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Hepatocellular carcinoma (HCC) is the most common
primary liver cancer, with more than one million cases
diagnosed worldwide each year. Complex management
options confront those treating patients with this disease,
shedding light on the importance of a multidisciplinary
team for optimal care. Liver resection and liver transplan-
tation are the principle potentially curative treatments for
HCC. For those without cirrhosis, surgical resection with
partial hepatectomy is the treatment of choice. However, no
more than 30% of patients with HCC present with
resectable disease, and cirrhosis is present in up to 90%.1

The presence of extrahepatic disease, lack of sufficient
hepatic functional reserve, multifocal disease within the liver,
tumors in locations not amenable to resection, and main
portal vein involvement, as well as comorbid disease, are all
contraindications to resection. For early HCC associated with
more advanced cirrhosis, liver transplantation is clearly
considered the best treatment option. The most commonly
accepted conditions for transplantation for HCC are theMilan
criteria: solitary tumor with diameter ≤5 cm or 2–3 tumor
nodules with the largest diameter ≤3 cm, and absence of
macroscopic vascular invasion or extrahepatic metastasis.2

The controversy lies in the optimal surgical management
of the patient with early HCC associated with mild well-
compensated cirrhosis. In the accompanying two articles,
the authors have been asked to debate the question of
whether liver resection or transplantation should be the
optimal initial treatment for such patients. The goal is to
provide information to the reader regarding the evidence by
which recommendations may be made, as well as to help
understand the complexities which come into play when
considering these two disparate treatment options.

Comparisons of long-term survival after liver resection
and transplantation should be considered the most important
outcome measure. Indeed, many studies have addressed
long-term survival differences for early HCC in patients
with preserved liver function.3–5 Yet, biases in patient
selection and lead-time bias due to the waiting times and
dropout before liver transplantation confound the ability
to make valid comparisons. With regard to the risk of
recurrence, many might argue that liver transplantation
provides the best cure with removal of the cirrhotic liver
and, thus, reduced risk of intrahepatic recurrent or multifocal
disease. However, this benefit may be offset by problems
specifically related to transplantation: graft rejection, immu-
nosuppression, recurrent viral hepatitis, and perhaps in-
creased risk for extrahepatic recurrence in some patients.

While some might strongly feel that any therapeutic
decision should be based only on what is optimal for that
patient, this debate might also be also framed in an ethical
context. Specifically with the current severe shortage of
donor organs, the use of liver transplantation as an initial
treatment for all patients with early HCC and mild cirrhosis
may not be an optimal use of organs for the community as a
whole, decreasing the probability of obtaining an organ for
other patients with advanced cirrhosis and no alternative
therapeutic options. Likewise, the use of live donor
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transplantation, with the associated risk in the healthy
donor, may be considered unethical by some when a com-
parable alternative of resection exists.

Rather than an all-or-none view of these treatment
options, the utilization of a strategy of hepatic resection as
the initial treatment with transplantation as a salvage treat-
ment in case of tumor recurrence or liver failure has gained
acceptance in some centers.6 In patients who develop
intrahepatic recurrence or new disease following partial
hepatectomy, salvage transplantation may still be possible,
provided the recurrent tumors are within the Milan criteria.
Such a strategy reduces the use of donor organ utilization
because some patients may remain disease-free long term
while others would be able to delay transplantation. How-
ever, this strategy is based on the supposition that most
recurrences will still be transplantable and that salvage
transplantation can achieve long-term survival comparable
to primary transplantation in that patient. Moreover, some
have reported increased perioperative mortality in salvage
transplantation.7

The complexities and disparities in these two treatment
options provide for a lively debate topic. Given the absence
of prospective studies comparing these different therapeutic
approaches, current treatment recommendations are often
based on individual factors beyond oncologic criteria,
including center expertise, patient comorbid disease, donor
availability, and patient preference. As eloquently implied

in these accompanying articles, what is ultimately needed
but unlikely double is a randomized comparison of hepatic
resection versus liver transplantation.
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Abstract Management of hepatocellular carcinoma in the early cirrhotic remains controversial. The exact role of liver
transplantation versus resection remains to be determined. The following short review attempts to present the evidence for
the respective roles of liver transplantation versus liver resection in early stage HCC.
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The introduction of Hepatitis C (HCV) into the North
American population in the late 1970s and early 1980s has
caused a dramatic increase in hepatocellular carcinoma
(HCC) in the West. HCV infection leads to the development
of HCC approximately 10 years after the establishment of
cirrhosis with a progressively higher risk of development of
HCC the longer the duration of HCV and cirrhosis. HCC is
amenable to surgical cure in only 15% of patients at the
time of presentation and has become a significant health
care issue. HCC is potentially cured by liver resection (LR)
or liver transplantation (LT). The superiority of one
modality over the other remains controversial. In specific
circumstances, it is clear that liver transplantation may be
the only option such as when an early stage tumor occurs in
a patient that clearly does not have sufficient hepatic

reserve to tolerate resection, while in other cases such as
an early stage tumor in a noncirrhotic patient, resection is
inarguably the appropriate course. There remains a contro-
versy, however, over the management of patients with early
stage tumors and well-compensated cirrhosis that would
tolerate resection or transplantation. By interpreting the
currently available evidence, we hope to establish consen-
sus regarding the management of HCC amenable to both
LR and LT.

To date, there have been two key factors that inhibit a
meaningful comparison of LR to LT for HCC. The level of
evidence is not robust, since there are no randomized
controlled trials that directly compare the two modalities.
Most series are retrospective and frequently compare a series
of either LR or LT patients to historical controls of the
alternate modality. There is a small number of case control
studies that attempt to match patients retrospectively on tumor
and liver function characteristics that may represent the best
available evidence.1 Secondly, in these studies, there is an
initial selection bias which differentiates LR and LT
candidates that impacts HCC recurrence, overall and
disease-related survival. These differences are illustrated in
a recent case-control study comparing LR and LT for HCC
within Milan Criteria, in which LT recipients had higher
Child-Pugh scores (worse liver disease) but smaller tumors.2

A meaningful comparison of LR versus LT should
analyze only those patients with Child-Pugh scores of A,
absence of portal hypertension, and small HCCs amenable
to either modality. Specific tumor characteristics would
include a single lesion up to 5 cm in size with no gross
vascular invasion identified preoperatively. Comparing
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resection to transplantation across the Milan criteria (i.e.,
including cases with up to three lesions none of which is
greater than 3 cm) is likely inappropriate since liver
resection for multifocal disease is known to have a less
favorable outcome. To determine the benefits of each
modality, results should be assessed versus the natural
history of the disease which, in this case, includes
progression of liver dysfunction as well as tumor progres-
sion and spread. There is little natural history data regarding
patients with these characteristics since the vast majority
undergoes some form of therapy. The best available study
followed 48 patients with small HCCs and compensated
cirrhosis who were excluded from all treatment for medical,
tumoral, or demographic reasons, in whom 1, 2, and 3 year
survival rates were 80%, 65%, and 50%, respectively.3 This
suggests that untreated small HCCs in patients with
preserved liver function may not be as rapidly fatal as once
thought and would suggest that a minimum goal of therapy
must be to surpass no therapy at all.

LR for HCC is attractive because it is widely available
and curative in 45% of patients to whom it can be applied.
LR has limitations due to the competing need for
parenchymal preservation due to underlying liver disease
that must be balanced with the need for optimal resection
margins. Additionally, LR does not address the potential for
liver disease progression and tumor recurrence in the
remnant liver. HCC recurs or develops de novo in 50% to
80% of patients at 5 years after resection with the majority
recurring within 2 years.1,4 The causes of death following
HCC resection include progressive liver disease, the
formation of new tumors in the remnant liver, and HCC
recurrence from incomplete resection. Patients with recur-
rence, not surprisingly, have significantly shorter survival
compared to those who do not. These recurrence rates are
reflected in overall 5 year disease-free survivals of 39% to
48% in recently reported LR series.2,4

Despite its retrospective design and modest size,
Mazzaferro’s confirmation in 1996 that survival following
LT for small HCCs was comparable to that of non-HCC
indications endures today. Specifically, patients transplanted
with a single lesion that is 5 cm or less, or up to three lesions
all no greater than 3 cm in diameter, have an overall and
disease-free survival at 4 years of 92% and 85%, respectively.5

Theoretically, LT is an ideal therapy, since no tumorigenic
liver remnant is left behind, and the underlying liver
dysfunction is restored. HCC recurrence rates of 4% to
10% have been demonstrated in patients transplanted with
tumors within Milan Criteria, and most recur within 2 years
of LT.5 The causes of death following LT for HCC include
complications of transplantation and recurrence or rarely de
novo HCC. Recurrent HCC following LT decreases survival,
with 5 years survival rates for patients with and without
recurrence of 95% to 60% in more recent series of tumors

strictly within Milan Criteria.4 Recent series report 5 year
disease-free survival for LT of 84% to 64%.2

The short review thus far illustrates that using the best
available evidence, patients with small HCCs that are
eligible for either LR or LT have a better survival with LT
than resection and that tumor recurrence rates are signifi-
cantly higher for LR. Therefore, in an ideal world with
unlimited organs, LT would offer improved oncologic
outcomes over LR. However, because of the growing liver
graft shortage in the West and throughout the world, the
superior outcomes of LT may be significantly mitigated by
patient removal, while on the waiting list for transplanta-
tion, largely from tumor progression.

In order to compare the actual survival rates of LT to that of
LR, an intention-to-treat analysis incorporating drop-out on
the waiting list would be more accurate than analysis of
postsurgical results alone. A number of series have determined
that the survival benefits of LT for HCC are realized when
patients wait less than 6 months from time of listing until
transplant.1 UNOS assigns additional MELD points to
patients with stage T2 tumors within Milan Criteria to
reduce waiting-list drop-out due to tumor progression.
Although these points are regionally determined, patients
are typically given 21 MELD points that are adjusted upward
each 3 months if patients remain on the list. UNOS reported
that as of early 2006, 17,500 patients awaited livers and
14,000 of them waited longer than 6 months. (www.UNOS.
org). However, for patients listed with small T2 HCCs that
received MELD exceptions specifically, the 2007 SRTR
showed a wide regional variation in the range of median
times to transplant from 25 to 156 days. Approximately 55%
of patients listed with early stage tumors were transplanted
within 3 months of listing with approximately 80% of
patients transplanted within 6 months. This would suggest
that, in the majority of regions, LT is a better option than LR.
This may not be the case in regions where waiting time for
transplant exceeds 6 months.

In conclusion, there is really no doubt that LT offers better
survival than LR in patients with early stage tumors,
compensated cirrhosis, and hepatitis C if access to transplan-
tation is not hindered. However, delay in access to LT may
mitigate the benefits of LT and make LR an equivalent or
preferable option in regions where time to transplant exceeds
6 months. This should not be construed tomean the modalities
are equivalent if both are equally accessible.
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Abstract The management of patients with cirrhosis and early hepatocellular carcinoma (HCC) meeting the Milan criteria
is controversial. Although liver transplantation for early HCC has been shown to have excellent long term survival rates and
low recurrence rates, its application is limited by organ availability. Hepatic resection is an alternative therapy for early
HCC. Hepatic resection can be performed safely in patients with early HCC and well-compensated cirrhosis. In addition, the
reported 5-year survival rates are in the range of 50%. Resection may also allow a better understanding of tumor biology
through pathologic examination of the specimen while also providing a potentially curative therapeutic option. The
management of patients with early HCC is complex. Resection should not be viewed as opposing transplantation. Rather,
hepatic resection should be seen as complementary to transplantation. The best therapeutic strategies for patients with early
HCC and well-compensated cirrhosis should be dependent on the individual clinical situation, not adherence to dogmatic
universal adoption of either resection or transplantation.
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Rather than advocating liver transplantation for all patients
with early hepatocellular carcinoma (HCC) in the setting of
well-compensated cirrhosis, the prudent select utilization
of surgical resection for early HCC is warranted. The
foundation of any coherent argument in favor of liver
resection must rest on proof that it is safe, efficacious, and
offers potential benefits over transplantation.

Surgery in patients with underlying cirrhosis can be
associated with substantial morbidity and mortality. Al-

though perioperative mortality can be as high as 30% to
50% in patients who are Child–Turcotte–Pugh B or C,
Child–Turcotte–Pugh A patients have an associated surgical
mortality of 5% to 10%. More recently, however, the
combination of better patient selection, as well as better
preoperative optimization, has further decreased the mor-
tality associated with hepatic resection in patients with
cirrhosis. The model for end-stage liver disease (MELD)
has recently been shown to be a very accurate and less
cumbersome way to accurately predict postoperative liver
failure and mortality. Patients with MELD score <9 had a
reported mortality rate of zero in two recent large
institutional series of patients undergoing resection of
HCC.1,2 In addition, for patients with cirrhosis being
considered for surgical resection, computed tomography
volumetry can be helpful. Accurate identification of
patients with an inadequate future liver remnant and
subsequent utilization of portal vein embolization may
allow for safer resection in a subset of patients. Taken
together, these advancements in patient selection and
preoperative optimization have resulted in contemporary
perioperative rates of 0% to 5% for patients with well-
compensated cirrhosis who undergo resection of early
HCC.
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In addition to being safe, surgical resection can be an
efficacious therapy for early HCC. In most series, surgical
resection of early HCC has a reported 5-year survival of
45% to 50% compared with 65% to 70% for transplanta-
tion. However, direct comparison of resection versus
transplantation survival data can be difficult to interpret.
The better results with transplantation may reflect—in part—
the more stringent selection of patients for transplantation. In
fact, Cha et al.3 reported that partial hepatectomy in patients
with early HCC who were otherwise eligible for transplan-
tation had a comparable 5-year survival to that reported for
liver transplantation. Other data have similarly confirmed
that certain patients with early HCC can have durable long-
term survival following surgical resection. For example,
Izumi et al.4 reported a 5-year survival of more than 75% in
patients with a solitary HCC tumor without vascular invasion
following hepatic resection. In aggregate, these data serve to
emphasize that certain subsets of patients can enjoy excellent
long-term prognosis following hepatic resection.

Unlike transplantation, which treats both the underlying
cirrhosis and the malignancy, hepatic resection only
extirpates the tumor. As such, hepatic resection has been
associated with higher rates of intrahepatic recurrence.
However, in those patients who remain free of recurrence,
the 5-year survival following resection of HCC can exceed
80%.3 Resection may be more appropriate, therefore, for
patients at lower risk of intrahepatic recurrence, with
transplantation being the preferred initial treatment modal-
ity for patients at highest risk of early tumor recurrence.
While the cumulative intrahepatic recurrence rate may be as
high as 60% in patients with hepatitis C infection,
recurrence is significantly lower in both hepatitis B and
non-hepatitis cirrhotic patients. A rationale approach may
therefore be to favor utilization of hepatic resection versus
transplantation in non-hepatitis C patients due to a different
natural history of their underlying disease.

The use of hepatic resection as first line therapy for early
HCC can be further justified if salvage transplantation
remains an option among those patients who do recur.
Reporting on over 450 patients who underwent resection of
early HCC, Poon et al.5 noted that 80% of patients who
recurred had a transplantable recurrence using the same
criteria as for primary transplantation. In addition, Belghiti
et al.6 reported that salvage transplantation was as safe and
efficacious as primary liver transplantation. Specifically, in
the series from Belghiti,6 global morbidity and perioper-
ative mortality were comparable between primary and
salvage transplantation. In addition, primary versus salvage
transplantation was associated with similar long-term
survival rates. A strategy that selectively utilizes resection
as first-line therapy followed by salvage transplantation has
several obvious advantages. First, the patient avoids a more
complex operative procedure and the need for immunosup-

pression. In addition, such a strategy spares the use of liver
grafts, avoids potential problems with prolonged waiting
times, and provides the patient with rapid access to an
effective therapy.

If liver transplantation were adopted as the universal
strategy for all patients with early HCC, demand on organ
availability and waiting times for grafts would inevitably
worsen. This point is critical to consider as some of the
reported improved survival following liver transplantation
versus hepatic resection is predicated on short waiting times
and low dropout rates. Shah et al.7 reported that, while
survival after liver transplantation was better than resection
when measured from the time of surgery, survival from
time of listing or hepatic resection was not different
between the two groups. This group also noted that patients
who waited longer than 4 months for liver transplantation
had over a twofold higher risk of death. In a separate study,
Sarasin et al.8 utilized decision-making analyses to show
that if the time delay before receiving a transplant exceeded
8 months, hepatic resection became the preferred strategy.
In addition, the authors noted that as the time delay before
receiving a transplant increased and the gain in life
expectancy provided by liver transplantation decreased,
the subsequent marginal cost-effectiveness of transplanta-
tion decreased. The problem of prolonged waiting times
and dropout can be considerable. Yao et al. noted that the
cumulative probabilities for dropout at 6, 12, and 24 months
were 7.3%, 25.3%, and 44%, respectively. As such, the
universal adoption of transplantation would seemingly
worsen the dropout problem and may further attenuate
any relative potential benefit of transplantation.

Bridge therapy has been advocated as a means to address
prolonged waiting times. Bridge therapy may include,
among other things, non-surgical locoregional therapies
such as transarterial chemoembolization and radiofrequency
ablation. However, in some patients, resection may not only
represent an alternative bridge therapy but a preferable one.
Belghiti et al.9 have argued that resection may be better
than other non-surgical locoregional therapies, as it gives
access to detailed pathologic examination of the tumor and
the surrounding liver parenchyma. Resection may help
identify patients with tumors apparently within the Milan
criteria but with poor prognostic pathological features such
as vascular invasion, poor histological grade, and the
presence of unrecognized satellite nodules. In fact, some
groups10 have advocated utilization of pathological data
obtained from resection to help select patients for expedited
transplantation.

Resection and transplantation should be viewed as
complimentary tools in the armamentarium to treat early
HCC. Universal adoption of either strategy is unwarranted
and overly simplistic. The use of different therapeutic
approaches that incorporate hepatic resection or transplan-
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tation should be dictated by the clinical situation. Factors
will include not only graft availability and anticipated
waiting times but also patient and tumor specific factors.
By embracing an open-minded approach that acknowledges
the value of both hepatic resection and transplantation, the
surgeon can best serve the patient with early HCC and well-
compensated cirrhosis.
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Abstract
Background The appropriate surgical intervention for sigmoidal esophagus in the setting of achalasia remains controversial.
The objective of this study is to review our experience with minimally invasive myotomy (MIM) and minimally invasive
esophagectomy (MIE) in the treatment of these patients.
Methods We reviewed the records of 30 patients (19 men, 11 women); mean age 59.1 years (range 25–83 years) who
underwent MIM (n=24) or MIE (n=6). Primary variables included perioperative and long-term outcomes. Univariate and
multivariate analyses were performed to identify clinical variables predictive of myotomy failure.
Results The operative mortality was zero and median hospital stay was 2 days (MIM) and 7 days (MIE). On follow-up
(mean 30.5 months), nine (37.5%) patients undergoing primary MIM had failure requiring redo myotomy (n=1) or
esophagectomy (n=8). Univariate analysis showed that previous myotomy and duration of symptoms were significant
predictors of failure of MIM, with patient age trending toward significance. Multivariate analysis showed age and longer
symptom duration to be significant.
Conclusions MIM affords symptomatic improvement in many patients. Age and symptom duration may be preoperative
indicators of MIM failure. MIE offers similar symptom relief but is associated with a longer hospital stay. Further
prospective studies are required to define the optimum treatment algorithm in the management of these patients.

Keywords Achalasia . Sigmoid esophagus .

Minimally invasive .Myotomy . Esophagectomy
Introduction

Achalasia is an idiopathic motility disorder of the esopha-
gus characterized by aperistalsis of the esophageal body
and failure of complete relaxation of the lower esophageal
sphincter (LES) during deglutition.1 Treatment options are
palliative in nature and are directed at decreasing the lower
esophageal sphincter pressure (LESP) to promote enhanced
esophageal emptying.2 Though Heller myotomy with
partial fundoplication can achieve excellent long-term
outcomes in 80–90% of patients with achalasia,3,4 the
optimal therapy for patients with sigmoidal esophageal
changes remains controversial (Fig. 1).

Several authors advocate myotomy as the primary
treatment in patients with sigmoidal esophagus, reserving
esophagectomy for myotomy failure and persistent symp-
toms.5,6 Others recommend primary esophagectomy, citing
concerns regarding the capacity of a dilated, sigmoidal
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esophagus to empty efficiently even with a myotomy.7–9

The aim of the current study is to review our experience
with minimally invasive myotomy (MIM) and minimally
invasive esophagectomy (MIE) in the treatment of patients
with achalasia and sigmoidal esophagus.

Materials and Methods

Patients

Approval for this study was provided by the Institutional
Review Board of the University of Pittsburgh. We performed
a retrospective review of 250 patients undergoing minimally
invasive Heller myotomy or MIE for achalasia at the
University of Pittsburgh from 1992 to 2007. Sigmoidal
esophageal changes were identified in 19 male and 11 female
patients with a mean age of 59.1 years (range 25–83 years)
(Table 1).

Preoperative Evaluation and Therapy

The diagnosis of achalasia was confirmed by barium
esophagram demonstrating the classic appearance of acha-
lasia (proximal esophageal dilation with a distal “bird’s
beak”) and esophageal manometry (aperistalsis; LES with
incomplete relaxation) when possible. In addition, each
patient demonstrated sigmoidal esophageal changes by
barium esophagram in varying geometrical configurations
and with varying degrees of associated esophageal dilation.
Preoperative manometry data is available in only 11
patients. Manometry was not required or was unable to be
performed in the remaining patients due to difficulty in
positioning the probe within the tortuous esophagus or to
patient intolerance. All patients had a preoperative esoph-
agogastroduodenoscopy to confirm the absence of other
esophageal pathology prior to surgery. The most common
presenting symptom was persistent or progressive dyspha-
gia (95%), followed by regurgitation. Dysphagia scores
were assessed preoperatively and postoperatively utilizing
the following scale: 1=no dysphagia; 2=difficulty with
hard solids; 3=difficulty with soft solids 4=difficulty with
liquids; 5=cannot swallow saliva. Mean preoperative
dysphagia score was 3.0. Mean duration of symptoms for
the entire patient cohort was 18.7 years. Endoscopic
therapy (balloon dilation, botulinum toxin injection, or
both) was performed in 19 out of 24 (79.2%) patients prior
to Heller myotomy and in six out of six (100%) patients
prior to MIE. Prior myotomy had been performed in three
(10%) patients—two in the myotomy group and one in the
esophagectomy group.

Operative Technique

A minimally invasive approach was performed in all
patients. Minimally invasive esophagomyotomy (±partial

Table 1 Patient Demographics and Preoperative Data

Primary
myotomy
(n=24)

Esophagectomy
(n=6)

Significance
(P value)

Age 61.3 50.2 NS

Gender 14 M, 10 F 5 M, 1 F NS

Duration of symptoms
(years)

18.6 19.0 NS

Preoperative resting
LESP (mmHg)

28.1 20.0 NS

Prior endoscopic
therapy (%)

79.2 100 NS

Previous myotomy (%) 8.3 16.7 NS

Dysphagia score 3.2 2.4 NS

LESP lower esophageal sphincter pressure

Figure 1 Radiographic features
of achalasia. a Barium esopha-
gram demonstrating classic
“bird’s beak” appearance con-
sistent with achalasia. b Dilated
and tortuous esophagus
(sigmoidal esophagus) in a
patient with chronic achalasia.
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fundoplication) was performed in 24 patients as described
previously.10 A partial fundoplication was performed in 22
out of 24 (91.7%) of the patients undergoing myotomy. In
17 (70.8%) patients, a posterior (Toupet) fundoplication
was performed. An anterior (Dor) wrap was performed in
five (20.8%) patients. Two patients (8.3%) underwent
myotomy alone (Table 2). MIE was performed in six
patients, as described previously.11

Postoperative Course

For MIM, patients were typically extubated in the operating
room at the conclusion of the case. A barium swallow was
performed on the first postoperative day and, if satisfactory,
a clear liquid diet was initiated. Patients were typically
discharged on the second postoperative day. Our current
protocol is to evaluate the patients at 2 weeks for the first
postoperative visit. Follow-up at 6 months, 1 year, and
yearly thereafter is performed with repeat barium swallows.
Manometry and esophageal transit studies are optional,
based on surgeon and patient preference.

