidity was caused by pancreaticos-
plenectomy rather than by extended lymph node
dissection. This suggested that the higher postopera-
tive mortality offset any long-term survival benefits of
the treatment. Furthermore, pancreaticosplenectomy
followed by D2 gastrectomy sometimes caused ad-
verse complications, such as overt pancreatic fistula
resulting in reconstructive anastomotic leakage.
However, the Japan Clinical Oncology Group Study
reported that specialized surgeons could safely per-
form not only D2 but also D3 gastrectomy with ac-
ceptable levels of complications.9 Although many
recent studies have reported adverse effects or no
survival benefits of pancreaticosplenectomy for gas-
tric cancer in the upper third of the stomach, we have
clinically encountered cases of gastric tumor invading

mailto:s0714@med.yokohama-cu.ac.jp


Vol. 10, No. 1
2006 Predictive Factors for Pancreatic Fistula 133

the pancreas body or tail in which pancreaticosplen-
ectomy has sometimes been used. Therefore, it re-
mains necessary to evaluate the predictive factors for
the occurrence of pancreatic fistula after pancreatic-
osplenectomy, followed by D2 or more extended D3
gastrectomy for advanced gastric cancer located
mainly in the upper third of the stomach.

MATERIAL AND METHODS

A series of 147 patients with advanced gastric
cancer, in which the invasion penetrated deeper than
the muscularis propria and the tumor was located
predominantly in the upper third of the stomach,
were enrolled in this study between April 1992 and
March 2000. All of the subjects were preoperatively
confirmed to have gastric adenocarcinoma by analysis
of endoscopic biopsy specimens. The eligible pa-
tients comprised 107 men and 40 women with an
average age of 60.7 years. A preoperative evalua-
tion was performed for all patients consisting of
a barium swallow study, an endoscopic examination
with a biopsy, and computed tomography (CT) scans.
Ultrasonography of the abdomen and endoscopic
ultrasonography were also optionally used. Patients
with distant metastasis (peritoneal, hematogenous,
and nonregional lymph node metastases) were ex-
cluded from the study. Staging was based on the
Japanese Classification of Gastric Carcinoma.10 A
well-defined tumor was macroscopically observed in
31 patients, and an ill-defined type was seen in the
remaining 116 patients. The mean tumor diameter
� SD was 80.0 � 39.6 mm. The depths of invasion
were as follows: T2 (muscularis propria or subserosa)
was observed in 64 patients, and either T3 (serosa
penetrated) or T4 (adjacent organs) was detected in
83 patients. A differentiated tumor was histologically
observed in 56 patients and an undifferentiated type
was seen in 91 patients. Lymph node metastasis was
observed in 33 patients. D2 gastrectomy (defined
as complete lymph node dissection of group 1 and 2
nodes) was used in 21 patients, and D3 gastrectomy
(defined as complete lymph node dissection of group
1, group 2, and para-aortic lymph nodes according
to the Japanese Classification of Gastric Carcinoma)
was performed in 126 patients. The latter procedure
was only adopted in patients in whom the invasion
penetrated deeper than the subserosa according to
preoperative imaging modalities and who gave prior
informed consent. The pathological stages were as
follows: IA (6 patients), IB (11 patients), II (39 pa-
tients), IIIA (27 patients), IIIB (22 patients), and IV
(42 patients). The majority (135 patients; 91.8%) of
the cases were treated with curative gastrectomy,

with the remaining subjects undergoing noncurative
surgery.

Surgical Method for the Pancreatic Stump

After ligating and cutting the splenic artery and
vein, we resected the pancreatic parenchyma and
carefully searched for the main pancreatic duct. Once
it was identified, we ligated and cut this duct. Bleeding
from the microvessels in the pancreas parenchyma
was generally stopped by a transfixing suture. After
these operative procedures, we used two methods
for the treatment of the pancreatic parenchymal
stump: mattress suture (suture group) or no suture
(open group).

Site of Ligation and Cutting of the
Splenic Artery

During the first 6 years of performing this proce-
dure, the splenic artery was ligated and cut at its root
without preservation of the dorsal pancreatic artery
(108 patients). During the last 2 years, the splenic
artery was cut at the same resection site in the pan-
creas parenchyma, so as to preserve the dorsal pancre-
atic artery (39 patients). The splenic vein was ligated
and resected at the same site in the pancreas paren-
chyma in all patients.

Definition of Pancreatic Fistula

According to our definition, a case of pancreatic
fistula must satisfy three or more of the following five
criteria: dirty-appearing discharge (of a yellowish-
green, pulpy appearance) from the drain; skin redness
around the drain due to amylase; an amylase concen-
tration of 1000 U/L or greater in the discharge from
the drain; evidence of bacterial infection; and en-
hancement of an abscess cavity around the pancreatic
stump or the main pancreatic duct. Of the 147 pa-
tients, pancreatic fistula was diagnosed in 73 individu-
als (49.7%).Of these, skin redness anddirty-appearing
discharge were observed in all 73 patients, fungal
infections were detected in 29 patients, and various
other bacterial infections in an additional 30 pa-
tients. In addition, nine patients showed elevated
amylase levels in the discharge, and an abscess cavity
or enhancement of the pancreatic duct was seen in
five patients.
There was no postoperative death due to pancre-

atic fistula within 30 days or during the initial hospi-
talization period. Seven different surgeons operated
on patients within the study group.

Statistical Analysis

The SPSS program version 9.0 for Windows
(SPSS Inc., Chicago, IL) was used for all statistical
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analyses. The χ2 test was applied to evaluate the dif-
ference in proportions. The Student’s t test was used
to evaluate the continuous variables and the data were
expressed as the mean � SD. Logistic-regression
analysis was used to test for interactions between the
predictive factors and the incidence of pancreatic fis-
tula. The following preoperative factors were evalu-
ated: gender (male or female), age (years; �60 or �
60), body mass index (BMI) (kg/m2; �25 or �25),
serum zinc (Zn) level (µg/dl; �70 or �70), serum
total protein level (g/dl; �7.0 or �7.0), serum albu-
min level (g/dl;�3.0 or�3.0), serum total cholesterol
(T. Chol) level (U/L; �210 or �210), serum hemo-
globin level (g/dl;�10 or�10), and comorbid disease
(absence or presence). The intraoperative factors in-
vestigated were as follows: treatment of the pancreatic
stump (sutured or open), site of resection of the pan-
creas (left or right side of the inferior mesenteric
vein), preservation of the dorsal pancreatic artery
(preserved or nonpreserved), operation time (mi-
nutes; �600 or �600), and volume of bleeding (ml;
�1000, �1000 but �2000, or �2,000). In addition,
two postoperative factors were evaluated: pathologic
stage (I/II or III/IV) and curability (curative or noncu-
rative). All of the factors that were significant in the
univariate analysis were included in the logistic-
regression analysis. A probability (P) value of �0.05
was considered statistically significant.