After MIE, patients remain nil per os with nasogastric
tube decompression. Tube feeds are initiated at a low rate
on postoperative day 3. A barium swallow is performed on
postoperative day 5, after which a clear liquid diet is
instituted. Patients are discharged home on a clear liquid
diet and cycled night-time tube feeds. Patients are evaluated
at 2 weeks, and their diet is advanced. The feeding tube is
removed during their second postoperative visit if the diet is
being tolerated well. Patients are then followed up yearly
with repeat barium swallows.

Follow-Up

Follow-up data was successfully acquired in all patients.
The primary postoperative outcome variables included
length of stay, morbidity, mortality, and need for reopera-
tion. Myotomy failure was defined as patients with no
improvement in dysphagia score or those requiring reopera-

tion (redo myotomy or esophagectomy). Postoperative
dysphagia scores were assessed at each clinic or hospital
visit and compared with preoperative values. Mean follow-
up for all patients (MIM and MIE) was 25.3 months.

Statistical Analysis

Data were summarized with descriptive statistics (mean,
standard deviation, median, and range for continuous
variables, frequency, and percentage for categorical varia-
bles). A log rank test was used to assess the association
between time to failure and age, duration of symptoms,
previous myotomy, prior endoscopic treatment, and pre-
operative LESP. Univariate Cox regression model was used
to assess the association between time to failure and age,
duration of symptoms, and preoperative LESP as con-
tinuous variables, respectively. Multivariate Cox regression
model was used to assess the association between time to
failure and age, duration of symptom, and previous
myotomy simultaneously.

Results

Perioperative Outcomes

Demographics and preoperative data are detailed in Table 1.
Patients undergoing primary MIE were younger, had a
higher rate of preoperative interventions, a lower LESP, and
a higher incidence of “end-stage” sigmoidal megaesophagus
on barium esophagram. None of these features attained
statistical significance. Duration of symptoms and mean
preoperative dysphagia scores were similar between the two
groups. There were no perioperative deaths. MIM was
associated with a similar improvement in symptoms com-
pared with MIE, but had a significantly shorter length of
hospital stay. There were trends towards less morbidity and
reduced need for postoperative endoscopic interventions,
though these did not attain statistical significance (Table 2).
Complications were few and are detailed in Table 3.
Pneumonia was the most common complication among

Table 2 Postoperative Outcomes

Primary
myotomy
(n=24)

Esophagectomy
(n=6)

Significance
(P value)

Median LOS (range) 2 (1–9) 7 (5–35) 0.025

Morbidity (%) 12.5 50 NS (0.09)

Mortality (%) 0 0 NS

Need for dilation (%) 37.5 66.7 NS

Mean improvement—
dysphagia score

1.7 1.2 NS

LOS length of stay

Table 3 Complications

Patient complications Number

Minimally invasive myotomy (n=24)

Pneumonia 2

Pneumothorax 1

Minimally invasive esophagectomy (n=6)

Anastomotic leak 1

Hemothorax 1

Pleural effusion 1
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the MIM group (8.3%). Complications in the MIE group
included a contained anastomotic leak treated with opening
of the cervical wound, a hemothorax necessitating drainage
by video-assisted thoracoscopic surgery, and a pleural
effusion.

Surgical Management of Sigmoidal Esophagus

From 1992 to 2007, 30 patients with sigmoidal esophageal
changes in the setting of achalasia underwent surgical
intervention. Among these, minimally invasive Heller
myotomy was performed in 24 patients (Fig. 2). Partial
fundoplication was performed in 22 (91.7%) of these
patients (17 Toupet, five Dor). The remaining two patients
underwent myotomy alone. Six patients received primary
MIE. The principal criterion for primary esophagectomy
was an end-stage sigmoidal esophagus in fit patients where
long-term functionality of the esophagus was in doubt
(Fig. 3). Among the 24 patients undergoing MIM, 15
patients (62.5%) had durable relief of dysphagia and
required no further surgical intervention. Seven patients
(29.2%) developed recurrent dysphagia and/or regurgita-
tion, requiring subsequent esophagectomy. One patient
required takedown of the partial wrap and extension of
the myotomy, with improvement in her symptoms. One
patient had no durable improvement after MIM and is
considered a failure of therapy, but refused further surgical
intervention and has been managed with periodic dilations
(Fig. 2).

Analysis of Myotomy Failures

During follow-up (mean 30.5 months; range 0.3–
105.4 months), nine patients (37.5%) undergoing MIM
were considered clinical failures due to the need for
subsequent operative intervention (n=8) or lack of symp-
tomatic improvement (n=1). Mean time to myotomy failure
was 18.4 months. Interestingly, there was no apparent
correlation between preoperative radiographic findings and

outcomes in either group. Similarly, there was no apparent
correlation with surgical approach and rate of failure
following myotomy. There were two failures with the Dor
approach (40%), six with the Toupet approach (35.3%), and
one with myotomy alone (50%).

A comparison of the clinical features between successful
and failed myotomy is shown in Table 4. All patients who
failed myotomy had prior endoscopic interventions. Both
patients with a history of previous myotomy undergoing a
redo myotomy failed and required subsequent esophagec-
tomy. Myotomy failure was associated with a trend toward
lower preoperative LESP (19.5 versus 33.8 mmHg) and
longer duration of symptoms (24.8 versus 13.1 years) when
compared with patients with successful outcomes after
MIM (Table 4). Univariate analysis to assess the association
between myotomy failure and age, duration of symptoms,

MIM = Minimally-Invasive Myotomy

MIE = Minimally-Invasive Esophagectomy

Sigmoidal Esophagus
n=30

MIM
n=24

MIE
n=6

MIE
n=7

Re-Do

MIM
n=1

No Further 

Surgery
n=16

Figure 2 Clinical outcomes of
patients with sigmoid
esophagus.

Figure 3 End-stage sigmoidal esophagus. Significant dilation is
noted with food and fluid retention.
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prior myotomy, preoperative LESP, and prior endoscopic
therapy was performed. Univariate analysis showed that
previous myotomy and duration of symptoms were sig-
nificant predictors of failure of MIM, with patient age
demonstrating a strong trend toward significance. Multi-
variate analysis identified patient age and symptom duration
as independent predictors of myotomy failure (Table 5).

Discussion

MIM has been established as a highly effective treatment
modality in the management of patients with achalasia, with
a greater than 80–90% long-term success rate.12,13 The
development of sigmoidal esophageal changes in the setting
of achalasia presents a unique set of challenges in surgical
management. As achalasia progresses, the esophagus can
progressively dilate and acquire tortuous undulations due to
persistent obstruction to forward flow, retained foodstuff,

and pressurization from swallowed air.8 These anatomic
features further impair esophageal emptying and promote
food retention and/or impaction, resulting in recurring
dysphagia as well as regurgitation. The progressive nature
of these findings has led some to believe that myotomy
alone is unlikely to succeed long-term in patients with
dilated, sigmoidal esophageal changes where a functionless
esophagus fails to empty efficiently even after myotomy,

Table 4 Analysis of Failures After MIM

Myotomy
success (n=15)

Myotomy
failure (n=9)

Significance
(P value)

Age 66.2 53.1 NS (0.064)

Sex 9 M, 6 F 5 M, 4 F NS

Symptom duration
(years)

13.1 24.8 NS (0.098)

LESP (mmHg) 33.8 19.5 NS

Prior endoscopic
therapy (%)

66.7 100 NS

Prior myotomy (%) 0 22.2 NS

Preoperative dysphagia
score

3.2 3.1 NS

LESP lower esophageal sphincter pressure

Table 5 Univariate and Multivariate Analyses

Variable P value

Univariate analysis

Sex 0.79a

Age 0.07b

Duration of symptom 0.04b

Preoperative LESP 0.18b

Previous myotomy 0.04a

Prior endoscopic treatment 0.16a

Multivariate analysis

Age 0.02

Duration of symptoms 0.02

a Log rank test
b Likelihood ratio test

Figure 4 Radiographic improvement after Heller myotomy and relief
of distal esophageal obstruction (a, c preoperative; b, d postoperative).
a Sigmoidal esophagus prior to Heller myotomy. b Improved
emptying of sigmoidal esophagus immediately following Heller
myotomy. c Significant dilation and sigmoidal changes prior to Heller
myotomy. d Decreased distension and sigmoidal angulation, as well as
improved emptying, 3.5 years after Heller myotomy.
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promoting the risk of retention esophagitis, regurgitation,
and carcinoma.9,14 From this perspective, esophagectomy
provides a definitive “curative” solution for advanced or
refractory achalasia with excellent relief of symptoms in the
majority of patients.9,15,16

Concern is routinely raised regarding the morbidity and
mortality of esophagectomy for benign disease. In experi-
enced centers, mortality rates range from 1% to 5%.17 MIE
is a particularly useful technique in the setting of advanced
achalasia. Several technical concerns encountered during
open esophagectomy for achalasia include difficulty encir-
cling the dilated esophagus, deviation of the esophagus into
the right chest, enlarged aortoesophageal arteries, and the
adherence of the exposed esophageal submucosa to the
adjacent aorta subsequent to myotomy.9 The enhanced
visualization achieved with a laparoscopic/thoracoscopic
approach can augment the successful management of each
of these issues with acceptable morbidity and low mortality
(1.4%).11

Several studies have shown, however, that esophageal
resection may not be necessary in all patients with a
sigmoid esophagus. Patti and colleagues evaluated the
outcomes of seven patients with sigmoidal esophageal
changes treated primarily with laparoscopic Heller myotomy
and Dor fundoplication.5 They were able to achieve good–
excellent results in 100% of the patients with complete
resolution or significant improvement in dysphagia, regur-
gitation, and chest pain. None of the patients in their study
required further operative intervention. Mineo and co-
workers evaluated 14 patients with achalasic sigmoid
esophagus treated with an open or minimally invasive
Heller myotomy and Dor fundoplication by the same
surgeon.6 In this series, ten out of 14 patients (71.4%)
achieved good–excellent results with similar morbidities
and hospital stays after the operation compared to those
patients without a dilated esophagus. In addition, a
substantial reduction in postoperative LESP and esophageal
width was noted secondary to the relief of distal obstruc-
tion. Importantly, quality of life measures (SF-36) improved
in all measured domains.

Currently, there are no randomized data available to
definitively establish who should undergo primary myotomy
or esophagectomy in the setting of advanced achalasia with
sigmoid esophagus. The Practice Parameters Committee of
the American College of Gastroenterology currently recom-
mends graded pneumatic dilatation or laparoscopic myotomy
as primary therapy for patients with achalasia (including early
sigmoidal changes) and propose esophagectomy for those
patients with megaesophagus (>8 cm) and those with low
LESP with persistent symptoms.18 In addition to sigmoid
esophagus, several preoperative features have been postulated
to impact negatively upon the results of myotomy including
low preoperative LESP,19,20 prior endoscopic therapy,21,22

and longer duration of symptoms.23 In the current series,
each of these variables was seen more commonly in patients
who failed primary myotomy (Table 4). Multivariate analysis
confirmed age and duration of symptoms as independent risk
factors for myotomy failure (Table 5).

Despite this, the majority (15 out of 24; 62.5%) of
patients with sigmoidal esophagus in the present study
achieved durable improvement in dysphagia and regurgita-
tion, requiring no further operative intervention (redo
myotomy or esophagectomy) at a mean follow-up of
30.5 months. In addition, myotomy was associated with
reduced length of stay and a trend toward decreased
morbidity compared with esophagectomy (Table 2). Similar
to the observations of Mineo and associates,6 the relief of
distal obstruction not only improved patient symptoms, but
was associated with improved anatomic features (decreased
width and curvature, improved emptying) of the esophagus
on barium esophagram in several cases (Fig. 4).

Conclusion

Minimally invasive Heller myotomy can be performed
safely in patients with sigmoidal esophageal changes and
can be successful in many patients with this condition.
Significant symptomatic improvement can be achieved in
approximately two thirds of these patients, without need for
further operative intervention. Younger patients with longer
duration of symptoms are at higher risk for myotomy
failure, and consideration should be given to primary
esophagectomy in this setting. Failure of myotomy in the
setting of sigmoidal esophageal changes is likely multifac-
torial in nature, however, and the decision to perform
primary myotomy or esophagectomy should thus be
individualized based on patient characteristics as well as
surgeon experience and judgment. Further prospective
studies with longer-term follow-up are required to define
the optimal treatment algorithm in these patients.

Acknowledgements The authors wish to acknowledge the important
contributions of Diane Sabilla, Kathy Lovas, Theresa Krupka, and
Darla Justus in database organization and management.

References

1. Lendrum FC. Anatomic features of the cardiac orifice of the
stomach with special reference to cardiospasm. Arch Intern Med
1937;59:474–511.

2. Spiess AE, Kahrilas PJ. Treating achalasia: from whalebone to
laparoscope. JAMA 1998;280:638–642.

3. Richards WO, Torquati A, Holzman MD, Khaitan L, Byrne D,
Lutfi R, Sharp KW. Heller myotomy versus Heller myotomy with
Dor fundoplication for achalasia: a prospective, randomized,
double-blind clinical trail. Ann Surg 2004;240:405–415.

1034 J Gastrointest Surg (2009) 13:1029–1036



4. Patti MG, Fisichella PM, Perretta S, Galvani C, Gorodner MV,
Robinson T, Way LW. Impact of minimally-invasive surgery on
the treatment of esophageal achalasia: a decade of change. J Am
Coll Surg 2003;196:698–705.

5. Patti MG, Feo CV, Diener U, Tamburini A, Arcerito M, Way LW.
Laparoscopic Heller myotomy relieves dysphagia when the
esophagus is dilated. Surg Endosc 1999;13:843–847.

6. Mineo TC, Pompeo E. Long-term outcome of Heller myotomy in
achalasic sigmoid esophagus. J Thorac Cardiovasc Surg
2004;128:402–407.

7. Pinotti HW, Cecconello I, Mariano da Rocha J, Zilberstein B.
Resection for achalasia of the esophagus. Hepatogastroenterology
1991;38:470–473.

8. Peters JH, Kauer WKH, Crookes PF, Ireland AP, Brenner CG,
DeMeester TR. Esophageal resection with colon interposition for
end-stage achalasia. Arch Surg 1995;130:632–637.

9. Devaney EJ, Lannettoni MD, Orringer MB, Marshall B. Esoph-
agectomy for achalasia: patient selection and clinical experience.
Ann Thorac Surg 2001;72:854–858.

10. Luketich JD, Fernando HC, Christie NA, Buenaventura PO,
Keenan RJ, Ikramuddin S, Schauer PR. Outcomes after
minimally-invasive esophagomyotomy. Ann Thorac Surg
2001;72:1909–1913.

11. Luketich JD, Alvelo-Rivera M, Buenaventura PO, Christie NA,
McCaughan JS, Litle VR, Schauer PR, Close JM, Fernando HC.
Minimally invasive esophagectomy: outcomes in 222 patients.
Ann Surg 2003;238(4):486–494.

12. Patti MG, Pellegrini CA, Horgan S, Arcerito M, Omelanczuk P,
Tamburini A, Diener U, Eubanks TR, Way LW. Minimally-
invasive surgery for achalasia: an 8-year experience with 168
patients. Ann Surg 1999;230(4):587–594.

13. Rosemurgy A, Villadolid D, Thometz D, Kalipersad C, Rakita S,
Albrink M, Johnson M, Boyce W. Laparoscopic Heller myotomy
provides durable relief from achalasia and salvages failures after
BoTox or dilation. Ann Surg 2005;241:725–735.

14. Peracchia A, Segalin A, Bardini R, Ruol A, Bonavina L, BaessatoM.
Esophageal carcinoma and achalasia: prevalence, incidence and
results of treatment. Hepatogastroenterology 1991;38:514–516.

15. Banbury MK, Rice TW, Goldblum JR, Clark SB, Baker ME,
Richter JE, Rybicki LA, Blackstone EH. Esophagectomy with
gastric reconstruction for achalasia. J Thorac Cardiovasc Surg
1999;117:1077–1085.

16. Miller DL, Allen MS, Trastek VF, Deschamps C, Pairolero PC.
Esophageal resection for recurrent achalasia. Ann Thorac Surg
1995;60:922–926.

17. Schuchert MJ, Luketich JD, Fernando HC. Complications of
minimally-invasive esophagectomy. Semin Thorac Cardiovasc
Surg 2004;16(2):133–141.

18. Vaezi MF, Richter JE. Diagnosis and management of achalasia.
Am J Gastroenterol 1999;94(12):3406–3412.

19. Arain MA, Peters JH, Tambankar AP, Portale G, Almogy G,
DeMeester SR, Crookes PF, Hagan JA, Bremner CG, DeMeester
TR. Pre-operative lower esophageal sphincter pressure affects
outcome of laparoscopic esophageal myotomy for achalasia. J
Gastrointest Surg 2004;8(3):328–334.

20. Torquati A, Richards WO, Holzman MD, Sharp KW. Laparo-
scopic myotomy for achalasia: predictors of successful outcome
after 200 cases. Ann Surg 2006;243:587–593.

21. Smith CD, Stival A, Howell DL, Swafford V. Endoscopic therapy for
achalasia before Heller Myotomy results in worse outcomes than
Heller myotomy alone. Ann Surg 2006;243(5):579–586.

22. Portale G, Costantini M, Rizzetto C, Guirroli E, Ceolin M,
Salvador R, Ancona E, Zaninotto G. Long-term outcome of
laparoscopic Heller–Dor surgery for esophageal achalasia: possi-
ble detrimental role of previous endoscopic treatment. J Gastro-
intest Surg 2005;9(9):1332–1339.

23. Schuchert MJ, Luketich JD, Landreneau RJ, Kilic A, Gooding
WE, Alvelo-Rivera M, Christie NA, Gilbert S, Pennathur A.
Minimally-invasive esophagomyotomy in 200 patients: factors
influencing post-operative outcomes. Ann Thorac Surg
2008;85:1729–1734.

Discussion

969. Minimally Invasive Surgical Treatment of Sigmoid
Esophagus in Achalasia. Paper presented by Matthew J.
Schuchert, M.D., Pittsburgh, PA. E-mail: schuchertmj@upmc.
edu

Discussion by Lee L. Swanstrom, M.D., Oregon
E-mail: lswanstrom@aol.com
Dr. L. Swanstrom (Portland, OR):
I would like to represent both some of my own questions

as well as some comments by Blair Jobe, who was the
original discussant and who is tied up at another session.

I would first like to compliment Dr. Schuchert and the
folks from the University of Pittsburgh for their large series.
It is one of the largest series that I presume will soon be in
the literature and certainly represents their great experience
in these very difficult cases. To recap, out of their 250
patients having minimally invasive surgery for achalasia,
they had 30 who had a sigmoid esophagus, a very difficult
end-stage finding. Of those, six had an esophagectomy as a
primary treatment. There were several other salvage treat-
ments of esophagectomy following myotomy. It should be
noted that I think what is unusual with this is that the majority
of these patients (25 out of 30) had previous treatment, which
once again shows that this is an end-stage phenomenon.

Dr. Jobe commented that only 11 of these patients had
preoperative manometry. He certainly stresses, and I concur,
that preoperative motility testing is very valuable in these
difficult cases. You have one-shot short of esophagectomy,
so certainly every test that you can do would be good,
including manometry and perhaps even pH testing if they
have had previous myotomies or balloon dilatation to see if
this could be related to GERD causing their failure.

Three questions were presented by Blair and then I have
a couple of my own. One deals with manometry. How did
you decide which approach to use as the primary therapy?
In other words, what was your triage strategy in determin-
ing who went directly to esophagectomy versus myotomy?
The second question is, please describe your technique for
the myotomy. Was the myotomy carried down onto the
stomach? Did you go to extra lengths carrying it proximally
and distally? And how did you assess the completeness of
the myotomy in the six failures that went on to esoph-
agectomy? Three is, were any of the reinterventions after
the primary therapy for GERD-related complications,
particularly in those that did not have a fundoplication?
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A couple of my own questions would be, do you
advocate any techniques to correct the angulation of the
distal esophagus? Do you perform an extended type II
mediastinal dissection? And perhaps we should reconsider,
especially if there were not GERD-related complications,
not doing a fundoplication on these patients, because that,
of course, adds a little bit of outflow resistance.

Thank you very much.
969. Minimally Invasive Surgical Treatment of Sigmoid

Esophagus in Achalasia. Response by Matthew J. Schuchert,
M.D., Pittsburgh, PA

Dr. Schuchert: Thank you very much, Dr. Swanstrom,
for your insightful commentary and questions. We agree
that preoperative manometry represents an important part of
the work-up in patients in whom we are contemplating
myotomy. Preoperative manometry was attempted in the
majority of the patients undergoing myotomy in the current
study. In cases where we could not get manometry, it was
due to either difficulty with probe placement within a
dilated, tortuous esophagus or due to patient refusal. We do
agree that having all the information possible before
making surgical decisions in these complex cases definitely
is important and should be emphasized.

The principal determinant for deciding our approach,
whether myotomy or esophagectomy, was somewhat
subjective when you go back and review the charts and
the thoughts of the individual surgeons. The most common
reason was a dilated end-stage-appearing megaesophagus,
where it was the opinion of the surgeon that is it was highly
unlikely that a meaningful functional result could be
achieved with myotomy alone. Esophagectomy was also
considered in end-stage cases among younger patients with
a longer expected life-span, who were deemed fit for
esophagectomy. So those would be our main criteria, a
burned-out mega esophagus and a younger, fit patient who
might better tolerate primary esophagectomy. Going for-
ward, what we have learned from the current analysis is that
younger patients who have longer duration of symptoms
(especially >15 years) may represent a high-risk group for
long-term myotomy failure. Esophagectomy may be a
reasonable option in these patients.

With regard to myotomy technique, after mobilizing
the esophagogastric fat pad we extend our myotomy
proximally at least 4–6 cm above the GE junction to
reach a level of normal-appearing muscle. We pay
particular attention to extending the myotomy onto the
stomach by at least 1 to 2 cm, with very meticulous and
careful dissection of the sling fibers of the proximal
stomach. Intraoperatively we also perform endoscopy
both before and after the myotomy to confirm visual
release of the narrowed segment and abrogation of the
associated “pop.” We routinely perform a partial fundo-
plication after completion of the myotomy.

The majority of failures following myotomy in this
series were due to refractory dysphagia. With respect to
GERD-related failures, there was one patient after primary
myotomy who developed significant GERD with associated
stricture, both subjectively and objectively confirmed, who
ended up requiring subsequent esophagectomy.

We do feel that there is some importance in correcting the
angulation of the esophagus intraoperatively, and we do spend
a significant amount of time with our mediastinal dissection to
try to straighten out the esophagus when possible. We feel that
this approach may help to improve the dynamics of emptying,
and may help to resolve the sink-trap effect that can be seen
above the diaphragm in these patients.

Whether or not to add a fundoplication after myotomy in
these patients can be debated given the severity of their
disease. It is our practice to perform a partial fundoplication
in these patients to minimize the risk of postoperative
GERD symptoms, as highlighted in the prospective,
randomized trial by Richards and associates (Ann Surg
2004;240:405–415).

969. Minimally Invasive Surgical Treatment of Sigmoid
Esophagus in Achalasia. Paper presented by Matthew J.
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Discussion by Nathaniel J. Soper, M.D., Illinois
E-mail: nsoper@nmh.org
Dr. N. Soper (Chicago, IL):
That was a great talk. I will make one follow-up question

to Lee, and that is, the patient who had the reflux-associated
stricture and problems, had that patient had a fundoplication
at the initial myotomy?

969. Minimally Invasive Surgical Treatment of Sigmoid
Esophagus in Achalasia. Response by Matthew J. Schuchert,
M.D., Pittsburgh, PA

Dr. Schuchert: Yes. What ended up happening was that
patient had a partial fundoplication at the time of the initial
operation. This was taken down and an attempted redo
myotomy was performed which failed, and the patient
ultimately went on to esophagectomy.

Dr. Soper: The other question is I believe there were
seven patients who had the initial myotomy and then went
on to esophagectomy. Was that subsequent esophagectomy
made more difficult by the myotomy? In other words, is
there much harm done by initially trying a myotomy in the
majority of these patients, among whom some may have to
ultimately go on to esophagectomy?