RESULTS
Patient Characteristics

The incidence of pancreatic fistula was signifi-
cantly higher among older patients and was sig-
nificantly positively associated with BMI and serum
levels of Zn andT. Chol. High BMI and high levels of
zinc and cholesterol significantly induced pancreatic
fistula. Moreover, the incidence of pancreatic fistula
was significantly higher in patients with comorbid
diseases for which treatments were necessary than in
patients without these conditions. Hypertension was
the most frequent comorbidity seen among the study
group (28 cases), followed by cardiac dysfunction (17
cases), diabetes mellitus (13 cases), gout (3 cases),
hypothyroidism (2 cases), renal failure (1 case), bron-
chial asthma (1 case), Addison’s disease (1 case), and
Bechet’s disease (1 case). However, there was no sig-
nificant difference in the frequency of occurrence
between the two sexes and no significant association
with serum levels of total protein, albumin, and he-
moglobin (Hb) (Table 1).

Clinicopathologic Factors

There was a significant difference in the macro-
scopic appearance of the tumor between patients with

and without pancreatic fistula. Pancreatic fistula was
frequently observed in patients with well-defined
macroscopic-type tumors. However, there were no
significant differences in tumor diameter, depth of
invasion, histological type, and lymphnodemetastasis
or dissection (D2 or D3) between the two groups
(Table 2).

Intraoperative Factors

None of the intraoperative factors evaluated had
a significant effect on the incidence of pancreatic
fistula (Table 3). Similarly, neither of the two post-
operative factors examined (pathologic stage and
curability) was significantly associated with the
occurrence of pancreatic fistula. Stage I/II was seen
in 29 patients with and 27 patients without pancreatic
fistula, whereas the respective figures for stage III/
IV were 44 and 47 (P � 0.6859). Curability was
achieved in 67 patients with and 68 patients without
pancreatic fistula (P � 0.9804).

Logistic-Regression Analysis

All five of the factors that showed a significant
association with the incidence of pancreatic fistula in
the univariate analysis were included in the logistic-
regression analysis. The results revealed that BMI,
serum level of T. Chol, and comorbid disease could
all independently predict the occurrence of pancreatic
fistula after pancreaticosplenectomy in patients with
advanced gastric cancer located in the upper third of
the stomach (Table 4).

Incidence of Pancreatic Fistula According
to the Experience of the Surgeon

The duration of experience of the operating sur-
geon (�10 or �10 years) had no significant effect on
the frequency of occurrence of pancreatic fistula after
pancreaticosplenectomy; it was observed in 16 pa-
tients who underwent surgery with less-experienced
surgeons (�10 years) and in 57 patients who under-
went surgery with more-experienced surgeons (�10
years) (P � 0.5075). Similarly, when considering the
numbers of previous gastric surgeries combined with
pancreaticosplenectomy performed by each surgeon
(�50 or �50 cases), there was no significant differ-
ence in the incidence of pancreatic fistula; it was
observed in 39 patients who underwent surgery
with less experienced surgeons (�50 cases) and in 37
patients who underwent surgery with experienced
surgeons (�50 cases) (P � 0.8066).

Postoperative Course

There was no significant difference in the start
time of oral intake (postoperative day 9.9� 2.9 versus
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Table 1. Patient characteristics

Pancreatic Fistula (�) Pancreatic Fistula (�) P Value

Age (yr), �60/�60 24/49 42/32 .0036
Body mass index (kg/m2), �25/�25 48/25 68/6 .0001
Zn (µg/dl), �70/�70 24/49 42/32 .0036
Total cholesterol (mg/dl), �220/�220 47/26 64/10 .0018
Hemoglobin (g/dl), �10/�10 14/59 7/67 .0923
Comorbid disease (n), absent/present 34/39 57/17 .0001

7.8 � 0.8, P � 0.3322) between patients with and
without pancreatic fistula. However, there was a
significant difference in the length of hospital stay
between these two groups (postoperative day
47.8 � 8.9 versus 29.8 � 6.8, P � 0.0001).

DISCUSSION

Our results revealed that BMI, serum level of T.
Chol, and the presence of comorbid disease all inde-
pendently predicted the occurrence of pancreatic
fistula after pancreaticosplenectomy in cases of
advanced gastric cancer located in the upper third
of the stomach.
Pancreatic fistula is the main complication of

extended (D2) or superextended (D3) gastrectomy
accompanied by pancreaticosplenectomy.7,8 Both the
MRC and Dutch Gastric Cancer Group trials docu-
mented increased postoperative morbidity and mor-
tality, and reduced long-term survival, as a result of
the occurrence of pancreatic fistula after pancreatic-
osplenectomy. It has therefore been argued that pan-
creaticosplenectomy should only be used in D2
gastrectomy if there is a direct extension of the disease
to the pancreas from posteriorly situated tumors. D2
gastrectomy with preservation of the pancreas is now
recommended in Japan.11 In the present study, a
higher incidence of pancreatic fistula was observed
after both D2 and D3 gastrectomy and no mortality
was caused by this condition, indicating that this
method should not influence the survival rate. How-
ever, the occurrence of pancreatic fistula undoubtedly

Table 2. Clinicopathological factors for pancreatic fistula after pancreaticosplenectomy
assessed by univariate analysis

Pancreatic Fistula (�) Pancreatic Fistula (�) P Value

Macroscopic appearance
Well-defined 21 10
III-defined 52 64 .0234

Lymph-node metastasis
Present 12 21
Absent 61 53 .0828

has an adverse effect on the cost of treatment, as a
longer period of hospitalization is required, as shown
in the current study. Therefore, strict criteria should
be applied for the indication of extended gastrectomy
with pancreaticosplenectomy.
In the current study, the incidence of pancreatic

fistula was higher than in the previous Japanese ran-
domized trial.9 However, the definition of pancreatic
fistula was notably different. Most patients diagnosed
with pancreatic fistula in the present study satisfied the
criteria of skin reddening, dirty-appearing dis-
charge, and bacterial infection, whereas elevation of
amylase concentration in the discharge and enhance-
ment of the cavity around the pancreatic stump
were less frequent. Therefore, in the present study,
the definition of pancreatic fistula was broader than
those used in previous reports. Although the results
shown in this study were based on this broad defini-
tion, they might be useful clinically. In a previous
Japanese randomized trial, pancreatic fistula was de-
fined only by elevation of the amylase concentration
in the discharge. Therefore, the incidence of pancre-
atic fistula was lower (5.3%�6.2%). Adopting the
same definition as the Japanese randomized trial,
the incidence of pancreatic fistula in the present study
group was 6.1%.
Our study confirmed that BMI independently pre-

dicted the occurrence of pancreatic fistula. Several
previous reports have discussed postoperative mor-
bidity from the viewpoint of BMI.However, although
some authors found that BMI did not affect post-
operative morbidity after D2 gastrectomy,12,13 others
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Table 3. Intraoperative predictive factors for pancreatic fistula after pancreaticosplenectomy
assessed by univariate analysis