Dr. Schuchert: The mediastinal dissection, myotomy and
wrap does create some additional scarring at the level of the
hiatus, but in none of the cases did that dissection significantly
influence our ability to do the esophagectomy. So I would say
that prior attempts at myotomy can make the dissection more
challenging, but do not appear to have a significant impact on
outcomes with subsequent esophagectomy.
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Abstract
Purpose The aim of this study was to engineer the two main components of the esophagus in vitro: (a) esophageal
epithelium and (b) smooth muscle tissue. Furthermore, (a) survivability of esophageal epithelial cells (EEC) on basement
membrane matrix (BMM)-coated scaffolds and (b) oriented smooth muscle tissue formation on unidirectional BMM-coated
collagen scaffolds was investigated.
Methods Both EEC and smooth muscle cells (SMC) were sourced from Sprague–Dawley rats. The EEC were maintained in
vitro and seeded onto BMM-coated 2-D collagen scaffolds. Similarly, smooth muscle cells were obtained using an explants
technique and seeded on unidirectional 3-D BMM-coated collagen scaffolds. Cell–polymer constructs for EEC and SMC
were maintained in vitro for 8 weeks.
Results Protocols to obtain higher yield of EEC were established. EEC formed a layer of differentiated epithelium after
14 days. EEC survivability on polymers was observed up to 8 weeks. Unidirectional smooth muscle tissue strands were
successfully engineered.
Conclusion Esophageal epithelium generation, survivability of EEC on BMM-coated scaffolds, and engineering of
unidirectional smooth muscle strands were successful in vitro. The hybrid approach of assembling individual tissue
components in vitro using BMM-coated scaffolds and later amalgamating them to form composite tissue holds promises in
the tissue engineering of complex organ systems.

Keywords Tissue engineering . Esophagus . Epithelium .

Smooth muscle . Collagen . Hybrid .

Basement membrane matrix

Introduction

Congenital malformation of the esophagus in form of
esophageal atresia is relatively common and has an incidence
of 1:3,000–5,000 births.1 Surgical repair and bridging of the
esophagus in these newborns by primary anastomosis is
successful in the majority of cases; however, bridging of
long-gap esophageal atresia still poses challenges in surgical
management. In patients with long-gap atresia, surgical
approaches such as (a) delayed repair (primary hitching of
the esophagus end to the prevertebral fascia or the Foker
technique), myotomy, and (b) esophageal replacement with
either gastric, jejunum, or colon transposition have provided
possible solutions.2–4 However, these strategies are frequent-
ly associated with a high rate of short- and long-term
complications that include leakage, stricture, elongation, and
gastro-esophageal reflux.5–7 Tissue engineering of the
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esophagus could overcome these limitations and offer viable
alternatives to these approaches.

The challenges in the tissue engineering of the
esophagus lie in the anatomic complexity of this tubular
organ.8 Firstly, the esophagus transverses three anatomic
planes: the neck, the thorax, and the abdomen. Since
replacement of esophageal tissue will be required in the
thoracic area, concerns relating to vascularization of
tissue-engineered esophagus will have to be addressed; if
substantial sizes of esophagus are engineered and
replaced. Secondly, the esophagus performs two functions:
(a) propulsive peristalisis of the swallowed bolus and (b)
resisting of reflux of gastric juices by the lower and upper
esophageal sphincter. As the thoracic part of the esopha-
gus is mainly involved in bolus transport, the propulsive
component which is dependant on elasticity of this organ
will have to be addressed in attempts to engineer the
esophagus. Thirdly, the esophagus presents histological
variations according to localization, with (a) skeletal
muscle in the cranial part, (b) mucous secreting cells for
lubricating the esophagus, and (c) oriented smooth muscle
(inner circular and outer longitudinal) through the caudal
part. The heterogeneity of the esophagus in terms of
location, function, and tissue variation have impeded the
efforts in tissue engineering.

Experimental efforts have been made to replace the
esophagus using tissue-engineering-based techniques. Re-
placement of esophagus in vivo has been performed with
patch or circumferential implantation using synthetic as
well as natural scaffolds: polyglycolic acid, acellular
porcine aorta, small intestine submucosa, and a silicone/
collagen hybrid.9–13 When circumferential scaffolds using
biomaterials were employed, they were found to be
associated with complications ranging from stricture to
dilation, including little or no muscle regeneration in these
implants, which further raised questions on the propulsive
ability of these grafts. Furthermore, studies using patch
grafts (scaffolds) were more successful and demonstrated
that coverage of 2–5 cm grafts by adjacent epithelium is a
process that requires 3–4 weeks for complete epithelializa-
tion. However, when autologous epithelial cells were
seeded into the grafts (scaffolds), epithelialization occurred
within a period of 2 weeks after implantation and was
observed to be associated with increased regeneration of the
mesenchymal tissue.14 Based on the success of scaffold
epithelialization, studies further investigated the in vitro
interaction of esophageal epithelial cells with scaffolds such
as collagen and/or polyglycolic acid scaffolds.15,16 Taking
the results of these studies into account, our strategy to
esophagus tissue engineering is based on the approach of
assembling the individual hetrogenous components in vitro,
which could be assimilated to construct a composite hybrid
tissue for in vivo implantation.

The aim of this study was to engineer in vitro the two main
components of the esophagus in rats: esophageal epithelium
and smooth muscle tissue. Furthermore, to investigate (a) the
survivability of esophageal epithelial cells (EEC) on basement
membrane matrix (BMM)-coated scaffolds and determine cell
migration when EEC were maintained on scaffold tubes, and
(b) the possibility of oriented smooth muscle tissue formation
on unidirectional scaffolds.

Methods

Epithelial Cell Isolation and Culture

Rat esophageal epithelial cells (REEC) were isolated by using
an explants technique and modifying a previously published
protocol.17 Briefly, a rat esophagus was harvested from an
adult female Sprague–Dawley rat as approved by the Animal
Care and Use Committee at Ministry of Science and
Research, Vienna, Austria. The esophagus was rinsed well
in 4°C phosphate-buffered saline (Sigma-Aldrich, St. Louis,
MO, USA) containing antibiotics (100 U/ml penicillin G
sodium, 100 mg/ml streptomycin sulfate, and 0.25 mg/ml
amphotericin B; Sigma-Aldrich) and incubated overnight at
4°C in dispase (50 caseinolytic units/ml; BD Biosciences,
Bedford, MA, USA) containing antibiotics. The next day, the
epithelium was mechanically separated from the connective
tissue and cut longitudinally using an operating microscope
or loops to magnify the structures. The epithelium was
further cut in to 2–3 mm pieces. Tissue culture dishes
(24-well plates) were coated with BMM (Matrigel, BD
Biosciences) and incubated for 30 min. The esophageal
pieces were then attached to the culture dish using BMM and
incubated for further 30 min. Culture media were added, and
the explants were incubated at 37°C and 5%CO2. The
culture media consisted of EpiLife basal media (Cascade
Biologics, Portland, OR, USA) to which calcium was added
to reach a concentration of 0.06 mM Ca++, supplemented
with Human Keratinocyte Growth Supplement (HKGS,
Cascade Biologics), bovine pituitary extract (0.2%), insulin
(5 μg/ml), hydrocortisone (0.18 μg/ml), human epidermal
growth factor (0.2 ng/ml), transferrin (5 μg/ml), triiodothy-
ronine (6.51 ng/ml; Sigma-Aldrich), and glutamine–
penicillin–streptomycin/amphotericin-B (Sigma-Aldrich).
Dissociation of epithelial cells from the epithelium
occurred after 48 h (Fig. 1). The explants were detached,
and the cells were separated from the epithelium using
mechanical dissociation by a 10-ml pipette. The solution
was passed though a 50-μm filter, and the cells collected
and re-suspended on the same tissue culture dishes
previously used for explants attachment. Media was
changed every 48 h, and the cells were maintained in
culture until confluence was reached.
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Smooth Muscle Cell Isolation and Culture

Rat smooth muscle cells (RSMC) were sourced from the
aorta (due to the small size of the rat esophagus which was
use to maximize epithelial cell counts), which was dissected
and cut longitudinally to expose the luminal surface. This
tunica intima was scrapped using a scalpel, and tunica
adventitia was separated similarly from the tunica media.
The tunica media was then placed in Dulbecco’s modified
essential medium (DMEM; 4.5 g/l glucose; Sigma-Aldrich)
containing antibiotics (100 U/ml penicillin G sodium,
0.1 mg/ml streptomycin sulfate, and 2.5 μg/ml amphotericin
B; Sigma-Aldrich) and incubated overnight. The next day,
the tissue was cut into 2 mm pieces and placed in 24-well
plates precoated with BMM. After incubation at 37°C and
10%CO2 for 30 min to allow tissue attachment, media was
added, DMEM (4.5 g/l glucose; Sigma-Aldrich) supple-
mented with 20% fetal bovine serum (Gibco, Invitrogen,
Carlsbad, CA, USA), penicillin (100 U/ml), streptomycin
(100 μg/ml), and amphotericin (2.5 μg/ml). Tissue was
incubated for 7 days at 37°C without changing media to
avoid detachment and allow cell growth (Fig. 2). Tissue
explants were removed, and growth medium was then
changed every 48 h, and when cell confluence was reached;
the cells were passaged and replated at a density of 10,000
cells/cm2 (Fig. 3).

Collagen Scaffold and Cell Seeding

OptiMaix™ collagen scaffolds (Matricel GmbH, Herzogen-
rath, Germany) 13 mm diameter were used as scaffolds for
REEC and RSMC seeding. OptiMaix™ scaffolds provide a
unique matrix for in vitro investigation which is the result of a

patented manufacturing process which involves unidirectional
solidification and freeze-drying of an aqueous dispersion
containing 1.5 wt.% of porcine collagen (mainly type I) and
low amounts of elastin.18 Through this process, a controlled,
homogeneous, and well-organized unidirectional pore struc-
ture with pore sizes between 25 and 100 μm can be
produced (Fig. 4). Scaffolds were removed from sterile
packaging and pre-coated with BMM for 1 h at 37°C.

REEC (seventh day) were seeded on the surface of
OptiMaix-2D (2-D) scaffolds at a density of 100,000 cells/
cm2 using a drop-on seeding technique, while the RSMC
(21st day) were seeded on OptiMaix-3D scaffolds with a
drop-in seeding technique at a density of 250,000 cells/cm2.
The cells were allowed to adhere for 30 min before
introducing media into the wells. Precaution was taken to
provide media sufficient enough to cover the scaffold, in order
to prevent its dislodgement from the culture plates initially.
Media was changed every alternative day, and disks were
removed in regular weekly intervals (1, 2, 3, 4, 5, 6, 7, and
8 weeks) for histochemical analysis. RSMC were also seeded
on nondirectional collagen scaffolds (Symatese Biomateriaux,
Chaponost, France) of identical dimensions to histologically
compare the orientation of the tissue generated.

Results

The explant technique for isolation of REEC was repeated
in ten rats and was successful for the recruitment of cells

Figure 2 Smooth muscle cells migrating and proliferating from the
tunicamedia explants attached to the tissue culture dish with BMM (10x).

Figure 1 Esophgeal epithelial explant attached using BMM on 24-
well plates. After 48 h, cells begin to detach from the explants
(spherical cells) and can be seen migrating away on the BMM-coated
tissue culture dishes (20x).
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from the epithelial layer which has advantages in overcom-
ing cell loss that may occur due to the action of trypsin.
After isolation, the REEC plated on BMM-coated culture
dishes exhibited a cobblestone morphology characteristic of
epithelial cells after 7 days in culture (Fig. 5). REEC
differentiation was further observed, and after 14 days,
differentiation to mature esophageal epithelium was com-
plete (Fig. 6). During this time, REEC exhibited confluence
and filled the entire wells with a single squamous epithelial
layer (Fig. 4). Squamous epithelial cells were stained using
cytokeratin marker CK-14 after 14 days in culture and
confirmed the purity of REEC cultures with positive
staining (no additional cell types were observed).

REEC were successfully seeded on the surface of BMM-
coated OptiMaix™ 2-D scaffolds using the drop-on seeding
technique. Constructs removed at 1, 2, 3, 4, 5, 6, 7, and
8 weeks of in vitro culture were investigated for cell
viability and expression of CK-14. REEC seeded on

scaffolds expressed CK-14 on all constructs investigated
up to the eighth week of in vitro culture. REEC were found
to survive in isolation as well as in groups scaffold even
after 8 weeks (Fig. 7). Immunohistochemical markers
confirmed the presence of only one cell type (REEC) on
the scaffold, confirming the purity of the REEC on
scaffolds.

RSMC were successfully seeded in the BMM-coated
OptiMaix™ 3-D scaffolds using the drop-in seeding
technique. Constructs removed at 1, 2, 3, 4, 5, 6, 7, and
8 weeks of in vitro culture were investigated for cell
viability and expression of α-smooth muscle actin
markers. RSMC expressed α-smooth muscle actin in
all constructs investigated up to 8 weeks. Further
proliferation and differentiation of RSMC to cover the

Figure 5 Esophageal epithelial cells after 7 days in culture exhibiting
the cobble-stone morphology and confluence (40x).

Figure 6 Esophageal epithelial cells after 14 days in culture demonstrating
differentiation and mature esophageal epithelium sheet formation (20x).

Figure 4 Light microscopic view of the unidirectional collagen
scaffold employed for generation of oriented tissue structure (60x).

Figure 3 After smooth muscle cells reach confluence, the cells are
passaged and replated (above) on BMM-coated tissue culture dishes
for further proliferation (20x).
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scaffold with cells and matrix was documented in
constructs removed over successive weeks. When
BMM-coated non-organized collagen scaffolds were
compared to BMM-coated unidirectional collagen scaf-
folds, RSMC generated disorganized tissue on the non-
organized scaffolds; however, oriented strands of smooth

muscle tissue could be engineered when RSMC were
seeded on the unidirectional scaffolds (Fig. 8).

Discussion

Tissue engineering of complex organs necessitates a hybrid
approach which involves the generation of individual tissue
grafts and assembling them to engineer the desired organ.
In our attempts to tissue engineer the esophagus, this
approach has been taken to generate the esophageal
epithelium as well as the smooth muscle components
primarily in vitro before assembling them for in vivo
implantation. Initial work from our group has demonstrated
the successful isolation and culture of REEC as well as the
viability of these cells for 8 weeks on 3-D collagen
scaffolds.18 However, since the constructs will be implanted
in vivo, cues should be placed on the scaffolds to promote
not only vascularization but also support the attached
primary cell and aid in its proliferation and differentiation.
Furthermore, if the tissue-engineered esophagus is expected
to function (transport food bolus), efforts must be concen-
trated on the engineering of oriented smooth muscle
myoarchitecture to mimic the circular and longitudinal
configurations found in the native organ.

BMM is effective for the attachment and differentiation
of both normal and transformed anchorage-dependent
epithelioid and other cell types which include neurons and
vascular endothelial cells.19–21 It also provides the substrate
necessary for the study of angiogenesis both in vitro and in
vivo.22,23 Due to these properties, BMM-coated scaffolds
should offer advantages of increased vascularization or
vascular ingrowth when tested under in vivo condition and
was the rationale for investigating the interaction of REEC
and RSMC with BMM-coated scaffold in vitro. In REEC,
BMM-coated tissue culture plates (24-well plates) promoted

Figure 8 a Non-organized
smooth muscle tissue
generation on non-organized
collagen. b Oriented smooth
muscle strands generated on
unidirectional collagen polymer
(marked with α-smooth muscle
actin antibody) (60x).

Figure 7 Cross-sectional view of esophageal epithelial cell clusters
(above) and isolated cells (below) marked with cytokeratin-14
antibody (CK-14) demonstrating viability after 8 weeks in vitro on
collagen scaffold (60x).
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the recruitment of cells from the explants and offered a
substrate for the proliferation and differentiation of cells to
form sheets of esophageal epithelium. Scaffolds seeded
with BMM also anchored the REEC, and viability of
individual cells or clusters was unaltered for a period of
8 weeks. Similarly, BMM effectively promoted the
attachment of the explants and expansion of RSMC. On
coated collagen scaffolds, BMM facilitated organization of
RSMC in 3-D toward growth as well as tissue formation.
The in vitro investigations with BMM have demonstrated
positive interactions with both the cell types (REEC and
RSMC) required for esophageal tissue engineering and
offer the basis to investigate these constructs now under in
vivo conditions.

Isolation of REEC and culture was described by our
group in a previous report where trypsin was employed to
dissociate cells from the rat epithelium.24 Due to the size of
the rat esophagus obtained for isolation of the REEC, it was
important to maximize the cell recruitment for culture.
Esophageal explant was the alternative technique that was
opted to isolate the cells and maximize isolated cell counts.
BMM gels were employed to attach the explants on the
tissue culture dishes which were also pre-coated with BMM
to permit cell outgrowth or spread. Both these objectives
were achieved using the explant technique. Since REEC
attached to the BMM-coated plates while the explants were
still gelled to the dishes, after explant removal, titration, and
filtration, the REEC isolated from the explant reprocessing
were replated on the same dishes to maximize cell counts.

Scaffold morphology was also chosen bearing in mind
the histology of the native esophagus. Esophageal epithelial
cells require a 2-D scaffold for attachment and sheet
formation.25 OptiMaix™ 2-D scaffolds were employed for
REEC attachment since they offer an almost uniform and
relatively flat outer surface for epithelial cell seeding and
attachment. Porous scaffolds with uneven scaffold surfaces
are undesirable for REEC since this leads to cells dispersal
and hampers epithelial layer formation due to disconnec-
tivity of the dispersed cells along the scaffold crevices. In
the present investigation with REEC on OptiMaix™ 2-D,
low-density seeding was performed to evaluate the viability
of cells under in vitro conditions, both as individual cells
and clusters. For the generation of sheets of esophageal
epithelial sheets on scaffolds when using a small animal
model, cell pooling is necessary to obtain sufficient cell
counts to cover the entire scaffold surface.

Generation of smooth muscle tissue using smooth
muscle cells on scaffolds has been demonstrated in
previous reports.26,27 However, tubular tissues such as
esophagus rely on the organized and oriented layers of this
muscle to maintain the proper structure and well as
intended function. Our investigations using unidirectional
collagen scaffolds for tissue engineering of oriented smooth

muscle strands demonstrates the effective use of polymer
technology in meeting the requirements of the tissue-
engineered constructs to match the original myoarchitec-
ture. Despite this initial success, further strides in polymer
engineering technology will be necessary for functional
organs such as the esophagus in terms of application of
elastic scaffolds or shape memory scaffolds to enable the
return of tissue engineered esophagus to its normal shape
once a bolus has passed through. Plastic scaffolds in the
future will be one of the limiting factors in functional
organs. Recent advances in elastic polymer engineering
technology with development of scaffolds such as capro-
lactone, polydioxanone-elastin blends, or collagen-
hybridized elastic poly L:-lactide-co-epsilon-caprolactone
may provide the breakthroughs associated with scaffold
kinetics.28–30

Conclusion

Hybrid approach to cell-scaffold attachment using basement
membrane matrix and in vitro generation of individual
components was successful for esophageal epithelium and
smooth muscle, the two components required for the tissue
engineering of the esophagus. Strands of smooth muscle
could be generated using unidirectional scaffold. The
hybrid approach of in vitro tissue assembly and delayed
combination of the components in a structured form holds
the key to success in esophagus tissue engineering.
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Abstract
Background The thymidine kinase gene of the herpes simplex virus (HSV-tk) is a suicide gene when administrated with the
prodrug ganciclovir (GCV). This study investigated the effectiveness of HSV-tk activation as gene therapy for
gastroesophageal junction and gastric adenocarcinomas using either the stress-inducible Grp78 promoter or the murine
leukemia virus long-terminal repeat (LTR) promoter.
Methods The HSV-tk gene, controlled by either the Grp78 promoter or the LTR promoter, was transduced into the
gastroesophageal junction adenocarcinoma cell line SK-GT-5 and the gastric adenocarcinoma cell line MKN-74. Cell viability
after exposure to varying concentrations of GCV was compared. The same cell lines were used to develop a nude mouse
model for studies of the HSV-tk/GCVeffect in vivo. The effect of intraperitoneal GCV injection on growth of the subcutaneous
tumors was measured. HSV-TK expression was measured by Western blot and reverse transcription polymerase chain reaction.
Results Cell viability in vitrowas significantly lower in theHSV-tk expressing (HSV-tk+) cells compared to control (no HSV-tk) cells
after exposure to GCV. MKN-74tk+ cells were more sensitive to GCV killing than SK-GT-5tk+ cells. After culture with 1 μg/ml
GCV for 10 days, MKN-74/tk cells were totally killed, whereas most SK-GT-5/tk cells survived. Cell viability was significantly
lower under glucose starvation conditions when HSV-tk expression was regulated by the Grp78 promoter compared with the LTR
promoter. MKN-74 tumors formed with HSV-tk+ cells in nude mice were eliminated after administration of GCV for 3 weeks, but
GCV had no effect on tumors formed from HSV-tk− cells. Eradication of tumor formed with Grp78-tk cells was faster than that
with LTR-tk cells. HSV-TK protein and mRNA were expressed in the transduced, but not the non-transduced tumors.
Conclusion HSV-tk xwith ganciclovir suicide gene therapy results in significant cell killing in gastroesophageal junction and
gastric adenocarcinoma cells both in vitro and in vivo, but complete tumor elimination only occurred with the gastric
adenocarcinoma cell tumors. The most effective approach in this study used the Grp78 promoter in glucose-starvation stress
conditions.

Keywords Gastroesophageal junction adenocarcinoma .

Gastric adenocarcinoma . Gastric neoplasms . Gene therapy .

HSV-tk .Grp78

Introduction

With the exception of patients identified through surveillance
programs, most patients with gastroesophageal junction or
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gastric cancer present with advanced disease, and in contrast to
the recent reduction in mortality for patients with cancer in
general, outcome statistics for patients with esophagogastric
cancers remain poor and largely unchanged.1 Despite the more
than 80% decline in gastric cancer incidence over the past
50 years, there were an estimated one million new cases
worldwide in 2007, and gastric cancer is the second most
common cause of cancer death worldwide in males and the
fourth most common cause of cancer death in females (www.
cancer.org/downloads/STT/Global_Cancer_Facts_and_
Figures_2007.pdf). These unfavorable statistics reflect the
failure of conventional treatments for most patients and
increase the importance of investigating novel therapies such
as gene therapy.

The thymidine kinase gene of the herpes simplex virus
(HSV-tk) is a suicide gene when administrated with the
prodrug ganciclovir (GCV). HSV-tk, but not mammalian
TK, is able to phosphorylate GCV to its monophosphate,
which is then further converted into GCV triphosphate and
incorporated into cellular DNA. Incorporation of GCV
triphosphate into cellular DNA results in termination of
DNA synthesis and cell death. In addition to achieving
direct killing of tumor cells expressing HSV-tk, a bystander
effect caused by diffusion of toxic GCV triphosphate to
adjacent cells causes the death of neighboring cells that do
not express HSV-tk.2 The bystander effect can enable
complete tumor eradication in animal models when only
10–20% of the tumor cells carry the HSV-tk gene.2

Successful application of the suicide gene approach in
vivo requires targeted gene delivery and maximization of
expression of the suicide gene in the tumor. A frequently
used vector for the transfer of the HSV-tk gene is a murine
leukemia virus (MuLV)-derived retroviral vector whose
promoter in its long-terminal repeat (LTR) can provide
constitutive expression of a foreign gene in vitro. However,
the viral promoters are often inactivated and expression of the
genes is eventually abolished in vivo.3 Furthermore, under
glucose-free conditions in a fast-growing solid tumor devoid
of nutrient due to insufficient blood supply, the viral promoter
in LTR can be suppressed and thus unable to sustain foreign
gene expression.4 Non-specific and unregulated expression of
the suicide gene in normal cells can also be problems. To
circumvent these difficulties, we used the glucose-regulated
protein 78 (Grp78) promoter in this study in an effort to target
gene expression and selectively eliminate cancer cells. GRP78
is a stress-inducible protein that is strongly induced by the
conditions that persist within poorly vascularized solid tumors:
glucose deprivation, chronic anoxia, and acidic pH.5

This study investigated and compared the in vitro and in
vivo effectiveness of HSV-tk/GCV suicide gene therapy in
gastroesophageal junction and gastric body adenocarcinomas.
Very few gene therapy studies have been reported for
junctional or esophageal adenocarcinoma, with esophageal

cancer studies focusing on squamous cell carcinoma6–9 and
gastric cancer studies focusing on the non-junctional/
non-cardia gastric cancers.8 The limited number of esophageal
adenocarcinoma gene therapy studies have unfortunately
mostly used inappropriate cell lines or animal models,
reflecting the paucity of suitable models.10–14 There have been
many gastric cancer gene therapy studies with significant
progress, if only at the preclinical stage,8 but none using the
promising HSV-tk/GCV approach with the Grp78 promoter as
in the current study.

Materials and Methods

Cell Culture The human gastroesophageal junction adeno-
carcinoma cell line SK-GT-515 (kindly provided by Dr.
Nasser Altorki) and human gastric adenocarcinoma cell line
MKN-74 (generously provided by Dr. David Beer)16 were
cultured in RPMI medium (Gibco BRL Gaithersburg, MD,
USA) supplemented with 10% fetal bovine serum (FBS;
HyClone, Logan, UT, USA) and 2 mM glutamine (Gibco
BRL). SK-GT5 has a point mutation (D281E) on its p53
gene,16 whereas MKN-74 has no p53 mutation.16 SK-GT-5
is often reported as an esophageal adenocarcinoma cell line,
but the original description by Altorki et al.15 refers to a
gastric cardia or junctional adenocarcinoma, unlike SK-GT-4,
which is a Barrett’s esophageal adenocarcinoma.

Human 293T/17 cells (CRL11268)17 were obtained from
American Type Culture Collection and were maintained in
Dulbecco’s modified Eagle’s medium (DMEM, Gibco
BRL) supplemented with 10% FBS and 2 mM glutamine.
The 293/GPG cell line, a vesicular stomatitis virus G
glycoprotein (VSV-G) pseudotyped MuLV packaging cell
line, was kindly provided by Dr. Ory.18 293/GPG was
maintained in DMEM medium as described above with
additional 1 μg/ml tetracycline (Sigma-Aldrich, St. Louis,
MO, USA), 2 μg/ml puromycin (Sigma-Aldrich), 0.3 mg/ml
G418 (Gibco BRL), and 100× MEM sodium pyruvate
(Gibco BRL) and has constantly expressed gag-pol genes
and tet promoter-controlled VSV-G genes. All cells were
maintained in a humidified 37°C incubator with 5% CO2.

Retroviral Production and Cell Transduction The retroviral
vector plasmids G1TkSvNa and G1NaGrpTk, kindly
provided by Dr. Amy Lee,19 carry the HSV TK gene
controlled by the LTR promoter and the Grp78 promoter,
respectively. The replication-incompetent VSV-G pseudo-
typed MuLV G1TkSvNa vector was first generated from
293T/17 cells after a transient three-plasmid (G1TkSvNa,
CVG, and HIT60) transfection, as described previously.20

The viral supernatants from the transient transfection were
used to transduce packaging cell line 293/GPG. The pool of
the transduced 293/GPG cells (named as 293/GPG/
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G1TkSvNa), without selection, was used as a stable vector
producer since the transduction efficiency of VSV-G
pseudotyped MLV vector is higher than 90%.20

To transduce 293/GPG package cells with the ampho-
tropic MuLV G1NaGrpTk vector supernatant from producer
cell line PE501,19 the amphotropic viral supernatant mixed
with 8 μg/ml polybrene was plated onto 293/GPG cells on a
60-mm plate for 2 h at 37°C. The transduced cells were
cultured with fresh medium for 2 days at 37°C and then
diluted into a concentration of four cells per milliliter and
plated onto a 96-well plate to form single colonies. Twelve
single colonies were picked and amplified in six-well plates,
and the supernatants were collected after culture with
medium without tetracycline. The viral titers of the super-
natants were measured. The clone that generated the highest
titer was used as the producer cell line, named as 293/GPG/
G1NaGrpTk, for the VSV-G pseudotyped MuLV vector.

To produce the VSV-G pseudotyped viral vectors from
the producer cell lines of 293/GPG/G1TkSvNa or 293/
GPG/G1NaGrpTk, the cells were cultured separately in
DMEM medium with tetracycline to 90% confluence,
washed with phosphate-buffered saline (PBS) and then
further cultured in fresh DMEM as aforementioned but
without tetracycline. At every 24 h, retroviral supernatants
were collected and replaced with fresh culture medium. The
collected culture medium (up to 72 h) was filtered through
a 0.45-mm pore size filter (Pall Gelman, Ann Arbor, MI,
USA) and stored at −80°C for further use. The viral titers
were between 106 and 107 colony formation unit per
milliliter, analyzed by neomycin resistance assay.

Transductions of SK-GT5 and MKN-74 cell lines with
viral vectors were as described20 (no. 957) by mixing the
cells with viral supernatants with 8 μg polybrene for 2 h,
followed by G418 (1.2 mg/ml, Gibco BRL) selection.
Seven days after the culture with G418, the pools of
surviving cells, named as SK-GT5/LTR-tk, SK-GT5/Grp-tk,
MKN-74/LTR-tk, and MKN-74/Grp-tk, were used for the
following GCV killing and in vivo animal study.

In Vitro GCV Sensitivity Assay Each cell line, SK-GT5, SK-
GT5/LTR-tk, SK-GT5/Grp-tk,MKN-74,MKN-74/LTR-tk, and
MKN-74/Grp-tk, was plated in duplicate at 5×104 cells/well in
a 24-well plate. After 24-h culture, the cells were incubated
with medium containing GCV (Cytovene, Syntex Laborato-
ries, Inc., Palo Alto, CA, USA) at concentrations of 0, 1, 3, 10,
and 30 μg/ml. Fresh GCV was added daily to the culture, and
cells in a well were counted every other day using the Trypan
Blue dye exclusion method. For glucose starvation treatment,
culture media were changed on the second day of plating to
the glucose-free DMEM supplemented with dialyzed FBS.
After 30-h culture in glucose-free medium, the cells were
incubated with regular medium containing GCV. GCV was
added daily and cells counted every other day.

In Vivo Tumor Formation and GCV Treatment The cell
suspensions were prepared by trypsinizing cells from a
confluent plate, washing the cells three times in PBS, and
resuspending 5×107 cells in 1 ml of PBS (Fig. 1). The cell
suspension (0.1 ml, 5×106 cells) was injected subcutane-
ously in the flank area of Nu/Nu mice (all male, 4–6 weeks
old, 20–25 g at time of tumor cell injection). Six flanks
from three sets of mice were injected with six kinds of cell
suspensions: SK-GT5, SK-GT5/LTR-tk, SK-GT5/Grp-tk,
MKN-74, MKN-74/LTR-tk, and MKN-74/Grp-tk. Each cell
line had seven mice injected. Tumors were measured with a
caliper daily. Tumor volumes were calculated from the
formula: volume mm3ð Þ ¼ widthð Þ2� lengthð Þ � 0:5.4,21

Two weeks after cell inoculation, five of the seven mice
in each group received daily intraperitoneal injections of
GCV at a dosage of 100 mg/kg of body weight until tumor
disappeared or the mouse died. The two control mice in
each group inoculated with an identical dose of cells were
injected with saline (0.75% NaCl, 100 ml/kg).

Western Blot Analysis of In Vitro HSV-tk Protein Expres-
sion Western blot analysis was performed to determine the
HSV-tk protein expression in vitro and from homogenized
tumors in vivo. The cells on culture plates were lysed as
described elsewhere (Sambrook, Molecular Cloning). The
supernatant of the lysis was separated on denaturing sodium
dodecyl sulfate-polyacrylamide gels and transferred onto
nitrocellulose membrane. After blocking overnight at 4°C
with 5% nonfat dry milk in TBS-T (20 mM Tris–HCl,
137 mM NaCl, 0.1% Tween 20), the membrane was
incubated with the polyclonal rabbit anti-HSV-TK antibody
(1:600 dilution, obtained from Dr. W. Summers, Yale
University School of Medicine, New Haven, CT, USA) or
monoclonal mouse anti-β-actin antibody (1:1,000 dilution,
Sigma Chemical) for 1 h at room temperature and, after

Figure 1 Esophagogastric adenocarcinoma xenografts growing sub-
cutaneously on both flanks in a nude mouse.
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washing, with the second antibody, horseradish peroxidase-
conjugated sheep anti-mouse or rabbit IgG antibody
(1:1,000 dilution, Amersham Pharmacia Biotech, Inc.) for
1 h. Specific protein bands (HSV-TK at 45 kDa, anti-β-actin
at 42 kDa) were detected by an enhanced chemilumines-
cence kit (Amersham Pharmacia Biotech, Inc.). Amount of
HSV-TK was quantitated by densitometry and normalized
against that of actin serving as an internal loading control.

Reverse Transcription/Polymerase Chain Reaction
Quantification of In Vivo HSV-tk mRNA Expression

RNA was extracted from sections of formalin-fixed
paraffin-embedded (FFPE) xenografts using an FFPE
RNA extraction kit (AusDiagnostics, Sydney, Australia).
Primers for HSV-tk [human herpesvirus 2 thymidine kinase
(tk) gene; AF466703] and NONO (“non-POU domain
containing, octamer-binding”; NM_007363) as reference
gene were designed with the help of Primer 3 software,
leading to an “inner” amplicon of 70–90 bp and restricting
the size of the “outer” amplicon to <150 bp. The following
primers for HSV-tk were used in the multiplexed tandem
PCR (MT-PCR) assay: First round outer primers, forward
‘CTCGCCGGCAGCAAGAAG’, reverse ‘AGCAGTTG
CGTGGTGGTGG’ and second round inner primers, forward
‘CAGCAAGAAGCCACGGAAGT’, reverse ‘CATCCCGT
GAGGACCGTCTAT’. The amplified “outer” HSV-tk ampli-
con covers the region from base 92 to 206, and the “inner”
HSV-tk amplicon covers the region from base 100 to 180.
The amplified “outer” NONO amplicon covers the region
from base 831 to base 935, and the “inner” NONO amplicon
covers the region from base 841 to base 925.

First round multiplexed amplification:
RNA was added to an outer primer mixture at a final

concentration of 0.2 μM of each primer, MT-PCR step 1
MasterMix (Quantace, Finchley, UK) and step 1 additives

(Quantace) in a total volume of 20 μl. Each tube was placed
in a Rotor-Gene thermal cycler (RG6000, Corbett Life
Science, Sydney, Australia) and heat-treated as follows:
2 min at 55°C (reverse transcription), 5 min at 95°C (RT
denaturation) followed by 20 cycles of 10 s at 95°C, 20 s at
60°C and 20 s at 72°C. This completed the multiplex PCR step.

Second round quantification amplifications:
The product from the multiplexed amplification (final

dilution in reaction 1:75) was added to MT-PCR step 2
MasterMix (Quantace) and step 2 additives (Quantace)
diluted in water. An aliquot of 15 μl of PCR mixture was
then added to 0.1-ml PCR tubes (Corbett Life Science)
containing 5 μl of inner primer mixes (0.4 μM final
concentration in reaction). The tubes were loaded into a
RG6000 thermal cycler and PCR was performed for 35
cycles of 1 s at 95°C, 10 s at 60°C, and 10 s at 72°C.
Fluorescence was measured at the end of each 72°C
extension step. Melt was performed at 72–95°C.

The presence of the correct length PCR product was
checked on a Bioanalyzer DNA separation chip (Agilent,
Santa Clara, CA, USA).

Results

Tumor Cells with HSV-tk Were Sensitive to GCV Killing
In Vitro

The human esophagogastric adenocarcinoma cell lines were
transduced with retroviral vectors carrying HSV-tk gene.
The transduced cells exhibited equivalent plating efficiencies
and growth rates. As shown in Fig. 2a, cell viability in vitro
was significantly lower in the HSV-tk-expressing cells than
those without HSV-tk after exposure to different concen-
trations of GCV. Only a small minority of cells transduced
with HSV-tk survived after exposure to 10 μg/ml GCV,
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whereas most non-transduced cells survived exposure to
30 μg/ml GCV (Fig. 2a).

Figure 2a also shows that the MKN-74 gastric adeno-
carcinoma cells transduced with the TK gene were more
sensitive to GCV killing than the SK-GT-5 gastroesophageal
junction adenocarcinoma cells. The sensitivity of MKN-74
cells to HSV-tk suicide gene therapy is further shown in the
time course experiment in which untransduced MKN-74
cells and MKN-74 cells transduced with either the LTR or
Grp78 promoter were incubated with medium containing
GCV at 1 μg/ml (Fig. 2b). As shown, cell death occurred at
this low GCV concentration in HSV-tk-expressing cells.

Grp78 Promoter Effect in a Glucose-Free Environment

When cells were cultured in media with glucose, cell
survival was similar for the HSV-tk transduced cells
(Fig. 3a). MKN-74 was again more sensitive to GCV
killing at lower GCV concentrations (Fig. 3a). When the
cells were cultured in media free of glucose, the cells (both
MKN-74 and SK-GT-5) transduced with Grp78-tk were
more sensitive to GCV than those with LTR-tk. (Fig. 3b).

Eradication of Tumor In Vivo By GCV Treatment

The six cell lines were injected subcutaneously into the
flanks of mice to allow formation of tumor. After the tumor
was formed, the mice received an abdominal injection of
GCV daily for 3 weeks. As shown in Fig. 4a, b, tumor sizes
were significantly reduced for the cells transduced with
HSV-tk gene. The tumor eradication in the cells transduced
with the Grp78-tk gene promoter was faster than in those
with LTR-tk gene. The tumors formed with MKN-74/HSV-
tk gastric adenocarcinoma cells were completely eradicated
(Fig. 4a), whereas tumors with SK-GT-5/HSV-tk gastro-
esophageal junction adenocarcinoma cells were not com-
pletely eradicated (Fig. 4b).

HSV-TK Protein Expression

To test the efficacy of the LTR and the Grp78 promoter to
drive expression of the HSV-TK protein, total cell lysates
were prepared from individual cell lines under normal
culture and glucose-starved conditions and from tumors
recovered from nude mice. The Western blot showed that
there was no detectable HSV-TK in the non-transduced
MKN-74 cells (Fig. 5, lane 1). In all HSV-tk transduced
cells, there was HSV-TK expression under both normal
culture conditions and glucose-starved conditions. There
was no discernable increase in HSV-TK protein levels in
glucose-starved cells even in the cells with HSV-tk gene
driven by the Grp78 promoter. As shown in Fig. 3 for
MKN-74, more HSV-TK were detected in cells with the
LTR promoter (Fig. 5, lanes 2 and 3) than with the Grp78
promoter (Fig. 5, lanes 4 and 5), suggesting that LTR is a
stronger promoter than Grp78 in vitro. However, there were
more HSV-TK in MKN-74/Grp78-tk tumor (Fig. 5, lane 7)
than that in MKN-74/LTR-tk (Fig. 5, lane 6) tumor
recovered from mice.

HSV-tk mRNA Expression

As shown in Fig. 6, HSV-tk PCR product was present in the
tumors transduced with HSV-tk, but not in the non-
transduced tumors, demonstrating that mRNA expression
of the HSV-tk suicide gene was present after transduction.

Discussion

This study provides encouraging data for the effectiveness
of a gene therapy strategy directed against gastric and
gastroesophageal junction adenocarcinomas. We showed
that using a HSV vector to introduce the HSV thymidine
kinase gene, followed by administration of the prodrug
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GCV, significant cell death in vitro and significant tumor
regression in vivo can be obtained. The gastric adenocar-
cinoma cells (MKN-74) were more sensitive to the gene
therapy than the gastroesophageal junction adenocarcinoma
cells (SK-GT-5) in this study. This was observed in the cell
line studies and also in the nude mouse xenograft tumor
studies; the gastric cancer tumors were completely eradi-
cated using either promoter, whereas the gastroesophageal
junction cancer tumors were not completely eradicated.

The reason for the differing sensitivities of gastric
compared to gastroesophageal junction adenocarcinomas
in this study is not known and only reflects the findings in
two cell lines derived from two individuals. No previous
reports are available with which to compare our gastro-
esophageal junction adenocarcinoma results, and there are
also very few previous reports of gene therapy in
esophageal adenocarcinoma. Those that have been pub-
lished are mostly limited in scope or have significant
methodological problems. In two separate studies, Marsman et
al. showed only limited transduction efficiency using adenovi-
ral vectors in esophageal adenocarcinoma cell lines (OE-19 and
OE-33), in a substitute for Barrett’s esophagus (Caco-2 cells),
and in the questionable esophagojejunostomy rat model.11,12,22

Heideman et al.13 investigated the epithelial cell adhesion
molecule (EpCAM) as a gene therapy target using cell
lines (TE-1 and TE-2) that have been shown to be derived
from an esophageal squamous cell carcinoma rather than
an esophageal adenocarcinoma. Further demonstrating the
poor availability of suitable esophageal adenocarcinoma
cell lines, Gupta et al.10 also used adenoviral vectors in
cell lines (Bic-1 and Seg-1) that have subsequently been
identified as not esophageal adenocarcinoma cells (Dr. David
Beer, University of Michigan, open letter to the scientific
community, 2008).
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Figure 5 HSV-tk protein expression in MKN-74 cells and tumors.
Cell lysates from MKN-74, MKN-74/LTR-tk, or MKN-74/Grp-tk, and
homogenized tumors formed 2 weeks after injecting MKN-74/LTR-tk,
MKN-74/Grp-tk cells into nude mice, were subjected to Western blot
analysis with antibodies against HSV-tk and β-actin. The cells were
grown under normal culture medium (plus symbol) or glucose-starved
(minus symbol) conditions for 24 h.

Figure 6 Electropherogram showing HSV-TK in the transduced cell
tumors generated in nude mice but not in the non-transduced cell
tumors (lanes 1 and 8). Fifteen- and 1,500-bp markers are also shown,
as well as non-specific PCR products (probably primer dimers) at
54 bp.

Figure 4 Eradication of MKN-74 tumors (a) and SK-GT-5 tumors
(b) by GCV treatment. a MKN-74 (diamond, N=5 tumors), MKN-74/
LTR-tk (circle, N=4), and MKN-74/Grp-tk (triangle, broken line, N=
5). b SK-GT5 (diamond, N=4), SK-GT5/LTR-tk (circle, N=3), SK-
GT5/Grp-tk (triangle, broken line, N=3). Cells were inoculated
subcutaneously in nude mice for approximately 2 weeks. The mice
were treated with GCV daily at a dosage of 100 mg/kg of body weight
after tumor size reached ∼400 mm3. Biperpendicular tumor measure-
ments were taken for 25 days. The error bars stand for standard error
of sample numbers shown in parenthesis.
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In contrast to the situation for esophageal or junctional
adenocarcinoma, many studies have investigated gene
therapy strategies for gastric cancer, including several that
used an HSV-tk/GCV suicide gene strategy.8 Tang et al.23

transduced the HSV-tk gene using a GINaTK retroviral
vector, resulting in up to 47% reduction in tumor volume
(no. 6206). Importantly, they observed a bystander effect in
which the HSV-tk/GCV toxic metabolite is taken up from
transduced to neighboring non-transduced cells via gap
junctions in the cell membrane. The bystander effect is
thought to explain the effectiveness, despite incomplete and
inefficient gene transfer to the cancer cells, of the HSV-tk/
GCV suicide gene strategy. The bystander effect was not
estimated in the present study but is likely be responsible
for the complete tumor eradication observed with the
MKN-74 cell tumors.

Nakaya et al.24 reported the effectiveness adenovirus-
mediated expression of HSV-tk by an alpha-fetoprotein
(AFP) enhancer/promoter element in an AFP-expressing
gastric adenocarcinoma cell line but not an AFP-negative
gastric cancer cell line. In duplicate publications, Zhang
et al.25,26 reported that using the recombinant retroviral
expression vector PLXSN co-expressing both HSVtk and
the cytokine TNF-alpha genes resulted in significantly
greater reduction in tumor size in vivo compared to using
the vector expressing either gene alone, but tumor eradica-
tion was not reported and the significant in vivo effect was
not observed in vitro.25,26

Grp78 was a weaker promoter than LTR in vitro in all
conditions but a stronger promoter in vivo, and HSV-tk
expression in tumors was higher when the gene was
controlled by Grp78. Glucose-regulated protein 78 is a
stress-inducible protein which is strongly induced during
glucose deprivation, chronic anoxia, and the acidic envi-
ronment present in poorly vascularized solid tumors.5 This
ability makes it ideal for gene therapy in which the aim is to
selectively kill tumor cells without affecting normal tissues.
Our findings indicate that gastric adenocarcinoma can be
added to the list of human tumors for which eradication of
sizable tumors has been demonstrated using the Grp78
promoter to enhance HSV-tk/GCV effectiveness under
glucose-starvation conditions.4,19

A possible explanation for the different results with the
gastric versus gastroesophageal junction adenocarcinoma
cells in this study is p53 mutation status. MKN-74 cells are
reported to have no mutations on the p53 gene, while the
SK-GT-5 cells have a p53 point mutation (D281E, at 281
amino acids from Asp to Glu).16 Matsubara et al.27 have
shown that esophageal squamous cancer cells with mutated
p53 were resistant to phosphorylated GCV, whereas the
tumor formed using a wild-type p53 cell line was totally
eradicated with HSV-tk/GCV treatment, and many other
studies support the potential pharmacogenetic importance

of p53 status.28 Studies in other cancer types, however,
report that wt p53 may not necessarily improve the efficacy
of HSV-tk/GCV suicide gene therapy in vivo.29 The
importance of p53 mutation status would ideally be
established by assessing further cell lines, preferably with
transduction of wild-type p53 into the p53 mutant cells to
assess for reversal of GCV resistance, before clinical trials
are undertaken for these cancer types.

These results indicate that clinical trials for foregut
adenocarcinoma could be considered. Human clinical trials
have not been reported for either gastric cancer30 or
esophageal/junctional adenocarcinoma. HSV-tk with ganci-
clovir suicide gene therapy has been used for up to phase 3
clinical trials for patients with other tumor types, especially
malignant glioma31 and prostate cancers,32,33 although
results have so far been disappointing, with no significant
improvement in survival. One advantage for esophagogas-
tric cancers is that direct delivery via endoscopically should
be efficient, although imaging-guided injection or even
operation would likely be required for delivery to metastatic
disease. External beam radiation therapy, which induces
relative tissue hypoxia, could theoretically be used to help
activate the Grp78 promoter.
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Abstract
Introduction Vitamin D deficiency occurring after gastric bypass procedures can predispose patients to calcium and
parathyroid hormone (PTH) level abnormalities. The aim of the study is to identify preoperative patient risk factors for
postoperative vitamin D deficiency.
Methods We retrospectively reviewed patients who underwent Roux-en-Y gastric bypass procedures between 2005 and
2006. Patient demographics, laboratory values of calcium, vitamin D, and PTH were followed at quarterly intervals for
1 year.
Results One hundred forty-five patients were included in the study. The mean age for the group was 44 years with an
average body mass index of 49.5 kg/m2. Eighty-six percent of patients were female and 23% was African–American. Forty-
two percent of the patients had vitamin D deficiency (<20 ng/mL) either preoperatively or at year 1. The mean calcium
levels decreased from 9.39 to 9.16 mg/dL (p<0.001) while the mean PTH levels increased from 25.7 to 43.9 ng/mL (p<
0.001). A logistic regression model recognized preoperative vitamin D levels, race, and bypass limb length to be the only
significant factors (p<0.05) for postoperative vitamin D deficiency.
Conclusion It is important to recognize patients who are at risk for vitamin D deficiency before surgery so that early
intervention could be in place to minimize further postoperative deficiency.

Keywords Vitamin D deficiency . Risk factors . Roux-en-Y
gastric bypass . Calcium . Parathyroid hormone . PTH

Background

The number of bariatric operations performed in the USA
has increased approximately sixfold in the last decade.1

While many surgical weight reduction procedures are
available, the Roux-en-Y gastric bypass remains the most

common procedure performed because it combines restrictive,
malabsorptive, and hormonal components. While malab-
sorption from the gastric bypass assists in weight loss, it
does have detrimental effects and can result in vitamin D
and sometimes calcium deficiencies. These deficiencies can
then trigger an upregulation in the parathyroid hormone
(PTH) levels, resulting in secondary hyperparathyroidism.
This is of concern because calcium and vitamin D
homeostasis, along with PTH, may have a long-term impact
on bone integrity. In the setting of malabsorption, a vicious
cycle may start: first, vitamin D deficiency leads to a
decrease in intestinal calcium absorption, and second, with
reduced circulating calcium level, parathyroid hormone is
increased to accelerate the rate of bone resorption in an
effort to compensate for the low serum calcium level. If
vitamin D deficiency persists, parathyroid hormone will
continue to rise, and bone resorption can lead to osteopenia
and potentially osteoporosis. The phenomenon of intestinal
calcium and vitamin D malabsorption after gastric bypass
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surgeries has been documented in the recent years2–4 and
the need for postoperative supplementation of vitamin D
and calcium has been stressed by many clinicians.
However, vitamin D deficiency can be present in obese
patients even before the gastric bypass procedures take
place.5 Therefore, it is equally, if not more important, to
identify these “at risk patients” during preoperative screen-
ing so that intervention can take place before the effects of
additional malabsorption take place. Using our institutional
database from the gastric bypass population, we evaluated
the pattern of postoperative changes in calcium, vitamin D,
and parathyroid hormone levels in these patients. We then
identified patients with postoperative vitamin D deficiency
at 1 year after the gastric bypass procedures and investi-
gated potential preoperative patient factors that predispose
these patients to postoperative deficiency.