Pancreatic Pancreatic P
Fistula (�) Fistula (�) Value

Pancreatic stump (n), suture/open 58/15 64/10 .2564
Site of resection of pancreas (n), left side of IMV/right side of IMV* 68/5 71/3 .4551
Preservation of dorsal pancreatic artery (n), preservation/nonpreservation 17/56 22/52 .3764
Operation time (min), �600/�600 41/32 40/34 .7970
Bleeding volume (ml), �1000/�1000, �2000/�2000 15/41/17 24/35/15 .2633

*IMV � inferior mesenteric vein.

reported a significant association between these
factors.14,15 Few previous studies have evaluated the
potential correlation between BMI and the inci-
dence of pancreatic fistula after pancreaticosplenec-
tomy. It is clearly more difficult to accurately dissect
the lymph nodes and to distinguish normal pancre-
atic tissue from fatty tissue in patients with a higher
BMI, but the level of experience of the operating
surgeon did not affect the incidence of pancreatic
fistula in our dataset. Therefore, the skill of the sur-
geon does not appear to be a major contributory
factor to the occurrence of pancreatic fistula. How-
ever, long operative periods and large volumes of
bleeding were observed for some obese patients who
underwent D3 gastrectomy according to our criteria.
A higher BMI might be a risk factor for postoperative
morbidity, including pancreatic fistula, after superex-
tended gastrectomy. Fat accumulation frequently in-
duces hyperlipidemia,16 which in turn can lead to
intrapancreatic arteriosclerosis of the pancreatic
tissue and other organs.17 Consequently, the fragility
of the pancreas parenchyma might increase, resulting
in pancreatic fistula. The elevated BMI and serum
cholesterol levels might simply be correlated with
obesity. Randomized controlled trials in the West
have reported a higher incidence of pancreatic fistula
after pancreaticosplenectomy than that observed in
Japan. This might be attributable to the greater
tendency toward obesity among Western popula-
tions. Comorbid diseases, such as hypertension and
diabetes mellitus, might predispose patients to these
conditions. Our analyses confirmed that high BMI,
hyperlipidemia, and the presence of comorbid disease

Table 4. Predictive factors for pancreatic fistula following pancreaticosplenectomy
assessed by logistic-regression analysis

Odds Ratio (95% Confidence Interval) P Value

Body mass index (kg/m2), �25/�25 5.4673 (1.9549–15.2904) .0012
Total cholesterol (mg/dl), �220/�220 3.4930 (1.4119–8.6417) .0068
Comorbid disease (n), present/absent 4.3129 (1.9867–9.3628) .0002

all independently predicted the occurrence of pan-
creatic fistula after pancreaticosplenectomy.
In the univariate analysis, pancreatic fistula was

frequently observed in older patients, although age
was not an independent predictive factor. Fatty infil-
tration, a reduced mass of acinar cells and intersti-
tial tissues, arteriosclerosis of the microvessels, and
dilation of the microduct of exocrine pancreatic tissue
are all associated with aging.18 These degenerative
changes are likely to encourage and aggravate pan-
creatic fistula.
In the current study, the serum level of Zn was

higher in patients with pancreatic fistula. Previous re-
ports have shown that the serum level of Zn in pa-
tients with upper gastrointestinal cancer is correlated
with their nutritional status.19,20 Our present results
also revealed that the serum level of Zn and the BMI
were significantly positively correlated (P � 0.0145).
These findings suggest that the serum level of Zn
was positively correlated with the presence of pan-
creatic fistula.
The method of treatment of the pancreatic stump,

the site of resection of the pancreas, and preservation
of the dorsal pancreatic artery all failed to show
a significant effect on the incidence of pancreatic
fistula. Closure of the pancreatic stump did not pre-
vent pancreatic fistula, and there was no correlation
between the residual pancreas size and the incidence
of this complication. Moreover, resection of the
dorsal pancreatic artery did not influence the major
blood supply at the pancreatic stump and, therefore,



Vol. 10, No. 1
2006 Predictive Factors for Pancreatic Fistula 137

had no significant effect on the occurrence of pan-
creatic fistula. Despite these findings, meticulous at-
tention remains essential during pancreatic surgery
in order to decrease the complications.
Several previous reports have questioned the sur-

gical value of pancreaticosplenectomy for advanced
gastric cancer located in the upper third of the
stomach.5,6 Most retrospective reports have also indi-
cated that pancreaticosplenectomy had no obvious
survival benefits and could lead to severe complica-
tions, resulting in longer hospital stays, as shown
in the current study.7,8 We therefore suggest that this
method should be used only when the tumor directly
invades the pancreas; it should not be regarded as a
standard surgical procedure for advanced gastric
cancer without direct invasion into the pancreas lo-
cated in the upper third of the stomach. Accordingly,
we now use pancreas-preserving total gastrectomy as
the treatment of choice.
In conclusion, our results revealed a relatively high

incidence of pancreatic fistula after pancreaticosplen-
ectomy. Furthermore, highBMI, hyperlipidemia, and
the presence of comorbid disease in patients with
advanced gastric cancer located in the upper third of
the stomach were all independent predictive factors
for pancreatic fistula. This operative method should
only be indicated in patients whose tumor has in-
vaded the pancreas or who have substantial lymph
node metastasis at the distal splenic artery and splenic
hilum. In patients with predictive factors for pancre-
atic fistula, delicate handling and adequate drainage
are essential in order to minimize the risk of pan-
creatic fistula after pancreaticosplenectomy.
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Differences in Survival for Patients With
Resectable Versus Unresectable Metastases
From Pancreatic Islet Cell Cancer

Michael G. House, M.D., John L. Cameron, M.D., Keith D. Lillemoe, M.D.,
Richard D. Schulick, M.D., Michael A. Choti, M.D., Donna E. Hansel, M.D.,
Ralph H. Hruban, M.D., Anirban Maitra, M.D., Charles J. Yeo, M.D.