Methods

We retrospectively reviewed the data of morbidly obese
patients who underwent Roux-en-Y gastric bypass proce-
dures for weight reduction at University Hospitals Case
Medical Center between January 2005 and October 2006.
Institutional review board approval was obtained prior to
study. Demographic data included patient age, gender, race,
and preoperative body mass index (BMI). The length of the
Roux limb was documented as either a long LL (∼165 cm)
or a short SL (∼75 cm) limb. Roux limb length was
determined by the operating bariatric surgeon based on
patient’s BMI. When the patient’s BMI is greater than
50 kg/m2, the patient will undergo long limb bypass;
otherwise short limb bypass is the preferred operation at our
institution.

Postoperatively, the standard of care is for all patients to
receive a starting dose of elemental calcium (1,000 mg) and
vitamin D (400–800 I.U.) supplementation daily. On
subsequent visits, the amount of vitamin D supplementation
was adjusted based on biochemical laboratory determina-
tion and could vary at the surgeon’s discretion.

Preoperative values of calcium (normal 8.5–10.1 mg/dl),
alkaline phosphatase (normal 33–110 U/dl), 25-hydroxy-

vitamin D (25(OH) D) (normal 20–57 ng/mL), and PTH
(normal 10–53 pg/mL) were collected and reviewed in each
patient. After the bypass procedure, all patients returned to
the clinic 2 weeks postoperatively, then quarterly for the
first year, and yearly thereafter for serum analysis of
aforementioned biochemical markers. When the preopera-
tive values of vitamin D and PTH were not available in
patients, the 2-week postoperative laboratory values were
used as the baseline levels for the analysis. The follow-up
period for all patients in the study was 1 year. In our study,
vitamin D deficiency was defined as 25(OH) D≤20 ng/mL
while secondary hyperparathyroidism was defined as
having PTH>53 pg/mL without abnormal serum calcium
level.

Statistical analysis was performed using the R program.6

Data were expressed as mean ± standard deviations.
Comparisons between groups were determined using paired
Student’s t test for continuous variables and Fisher’s exact
test (FET) for categorical values. Pearson correlation was
used to quantify linear associations between variables. The
multivariate prediction model was built using a backward
stepwise logistic regression. A p value of <0.05 was
considered statistically significant.

Results

We identified 195 patients during the study period; 50
patients were not included due to incomplete follow-up.
The remaining 145 patients were included in the study.
Overall patient demographics are shown in Table 1. The
average age for the group was 44±10 years (range 19–64).
Majority of the patients were Caucasian female. The mean
Preoperative BMI was 49.5 kg/m2 (range 36.4–74.6), and
39% of the patients underwent LL bypass. At 1 year, the
mean postoperative BMI was significantly reduced to

Table 1 Patient Demographics

Age (years) 44±10

Gender Male 14%

Female 86%

Race African–American 23%

Caucasian 76%

BMI (kg/m2) 49.5

Bypass length Short 61%

Long 39%

Trend in PTH and Vitamin D over One Year
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Figure 1 The trend in vitamin D, PTH, and calcium over 1 year after
gastric bypass procedure.
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31.8 kg/m2 (range 19.8–51, p<0.001); this represented a
mean excess weight loss of 73% based on a targeted BMI
of 24 kg/m2.

The trends in calcium, vitamin D, and PTH are depicted
in Figs. 1 and 2. The mean preoperative calcium level was
9.39±0.52 mg/dL. Fifteen patients (10%) had abnormal
calcium levels, and 40% (n=6) of them were hypocalcemic
(<8.5 mg/dL). Over the 1-year follow-up, the calcium level
exhibited a downward trend, and the mean level decreased
significantly to 9.16±0.40 mg/dL (p<0.001). Seven (5%)
patients had abnormal calcium levels at 1 year; 85% were
hypocalcemic. Alkaline phosphatase levels did not change
significantly over the 1-year follow-up (91→93 U/dL,
p=0.46).

The PTH levels increased significantly from 27.5 to
43.9 pg/mL over 1 year (p<0.001). Ten patients (7%) had
secondary hyperparathyroidism (>53 pg/mL) before undergo-
ing gastric bypass procedure, and the rate in this population
was increased to 38 (26%) patients at 1 year. This almost
fourfold increase in patients with secondary hyperparathyroid-
ism was statistically significant (FET, p=0.0004).

The mean vitamin D level was 25.7 ng/mL at baseline.
There was minimal change in the mean level after the

gastric bypass procedure, and at 1 year, the vitamin D level
was 25.0 ng/mL (p=0.54). While the mean vitamin D
levels were within the normal range at both time points,
41% of the patients had vitamin D deficiency (<20 ng/mL)
prior to the gastric bypass procedure. This proportion
increased slightly to 42% after surgery (FET, p=0.90).
Preoperatively, vitamin D and PTH (Fig. 3) exhibited an
inverse but not statistically significant relationship (r=
−0.11, p=0.12). One year after surgery, vitamin D and PTH
continued to exhibit an inverse but now a much stronger
and statistically significant relationship (r=−0.22, p=
0.009). Preoperative vitamin D levels and patient BMIs
also had an inverse relationship (r=−0.15, p=0.06) which
became more pronounced after surgery (r=−0.24, p=
0.0038). Vitamin D and calcium levels, however, did not
appear to have any significant relationship either before or
after the bypass procedure.

We compared patients with vitamin D deficiency 1 year
after surgery to patients without vitamin D deficiency using
various preoperative patient factors. On univariate analysis
(Table 2), postoperative vitamin D deficiency was associ-
ated with higher preoperative BMI (51.1 vs 48.4 kg/m2, p=
0.037), African–American race (FET, p=0.0002), long limb
bypass (FET, p=0.017), lower preoperative calcium levels
(9.27 vs. 9.47 mg/dL, p=0.018) and lower preoperative
vitamin D levels (19.9 vs. 30.0 ng/mL, p<0.0001). Age,
gender, and preoperative PTH levels did not appear to
affect postoperative vitamin D values.

A multivariate logistic regression model was built to
predict postoperative vitamin D deficiency using the
aforementioned preoperative patient factors. The final
model was reached by using bootstrap validation with
backward AIC-based variable deletion scheme. Preopera-
tive vitamin D levels <16 ng/mL, African–American race,
and long limb bypass (Table 3) were recognized to be the
only independent risk factors for postoperative vitamin D
deficiency. Area under the receiver operating characteristic
curve was 0.836.

Trend in Calcium Over One Year
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Figure 2 The trend in vitamin D, PTH, and calcium over 1 year after
gastric bypass procedure.

Figure 3 Relationship between
PTH and vitamin D levels prior
to and 1 year after gastric bypass
procedure.
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Discussion

Vitamin D deficiency appears to be a prevalent problem in
the obese population. In this study, almost half of the
patients undergoing gastric bypass procedures had under-
lying vitamin D deficiency prior to the procedure. This
phenomenon continued to persist even after surgery despite
daily vitamin D and calcium supplementation. These results
suggest that the currently recommended regimen of
supplementation is not adequate to compensate for the
additional malabsorptive loss as a result of the bypass
surgery. To prevent worsening postoperative vitamin
deficiency and optimizing postoperative outcomes, we
believe it is important to identify patients who are at risk
for vitamin D deficiency before surgery so that aggressive
therapy could be initiated both before and after the
procedure has taken place. To study this, we evaluated
potential preoperative patient factors for their predictability
of postoperative vitamin D deficiency. While many patient
factors appeared to play a role in univariate analysis,
preoperative vitamin D levels <16 ng/mL, long bypass limb
length, and African–American race were the only indepen-
dent risk factors based on our multivariate logistic
regression analysis.

Chronic vitamin D deficiency has a significant effect on the
overall calcium homeostasis in the body. Based on our study,
patients with Preoperative vitamin D levels <16 ng/mL are
almost seven times more likely to continue their vitamin D
deficiency postoperative when compared with patients who
have levels above that. Thirty-four patients in this study had
preoperative vitamin D levels than less 16 ng/mL. Seventy-
one percent of these 34 patients continued to have vitamin D
deficiency after surgery despite oral supplementation. It is

important for clinicians to recognize that this subset of
patients will have more difficulty in normalizing their vitamin
D levels. At most institutions, the common vitamin D
supplementation is 400 I.U.; this may be increased to 800 I.
U. daily when a patient is discovered to have postoperative
vitamin D deficiency. This regimen is based mostly on
requirements of healthy, nonobese patients and does not take
into account the loss through malabsorption after surgery. To
date, there has been no study attempting to correlate vitamin D
dosages to the correction of its deficiency in the gastric bypass
population. Due to the paucity of data, the trend of
supplementing these patients at suboptimal doses is contin-
ued. A recent study by DiGiorgi et al.7 showed improved
vitamin D levels (17±8 to 25±12 ng/mL) from preopera-
tively to 1 year after surgery. These patients received 800–
1,200 I.U. of vitamin D daily, higher than what was being
given at our institution; this dosage may have contributed to
the improvement. However, the number of patients available
for follow-up at 12 months in that study (n=118) was less
than half of the patients (n=249) presented at preoperative
screening, a common limitation in longitudinal studies.
Another study8 compared the effect of two levels of vitamin
D supplementation: 700 I.U. vitamin D daily versus
50,000 I.U. ergocalciferol weekly. While no difference was
shown between the two regimens at 1 year post-surgery, the
group that received ergocalciferol had much lower mean
preoperative vitamin D levels (31.7 versus 62.8 ng/mL),
hence, the more aggressive treatment. As a result, prospec-
tive study is absolutely necessary to investigate the appro-
priate dosage of vitamin D supplementation to eliminate or
minimize postoperative deficiency. This will allow for the
proper treatment to be initiated before the gastric bypass
procedure takes place.

Table 2 Determination of Preoperative Risk Factors that Predispose Patients to Postoperative Vitamin D Deficiency Using Univariate Analysis

Vitamin D deficient (n=61) Non-vitamin D deficient (n=84) P value

Age (years) 43 45 0.38

Gender (M vs. F) 8/53 12/72 0.52

Race (C vs. AA) 47/24 74/10 0.0002

Pre-Op BMI (kg/m2) 51.0 48.4 0.037

Limb length (short vs. long) 30/31 58/36 0.017

Pre-Op Vitamin D (ng/mL) 19.9 30.0 <0.001

Pre-Op PTH (pg/mL) 29.6 26.0 0.17

Pre-Op Calcium (mg/dL) 9.27 9.48 0.018

Odds ratio 95% confidence interval P value

African–American Race 10.5 2.0–55.2 0.006

Long limb bypass 2.58 1.1–6.1 0.03

Preop Vitamin D <16 ng/mL 6.67 1.75–25.0 0.01

Table 3 Factors Independently
Predictive of Postoperative
Vitamin D Deficiency on
Multivariate Analysis
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Patients with preoperative BMI>50 kg/m2 usually
undergo longer intestinal bypass to achieve greater weight
loss in order to reach their ideal body weight. At our
institution, the Roux limb is 90 cm longer (165 vs. 75 cm)
in patients with BMI>50 kg/m2. This additional length of
bypass can put patients at even greater risk for malabsorp-
tion caused by poor mixing of the bile salts required for fat
soluble vitamin D absorption.9 The results from our study
confirm this hypothesis. Patients with longer limb lengths
are 2.5 times more likely to develop postoperative vitamin
D deficiency. This is in agreement with the study performed
by Johnson et al.4; however, the difference between their
limb lengths were not specified in the study. Another study
by Youssef et al.10 looked at different Roux limb lengths
and their effect on vitamin D deficiency, although there was
an increased proportions of patients with vitamin D
deficiency at higher limb length (150 cm), the difference
was not statistically significant compared with the other
limb lengths (75, 100, 125 cm). This study reported at least
a potential trend that patient with longer limb length
>125 cm may be at greater risk for worsening vitamin D
deficiency. Although BMI was not determined to be an
independent risk factor on multivariate analysis, we believe
it could still be used as an easily identifiable risk factor
since the determination of the limb bypass length is
intricately linked to patient’s BMI.

The most impressive finding in the study was that an
African–American female patient undergoing gastric by-
pass procedure is ten times more likely to develop
postoperative vitamin D deficiency than her Caucasian
counterpart. This prevalence is not only seen in adults but
in children as well. Black children are 14 times more likely
to have vitamin D levels <30 ng/mL.11 African–American
patients tended to have lower baseline vitamin D levels for
several reasons. Prior studies have indicated that increased
melanin production in the African–American patients may
limit the amount of cutaneous vitamin D absorbed through
the sunlight. In this particular study, northern latitude with
further decreased sunlight exposure can aggravate the
problem even more.12 In addition, the oral intake of
vitamin-D-fortified dairy products is lower in the African–
American patients because of higher prevalence of lactose
intolerance. In a recent study on healthy postmenopausal
African–American patients who are borderline obese (BMI=
29 kg/m2), 2,000 I.U. of vitamin D daily was recommended
to patients with vitamin D level less than 45 ng/mL in order
to reach an optimal level of 50 ng/mL.13 This dosage is
much higher than the general recommendation for vitamin D
supplement in the post-gastric bypass population.

There are several limitations to this study. First, this
study has a relatively small population. The generality of
the results are, thus, limited by the sample size. However,
the patients included in this study had completed data so as

to make comparison between groups and time periods more
meaningful. We also did not have information on markers
of bone turnover including serum bone-specific alkaline
phosphatase, osteocalcin, and urine n-telopeptide cross-
links of type 1 collage. While the African–American
patients have much more severe vitamin D deficiency, they
have been shown to have a more efficient calcium economy
and higher resistance of cortical bone loss to elevated levels
of PTH.14 Without information on specific bone markers,
we are unable to verify this finding.

Vitamin D deficiency appears to be the initiating event
that sets off the cascade of endocrine feedback response
involving several body organ systems.15 Secondary hyper-
parathyroidism as a result of chronic vitamin D deficiency
can potentially cause unbalanced resorptive bone loss
leading to osteopenia and osteoporosis in adults. This is
especially important in the gastric bypass population
because these patients are predominantly female and
perimenopausal who are already at risk for bone loss.
While weight reduction is the primary goal of the gastric
bypass procedure, minimizing or avoiding metabolic
sequelae of the procedure is equally important. To be able
to identify risk factors for vitamin D deficiency preopera-
tively is, therefore, important for the long-term well-being
of these patients. In our study, it is apparent that a large
portion of these patients have vitamin D deficiency before
surgery. If untreated, these patients go on to have worsening
deficiency after surgery. Even with supplementation, it is
difficult to correct this abnormality. We have identified
three independent patient characteristics that are considered
high risk that we believe will be useful for clinicians at
initial screening. Once vitamin D deficiency is recognized,
clinicians should aggressively treat these patients before
undergoing the gastric bypass procedure to ensure a more
optimal long-term outcome. In the future, we believe that
prospective study is needed to look for the optimal dose of
vitamin D and calcium supplement to avoid or correct
preexisting vitamin D deficiency.
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Abstract
Background Laparoscopy-assisted distal gastrectomy (LADG) with standard D2 dissection is a complex procedure usually
performed only by experienced surgeons, and the feasibility of this procedure still remains unclear.
Method Patients who underwent LADG at the Cancer Institute Hospital between April 2006 and October 2008 were
recruited for this study. Early surgical outcomes were compared between patients who underwent complete D2 dissection
(complete D2 group; n=42) and those who underwent D1 + beta dissection (D1 + beta group; n=179) to determine the
feasibility of laparoscopic D2 lymph node dissection.
Results In complete D2 group, the operation time was longer (253±10 vs 224±4 min; P=0.005), and the number of
retrieved lymph nodes was larger (41±2 vs 35±1; P=0.002) compared with those in D1 + beta group. The other early
surgical outcomes monitored for the two groups were not different between groups.
Conclusions LADG with complete D2 lymph node dissection can be performed safely if the procedure is standardized and
an experienced laparoscopic surgeon performs the surgery. To be accepted as a standard treatment for advanced gastric
cancer, well-designed prospective trial is necessary.

Keywords Laparoscopy-assisted gastrectomy .

Gastric cancer . D2 lymph node dissection

Introduction

Laparoscopy-assisted gastrectomy (LAG) is increasingly
performed in Japan since the first case of laparoscopy-
assisted distal gastrectomy (LADG) with Billroth I recon-
struction was reported.1 Several advantages of LAG
compared with conventional open gastrectomy have been
documented,2–8 including reductions in bleeding and pain
and reduced disturbance of respiratory function. However,

LAG has limitations for lymph node dissection,7 and at
present in Japan, generally accepted laparoscopic lymph
node dissection is D1 and D1 + beta lymph node dissection
(D1 + station 7, 8a, 9 lymph nodes dissection), while
complete laparoscopic D2 lymph node dissection is
performed by experienced surgeons.7,9–13

A large randomized controlled trial conducted in Europe
failed to prove the efficacy of conventional open gastrectomy
with D2 lymph node dissection due to the high morbidity and
mortality rate.14–17 By comparison, in Japan, the procedure
for conventional open gastrectomy with complete D2 lymph
node dissection (D1 + station 7, 8a, 9, 11p, 12a, 14v lymph
node dissection) is well established and accepted as a
standard practice for the treatment of advanced gastric
cancer.18–20 Therefore, the feasibility of LAG with D2 lymph
node dissection should be investigated so that LAG is
accepted as a standard treatment for advanced gastric cancer.

It is difficult to perform LAG with complete D2 lymph
node dissection since this type of surgery involves major
vessel and pancreatic tissue exposure, and there is, therefore,
an increased risk of major vessel injury and postoperative
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pancreas-related infections associated with the procedure.
Therefore, the establishment of standardized procedures for
D1 + beta lymph node dissection might be an initial step
towards the introduction of complete laparoscopic D2 lymph
node dissection. In our institute where these procedures have
been standardized,21 the number of laparoscopic D2 lymph
node dissections is gradually increasing. In the present study,
the early surgical outcomes of laparoscopic D2 lymph node
dissection was investigated, and these surgical outcomes
were compared with those following D1 + beta lymph node
dissection. The feasibility of laparoscopic D2 lymph node
dissection following standardization of LAG with D1 + beta
lymph node dissection was thereby determined.

Patients and Methods

Patients who were treated with LADG with extraperigastric
lymph node dissection performed by one of the two specialists
(F.T. or H.N.) at the Cancer Institute Hospital between April
2006 andOctober 2008were included in the study. All patients
had histologically proven adenocarcinoma prior to surgery,
and all surgeries were conducted with a curative intent.

Patients’ characteristics, including gender, age, body mass
index, and preoperative comorbidity, were collected from
their respective clinical records. Information on the operation
procedure, operation time, intraoperative bleeding, intra-
operative complications, degree of lymph node dissection,
and number of retrieved lymph nodes were collected from
surgical charts. The postoperative clinical course, such as the
day of first flatus, the day of first oral intake, postoperative
morbidity, mortality, and the duration of the postoperative
hospital stay were also collected from clinical records. All
data collection was performed retrospectively.

Indication for LADG with D2 Lymph Node Dissection

Laparoscopy-assisted distal gastrectomy with D2 lymph
node dissection is indicated in patients with cT2N0 or
cT1N1 gastric cancer. LADG with D2 lymph node
dissection is also indicated even in patients with cT1N0
early gastric cancer if tumor invasion to proper muscle
layer (T2a) or first tier lymph node metastasis was
suspected intraoperatively.

Numbering of Lymph Node Station and Degree
of Lymph Node Dissection

The number of each lymph node station was assigned
according to the Japanese Classification of Gastric Carci-

noma.22 Stations 1 to 6 were perigastric lymph nodes while
7, 8a, 9, 11p, 12a, and 14v were second-tier lymph nodes
and were located along the left gastric artery, the common
hepatic artery, the celiac axis, the proximal half of the
splenic artery, the proper hepatic artery, and the surface of
the superior mesenteric vein at the lower border of the
pancreas, respectively. D1 + beta lymph nodes were defined
as regional lymph nodes with some additional second-tier
lymph nodes (stations 7, 8a, and 9). Conversely, all second-
tier lymph nodes were dissected during complete D2 lymph
node dissection (Fig. 1).

Conversion from LADG to Conventional Open
Gastrectomy

Laparoscopy-assisted distal gastrectomy was converted to
conventional open gastrectomy if intraoperative findings
showed (1) advanced gastric cancer was obviously exposed
the serosal membrane, (2) positive second-tier lymph nodes
following frozen examination of retrieved lymph nodes, (3)
uncontrollable bleeding or adhesion, and (4) any other
difficulties in performing laparoscopic surgery.

Operation Procedures of LAG with Complete D2
Lymph Node Dissection

We previously reported our standardized laparoscopic
procedure for LAG with D1 + beta lymph node dissection;

Figure 1 Extragastric lymph node station. D1 + beta lymph node
dissection includes station 7, 8a, and 9 lymph node (open oval)
retrieval. In distal gastrectomy with D2 lymph node dissection, station
11p and 12a lymph node (shaded oval) have to be dissected as well as
station 7, 8a, and 9 lymph nodes. Moreover, station 14v lymph node
(shaded oval) should also be dissected in patient with lower third
gastric cancer.
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thus techniques for station 11p, 12a, and 14v lymph node
dissection were highlighted in this manuscript.21

Dissection of Station 6 and 14v Lymph Nodes

The origin of the right gastroepiploic vein and the surface of the
superior mesenteric vein at the lower border of the pancreas
were exposed for the dissection of station 14v lymph nodes.
The right gastroepiploic artery and vein were divided separate-
ly at its origin using a clip (Lapro-Clip™; single absorbable
ligating clip cartridge, Covidien) and Ligasure (Covidien), then
station 6 and 14v lymph node dissection were completed.

Dissection of Station 5 and 12a Lymph Nodes

The origin of the right gastric artery and vein was exposed
using AutoSonix™ ULTRA SHEARS™. The left border of
the proper hepatic artery and portal vein was also exposed,
and station 12a lymph nodes were completely dissected.
The right gastric artery and vein were then divided using
clips and Ligasure at its origin.

Dissection of Station 7, 8a, 9, and 11p Lymph Nodes

The pancreatic capsule was dissected using AutoSonix™
ULTRA SHEARS™ at the line of the superior pancreatic
border. The splenic artery and its origin were exposed, and
the surface of splenic vein was also exposed toward the
pancreatic tail as far as the root of the posterior gastric
artery, then station 11p lymph node was completely
retrieved. Next, the left gastric artery and vein were divided
at their origins, respectively. Subsequently, common hepatic
artery and celiac axis were exposed; thus, station 7, 8a, and
9 lymph node dissection were also completed.

Comparison of Early Surgical Outcomes

In the present study, operation time, intraoperative bleed-
ing, the number of retrieved lymph nodes, the day of first
flatus, the day of first oral intake, postoperative morbidity,
mortality, and the duration of the postoperative hospital stay
were compared between patients who underwent LADG
with complete D2 lymph node dissection (complete D2
group) and patients who underwent LADG with D1 + beta
lymph node dissection (D1 + beta group). Surgery-related
complications included intra-abdominal bleeding, anasto-
motic leakage, anastomotic bleeding, enteric injury, pan-
creas related infection, intra-abdominal abscess, and other
complications related to the surgical procedure itself.
Complications unrelated to surgery included respiratory
and cardiovascular complications.

Statistic Analyses

All continuous data are presented as the mean ± standard
error. Statistical analyses were performed using the chi-
square test, Fisher’s exact test, Student’s t test, and Mann–
Whitney U test. P<0.05 was considered significant.

Results

Between April 2006 and October 2008, 221 patients
underwent LADG with lymph node dissection performed
by one of the two specialists (F.T. or H.N) at the Cancer
Institute Hospital. Of these, 179 patients underwent LADG
with D1 + beta lymph node dissection (D1 + beta group),
and 42 patients underwent LADG with complete D2 lymph
node dissection (complete D2 group).

The patients’ characteristics and operative findings are
given in Tables 1 and 2. Younger patients were more
frequently observed in the complete D2 group. The
operation time was significantly longer, and the number of
retrieved lymph nodes was significantly larger for the
complete D2 group compared to the D1 + beta group (253±
10 vs 224±4 min; P=0.005 and 41±2 vs 35±1; P=0.002,

Table 1 Characteristics of Patients

Complete D2 D1 + beta P value

Number of patients 42 179

Gender

Male/Female 29/13 118/61 0.699

Age (years)

Mean 56±2 64±1 0.001

Range 36–78 37–90

Body mass index (kg/m2) 22±0 24±1 0.403

Pathological stage

IA 17 (40) 147 (82)

IB 13 (31) 19 (11)

II 9 (21) 10 (6)

IIIA 2 (5) 2 (1)

IIIB 1 (2) 1 (1) <0.001

Preoperative complication

Hypertension 5 (14) 49 (27) 0.077

Diabetes 3 (7) 21 (11) 0.390

Ischemic heart disease 0 4 (2) 0.328

Asthma 0 11 (6) 0.099

Cerebral infarction 1 (2) 4 (2) 0.954

Previous laparotomy

Yes 5 56

No 37 123 0.012

Data are presented as mean ± SE
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respectively). Intraoperative bleeding was not different
between groups, and intraoperative transfusion was not
required in any of the patients in the present study.
Conversion to open gastrectomy was required in six
patients of D1 + beta group (three patients for further
lymph node dissection, two patients due to severe intra-
abdominal adhesion, and one patient for total gastrectomy
due to positive proximal margin). In complete D2 group,
one patient required conversion to open surgery due to
uncontrollable bleeding from the gastrocolic trunk, which
happened during station 14v lymph node dissection.

The postoperative clinical course of patients in both
groups is given in Table 3. The incidence of surgery-related
complication was similar, and postoperative mortality was
not observed. Re-operation was not required in any patient
in this study.

Discussion

Open gastrectomy with D2 lymph node dissection is a
standard surgical procedure for advanced gastric cancer.

The procedure is widely accepted in Japan despite a large
randomized controlled study conducted in Europe that
failed to prove the efficacy of D2 lymph node dissec-
tion.14,16,17 LAG has been widely accepted as a treatment
for early gastric cancer, and many advantages, including
reduced pain and bleeding, less postoperative respiratory
disturbance, early bowel movement, and short postopera-
tive hospital stay, have been reported.2–8 Nevertheless,
laparoscopic D2 lymph node dissection has not been widely
investigated since it is considered to be technically difficult.
LAG with D2 lymph node dissection is performed only in a
few institutes by highly experienced surgeons.7,9–12,23,24

Furthermore, the quality of lymph node dissection differs
between institutes, and the operation time for LAG with D2
lymph node dissection was generally longer than that for
conventional open gastrectomy with D2 lymph node
dissection.7,9,11

Approximately 50 operations are required to complete a
surgeons’ learning curve in LAG.2,25,26 Moreover, we
previously reported that standardization of each laparoscop-
ic procedure resulted in favorable early surgical outcomes
such as shortened operation time or less intraoperative

Complete D2 D1 + beta P value

Postoperative complications

Surgery-related complications, n (%) 2 (5) 16 (9) 0.373

Intraabdominal bleeding, n (%) 0 1 (1) 0.627

Anastomotic leakage, n (%) 0 2 (1) 0.491

Anastomotic bleeding, n (%) 1 (2) 1 (1) 0.262

Pancreas related infection, n (%) 1 (2) 3 (2) 0.758

Intraabdominal abscess, n (%) 0 5 (3) 0.273

Bowel obstruction, n (%) 0 0 –

Superficial surgical site infection, n (%) 0 3 (2) 0.398

Others, n (%) 0 1 (1) 0.627

Surgery unrelated complications 0 6 (3) 0.229

Respiratory complications, n (%) 0 2 (1) 0.491

Cardiovascular complications, n (%) 0 1 (1) 0.627

Others, n (%) 0 3 (2) 0.398

Re-operation 0 0 –

Postoperative hospital stay (days) 12±1 13±1 0.346

Time until start of oral intake (days) 2±0 2±0 0.471

Time until first flatus (days) 3±0 2±0 0.549

Table 3 Postoperative Clinical
Course

Data are presented as mean ± SE

Complete D2 D1 + beta P value

Operation time (min) 253±10 224±4 0.005

Bleeding (ml) 73±5 57±7 0.392

Number of retrieved lymph nodes 41±2 35±1 0.002

Conversion 1 (2) 6 (3) 0.746

Transfusion, n (%) 0 0 –

Table 2 Operative Data
of Patients

Data are presented as mean ± SE
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bleeding, even if specialists for LAG (more than 200 cases
of experience) performed surgery.21 The present study was
conducted following the standardization period; in other
words, feasibility of laparoscopic D2 lymph node dissection
following standardization could be investigated as a
preliminary study.

As expected, the operation time for the complete D2
group was longer (by about 30 min) than for the D1 + beta
group, due in part to the additional lymph nodes that
required dissection. Thus, in patients with middle third
gastric cancer, D2 lymph node dissection is achieved by the
removal of station 11p (along with the splenic artery) and
12a (along with the proper hepatic artery) lymph nodes as
well as D1 + beta lymph node dissection. In addition,
station 14v (surface of superior mesenteric vein at the level
of lower border of pancreas) lymph nodes were dissected if
the tumor was located in the lower third of the stomach.

The quality of lymph node dissection is occasionally
determined from the number of retrieved lymph nodes.7,11

In the present study, the number of retrieved lymph nodes
was significantly larger for the complete D2 group than for
the D1 + beta group. This difference might be a result of the
aggressive lymph node dissection, including dissection
from the suprapancreatic area, for the complete D2 group.

The higher frequency of postoperative morbidity follow-
ing complete D2 lymph node dissection was of some
concern, since a European randomized trial reported a
higher frequency of postoperative morbidity after D2 lymph
node dissection compared with those following either D0 or
D1 lymph node dissection.15,16 Intraoperative bleeding and
postoperative pancreas-related infections were of particular
concern for the complete D2 group since the procedure
requires the exposure of major vessels and the pancreas
capsule, both of which could be injured during the
procedure. In the present study, one patient of complete
D2 group required conversion due to uncontrollable
bleeding even though all operations were performed by
experienced surgeons. However, the incidence of postoper-
ative morbidity and mortality was not different, and any
other intraoperative complication was not observed. We
consider, therefore, laparoscopic D2 lymph node dissection
can be performed safely. However, since it is a technically
difficult procedure, standardization of the laparoscopic
procedure is required, and experienced surgeons should
carry out the surgery.

The current study has some limitation, however, since
the long-term outcome has not been evaluated, and the
number of patients who underwent complete D2 dissection
is relatively low. Continued monitoring of patients is
required to determine the long-term efficacy of laparoscopic
D2 lymph node dissection, thereby enabling its acceptance
as a standard surgical procedure for advanced gastric
cancer. Moreover, well-designed prospective study com-

paring LADG with D2 lymph node dissection and
conventional open gastrectomy with D2 lymph node
dissection is required as a next step.

In conclusion, LADG with complete D2 lymph node
dissection is a safe procedure, provided experienced
surgeons perform the surgery following standardization.
To be accepted as a standard treatment, well-designed
prospective study is warranted in the future.
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Abstract
Background Obesity has long been considered to be a predisposing factor for gastroesophageal reflux. It is also thought to
predispose patients to a poorer clinical outcome following antireflux surgery. This study examined the effect of body mass
index (BMI) on clinical outcomes following laparoscopic antireflux surgery.
Methods Patients were included if they had undergone a laparoscopic fundoplication, their presurgical BMI was known,
and they had been followed for at least 12 months after surgery. The clinical outcome was determined using a structured
questionnaire, and this was applied yearly after surgery. Patients were divided into four groups according to BMI: normal
weight (BMI<25), overweight (BMI 25–29.9), obese (BMI 30–34.9), and morbidly obese (BMI≥35). The most recent
clinical outcome data was analyzed for each BMI group.
Results Patients, 481, were studied. One hundred three (21%) had a normal BMI, 208 (43%) were overweight, 115 (24%)
were obese, and 55 (12%) were morbidly obese. Mean follow-up was 7.5 years. Conversion to an open operation and
requirement for revision surgery were not influenced by preoperative weight. Operating time was longer in obese patients
(mean 86 vs 75 min). Clinical outcomes improved following surgery regardless of BMI.
Conclusions Preoperative BMI does not influence the clinical outcome following laparoscopic antireflux surgery. Obesity is
not a contraindication for laparoscopic fundoplication.

Keywords Laparoscopic fundoplication . Obesity .

Gastro-esophageal reflux

Introduction

Obesity has long been known to be a risk factor for the
development of gastroesophageal reflux disease (GORD). It is
also thought to be associated with an increased risk of a poorer
clinical outcome following antireflux surgery, specifically due
to recurrent reflux or paraoesophageal hiatus herniation.

A number of studies have investigated the relationship
between obesity and outcome following laparoscopic
fundoplication procedures,1–5 although the data from these
studies have been confusing, with some studies suggesting
that obesity is associated with a poorer outcome,1,2 whereas
others have not replicated these findings.3–5 Unfortunately,
only one of these studies4 included a sufficient number of
morbidly obese patients to enable the influence of obesity
on outcome to be determined with certainty, and no study
assessed the influence of obesity on longer-term outcomes.

There now seems to be an increasing trend to use anti-
obesity operations as treatment for reflux in the obese. This
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is partly because it is suggested that anti-obesity operations
are an effective antireflux procedure and partly because of
some of the reports which claimed that the outcome of
antireflux surgery is worse in the obese. Against this
background, we sought to evaluate a larger cohort of
patients who had undergone longer-term follow-up follow-
ing laparoscopic antireflux surgery to better determine
whether or not obesity is linked to outcome following
laparoscopic fundoplication for gastro-esophageal reflux.

Methods

Since October 1991, all patients who underwent a laparo-
scopic fundoplication by surgeons in the Departments of
Surgery at the University of Adelaide and Flinders
University of South Australia have had perioperative and
follow-up data entered prospectively into a computerized
database (Filemaker Pro version 9.3; Filemaker, Santa
Clara, CA, USA). These patients were then followed
prospectively following surgery, and a structured clinical
questionnaire was used each year to evaluate their outcome.
For this study, we identified patients from the database who
met the following criteria: minimum 12 months follow-up
data available, and preoperative height and weight data
available for calculation of body mass index (BMI).

All patients underwent preoperative investigation with
esophageal manometry and endoscopy. 24-h pH monitoring

was performed for patients who did not have typical
symptoms of gastroesophageal reflux and ulcerative esoph-
agitis demonstrated by endoscopy. In general, patients were
selected for either partial or full fundoplication within the
context of one of three prospective randomized trials.6–8 A
smaller subset underwent partial fundoplication because of
either patient or surgeon preference, the latter usually
because of poor esophageal body motility.

Our technique for laparoscopic Nissen fundoplication
has been previously described.9 A loose 1.5- to 2-cm wrap
was constructed with a 52F intra-esophageal bougie in situ.
The anterior wall of the gastric fundus was used to
construct the fundoplication, and the short gastric vessels
were not divided in the majority of cases. The technique for
laparoscopic anterior 180° fundoplication has also been
described in detail elsewhere.10 It involved hiatal dissection
and repair, suturing of the anterior wall of the gastric
fundus, and the right lateral wall of the distal esophagus to
the right hiatal pillar and the apex of the esophageal hiatus.

The database used to collect information, included the
following details: age at the time of operation, operating time,
postoperative complications, type of fundoplication per-
formed, conversion from laparoscopic to an open procedure,
and the timing and reasons for any revisional surgery. Follow-
up data was collected at yearly intervals following surgery
using a structured questionnaire. The questionnaire used visual
analogue scales to assess heartburn (0=no symptoms, 10=
severe symptoms), dysphagia to liquids, dysphagia to solids,
and overall satisfaction (0=very unsatisfied, 10=highly
satisfied) following surgery. The questionnaire also included
a series of yes/no questions which enquired about the patient’s
ability to belch, the presence of abdominal bloating symptoms,
the ability to relieve bloating by belching, and the patient’s
assessment as to whether he or she thought the correct decision
had been made to undergo surgery. For this study, the most
recent follow-up data was extracted and analyzed.

Patients were divided into BMI groups according to the
WHO classification: normal weight (BMI<25), overweight
(BMI 25–29.9), obese (BMI 30–34.9), and morbidly obese

Table 1 Correlation Between BMI and Outcome

BMI versus r Value p Value

Age 0.04 0.428

Operation time 0.10 0.032

Satisfaction 0.02 0.712

Heartburn −0.001 0.982

Liquid dysphagia 0.03 0.564

Solid dysphagia 0.02 0.658

Table 2 Comparison of Outcomes Across BMI Groups

BMI classification

Normal weight (n=103) Overweight (n=208) Obese (n=115) Morbidly obese (n=55) P value

Age 50 (47, 53) 50 (47, 51) 51 (48, 53) 52 (48, 56) 0.753

Operation time (min) 75 (68, 81) 83 (77, 89) 86 (78, 93) 87 (75, 99) 0.155

Satisfaction score 7.9 (7.4, 8.5) 8.4 (8.0, 8.7) 8.2 (7.7, 8.7) 8.1 (7.4, 8.8) 0.558

Heartburn score 1.6 (1.1, 2.1) 1.3 (1.0, 1.6) 1.6 (1.2, 2.1) 1.4 (0.7, 2.0) 0.579

Liquid dysphagia score 1.1 (0.6, 1.5) 1.2 (0.9, 1.5) 1.2 (0.8, 1.6) 1.2 (0.6, 1.8) 0.794

Solid dysphagia score 2.1 (1.6, 2.6) 2.0 (1.7, 2.4) 2.1 (1.7, 2.6) 2.6 (1.7, 3.4) 0.874

All figures represented as mean (95% confidence intervals). Statistical testing using ANOVA

J Gastrointest Surg (2009) 13:1064–1070 1065



(BMI 35 or greater), and the outcome determined for each
category of BMI. Statistical analysis was performed using
commercially available statistical software (GraphPad InStat,
version 3.06 for Windows Vista, GraphPad Software, San
Diego California USA, www.graphpad.com). Spearman rank
correlation, ANOVA, and chi-squared tests were used to de-
termine the significance of any differences between the study
groups. Statistical significance was determined if P values
were less than 0.05. Data collection was approved by the
Royal Adelaide Hospital Clinical Research Ethics Commit-
tee, and the Flinders Clinical Research Ethics Committee.

Results

Details for 1,925 patients were entered into the database
between October 1991 and February 2008. Patients, 481,
met the inclusion criteria for this study. Of these, 278 (58%)
were men, and 203 (42%) were women. Mean age at the time
of surgery was 50.3 years (range 16–91). Mean follow-up
was 7.5 years (range 1–15 years). There were 103 (21%)
patients with a normal BMI, 208 (43%) were overweight,
115 (24%) were obese, and 55 (12%) were morbidly obese.
Mean follow-up was 8.0 years (range 1–15 years) in patients
with a normal BMI, 7.6 years (range 1–15 years) in the
overweight group, 6.6 years (range 1–15 years) in the obese,
and 5.9 years (range 1–15 years) in the morbidly obese.
Three hundred twenty-two (67%) underwent a laparoscopic
Nissen fundoplication, and 148 (31%) underwent a
laparoscopic anterior partial fundoplication. Another 11
patients (2%) underwent a 270° posterior fundoplication.
All surgeons undertaking antireflux surgery were equally
likely to undertake either a Nissen or partial fundoplica-
tion, and they were equally likely to operate on obese
patients. The choice of fundoplication type was not
influenced by BMI.

Conversion to an open surgical operation and the require-
ment for revisional surgery were not influenced by preoper-
ative weight. Eighteen (4%) patients underwent conversion
from a laparoscopic to an open procedure. Three of these were
of normal weight, seven were overweight, six were obese, and
two were morbidly obese. Forty-eight (10%) patients under-
went revisional surgery during follow-up. Thirteen of these
patients had a normal weight, 17 were overweight, nine were
obese, and nine were morbidly obese. Eighteen of these
operations were for troublesome dysphagia following hiatal
narrowing,11 11 were for paraoesophageal hiatus hernia-
tion,12 and 14 were revised to treat recurrent reflux. A bleeding
short gastric blood vessel (one case), wound dehiscence (one
case), gastric perforation secondary to carbonated drinks (one
case),13 troublesome bloating (one case), and perforation of the
esophagus (one case) accounted for the remaining revisions.

Table 1 summarizes correlations between BMI and visual
analogue scale outcomes for heartburn, dysphagia, and overall
satisfaction, as well as age at operation and operation time. A
statistically significant, but clinically weak (r=0.10) correla-
tion was demonstrated between increasing BMI and the
length of the operation. There were no significant associa-
tions between BMI and the other outcomes measured.

When patients were divided into the different BMI groups
(Table 2), longer operating times were found as weight
increased (not statistically significant). No association was
demonstrated between satisfaction, heartburn, liquid dyspha-
gia, solid dysphagia, and BMI when analyzed by BMI groups.
Overall, patients with a higher BMI had a similar clinical
outcome to other patients. The responses to the yes/no
questions are summarized in Table 3. There were no significant
differences between the four BMI groups for these questions.

Table 4 summarizes further analysis of “failure” for the
four clinical outcome scores analyzed in this study. A poor
outcome was arbitrarily determined to be a satisfaction score
of 0 to 6 and a heartburn, liquid dysphagia, or solid dysphagia

Table 3 Yes/No Outcomes Versus BMI

Normal weight Overweight Obese Morbidly obese P (chi)

“Made correct decision to have operation” 80 (79%) 183 (88%) 102 (90%) 47 (85%) 0.083

Abdominal bloating 54 (55%) 114 (58%) 68 (65%) 31 (60%) 0.516

Able to relieve bloating 51 (50%) 117 (59%) 71 (64%) 36 (65%) 0.139

Able to belch 73 (74%) 145 (70%) 78 (74%) 42 (76%) 0.734

Normal weight Overweight Obese Morbidly obese P (Chi)

Satisfaction score=0–6 21 (21%) 31 (15%) 16 (14%) 11 (20%) 0.448

Heartburn score=4–10 18 (18%) 29 (14%) 21 (18%) 6 (11%) 0.523

Liquid dysphagia score=4–10 15 (15%) 31 (15%) 19 (17%) 9 (17%) 0.960

Solid dysphagia score=4–10 24 (23%) 54 (26%) 33 (29%) 20 (37%) 0.295

Table 4 “Symptomatic Failure”
vs BMI
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score of 4 to 10. For each of these parameters, there were no
significant differences between the four BMI groups.

The clinical outcomes for patients who underwent an
anterior partial fundoplication vs a Nissen fundoplication were
determined separately (Tables 5, 6, 7, 8). For this analysis,
only three BMI groups were used, with the obese and the
morbidly obese groups combined to ensure a sufficient sample
size in each group. In the normal weight group, 32 patients
underwent an anterior partial fundoplication, and 70 a Nissen
fundoplication; in the overweight group, 65 underwent an
anterior fundoplication, and 139 a Nissen fundoplication; and
in the obese/morbidly obese group, 51 underwent an anterior
fundoplication, and 113 a Nissen fundoplication. There was a
significantly higher liquid dysphagia score in obese patients
who underwent an anterior partial fundoplication, compared to
normal weight patients (Table 4). The outcomes for patients
who underwent a Nissen fundoplication were similar across
all weight ranges (Table 6).

Answers to the yes/no questions in the patients who
underwent an anterior partial fundoplication were similar in
all weight groups (Table 7). Answers to the yes/no questions
in the patients who underwent a Nissen fundoplication
demonstrated a significantly better overall satisfaction

in obese patients, compared to normal weight patients
(Table 8).

Clinical outcomes were assessed according to sex
(Tables 9, 10, 11, 12). For this analysis, again only three
BMI groups were used, combining obese and morbidly
obese to ensure an adequate sample size. In the normal
weight group, there were 53 males and 50 females; in the
overweight group 142 were males, and 66 were females;
and in the obese/morbidly obese group, there were 83 males
and 87 females. The outcomes for male patients were
similar across all weight ranges (Table 9). The outcomes for
female patients were also similar across all weight ranges
(Table 10). Answers to the yes/no questions in male
patients were similar in all weight groups (Table 11). In
the female patients, significantly better overall satisfaction
was demonstrated in the obese patients compared with
normal weight patients (Table 12).

Discussion

Subjectively, as surgeons, we know that operating on the
obese patient is more difficult. Intuitively, we might expect

Table 5 Comparison of Outcome Across BMI Groups in Patients who Underwent an Anterior Partial Fundoplication

BMI classification

Normal weight (n=32) Overweight (n=65) Obese/morbidly obese (n=51) p Value

Age (years) 56 (50, 62) 53 (50, 57) 56 (52, 60) P=0.674

Operation time (min) 82 (71, 93) 80 (69, 92) 90 (78, 101) P=0.083

Satisfaction score 9.0 (8.3, 9.6) 8.0 (7.3, 8.7) 7.5 (6.6, 8.4) P=0.103

Heartburn score 2.1 (1.2, 3.0) 1.8 (1.2, 2.5) 2.1 (1.3, 2.9) P=0.601

Liquid dysphagia score 0.2 (−0.1, 0.5) 0.4 (0.1, 0.7) 1.1 (0.5, 1.7) P=0.024*

Solid dysphagia score 1.2 (0.5, 1.9) 1.4 (0.9, 1.9) 1.8 (1.1, 2.6) P=0.743

All figures represented as mean (95% confidence intervals). Statistical testing using ANOVA

*Dunn’s multiple comparisons post-test: P<0.05 for normal weight vs obese; P>0.05 for all other comparisons

Table 6 Comparison of Outcomes Across BMI Groups for Nissen Fundoplications

BMI classification

Normal weight (n=70) Overweight (n=139) Obese/morbidly obese (n=113) p Value

Age (years) 48 (45, 52) 47 (45, 50) 49 (47, 52) 0.497

Operation time (min) 71 (63, 80) 84 (77, 91) 83 (75, 91) 0.045*

Satisfaction score 7.4 (6.7, 8.2) 8.4 (8.0, 8.8) 8.3 (7.8. 8.8) 0.083

Heartburn score 1.3 (0.7, 1.9) 1.1 (0.7, 1.4) 1.3 (0.8, 1.7) 0.802

Liquid dysphagia score 1.3 (0.8, 1.8) 1.6 (1.2, 2.0) 1.2 (0.8, 1.6) 0.283

Solid dysphagia score 2.4 (1.7, 3.0) 2.3 (1.9, 2.8) 2.5 (2.0, 3.1) 0.832

All figures represented as mean (95% confidence intervals). Statistical testing using ANOVA.

*Dunn’s multiple comparisons post-test: P>0.05 for all comparisons
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Table 7 Yes/No Outcomes versus BMI in Patient who Underwent an Anterior Partial Fundoplication

Normal weight Overweight Obese/morbidly obese P (chi)

“Made correct decision to have operation” 28 (90%) 59 (91%) 43 (86%) 0.696

Abdominal bloating 16 (55%) 28 (47%) 25 (58%) 0.540

Able to relieve bloating 23 (77%) 38 (69%) 35 (78%) 0.569

Able to belch 23 (79%) 51 (86%) 40 (91%) 0.368

Table 8 Yes/No Outcomes versus BMI in Patients who Underwent a Nissen Fundoplication

Normal weight Overweight Obese/morbidly obese P (chi)

“Made correct decision to have operation” 51 (73%) 122 (88%) 100 (89%) 0.005

Abdominal bloating 38 (55%) 86 (64%) 74 (67%) 0.253

Able to relieve bloating 48 (74%) 81 (61%) 60 (56%) 0.054

Able to belch 49 (71%) 89 (66%) 77 (70%) 0.747

Table 9 Comparison of Outcomes Across BMI Groups in Male Patients

BMI classification

Normal weight (n=53) Overweight (n 142) Obese/morbidly obese (n=83) p Value

Age (years) 46 (43, 50) 47 (44, 49) 46 (43, 49) P=0.912

Operation time (min) 73 (64, 82) 84 (77, 92) 87 (77, 96) P=0.169

Satisfaction score 8.0 (7.2, 8.8) 8.4 (8.0, 8.8) 8.3 (7.7, 8.9) P=0.502

Heartburn score 1.3 (0.6, 2.0) 1.2 (0.8, 1.5) 0.8 (0.5, 1.2) P=0.781

Liquid dysphagia score 1.0 (0.4, 1.6) 1.1 (0.8, 1.4) 0.6 (0.3, 1.0) P=0.208

Solid dysphagia score 1.8 (1.1, 2.6) 1.9 (1.5, 2.3) 1.8 (1.3, 2.4) P=0.768

Table 10 Comparison of Outcomes Across BMI Groups in Female Patients

BMI classification

Normal weight (n=50) Overweight (n=66) Obese/morbidly obese (n=87) p Value

Age (years) 55 (51, 60) 56 (53, 59) 56 (53, 59) P=0.976

Operation time (min) 76 (66, 86) 81 (71, 90) 86 (77, 95) P=0.406

Satisfaction score 7.8 (6.9, 8.6) 8.2 (7.6, 8.9) 7.8 (7.2, 8.4) P=0.553

Heartburn score 1.9 (1.2, 2.7) 1.6 (1.0, 2.2) 2.2 (1.6, 2.9) P=0.358

Liquid dysphagia score 1.2 (0.5, 1.9) 1.4 (0.9, 2.0) 1.7 (1.2, 2.3) P=0.217

Solid dysphagia score 2.4 (1.6, 3.1) 2.2 (1.5, 2.9) 2.8 (2.2, 3.4) P=0.443
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that the clinical outcomes following laparoscopic antireflux
surgery would be worse in obese patients. Furthermore,
increased intra-abdominal pressure secondary to obesity is
thought to promote complications such as postoperative
hiatal herniation. The increased difficulty in performing such
surgery in obese patients is confirmed by the significantly
longer operating times that our study has demonstrated.
Despite this, other measures of clinical outcome were not
affected, and conversion to an open procedure and the need
for revisional surgery were also unaffected by BMI.