Well-differentiated islet cell tumors can be associated with aggressive biology, resulting in early
metastases to the liver. This study was carried out to determine whether survival for patients with
malignant islet cell tumors and synchronous liver metastases is affected by complete surgical resection.
Thirty-one patients with synchronous liver metastases from islet cell cancer underwent surgical
exploration with the intent for complete tumor resection, and all patients underwent resection of the
pancreatic primary. The patients were divided into two groups, those with resectable versus unresectable
liver metastases. Twenty-six of 31 (84%) patients underwent complete resection of both the primary
tumor and all liver metastases, and 5 (16%) patients underwent only complete resection of the pancreatic
primary without liver resection. To extirpate the primary tumor, a pancreaticoduodenectomy was
performed in 11 of the 26 (42%) completely resected patients and in 4 of the 5 (80%) incompletely
resected patients, P 5 NS. The remainder of the patients underwent distal pancreatectomy. There were
no statistical differences in primary tumor size, lymph node metastases, or adjuvant treatments between
patients with resected and unresected liver metastases. The median overall survival for the completely
resected group was 78 months, longer than the 17 months for the group with unresectable liver
metastases (P 5 0.06). Complete tumor resection (or the tumor biology that allows such complete
resection) affords a survival advantage to patients with metastatic islet cell tumors of the pancreas.
Patterns of liver metastases from islet cell tumors, specifically multiple bilobar metastases that are not
amenable to resection and/or ablation, predict a poor outcome despite resection of the primary
pancreatic tumor. ( J GASTROINTEST SURG 2006;10:138–145) � 2006 The Society for Surgery of the
Alimentary Tract

KEY WORDS: Pancreas, islet cell tumors, liver metastases

Pancreatic endocrine neoplasms, commonly re-
ferred to as islet cell tumors, are a distinct group of
neoplasms characterized by indolent growth and, at
times, unique clinical features attributable to the
overproduction of endocrine hormones. Approxi-
mately 2500 new islet cell tumors are diagnosed in
the United States each year, and the majority of
these neoplasms display malignant behavior defined
by local invasion into adjacent organs, regional
lymph node spread, or metastases to the liver and
beyond.1 At least one third of patients with

malignant islet cell cancers present with synchronous
liver metastases at the time of diagnosis; however,
even in the setting of such advanced metastatic
disease, some patients may remain asymptomatic and
experience prolonged survival without aggressive
intervention.2 In contrast to liver metastases from
cancers arising from the exocrine pancreas, hepatic
metastases from islet cell cancers rarely lead to rapid
hepatic dysfunction and hepatic failure or tumor-
associated cachexia, even in the presence of extensive
liver replacement by tumor.
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Due to the relatively low incidence of islet cell
cancer and the heterogeneous phenotypes associated
with neuroendocrine tumors in general, it is difficult
to conduct prospective clinical trials comparing the
efficacy of medical and surgical therapies aimed at
controlling metastatic islet cell cancers. Whereas
major hepatic resection with curative intent has been
shown to afford a survival benefit to patients with
completely resected metastatic disease from various
primary sites, most notably from the colon and
rectum, there are no prospective studies demon-
strating an advantage with aggressive interventions
for metastatic islet cell cancer.3,4 As a consequence,
the management of liver metastases from islet cell
carcinoma reflects the observations from small
retrospective reviews of patients with metastatic
neuroendocrine tumors of the gastrointestinal tract,
usually combining abdominal carcinoids with
pancreatic islet cell tumors.5–10 Hepatic-directed
treatments for metastatic neuroendocrine tumors
include cytoreductive surgery or ablation, systemic
or catheter-directed chemotherapy, syndrome-spe-
cific hormonal therapy, and liver transplanta-
tion.2,11–17 Unfortunately, only a few studies have
aimed to identify the patient- or tumor-related
factors that potentially favor one intervention over
another with regards to curative or palliative
success.5,18–20

Clinical experience from high-volume centers has
clearly demonstrated successful palliation of systemic
endocrinopathies, and even cure, after complete
resection of metastatic islet cell cancers.17–20 Despite
the shortcomings of retrospective studies, we per-
formed this review to determine if survival for
patients with malignant islet cell tumors and syn-
chronous liver metastases is affected by complete
resection of all gross disease at the time of initial
surgical exploration.

METHODS
Patient Selection

From 207 patients who underwent resection of
a pancreatic endocrine neoplasm at The Johns
Hopkins Hospital between 1988 and 2003, we
identified 31 patients who were found to have
synchronous liver-only metastases at the time of
initial presentation and who underwent exploration
with intent for complete tumor resection (primary
and hepatic metastatic disease). Patients with evi-
dence of extrahepatic systemic metastases were
excluded, as well as those who did not undergo
surgical resection of their pancreatic primary in the
setting of metastatic disease. After permission from

the Johns Hopkins University Joint Committee on
Clinical Investigation, information regarding tumor
and patient characteristics, as well as clinical follow-
up, was collected retrospectively from a prospective
pancreatic tumor database combined with the
hospital’s electronic patient record system. Of the
31 patients who presented with islet cell cancer and
synchronous liver metastases, 26 underwent com-
plete resection of the pancreatic primary and all
known metastatic disease within the liver. These 26
patients were compared to the remaining five
patients who underwent pancreatic resection alone
without concomitant surgical resection or ablation of
liver metastases. Unresectability of metastatic disease
within the liver was determined by the surgeon at the
time of exploration, and no patients in this report
underwent incomplete palliative debulking of liver
metastases. A margin-negative resection of the
primary pancreatic tumor was accomplished in all
patients.

Statistical Analyses

Differences in patient and tumor characteristics
between the resected and unresected groups were
analyzed with the Fisher exact probability test, or
Student’s t-test when appropriate. A two-tailed P
value of ! 0.05 was considered statistically signif-
icant (Stata Release 6, College Station, TX). Survival
was measured from the time of surgical resection to
the time of death or last follow-up. Survival
probability was calculated and displayed graphically
by the Kaplan-Meier method, and the log rank test
was used to compare differences in survival rates.
Statistical significance was defined as P value of
!0.05.

RESULTS
Patient and Tumor Characteristics

Age and gender were compared between patients
with resected liver metastases and those with
unresectable metastatic disease (Table 1). The
average age of individuals in the resected group
was 52 years (range, 31–71 years) compared to 41
years for the patients with unresected liver metasta-
ses. Roughly, half of the patients in each group were
male, and over 90% of all patients were Caucasian.

The mean diameter of the primary pancreatic islet
cell tumors in this study was 4.9 cm (range, 2.5–8.0
cm), and 19 of the 31 (61%) tumors arose from the
head of the pancreas. All neoplasms were associated
with histopathologically proven regional lymph node
spread and synchronous liver-only metastases. Stan-
dardized immunohistochemistry for synaptophysin
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and chromogranin A was performed on each of the
tumors (primary and metastatic) to confirm neuro-
endocrine differentiation, and selective immunos-
taining was performed when a functional
neuroendocrine tumor was suspected. Overall, there
were eight functional islet cell tumors in this study.
As shown in Table 2, there were no significant tumor
characteristic differences between the groups with
resectable or unresectable liver metastases; however,
liver metastases in the unresectable group were more
likely to be small, multiple, and bilobar. Because
computed tomography or another uniform radio-
logic study was not available to calculate the total
percentage of liver replacement by tumor in all cases,
we did not compare the measurable extent of
metastatic disease between the resectable and un-
resectable groups.

Surgical and Oncologic Management

Open liver metastasectomy, which was combined
with radiofrequency ablation (RFA) in two patients,
was performed synchronously with pancreatic re-
section in 26 of the 31 patients at the time of initial

exploration. Fifteen of the 26 patients who un-
derwent complete resection of all disease with
curative intent were treated with pancreaticoduode-
nectomy, and 11 patients underwent synchronous
liver resection with distal pancreatectomy and
splenectomy. Nearly 80% of the liver resections
involved a nonanatomic wedge resection or segmen-
tectomy for one or several metastases (maximum
four), and two of these patients received intra-
operative, ultrasound-guided RFA of one or more
(maximum two) metastatic deposits within the liver
(Fig. 1, A). A formal hepatic lobectomy or triseg-
mentectomy was performed in addition to a pancre-
atic resection to achieve complete tumor removal in
six patients (Table 3). Despite extensive tumor
extirpation from the pancreas and liver, there were
no operative or perioperative deaths, and early
postoperative complications were encountered in
just one quarter of these patients. One patient,
treated via pancreaticoduodenectomy, required re-
exploration for hemorrhage from a branch vessel of
the superior mesenteric artery. Three patients
experienced delayed gastric emptying. Other major
operative complications included one bile leak and
one pancreatic fistula. None of the operative
complications were directly attributable to liver
resection or radiofrequency ablation.

Five patients in this study, who were discovered
to have unresectable liver metastases at the time of
surgical exploration, underwent palliative pancre-
atic resection only. Four patients with unresectable
metastases harbored tumors within the head of the
pancreas and were managed with pancreaticoduo-
denectomy to palliate existing or imminent symp-
toms of biliary or duodenal obstruction (Table 3).
One patient with unresectable metastatic disease
from a functional glucagonoma underwent distal
pancreatectomy combined with postoperative sys-
temic hormonal and chemotherapy for palliation
of neuroendocrine symptoms (Fig. 1, B). One
patient undergoing palliative pancreaticoduodenec-
tomy experienced a bile leak during the early
postoperative period, which was managed success-
fully via percutaneous biliary drainage without
operative intervention.

Postoperative adjuvant systemic chemotherapy in
the form of combinational streptozocin and doxo-
rubicin was administered to three patients who
underwent complete resection of all gross neoplastic
disease at the time of surgical exploration. One
patient who underwent a palliative distal pancreatic
resection received systemic chemotherapy, and one
other patient with unresectable liver metastases
received chemoembolization directed at the residual
tumor within the liver.

Table 1. Patient data

Resected Unresected P value

Number of patients 26 5 d
Mean age (yr)
(range)

52 (31d71) 41 (31–52) 0.35

Gender 0.53
Male 13 2
Female 13 3

Mean follow-up
(range)

44 mo (2–120) 29 mo (8–66) d

Table 2. Tumor characteristics

Resected
(n 5 26)

Unresected
(n 5 5) P value

Primary tumor size
Mean (range) 4.7 cm

(2.5–8.0)
5.2 cm
(3.5–7.0)

0.89

Nonfunctional tumors 20 3 0.58
Functional tumors 6 2
Gastrinoma 2 0
Insulinoma 1 0
VIPoma 3 0
Glucagonoma 0 2

Mean number of liver
metastases (range)

1.8 (1–6) 10 (8–20) 0.15
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Clinical Outcome

Complete follow-up for tumor recurrence and
survival was achieved in 84% of all patients in this
study and for all patients with unresectable metas-
tases. The mean follow-up period was 44 months for
the patients undergoing synchronous pancreatic and
liver resections. As shown in Fig. 2, the median
survival for patients who underwent complete re-
section was 78 months, compared to 17 months for
patients who were determined to have unresectable
liver metastases and were treated surgically with
a palliative pancreatic resection alone. Due to the
small number of patients with unresectable hepatic
metastatic disease in this study, this survival differ-
ence did not reach statistical significance (P 5 0.06).
No patient with unresectable metastases survived

beyond six years after the time of initial diagnosis.
The 5-year survival rate for the patients who
underwent surgical resection with curative intent
was 65%. Three long-term (O10 years) survivors
were identified in this study, but only two of these
individuals are currently alive and without evidence
of recurrent disease.

During follow-up, islet cell tumor recurrences
were detected in 16 of the 26 patients who un-
derwent synchronous pancreatic and hepatic resec-
tions (Table 4). Complete follow-up data were
available for 21 patients with resected metastases;
therefore, the tumor recurrence rate in patients who
underwent resection with curative intent can be
estimated at 76%. Half of these recurrences occurred
within 2 years of initial resection, and the longest
disease-free interval for a patient who developed
a recurrence was 36 months. Three quarters of the
tumor recurrences were isolated to the liver, and
only one local recurrence within the pancreas was
detected (Table 4). Fifty percent of patients died
with disease within 3 years after the detection of
tumor recurrence; however, one patient survived
nearly 9 years with evidence of recurrent cancer.
Only half (8 of 16) of the patients with recurrent
disease received palliative therapy, ranging from
repeat hepatic resection (n 5 5) or RFA (n 5 3),
combined with either chemoembolization (n 5 3) or
systemic hormonal and/or chemotherapy (n 5 5).

DISCUSSION

Similar to previous studies examining the role
of aggressive surgical therapy for metastatic

Fig. 1. (A) Preoperative contrast-enhanced computed tomographic scan of the liver in a 36-year-old man
with four bilobar metastases that were confirmed by intraoperative ultrasound. This patient underwent
left lobectomy combined with wedge resection and radiofrequency ablation of metastatic deposits in
segments 5 and 6, respectively. (B) A patient with unresectable liver metastases from a glucagonoma,
who was treated with palliative distal pancreatic resection in an attempt to control neuroendocrine
symptoms.

Table 3. Treatment differences

Resected
(n 5 26)

Unresected
(n 5 5)

P
value

Management of pancreatic
primary

0.62

Pancreaticoduodenectomy 15 4
Distal pancreatectomy 11 1

Management of liver
metastases

26 d

Lobectomy 5
Nonanatomic wedge
resection(s)

20

Trisegmentectomy 1
RFA (combined with
wedge resection)

2

Postoperative chemotherapy 3 1 0.99
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neuroendocrine tumors, this review suggests that
complete resection of primary pancreatic islet cell
carcinoma along with synchronous liver metastases
affords a survival benefit as compared to those
patients with unresectable hepatic metastases.5,6,9 In
this study, the overall 5-year survival for patients
who were found to have unresectable liver metastases
at the time of palliative resection for a pancreatic
islet cell cancer was estimated at 20% by Kaplan-
Meier analysis, and no patient survived beyond 6
years from the time of diagnosis. These survival rates
are somewhat lower than those reported in prior

retrospective studies that examined the potential
benefits of treating liver metastases from carcinoids
or islet cell tumors.2,6–8,10,17,19,20 Unlike most other
prior studies, our review focused on a uniform group
of malignant pancreatic neuroendocrine tumors and
did not include gastrointestinal carcinoids. The
functional status of tumors associated with unresect-
able metastases did not have an impact on outcome,
and all patients who underwent palliative resection
of the pancreatic primary remained free of biliary
and duodenal obstruction.