Previous studies that have looked at this issue have
revealed conflicting results. In general, most of these
studies have also been hampered by relatively small cohorts
of obese and morbidly obese patients, and shorter follow-up
than in our current study. In a retrospective study of 224
patients, Perez et al.1 found a correlation between recurrent
reflux and BMI, independent of the type of fundoplication
performed. In that study, 31% of patients who were obese
(BMI>30) developed recurrent reflux, compared with 4.5%
of patients in the normal weight range (BMI<25).

In support of this conclusion, Morgenthal et al.2

determined the outcome following laparoscopic fundopli-
cation for 174 patients and also showed that morbidly obese
patients (BMI≥35) were more likely to have a poor
outcome after surgery. In their study, failure was defined
as the need for any revisional operation, dissatisfaction with
the outcome, or the reporting of any severe symptoms at
follow-up. Unfortunately, only 90 of the 174 patients had
sufficient information available to allow the preoperative
BMI to be calculated, and only seven (8%) were classified
as morbidly obese, of which three (43%) were considered
failures. Based on these results, these authors now no
longer offer a laparoscopic Nissen fundoplication to
morbidly obese patients. Such patients are encouraged to
lose weight, and the option of bariatric surgery is discussed.

In contrast, several studies have demonstrated that
antireflux surgery can be successfully performed in obese
patients. D’Alessio et al.3 prospectively assessed 257
patients who underwent laparoscopic Nissen fundoplication
for gastro-esophageal reflux. Similar complication rates
were reported for all BMI categories. The number of
patients who achieved good or excellent clinical outcomes
was similar across all BMI groups. However, this study had
a mean follow-up of 25.5 months, and only three patients
were morbidly obese (BMI≥35). In the only study to
evaluate a large patient cohort, Winslow et al.4 evaluated
505 patients, of which 76 were morbidly obese (BMI≥35).
Mean follow-up was 35 months. The study found that
symptom relief and complication rates were similar across
all BMI categories. In 2001, we also reported the effect of
BMI on outcome following laparoscopic fundoplication in
a cohort of 194 patients.5 Fifty-two of these patients were
obese (BMI 30–34), and 14 were morbidly obese (BMI≥
35). In this report, we also found no differences in outcome
for obese vs non-obese patients undergoing laparoscopic
antireflux surgery, at mean 3.2 years follow-up.

Strengths of our current study are the inclusion of a large
number (170) of obese or morbidly obese patients, and a
long length of follow-up (mean 7.5 years), although we
were not able to include an objective measure of reflux
control such as pH monitoring or endoscopy in this study.
However, our previous studies have shown a good
correlation between the clinical outcome measures which
we also used in this study and pH monitoring and
endoscopy-based assessment.7,8 Furthermore, from the
patient’s perspective, their satisfaction with the outcome
of surgery is arguably a better measure of clinical success
than data from pH monitoring, as this does not always
correlate with symptoms of GORD.14 For these reasons, the
standardized clinical scoring system we used is likely to

Table 11 Yes/No Outcomes Versus BMI in Male Patients

Normal weight Overweight Obese/morbidly obese P (chi)

“Made correct decision to have operation” 44 (83%) 128 (91%) 71 (87%) 0.295

Abdominal bloating 29 (56%) 76 (58%) 48 (62%) 0.743

Able to relieve bloating 37 (73%) 85 (64%) 51 (65%) 0.536

Able to belch 39 (75%) 91 (69%) 56 (72%) 0.751

Table 12 Yes/No Outcomes Versus BMI in Female Patients

Normal weight Overweight Obese/morbidly obese P (chi)

“Made correct decision to have operation” 34 (72%) 56 (85%) 76 (89%) 0.04

Abdominal bloating 25 (53%) 38 (58%) 51 (65%) 0.440

Able to relieve bloating 33 (75%) 36 (61%) 49 (60%) 0.226

Able to belch 34 (72%) 52 (80%) 63 (80%) 0.557
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have adequately assessed the clinical outcome, and other
studies have shown that reflux symptoms are reliable and valid
measures for assessing reflux symptom severity and responses
to treatment.15 A potential weakness of our study is that only
481 out of 1,925 patients entered into our database had
sufficient preoperative information available to enable their
BMI to be calculated. This was because height was only
determined systematically for patients enrolled in a random-
ized controlled trial (REF). Hence, selection bias is unlikely
to have influenced the outcomes reported in this study.

Our study concentrated on symptom control following
surgery for reflux. It did not address the issue of weight loss as
a treatment for reflux or the option of weight reduction surgery
in obese patients with symptomatic reflux. Our data supports
the contention that if obese patients request treatment for
gastro-esophageal reflux, they can be offered a laparoscopic
fundoplication, and the outcome is likely to be similar to that
of patients who are in the normal weight range at the time of
surgery. However, if such a patient also requests surgical
management for their obesity, then Roux-en-Y gastric bypass
procedure could be the procedure of choice. Bypass provides
excellent long-term control of reflux symptoms, with the
additional benefit of weight loss.16 On the other hand,
laparoscopic adjustable gastric banding has also been
proposed as a means of reflux control in obese patients.17,18

However, the results of such surgery appear to be less
reliable. Klaus et al.19 has reported the outcome for 164
patients with reflux symptoms who were managed by a
laparoscopic gastric banding procedure. At mean 33 months
follow-up, 52 (31.7%) of their patients had persistent or
aggravated reflux symptoms, a result which is certainly
inferior to that achieved by fundoplication.

In conclusion, we have demonstrated that BMI does not
influence the clinical outcome following laparoscopic
antireflux surgery. If a patient presents complaining only
of reflux symptoms, such surgery can be offered, and a high
success rate should be anticipated.
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Abstract
Introduction Presently, the need for and choice of preoperative localization tests for insulinomas remain controversial. We
report the results from a single institution experience whereby the management policy adopted was that of accurate
preoperative localization before surgical exploration.
Materials and Methods From 1990 to 2008, 17 patients with a clinical and biochemical diagnosis of an insulinoma who
underwent surgery were retrospectively reviewed. The diagnosis of all insulinomas were confirmed pathologically.
Results All tumors were localized preoperatively and an average of 2.2 preoperative localization studies including 1.4
noninvasive studies and 0.8 invasive studies were utilized per patient. Invasive localization modalities were more sensitive (92%)
than noninvasive modalities in localizing insulinomas (71%). Intra-arterial calcium stimulation with hepatic venous sampling was
the most sensitive invasive modality (100%), whereas magnetic resonance imaging was the most sensitive noninvasive modality
(63%). Fifteen of 17 tumors (88%) were localized intraoperatively via inspection/palpation and/or intraoperative ultrasonography.
Both insulinomas which were not localized intraoperatively were localized correctly to the distal pancreas via preoperative
transhepatic portal venous sampling. None of the patients required a blind resection or surgical reexploration for failed localization.
All 17 patients underwent complete surgical resection which included eight enucleations and nine distal pancreatectomies with a
cure rate of 94% (16/17) at a median follow-up of 35 (range, 1–217) months. The postoperative morbidity and long-term outcome
of enucleation was similar to distal pancreatectomy despite a higher rate of microscopic margin involvement.
Conclusion Accurate preoperative localization of insulinomas is useful as it eliminates the need for blind distal pancreatectomy
and avoids reoperation. Complete surgical resection is the treatment of choice, and whenever possible, a pancreas-sparing
approach such as enucleation should be adopted.

Keywords Insulinoma . Localization . Resection .

Pancreas . Treatment

Introduction

Insulinomas are by far the most common functioning
pancreatic endocrine neoplasms. However, these are rare
tumors with a reported incidence of four cases per million
person-years in the USA1 and 0.8–0.9 cases per million
person-years in China.2 Insulinomas are almost always
intrapancreatic,3 and these usually present as solitary, small
(<2 cm), and benign neoplasms.4
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Presently, the need for and choice of preoperative
localization tests for insulinomas remain controversial.4 In
the past, the diagnosis of Whipple triad usually meant that a
patient was led directly to surgery.4 However, at present,
most surgeons prefer that some form of preoperative
localization after a diagnosis of an insulinoma is established
before a patient is brought to the operating room. Numerous
preoperative localization modalities are currently available
to the surgeon and these range from noninvasive imaging
such as abdominal ultrasonography (US), computed to-
mography (CT), and magnetic resonance imaging (MRI) to
invasive modalities such as angiogram, transhepatic portal
venous sampling (THPVS), intra-arterial calcium stimula-
tion with hepatic venous sampling (ASVS), and endoscopic
ultrasonography (EUS). Despite this wide array of locali-
zation modalities available, some investigators still prefer to
minimize the number of preoperative investigations, as
surgical exploration with palpation and intraoperative
ultrasonography (IOUS) by experienced surgeons has
consistently been shown to have an impressive overall
sensitivity of 95% to 100%.4,5

In this study, we report the experience of a single
institution with these rare tumors whereby the management
policy adopted was that of accurate preoperative localiza-
tion before surgical exploration. Particular attention was
paid to the use of preoperative localization studies and
outcome after surgical treatment of insulinomas.

Materials and Methods

A retrospective review of all patients who underwent
surgery for an insulinoma at the Department of Surgery,
Singapore General Hospital between 1990 and 2008 was
conducted. The Singapore General Hospital is the largest
tertiary level and public hospital in Singapore with
approximately 1,500 beds, and it has performed more than
500 major pancreatic resections over the past 10 years.

All patients presented with typical symptoms of hypo-
glycaemia after fasting or exertion which resolved with
glucose ingestion. The diagnosis was confirmed biochem-
ically via a 72-h fasting glucose test and/or low blood
glucose with corresponding high insulin and C peptide
levels. All diagnosis of insulinomas were confirmed
histologically.

At our institution, every effort was made to localize
insulinomas preoperatively via noninvasive and/or invasive
modalities. In some instances, confirmatory invasive local-
ization tests were used even when noninvasive tests were
positive. Differences in preoperative localization tests were
compared between two time periods: 1990–1998 and 1999–
2008. During the first time period, the invasive preoperative
localization modality adopted at our institution was

THPVS, whereas since 1999, intra-arterial calcium stimu-
lation with hepatic venous sampling ASVS had replaced
THPVS. The International Study Group on Pancreatic
Fistula (ISGPF) definition of a pancreatic fistula was
adopted in this study.6

All statistical analyses were conducted using the com-
puter program Statistical Package for Social Sciences for
Windows, version 11.5 (SPSS Inc., Chicago, IL, USA).
Results were presented as median (range). Statistical
analyses were performed using Mann–Whitney U and chi-
squared tests as appropriate. Survival curves for relapse-
free survival were calculated using the Kaplan–Meier
method. All times were computed from the time of surgery
and the endpoint was time to first recurrence or death. Data
were censored at the time of last follow-up. All tests were
two-sided and a P value of less than 0.05 was considered
statistically significant.

Results

Clinicopathological Features

Seventeen patients with a diagnosis of insulinoma were
identified during the study period. Their clinicopathological
features are summarized in Table 1. Immunohistochemistry
demonstrated positive staining to insulin in all patients. All
patients had solitary tumors, with the exception of one
patient with a known history of multiple endocrine neo-
plasms type 1 (who was found on histological exam to
harbor six endocrine tumors in the tail of pancreas).
Another patient had a malignant insulinoma based on the
World Health Organization classification system.7 The
tumor was 11 cm in diameter and demonstrated lymph
node metastases.

Localization of Insulinomas

All tumors were localized preoperatively in this study and
none of the patients underwent blind surgical exploration.
Over the study period, various modalities were used to
localize insulinomas and these were compared over two
time periods (Table 2). An average of 2.2 preoperative
localization studies including 1.4 noninvasive studies and
0.8 invasive studies were utilized per patient. Overall,
preoperative invasive localization modalities were more
sensitive (92%) than noninvasive modalities in localizing
insulinomas (71%). There was no difference in the
sensitivity between any of the noninvasive or invasive
imaging modalities in the localization of insulinomas
between the two time periods. In seven patients, despite
positive localization via noninvasive tests, confirmatory
invasive localization tests were performed.
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ASVS was the most sensitive invasive modality, whereas
MRI was the most sensitive noninvasive modality in the
preoperative detection of insulinomas. None of the patients
experienced significant complications as a result of the use of
invasive localization tests. Fifteen of 17 tumors (88%) could
be localized intraoperatively via inspection/palpation and/or
IOUS. Both insulinomas which could not be localized
intraoperatively were localized correctly to the distal pancreas
via preoperative THPVS. None of the patients required a blind
resection or surgical reexploration for failed localization.

Surgery

All 17 patients underwent complete surgical resection of the
tumors. All surgical procedures were performed open and

these included eight enucleations and nine distal pancrea-
tectomies. The spleen was preserved with three distal
pancreatectomies. Enucleations were performed for six
tumors in the head, one in the uncinate, and one in the
body/tail. The median operation time was 123 (range, 60–
185) min. Seven patients (41%) experienced postoperative
complications, including one death (6%). The mortality
occurred in a patient who developed postoperative deep
vein thrombosis complicated by fatal pulmonary embolism.
Overall, there were six pancreatic fistulas (35%) according
to the ISGPF definition, of which five were grade A and
one was grade C. The median postoperative stay was 9
(range, 4–19) days.

The comparison between the outcomes of enucleation
versus distal pancreatectomy is summarized in Table 3.
Patients who underwent enucleation were more likely
to have tumors in the proximal pancreas and micro-
scopic tumor involvement of the margin. The tumors also
tended to be smaller, but this was not statistically
significant.

Follow-up

The median follow-up period was 35 (range, 1–217) months,
and four patients were lost during the course of follow-up.
Sixteen of 17 (94%) patients were cured of disease and were
alive and disease-free during the follow-up period. The
patient with malignant insulinoma developed recurrence after
31 months and died of disease after 55 months. Overall, the
actuarial mean recurrence-free survival was 198 (95% C.I.,
164–233) months, and the actuarial mean disease-specific
survival was 194 (95% C.I., 152–236) months. The three
patients who had a R1 resection after enucleation were alive
and disease-free at a median follow-up of 72 (range, 10–
132) months.

Modality Overall (n=17) 1990–98 (n=8) 1999–2008 (n=9) P value

Preoperative localization

Noninvasive imaging 12/17 (71%) 5/8 (63%) 7/9 (78%)

US 0/1 0/1 0 NA

CT 9/16 (56%) 4/8 (50%) 5/8 (63%) 0.614

MRI 5/8 (63%) 1/2 (50%) 4/6 (67%) 0.673

Invasive imaging 12/13 (92%) 7/7 (100%) 5/6 (83%) .261

EUS 1/1 0 1 NA

Angiography 6/12 (50%) 4/7 (57%) 2/5 (40%)a 0.558

THPVS 5/6 (83%) 5/6 (83%) 0 NA

ASVS 5/5 (100%) 0 5/5 (100%) NA

Intraoperative localization

Intraoperative 15/17 (88%) 6/8 (75%) 9/9 (100%) 0.110

Inspection and palpation 13/17 (77%) 6/8 (75%) 7/9 (78%) 0.893

IOUS 6/7 (86%) 2/3 (67%) 4/4 (100%) 0.212

Table 2 Accuracy of Localiza-
tion Investigations and
Comparison Between Two
Time Periods

US ultrasonography, CT
computed tomography, MRI
magnetic resonance imaging,
EUS endoscopic ultrasound,
THPVS transhepatic portal
venous sampling, ASVS intra-
arterial calcium stimulation with
hepatic venous sampling, IOUS
intraoperative ultrasonography
a Angiography was performed as
part of the ASVS

Table 1 Clinicopathological Features of the 17 Patients with Insulinomas

Parameter

Median age (years) 50 (27–81)

Sex, M 7 (41%)

Symptom duration (months) 3 (1–36)

Site

Head 6

Uncinate 1

Body 1

Tail 6

Body/tail 3

Median size (mm) 15 (10–110)

WHO classification

Benign 12 (71%)

Uncertain 4 (24%)

Malignant 1 (6%)

WHO World Health Organization
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Discussion

The first successful surgical resection of an insulinoma was
performed in Toronto in 1927 by Roscoe Graham.8 Sub-
sequently, several surgical series have been reported in the
literature which frequently studied small numbers of patients
or were multi-institutional.5,8 Presently, the management of
insulinomas especially the use of preoperative localization
studies and surgical technique has not been clearly defined.8

The diagnosis of insulinoma has been reported to be
frequently delayed and the median duration of symptoms to
diagnosis has been reported to be approximately 18months.1,8

In our experience, the median symptom duration was
comparatively shorter at 3 months. This difference may be
attributed to the fact that Singapore is a small city-state
whereby tertiary level care is easily available within close
vicinity to the vast majority of its residents.

The use of preoperative localization studies for insuli-
nomas presently remains controversial.9 Many authors cite
the low preoperative detection rates which are further
compounded by high costs compared to the high intra-
operative detection rates reported via inspection/palpation
and IOUS as reasons for minimizing preoperative localiza-
tion studies.8,10,11 However, preoperative detection rates
reported in the literature vary greatly depending on the time
period and type of study used.8 In general, the sensitivity of
noninvasive imaging has been reported to be low. US, CT,
and MRI have reported detection rates ranging from 9% to
63%,12 11% to 80%,4 and 43% to 70%,8,10 respectively.
Nonetheless, advancements in the technology of scanners
have resulted in a marked improvement in the sensitivity of

present-day noninvasive imaging tests compared to those
available two to three decades ago.8,13 This was nicely
demonstrated in a recent study which reported an improve-
ment in the sensitivity of noninvasive imaging from 29% in
the period between 1983 and 1993 to 80% in the period
between 1994 and 2007.8 However, in our present study,
there was no difference between the detection rates of
noninvasive imaging between both time periods, which was
similar to the findings from the recent National Institute of
Health (NIH) experience.14 A possible explanation for this
difference is that the study period of our study (1990–2008)
and that of the NIH (1989–2008) was more recent and there
has been little improvement in the accuracy of noninvasive
localization of insulinoma in more recent times.

Invasive localization modalities have frequently been
shown to be superior to noninvasive localization studies in
detecting insulinomas.3,4 Arteriography was once consid-
ered the “gold standard” modality but has been reported to
demonstrate a wide range of detection rates from 29% to
100% depending on the experience of the operator and
center.3,4,13,15 The detection rate with angiography was
50% in the present study, which is consistent with that
reported in the literature.3 In recent times, other invasive
tests such as THPVS, ASVS, and, even more recently, EUS
have been added to the armamentarium of clinicians
managing insulinomas. These have been shown to have
superior detection rates compared to arteriography. THPVS
has a reported sensitivity of 25–100%.5,9,10 However, the
use of this modality has been superceded by ASVS with its
reported localization rate of 67–100%.4,10,16,17 The superior
localization rate of ASVS has been attributed to the greater

Table 3 Comparison Between Enucleation and Distal Pancreatectomy

Enucleation (n=8) Distal pancreatectomy (n=9) P value

ASA score 0.453

II 6 (75%) 8 (89%)

III 2 (25%) 1 (11%)

Site of tumor <0.001

Proximal 7(88%) 0

Distal 1 (13%) 9 (100%)

Median tumor size (mm) 15 (15–30) 12 (10–110) 0.060

Median operation time (min) 150 (60–180) 110 (95–185) 0.524

R1 resection 3 (38%) 0 0.043

Morbidity 2 (25%) 5 (56%) 0.201

Pancreatic fistula 2 (25%) 4 (44%) 0.402

Operative death 1 (12.5%) 0 0.274

Postoperative stay (days) 9 (5–16) 9 (4–19) 0.847

Median follow-up (months) 55 (1–148) 26 (3–217) 0.564

Recurrence 0 1 (11.1%) 0.331

Actuarial mean recurrence-free survival (months) NAa 171 (92–249) 0.221

a Cannot be computed as all data were censored
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consistency of pancreatic arterial supply compared to its
venous drainage.4 Moreover, ASVS is less invasive than
THPVS, as it does not require a transhepatic route and is
less technically demanding.16

At our institution, ASVS has replaced THPVS for the
above reasons since 1999. We have very limited experience
with EUS in the detection of insulinomas as this technology
was only introduced within the last 10 years, and
coincidentally, most of our recent tumors could be detected
via cross-sectional imaging and hence did not require EUS.
However, we anticipate that EUS would be the preferred
localization test in the future if the insulinoma is not
detected via noninvasive imaging. EUS is currently the
localization test of choice at most Western centers8,18 with
its reported detection rate of 57–92%.8,10,18,19 Although it is
less sensitive than ASVS, it is regarded as being less
invasive. It is also important to bear in mind that EUS is
less successful in detecting tumors in the tail of pancreas,
with a localization rate of only 37% compared to 83% in
the head in one study.19 Nonetheless, the sensitivity of EUS
is excellent especially when used in combination with CT
or MRI, whereby it has been reported to approach 100%.8

Intraoperative localization with the aid of IOUS has been
reported to have a high success rate in the detection of
insulinomas.9,10,20 It remains the most cost-effective local-
ization modality and compares favorably with other
preoperative localization tests.4,21 A multi-institutional
survey of 375 patients in 22 centers reported a 95% success
rate with intraoperative localization.5 Similarly, large single
institution experiences also report intraoperative localiza-
tion success rates of approximately 90%.8,11 Several
authors have cited these high intraoperative detection rates
as a reason for forgoing preoperative localization studies
especially when based on cost-effectiveness.4,13

Based on our experience, insulinomas could be localized
intraoperatively in 15 of 17 (88%) patients. Although
surgical exploration of insulinomas without prior preoper-
ative localization undoubtedly remains a reasonable option
especially in resource-constraint regions,13 we do not
practice this approach as there are several advantages
associated with an accurate preoperative localization.
Firstly, accurate preoperative localization will assist in
obtaining appropriate preoperative consent and improves
patient confidence,10,16 which is increasingly important in
an era whereby the medical knowledge of the general
public is becoming increasingly sophisticated. Secondly, in
the absence of preoperative localization, a major dilemma
arises at the time of surgery when intraoperative localiza-
tion fails. Presently, blind distal pancreatic resection is no
longer indicated and should be abolished because of its
high failure rate.3,8 Faced with this scenario, most inves-
tigators at present would advocate aborting the surgery,
reassessment via the performance of invasive localization

tests such as THPVS or ASVS, and, subsequently, surgical
reexploration.3 We, on the other hand, like several
others,8,18 prefer to accurately localize insulinomas before
embarking on surgical exploration so as to avoid a second
surgery. Reoperation has been reported to be associated
with a 50% increase in postoperative morbidity compared
to the initial surgery.18,22

The advantage of our approach is illustrated in two of
our patients who had tumors correctly localized to the distal
pancreas via THPVS but could not be detected intra-
operatively. These two patients would have required a
second surgery if our approach was not adopted. Finally,
foregoing preoperative localization may also lead to an
extended operative time and the need of a radiologist or
trained surgeon to accurately interpret the results of IOUS.18

It is also important to add that accurate intraoperative
localization is highly dependent on the experience of the
surgeon, and as one previous author so quaintly stated,
“patients should be directed to a referral center with
experienced surgeons for exploration with minimal localiza-
tion studies instead of performing extensive localization
studies aiming at successful surgery by inexperienced
surgeons”.4 Although most investigators including us would
agree entirely with this statement, in real life, due to the
rarity of this disease, many centers including tertiary care
centers from smaller nations such as ours will invariably
have a limited management experience with this disease, and
the “extensive” use of preoperative localization studies may
be useful to improve outcome. Undoubtedly, our approach
may not be the most cost-effective, as it leads to an increase
in the number of “unnecessary” tests. However, this may be
a small price to pay for the patient in avoiding the need for a
reexploration. Moreover, due to the rarity of this disease, it is
unlikely that this increased cost will place a huge strain to
our hospital resources, although we did not perform a cost
analysis study. Nonetheless, it should be emphasized that our
results and approach should not be extrapolated to centers
which encounter these tumors on a more frequent basis. In a
study of 65 patients with insulinomas from the Mayo Clinic
conducted in 1992, 20 patients had 38 negative preoperative
studies at a cost of US $24,000, and all 20 subsequently had
their tumors successfully removed at surgery.10,20 However,
in a more recent study from the Mayo Clinic of 237 patients
treated between 1987 and 2007,23 it was noted that that was
an increasing trend towards the use of preoperative localiza-
tion tests, including the use of invasive studies to avoid blind
pancreatic exploration. The investigators reported that from
2002 to 2007, all 69 insulinomas treated were successfully
localized preoperatively and 26 (38%) had invasive locali-
zation studies.23

Surgical resection is the treatment of choice for
insulinomas and offers the only chance for cure.3 The
overall cure rates reported in the literature after surgery vary
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from 75% to 98%, and success is dependent on the stage of
presentation and completeness of resection.3 Presently, the
surgical approach to insulinomas remains debated, although
most investigators would advocate a pancreas-sparing
approach.5,8 We have similarly adopted a pancreas-sparing
surgical policy whereby eight tumors were resected via
enucleation and nine via distal pancreatectomy, of which
three were spleen-preserving. All seven insulinomas in the
proximal pancreas were successfully enucleated and none
required a pancreaticoduodenectomy. Although some authors
have raised concerns about the higher fistula rates associated
with enucleation of up to 57%,8 we did not experience any
increase in the morbidity or pancreatic fistula rate with
enucleation. Comparison between enucleation and distal
pancreatectomy revealed no statistical difference in the
postoperative morbidity and fistula rate (25% and 25% vs
56% and 44%, respectively). In our experience, enucleation
can be performed safely with the concomitant use of IOUS
to avoid damage to the main pancreatic duct.