Symptomatic palliation, by itself, was not re-
sponsible for the improved survival observed in the
patients who underwent complete resection. The 5-
year survival for patients who were cleared of
pancreatic and liver disease was 65%. Whereas the
addition of hepatic resection for synchronous
metastases seems to offer a survival benefit, we
estimated that tumor recurrences occurred in
roughly three quarters of patients who underwent
resection with curative intent, and most of these
recurrences were detected within 2 years. Thus, we
must assume that the beneficial effects of aggressive
surgery take advantage, at least to some extent, of
a favorable biology inherent to metastatic islet cell
carcinomas that are amenable to complete surgical
resection. The pattern of hepatic metastases in the
unresectable group typically involved multiple,
small-volume, bilobar deposits. This pattern of
metastatic disease, which renders itself unresectable

Fig. 2. Overall survival for patients who underwent complete resection of all primary and metastatic
disease (solid) compared to survival for patients who were found to have unresectable liver metastases at
the time of exploration and received palliative pancreatic resection only (broken). Statistical significance
between the two groups was analyzed with the log rank test (P 5 0.06).

Table 4. Outcomes in patients with resected
metastases

Number of patients 26
Number of tumor recurrences 16
Liver-only recurrences 12
Liver and local recurrences 1
Widely systemic recurrences 3

Median time to tumor
recurrence (range)

20 mo (7–36)

Treatment for tumor recurrences 8
Repeat wedge resection(s) of liver 5
RFA 3
Hepatic artery chemoembolization 3
Combinational cytoreductive therapy 5
Systemic chemo/hormonal therapy 4

Median time from recurrence
to death (range)

33 mo (3–102)
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by current surgical techniques, may reflect a more
aggressive nature of islet cell carcinoma in this
setting and is associated with a poor prognosis.

In the presence of multiple, bilobar liver metas-
tases not amenable to cytoreductive therapy, deci-
sions regarding operative palliation for obstruction
related to the primary pancreatic neoplasm require
careful consideration. In the past pancreaticoduode-
nectomy for cancer of the head of pancreas has been
reserved for patients who are candidates for a poten-
tially curative resection. As postoperative morbidity
continues to improve after pancreaticoduodenec-
tomy in high-volume centers, there is growing
interest in this procedure as a palliative treatment
for pancreatic neoplasia that cannot be resected
completely. In the presence of liver and/or systemic
metastases, pancreaticoduodenectomy is still not
considered an appropriate palliative procedure for
pancreatic adenocarcinoma, but it may have a role in
palliating symptoms related to advanced pancreatic
endocrine neoplasms. In this retrospective study, we
identified four patients who presented with obstruc-
tive jaundice, abdominal pain, and unresectable
synchronous liver metastases from islet cell tumors,
who were successfully palliated with pancreatico-
duodenectomy, without the need for further pallia-
tive procedures. Recognizing that the median
survival for these patients was 17 months in this
study, we have not proven that pancreaticoduode-
nectomy offers superior advantages over double
bypass (gastrojejunostomy and hepaticojejunostomy)
or endoscopic palliative procedures in this setting.
The 5-year survival rate for our small group of five
patients with unresectable metastases who received
palliative pancreatic resection (four pancreaticoduo-
denectomy, one distal pancreatectomy) was 20%;
whereas, prior studies have not consistently reported
long-term survivors receiving medical therapy
alone.5 Whereas this one long-term survivor after
palliative pancreaticoduodenectomy may lend sup-
port for aggressive surgical palliation in select
patients with unresectable disease from islet cell
cancer, we do not propose this strategy for all
patients.

Even though liver metastases develop in a large
proportion of all malignant islet cell cancers, patients
typically remain asymptomatic for several months or
even years unless a functional neuroendocrine
syndrome is present or aggressive local tumor
progression within the pancreas leads to biliary or
gastroduodenal obstruction or tumor-associated
pain. Similar to prior reports, our data support the
aggressive concurrent resection of pancreatic islet
cell tumors and synchronous hepatic metastases
when this is technically feasible.10,20 However, in

the absence of symptoms, there is controversy
regarding appropriate interventions and the timing
of such for individual patients with metastatic
disease. Even with extensive resections, tumor re-
currence and progression occur frequently and
ultimately contribute to death in most patients with
metastatic islet cell tumors. Accordingly, our treat-
ment philosophy toward these patients aims to
control their disease over time with the consider-
ation of multiple available modalities for tumor
ablation and growth inhibition. Several nonresec-
tional alternatives are available for patients who
present with synchronous or metachronous liver
metastases from islet cell carcinoma, including
systemic chemotherapy or hormonal therapy, trans-
cutaneous arterial chemoembolization (TACE),
RFA, and liver transplantation. Systemic therapy
with doxorubicin and streptozocin can achieve
partial response rates in nearly two thirds of patients
with metastatic islet cell carcinoma; however, these
responses tend to be brief, at the cost of significant
chemotoxicity.2 Whereas octreotide is effective at
controlling symptoms related to functional neuro-
endocrine tumors, it has not been proven to prolong
survival significantly.13,21 Likewise, TACE can offer
symptomatic palliation by reducing liver tumor
burden in some patients; it also has not been shown
to improve survival.14,22 Although orthotopic liver
transplantation has afforded long-term survival to
highly selected patients with metastatic carcinoids,
transplant outcomes for patients with metastatic islet
cell carcinoma have been disappointing.18,23

Whereas several therapeutic options are available
for palliation of symptoms in patients with meta-
static islet cell carcinoma, medical therapy alone has
not been shown to consistently improve sur-
vival.2,18,24,25 In an attempt to identify which patients
are most likely to benefit from aggressive surgical
resection of metastatic neuroendocrine tumors,
Chamberlain and associates developed a prognostic
scoring system based on functional status of the
primary tumor, presence of extrahepatic metastases,
extent of liver replacement with tumor, and the
presence of bilobar hepatic metastases.5 The pres-
ence of any two of these factors, when examined
retrospectively, was associated with lower rates of
both complete resectability and survival.

Our retrospective study suggests that there is
a survival benefit from complete surgical resection of
metastatic islet cell tumors originating from the
pancreas; however, our results are based on a select
patient population. Two clear limitations of this
study are the small number of patients with
unresectable metastases and the lack of volumetric
comparisons of the extent of liver tumor burden
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between the resectable and unresectable groups.
Also, the patients with unresectable metastases were
a highly selected group with extensive bilobar liver
metastases that were not amenable to surgical
resection or alternative forms of cytoreductive
therapy. Obviously, the outcomes in this group,
compared to patients with completely resectable
disease, would be expectedly poor.

In a selective retrospective review from Memorial
Sloan-Kettering Cancer Center, the median survival
of 18 patients with metastatic neuroendocrine
tumors who received medical therapy alone was 24
months; however, there was no report of the number
of interventions (or the complications therein) that
were required to palliate these patients sufficiently.5

In the current study, the 4 patients with unresectable
liver metastases who underwent pancreaticoduode-
nectomy for their primary tumor did not require any
further palliative procedures beyond their initial
operation, and their median survival was 17 months.
Unfortunately, we were not able to compare their
survival to patients with unresectable islet cell tumor
metastases who did not receive palliative resection of
their primary tumor.

The overall 5-year survival for patients undergo-
ing complete surgical resection was 65%, and two of
these patients were long-term, cancer-free survivors.
Based on these results, we continue to offer
synchronous pancreatic and hepatic resections to
patients with metastatic islet cell carcinoma as long
as all gross disease can be removed with acceptable
operative morbidity and mortality. The high tumor
recurrence rate in the completely resected patients,
predominantly involving the liver, demonstrates
either our limited ability to identify all metastatic
disease during preoperative and perioperative assess-
ment or the underlying tumor biology in select
individuals. Previously our group has identified
several biological markers that have been useful in
predicting outcomes in patients who received
curative resections for malignant pancreatic endo-
crine neoplasms.26–29 The continued development of
tumor and clinical markers that predict outcomes in
patients with metastatic islet cell carcinoma will
improve decision making for patients who are
potential candidates for surgical, medical, or com-
bined therapy.
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Mediastinal Pancreatic Pseudocyst With
Acute Airway Obstruction

Aditya Bardia, M.B.B.S., Nathaniel Stoikes, M.D., Neal W. Wilkinson, M.D.

Pancreatic pseudocysts are usually located in the peripancreatic area, but on rare occasion a pseudocyst
can reach the mediastinum. The natural history of mediastinal pseudocysts is poorly understood and
seldom reported in the literature. We treated a patient who presented with an acute airway obstruction
from a mediastinal pancreatic pseudocyst. Initial acute airway management and stabilization proved
successful. A staged cyst decompression via a cervical and abdominal transhiatal approach was ultimately
required. The natural history, potential complications, and management of pancreatic mediastinal
pseudocysts are reviewed. ( J GASTROINTEST SURG 2006;10:146–150) � 2006 The Society for Surgery
of the Alimentary Tract
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Pancreatic pseudocysts are generally benign
and rarely present as acute life-threatening emergen-
cies.1–3 Most pseudocysts develop in the peripancre-
atic area, but on rare occasions can occur in the
mediastinum.4–8 However, very little is known about
pseudocysts presenting in atypical anatomic loca-
tions, both in terms of spontaneous resolution and
complications. We could not find any report in the
literature of a mediastinal pseudocyst causing airway
obstruction. Understanding the natural history of
pancreatic pseudocysts and potential complications
is important when atypical presentations occur.

We describe a patient who developed sudden air-
way obstruction and respiratory arrest secondary to
acute enlargement of a chronic mediastinal pseudo-
cyst. We suspect spontaneous hemorrhage was the
precipitating event. The natural history, potential
complications, and management of pancreatic medi-
astinal pseudocysts are reviewed.

CASE REPORT

A 57-year-old female presented to an outside
hospital with recurrent pancreatitis. CT scan of the
abdomen and pelvis at this time revealed multiple
pancreatic pseudocysts. A 2.9 3 2.6 cm cyst was lo-
cated at the gastroesophageal junction, and multiple
other intra-abdominal pseudocysts were within the

peripancreatic region. During her hospital admis-
sion, she received supportive care and was ultimately
discharged on a low-fat diet. During a subsequent
admission, an endoscopic retrograde cholangiopan-
creatography (ERCP) was done. The pancreatic duct
drained directly into the distal common bile duct,
and this anatomical variant was determined to be
the etiology of the patient’s pancreatitis. Biliary
sphincterotomy was performed, and the patient was
discharged pain-free.

The patient was asymptomatic for approximately
7 months when she presented to an outside hospital
with a new onset of symptoms that included a ‘‘grind-
ing chest pain,’’ and a ‘‘lumpy feeling’’ when swal-
lowing liquids. She was transferred in a stable
condition with symptoms of dysphagia, regurgita-
tion, and chest pain. She deteriorated acutely. A wit-
nessed respiratory arrest occurred as she experienced
swelling of her throat and tongue, accompanied by
cyanosis. An emergent airway was obtained with en-
dotracheal intubation. Once the airway was con-
trolled, she became hemodynamically stable. CT
scan of the neck, chest, and abdomen showed mass
effect compressing the retropharyngeal space, tra-
chea, and posterior mediastinum (Fig. 1). We sus-
pected that acute bleed into chronic mediastinal
pseudocyst with rapid expansion caused the airway
compromise.
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Investigations into the cause of the acute expan-
sion were undertaken. Aspiration of the cervical
component of the cyst (not drainage) was done to
evaluate for active infection. Only sterile bloody cyst
material was aspirated. A CT with arterial contrast
was done to evaluate for active bleeding and/or
formation of pseudoaneurysm. No signs of active
bleeding or major vascular injury were seen. She
was managed conservatively with airway support to
further evaluate her possible anoxic central nervous
system insult during her respiratory arrest.

The patient was taken to the operating room elec-
tively on hospital day 10 for mediastinal decompres-
sion. Through a left cervical and upper abdominal
incision, wide mediastinal drainage and decompres-
sion of the airway was achieved (Fig. 2). The tech-
nique used most closely approximated that used for

tranhiatal esophagectomy (the esophagus was mobi-
lized but not injured or removed). Tracheostomy,
open gastrostomy, and feeding jejunostomy were
also placed for airway and nutritional access. The
pancreatic pseudocysts in the abdomen were decom-
pressed and drained. Neither active bleeding nor in-
fection was encountered, and no pancreatic fistula
resulted. She had a prolonged recovery secondary
to anoxic brain injury and seizures. The patient
was discharged after a two-month stay in stable
condition on tube feeds to a skilled nursing facility.

DISCUSSION

Pancreatic pseudocysts are localized collections of
pancreatic secretions in a cystic structure that lack an

A C
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Fig. 1. Computed tomographic scans show airway compromise in a patient with a history of a chronic
mediastinal pseudocyst. Compression of the airway by the cyst (arrows) is seen from the retropharyngeal
space (A), to the thoracic inlet (B) to the carina (C). The pseudocyst encroaching on the left crus is seen
at the diaphragmatic opening of the esophagus (arrow head ) (D).
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epithelial lining (and hence a pseudocyst). They
occur when the disruption of a pancreatic duct is
walled by surrounding tissues. They usually are lo-
cated adjacent to the pancreas in one of the potential
spaces around the pancreas.9 The most common
signs and symptoms include abdominal pain, nausea
and vomiting (due to compression of the stomach or
duodenum), jaundice (due to compression of the bile
duct), or bleeding.10,11 Although previous reports
suggested that spontaneous resolution of pseudo-
cysts occurred in about 25% of patients, the advent
of CT scanning for patients suspected of having pan-
creatic pseudocysts has allowed precise documenta-
tion of the natural history of these lesions. It is
now known that spontaneous resolution occurs in
more than 50% of cases11,12 and complications occur
in 5% to 41% of cases.11,13 Common complications
include infection, intracyst hemorrhage, enlarge-
ment and mass effect causing common bile duct or

bowel obstruction, and formation of fistulas, both
internal and external.10,11 Currently, conservative
management of pancreatic pseudocysts is favored,
reserving surgical, endoscopic, or interventional
management for symptomatic, complicated, or en-
larging pseudocysts.10,11,14 Studies by Vitas and
Sarr11 from the Mayo Clinic and by Yeo et al.15 at
The Johns Hopkins Hospital suggest that strict size
criteria alone are not sufficient to determine the need
for operative versus nonoperative management.

The natural history and rate of complications of
mediastinal pancreatic pseudocysts are not well
known, as they are rare and have mainly been re-
ported as case reports.4–8 These pseudocysts occur
when the pancreatic fluid tracks up through the
diaphragmatic hiatus into the mediastinum. The
most common sites of entry are the diaphragmatic
openings for the esophagus and the aorta, and hence
the cysts are usually located in the posterior
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Fig. 2. Computed tomographic scan after transhiatal decompression. Drains (arrows) placed via (A) the
left cervical and an upper abdominal incision are seen traversing the mediastinum: cervical (A), thoracic
inlet (B), carina (C), and diaphragm (D) (all drains were extraluminal within mediastinum).
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mediastinum.4,7,16 The predominant cause cited in
adults is alcoholic pancreatitis (75–90%), whereas
in children trauma is more frequent.17 Common pre-
sentations include pleural effusion, hemothorax,
chest pain, pancreatic-thoracic fistula, dysphagia,
and esophagobronchial fistula.3,7,8,18,19 Unlike peri-
pancreatic pseudocysts, spontaneous regression of
mediastinal pancreatic pseudocysts is rare.4,20 This
clearly may be a result of preferential reporting of
complicated cases of mediastinal pseudocysts.

There are several ways to manage stable and
chronic mediastinal pseudocysts. Whereas there have
been case reports of resolution with total parenteral
nutrition and octreotide, in most cases some form
of intervention is needed.4,8,21 Less invasive options
include percutaneous or endoscopic drainage. Al-
though internal drainage may be appropriate for un-
complicated abdominal pseudocysts, mediastinal
pseudocysts usually require external drainage.
Percutaneous external drainage, including CT-
guided placement, has been successfully reported
for drainage of mediastinal pseudocysts.5,6,22 Cathe-
ter drainage is preferred, as needle drainage has a very
high rate of recurrence.23,24 A cutaneous fistula usu-
ally occurs after external drainage but closes sponta-
neously in most cases.23 Transcutaneous drainage,
in general, has a recurrence rate of less than 20%
and a complication rate of about 15%.25 Complica-
tions include bleeding, infection, clogging of cathe-
ters, permanent fistula formation, and cyst
recurrence.9,22 Endoscopic interventions include
transmural drainage and transpapillary stent place-
ment. These procedures have gained favor as they
are highly successful; however, more data is needed
about their efficacy and safety.7 Endoscopic drainage,
in general, has a recurrence rate of less than 5% to
30% and a complication rate of about 10%.26 Com-
plications include hemorrhage, infection, post proce-
dure pancreatitis, stent occlusion, migration of the
drainage tube into the pancreas, stricture, retroperi-
toneal perforation, and duodenal erosion.26,27 Final-
ly, surgical treatment, including laparoscopic
operations, is usually reserved for cases that fail to re-
solve by other measures.20 The operation may consist
of external drainage, internal drainage, or excision de-
pending upon the case. Surgical options are highly
successful, with recurrence rates of less than
10%11,28,29 and mortality rates of less than 5%.11,28,29

Regardless of the location of a pseudocyst, one of
the most dreaded complications of a pancreatic pseu-
docyst is hemorrhage, which carries a mortality rate
of over 40%.13,19 Whereas death from a pseudocyst
is rare, more than half of the overall mortality from
pseudocysts is due to hemorrhage.30 Common pre-
sentations of bleeding from a pseudocyst include

abdominal pain (due to the gradual enlargement of
the pseudocyst), unexplained anemia, or gastrointes-
tinal bleeding (the blood can reach the gut lumen
through the pseudocyst or via the pancreatic
duct).11,30 In rare cases, the pseudocyst rapidly ex-
pands, causing obstruction of adjacent organs. We
suspect the case described herein resulted from in-
tracystic expansion from a contained, yet significant,
bleed. Pseudocyst bleeding commonly arises from
erosion of a small vessel in the wall of a pseudocyst
or is due to a pseudoaneurysm formation. Bleeding
from the wall is generally of low volume and can lead
to expansion of the pseudocyst and further rupture of
these small vessels.30 The blood may remain in the
pseudocyst, it may decompress spontaneously into
the gut, or it may reach the duodenum through the
pancreatic duct (hemosuccus pancreaticus).31 Pseu-
doaneurysms, on the other hand, may cause more
rapid and high-volume bleeding. They arise from
the enzymatic destruction of the muscular wall of
an artery released in response to the inflammation
of the pancreas.32 Bleeding may be massive and the
mortality rate significant if the bleeding is not iden-
tified and treated urgently.

In summary, we describe our management of a pa-
tient with a complicated mediastinal pancreatic pseu-
docyst. Acute airway management and stabilization
was successful. After evaluating the patient for active
infection, which would require surgical drainage,
and ongoing bleeding, which would require either
angiographic embolization or surgical control, we
opted to treat her conservatively while her anoxic in-
sult was evaluated. Elective surgical cyst drainage
was required to decompress the airway. The cervical
and abdominal transhiatal technique of drainage
proved safe and successful without the morbidity of
thoracotomy.
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