In this study, we found enucleation to be associated with a
higher risk of a microscopic positive margin compared with a
formal resection (38% vs 0%, P=0.043). However, an R1
resection was not associated with an increase in recurrence or
diminished recurrence-free survival. All three patients with an
R1 resection after enucleation were alive and disease-free at a
median follow-up of 72 (range, 10–132) months. This finding
was similar to the recent study at the Massachusetts General
Hospital whereby seven of 31 patients with enucleation had a
positive margin but none had any recurrence on long-term
follow-up.8 The present study is only the second to date to
examine the implication of a positive margin after enucleation
of insulinomas.8 The findings of both our study and that at
the Massachusetts General Hospital are, however, not
surprising as insulinomas are frequently benign and encapsu-
lated. Laparoscopic surgery including enucleation is increas-
ingly being used to treat insulinomas and may become the
surgical approach of choice in the future.2,13,24,25 However,
thus far, we have no experience with this approach for the
management of insulinomas.

In conclusion, accurate localization of insulinomas prior to
surgical exploration is useful as it eliminates the need for blind
distal pancreatectomy and avoids reoperation. This may be
especially important in centers which do not have an extensive
experience with this disease. Compete surgical resection is the
treatment of choice, and whenever possible, a pancreas-
sparing approach such as enucleation should be adopted.
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Abstract
Rationale Surgical strategy for patients with hepatocellular carcinoma and portal vein tumor thrombus (PVTT) remains to
be established.
Methods From 1990 to 2008, 48 hepatocellular carcinoma patients with PVTT detected by preoperative imaging underwent
hepatic resection, and their clinical data were retrospectively analyzed. Possible prognostic factors for survival were analyzed
with postoperative survival curves, and significant factors were determined by univariate and multivariate analysis. The
frequency of postoperative severe complications was investigated for each prognostic factor.
Results Significant prognostic factors included patient age <60 years, serum total bilirubin (T-Bil) >0.8 mg/dl, serum
aspartate aminotransferase >30 IU/L, serum alkaline phosphatase (ALP) >300 IU/L, tumor size >4 cm, PVTT in the main
trunk (Vp4), and a surgical margin <1 mm by univariate analysis, and independent prognostic factors were serum T-Bil,
ALP, and Vp4. No patient with Vp4 survived for more than 400 days after surgery, and frequency of postoperative severe
complications in these Vp4 patients was significantly higher than in other Vp1–3 patients.
Conclusion Hepatic resection as a first-choice treatment should be carefully selected in patients with Vp4 unless emergent
removal of the PVTT is required.

Keywords Hepatocellular carcinoma . Surgical strategy .

Portal vein tumor thrombus

Introduction

Hepatocellular carcinoma (HCC) is a major life-threatening
cancer with a dismal prognosis despite the various existing
treatments, including hepatic resection, liver transplanta-
tion, transcatheter arterial chemoembolization (TACE), and
ablation therapy.1 HCC tends to invade the portal vein and
cause portal vein tumor thrombus (PVTT). HCC patients

with PVTT have an extremely poor prognosis. Even in the
patients who undergo hepatic resection as the only
potentially curative treatment for HCC with PVTT, the
postoperative 5-year survival rate is only 10–30% in recent
reports having an adequate volume of patients.2 Moreover,
in HCC patients with PVTT, the volume of resected liver
tends to be large, resulting in a high frequency of
postoperative complications.2 Both patients and their
surgeons may avoid surgery because of the poor prognosis
and the high surgical risk. However, some patients survive
for a long time after surgery alone or after surgery
combined with pre- and/or postoperative adjuvant thera-
py.2–4 Therefore, it is essential to determine adequate
treatments for HCC patients with PVTT preoperatively.

The most effective treatment strategy for HCC with
PVTT remains to be established.2 The aims of the present
retrospective study were to investigate postoperative prog-
nostic factors with special reference to the level of PVTT
and frequency of postoperative severe complication and to
propose a surgical treatment strategy for these patients.

J Gastrointest Surg (2009) 13:1078–1083
DOI 10.1007/s11605-009-0854-2

K. Kondo :K. Chijiiwa (*) :M. Kai :K. Otani :K. Nagaike :
J. Ohuchida :M. Hiyoshi :M. Nagano
Department of Surgical Oncology and Regulation of Organ
Function, Miyazaki University School of Medicine,
5200 Kihara,
Kiyotake, Miyazaki 889-1692, Japan
e-mail: Kazuochi@med.miyazaki-u.ac.jp



Patients and Methods

From January 1990 to August 2008, 352 surgeries (322
were first surgeries and 30 were not) were performed on
HCC patients in our institution. In all patients, preoperative
ultrasonography (US), computed tomography (CT), angi-
ography, and CT during angiography were performed.
From evaluation of these images by more than one
experienced radiologist (for CT and angiography) or
surgeon (for US), PVTT was detected in 53 patients. Of
these, PVTT was confirmed macroscopically and micro-
scopically in 50 patients after operation. Two patients with
operation-related death were excluded, and the remaining
48 patients were the subjects of this investigation.

The decision to perform liver surgery was based mainly on
volume of the future remnant liver as determined by CT
volumetry5 and on removable liver volume based on
indocyanine green retention rate at 15 min (ICGR15) as
calculated by the method of Takasaki et al.6 Routine
biochemical liver function tests including serum total
bilirubin (T-Bil), albumin (ALB), and prothrombin time
(PT), Child-Pugh grade,7 degree of liver damage,8 or results
of 99m-technetium galactosyl-human serum albumin scintig-
raphy9 were also used in the decision.10 Surgery was
performed in patients who were determined to have remov-
able PVTT and to obtain the survival benefit of surgery.

The level of the PVTT (Vp) detected in preoperative
imaging was classified into four categories: Vp1, PVTT in
distal to second-order portal branches; Vp2, PVTT in
second-order branches; Vp3, PVTT in first-order branches;
and Vp4, PVTT in the main trunk.8 In the patients with
PVTT growing into the main trunk of the portal vein (Vp4),
the surgical technique was as follows: After careful
isolation of the portal vein in the hepatic hilum, the trunk
was clamped at the side of the superior mesenteric vein and
the side of the contralateral lobe. The main portal trunk was
incised to remove the PVTT, or the origin of the main
portal branch of the tumor-bearing lobe was dissected to
pull out the PVTT, and the stump was closed by running
suture so as not to create a stenosis at the site.3 During this
procedure, the clamp on the contralateral portal branch was
released for a moment to wash out the cancer cells in the
peripheral intrahepatic portal vein by backflow.

The extent of hepatic resection performed in the patients
was HrS (resection of one subsegment) in four patients, Hr1
(resection of one segment) in 10 patients, Hr2 (resection of
two segments) in 27 patients, and Hr3 (resection of three
segments) in four patients. After 2005, five patients in this
study group underwent postoperative adjuvant chemother-
apy of one-shot intra-arterial injection of cisplatin.

After surgery, patients were followed in the outpatient
clinic with checks of blood chemistry including alpha-
fetoprotein (AFP) and/or protein induced by vitamin K

absence or antagonist II every month and with US or CT
imaging every 2 or 3 months. Patients with cancer
recurrence were readmitted, and TACE or transcatheter
arterial infusion chemotherapy was performed according to
their condition. Median follow-up time was 343.5 days.

Possible preoperative prognostic factors that would aid in
determining a surgical strategy investigated in this study were
patient background, including age, sex, and performance
status11; liver function, as determined by hepatitis B surface
antigen, hepatitis C antibody, ALB, T-Bil, aspartate amino-
transferase (AST), alanine aminotransferase, alkaline phos-
phatase (ALP), PT, ICGR15, and platelet count; tumor
characteristics, including multiplicity, tumor size, serum
AFP, and Vp; and treatment, including preoperative TACE
(within 3 months before surgery), operation time, operative
blood loss, and width of the surgical margin (SM). For these
factors, significant differences in postoperative survival rate
were determined by univariate analysis of survival curves
calculated by the Kaplan–Meier method. If more than two
factors in each category were shown to be significant,
multivariate analysis by Cox proportional hazard model was
used to detect independent prognostic factors. In the patients
with significantly poor prognostic factors, the frequency of
postoperative severe complications of Clavien grade III or
IV12,13 was compared to that in patients without these factors.

For statistical analysis, postoperative survival curves
calculated by the Kaplan–Meier method and logrank test
were used for univariate analysis of prognostic factors, the
Cox proportional hazard model was used for multivariate
analysis of prognostic factors, and the Chi squared test was
used to assess the relation between each prognostic factor
and the frequency of postoperative severe complications. A
value of p<0.05 was considered significant. All analyses
were performed with StatView statistical software (version
5.0; SAS Institute, Cary, NC, USA).

Results

Thirty-six (75%) of the 48 patients with PVTT died during
the follow-up period. Causes of death were recurrence in
the remnant liver (n=27, 67.5%), distant metastasis (n=6,
15.0%), deterioration of liver function (n=2, 5.0%), and
other cause (suicide) (n=1, 2.5%). In the univariate analysis
of prognostic factors, only age <60 in the patient
background category; T-Bil >0.8 mg/dl, AST >30 IU/L,
and ALP >300 IU/L in the liver function category; tumor
size >4.0 cm and Vp4 in the tumor characteristics category;
and only SM <1 mm in the treatment category were
significant prognostic factors (Table 1). In the liver function
category, multivariate analysis revealed only T-Bil >0.8 mg/
dl and ALP >300 IU/L to be significant independent
factors. In the tumor characteristics category, multivariate
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analysis revealed Vp4 to be an independent significant
factor (Table 2).

Postoperative survival curves for each prognostic factor
are shown in Figs. 1 and 2. Significant differences in
survival rate were observed between the patients with and

without these factors. The postoperative survival rates
among patients with Vp1 (n=6), Vp2 (n=13), or Vp3 (n=
24) were identical, whereas the survival rate of the patients
with Vp4 (n=5) was quite different (Fig. 2). The causes of
death in patients with Vp4 were HCC recurrence in the
remnant liver in four patients and lung metastasis of HCC
in one patient.

Twenty three of 48 patients with PVTT (47.9%) suffered
postoperative complications with a severity of grade I in 11
patients, grade II in seven patients, grade IIIa in three patients,
and grade IVa in two patients. The relation between the
significant prognostic factors and severe (grade III or IV)
postoperative complications was significant only in patients
with Vp4 in that 60% of these patients suffered severe
postoperative complications (Table 3). The complications
were grade IIIa in two patients (intraabdominal abscess and
bile leakage) and grade IVa in one patient (liver failure).

Discussion

In HCC patients with PVTT detected in preoperative
imaging, it is quite important to determine a treatment

Possible prognostic factors (patient numbers) Median survival time (days) p Values

Patient profiles

Age <60/≥60 (17/31) 206/489 0.0378

Sex M/F (34/14) 318/712 0.1177

Performance status 0/1/2 (15/25/8) 400/314/423 0.6411

Liver functions

HBsAg +/− (18/30) 211/445 0.0722

HCVAb +/− (18/30) 496/252 0.2786

ALB <3.5/≥3.5 g/dl (12/36) 280/371 0.3777

T-Bil >0.8/≤0.8 mg/dl (18/30) 177/783 0.0008

AST >30/≤30 IU/L (43/5) 321/1,163 0.0205

ALT >60/≤60 IU/L (11/37) 343/344 0.5486

ALP >300/≤300 IU/L (29/19) 297/761 0.0114

PT <100/≥100% (34/14) 287/1,129 0.0560

ICGR15>10/≤10% (32/16) 372/324 0.5159

Plt <15/≥15×104/mm3 (26/22) 267/446 0.4042

Tumor characteristics

Tumor number single/multiple (18/20) 542/273 0.2041

Tumor size >4/≤4 cm (39/9) 334/489 0.0382

AFP >2×104/≤2×104 ng/ml (10/38) 222/371 0.0631

Vp 1–3/4 (43/5) 398/248 0.0284

Treatments

Preoperative TACE +/− (9/39) 343/344 0.1287

Operation time >6h/≤6 h (30/18) 371/329 0.4047

Blood loss >3,000/≤3,000 ml (9/39) 256/400 0.1440

SM <1/≥1 mm (20/28) 227/497 0.0458

Table 1 Differences in Postop-
erative Survival Rates by Prog-
nostic Factor as Calculated by
Logrank Test and Kaplan–Meier
Method

p Values<0.05 are italicized.

HBsAg hepatitis B surface anti-
gen, HCVAb hepatitis C
antibody, ALB albumin,
T-Bil total bilirubin, AST aspar-
tate aminotransferase, ALT
alanine aminotransferase, ALP
alkaline phosphatase, PT
prothrombin time, ICGR15
indocyanine green retention
rate at 15 min, Plt platelet count,
Vp1–3 PVTT in distal to
first branch, Vp4 PVTT in
the main trunk, TACE transcath-
eter arterial chemoembolization,
SM width of surgical margin

Table 2 Multivariate Analysis of the Prognostic Factors of Liver
Function and Tumor Characteristics by Cox Proportional Hazard
Model

Prognostic factors Risk ratio p value 95% CI

Liver functions

T-Bil >0.8/≤0.8 mg/dl 0.329 0.0027 0.159–0.681

AST >30/≤30 IU/L 0.151 0.0664 0.020–1.137

ALP >300/≤300 IU/L 0.321 0.0041 0.147–0.697

Tumor characteristics

Size >4/≤4 cm 0.308 0.0524 0.094–1.012

Vp 1–3/4 0.354 0.0400 0.131–0.954

p Values<0.05 are italicized.

CI confidence interval, T-Bil total bilirubin, AST aspartate aminotrans-
ferase, ALP alkaline phosphatase, Vp1–3 PVTT in distal to first
branch, Vp4 PVTT in the main trunk

1080 J Gastrointest Surg (2009) 13:1078–1083



strategy. A previous study found that a substantial number
of patients had an extremely poor prognosis (e.g., several
months), whereas some patients survived for several years
or more.2 In some reports, preoperative chemotherapy and
postoperative adjuvant chemotherapy have been advocated
as effective in HCC patients with PVTT.2–4 Although high-
risk surgery can be attempted on patients who are expected
to have long survival, patients who are not expected to
survive long can hardly accept a high-risk surgery that is
frequently accompanied by severe complications. Postop-
erative severe complications may also prevent the applica-
tion of challenging adjuvant chemotherapy.4,14,15

Age <60 was the only significant prognostic factor in the
patient background category in this study. Age was not
found to be a prognostic factor in previous studies
performed on surgically treated HCC patients with
PVTT.15,16 However, our data may correspond with the
generally accepted theory of rapid progress of the cancer in
young people.17 Nevertheless, young patients need to be

treated to gain longer survival. Therefore, we believe these
patients should be treated with a radical surgical approach
and, if possible, adequate preoperative or postoperative
adjuvant chemotherapy. Nagano et al.18 have recently
reported postoperative chemotherapy with 5-FU/IFN com-
bination therapy that showed a marvelous effect for selected
patients with PVTT. The reported 1-, 2-, and 3-year
survival rates were 40%, 28.5%, and 21.4%, respectively,
in the HCC patients with Vp4 who received adjuvant
chemotherapy after palliative hepatic resection. This com-
bination therapy with at least two cycles (one cycle with
4 weeks) includes continuous arterial infusion of 5-FU
(300 mg m−2 day−1, for the initial 2 weeks) and
subcutaneous injection of α-IFN (5×106 U, three times/
week for 4 weeks). Using similar protocol for HCC patients
with Vp3, the overall survival rates at 1 and 3 years were
reported to be 100% and 74%, respectively.19

Among measurements of liver function, the significant
independent prognostic factors were T-Bil and ALP levels

Figure 1 Overall postoperative survival rates of patients >60 and
≤60 years of age (a), patients with serum total bilirubin (T-Bil)
>0.8 mg/dl and ≤0.8 mg/dl (b), patients with serum alkaline

phosphatase (ALP) >300 IU/L and ≤300 IU/L (c), width of surgical
margin (SM) <1 mm and ≥1 mm (d). Significant differences in
survival rates were observed.
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in our study. These liver function measurements were not
revealed as prognostic factors in previous reports of HCC
patients with tumor thrombus in the second branch, first
branch, or trunk of the portal vein.15,16 However, they may
indicate not only impaired liver function but also the
malignant potential of HCC in that they may imply massive
compression of, or invasion into, the biliary tract, as
recently reported.20 In patients with a high T-Bil level,
aggressive surgery21 and adjuvant chemotherapy around the
time of surgery3,4,14 tend to be avoided for fear of
postoperative liver failure. Therefore, careful determination
of surgical indications is necessary in PVTT patients with
high T-Bil and ALP levels.

The postoperative prognosis of patients with Vp4 was
extremely poor in our study, and all patients died from

recurrent HCC within 400 days after surgery. However,
some patients with Vp1, 2, or 3 obtained long survival.
Thus, it appears that patients with PVTT that does not reach
the main trunk should undergo surgery. Patients with PVTT
in the main portal trunk may experience sudden death due
to rupture of esophagogastric varices or acute liver failure,
and in such cases, the thrombus should be surgically
removed.21 However, the frequency of postoperative severe
complications in Vp4 patients was very high in our study,
and the surgery itself and subsequent postoperative com-
plications may deprive the patients of the opportunity for
other treatment options.2,22,23 One of the two patients with
surgery-related death who was excluded from this study
was a Vp4 patient (data not shown). We therefore propose
that, as the first choice of treatment, surgery should not be
performed on patients with Vp4 unless it is an emergent
case with impending rupture of esophagogastric varices due
to portal hypertension or acute liver failure caused by
PVTT. However, there were only five patients with Vp4 in
our study. Therefore, further investigations examining both
postoperative complications and survival rates in sufficient
numbers of patients with Vp4 are required.

Nonsurgical treatment options that are effective for
PVTT have also been reported recently.2,23 In the present
study, because the postoperative survival rate was better
and the rate of postoperative severe complications was
lower in the patients with PVTT that does not reach the
main portal trunk (Vp1, 2, and 3), we recommend a strategy
of reducing the PVTT in the main trunk through conserva-
tive treatment followed by surgery (salvage surgery).

SM was the only prognostic treatment factor analyzed in
this study. In surgery against HCC, some reports mentioned
that the SM does not affect postoperative survival if the
tumor is not exposed.24,25 However, HCC with PVTT tends
to show infiltrative growth, and a sufficient SM may be
required to reduce the residual tumor cells and to prolong
survival time. In a previous report of 381 cases of HCC
with macroscopic PVTT, a SM <5 mm was revealed to be a

Figure 2 Overall postoperative survival rates of patients with Vp1
(PVTT in distal to second-order branches), Vp2 (PVTT in second-
order branches), Vp3 (PVTT in first-order branches), and Vp4 (PVTT
in the main trunk). The survival rate of the patients with Vp4 was
quite different from those with other Vp levels, whereas the survival
rates among patients with Vp1, Vp2, or Vp3 were identical. There was
a significant difference in survival rates between patients with Vp4
and the group of patients with Vp1, Vp2, or Vp3. All patients with
Vp4 died within 400 days after surgery.

Prognostic factors Number of patients with severe complication (%) p Value

Age <60 (n=17) 3 (7.6%)

≥60 (n=31) 2 (6.5%) 0.2246

T-Bil >0.8 mg/dl (n=18) 2 (11.1%)

≤0.8 mg/dl (n=30) 3 (10.0%) 0.9029

ALP >300 IU/L (n=29) 5 (17.2%)

≤300 IU/L (n=19) 0 (0.0%) 0.0558

Vp 4 (n=5) 3 (60.0%)

1–3 (n=43) 2 (4.7%) 0.0001

SM <1 mm (n=20) 4 (20.0%)

≥1 mm (n=28) 1 (3.6%) 0.0662

Table 3 Prognostic Factors and
Frequency of Severe Postopera-
tive Complication (Clavien
Grade III–IV)

p Values<0.05 are italicized.

T-Bil total bilirubin, ALP
alkaline phosphatase, Vp1–3
PVTT in distal to first branch,
Vp4 PVTT in the main
trunk, SM width of surgical
margin
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significant prognostic factor.15 Thus, hepatectomy with an
adequate SM should be considered in the surgery for HCC
with PVTT.

Conclusion

Hepatic resection should be performed with the under-
standing that a poor prognosis may result in HCC patients
with PVTT in whom age is <60 years, serum T-Bil is
>0.8 mg/dl, and serum ALP is >300 IU/L. A sufficient SM
should be maintained in the surgery. Because of the
extremely poor prognosis and high rate of severe postop-
erative complications in HCC patients with Vp4, surgery
should be carefully selected as the first choice of treatment
unless the patient requires emergent removal of the PVTT.
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Abstract
Background Retrospective comparison of short- and long-term results and quality of life in patients treated for iatrogenic
bile duct injuries (IBDI) with Roux-Y hepaticojejunostomy (HJ) or end-to-end ductal anastomosis (EE).
Methods Between January 1990 and March 2005, 94 patients underwent reconstructive surgery for IBDI: 49, Roux-Y HJ,
and 45, EE.
Results Early postoperative complications were observed in 12 (24.5%) patients undergoing HJ and three (6.7%)
undergoing EE (p=0.0239). Reoperations in the early postoperative period were performed in four (8%) patients after HJ
and in zero patients after EE. Following HJ, one (2%) hospital death occurred due to acute circulatory insufficiency. Long-
term results were evaluated in 69 (72%) patients. Postoperative mean weight gain was significantly higher after EE than HJ
(p=0.0191). Recurrent stricture was observed in two (5.3%) patients after HJ and three (9.6%) after EE (p=0.6509).
Terblanche long-term results were comparable in both groups (p=0.3173). Good Karnofsky quality of life was comparable
in both groups (p=0.8377).
Conclusions More early complications occurred after HJ than after EE. Long-term results were comparable after both
reconstructive methods. After EE, patients achieved a higher weight gain than after HJ. Quality of life in both groups was
comparable.

Keywords Bile duct injury . Hepaticojejunostomy .

End-to-end anastomosis

Introduction

Treatment of iatrogenic bile duct injuries (IBDI) remains an
important problem in gastrointestinal surgery. Most fre-
quently, these develop during cholecystectomy. Recently, the
number of patients with IBDI has increased twofold, which
has been associated with the widespread of laparoscopic
cholecystectomy.1 Unrecognized or improperly treated

biliary injuries can lead to serious complications such as
biliary cirrhosis, hepatic failure, and death.2,3 Therefore,
effective treatment of IBDI is very important. Endoscopic
techniques are recommended as initial treatment of IBDI.4–6

When these techniques are not effective, surgical manage-
ment is considered. The goal of surgical treatment is to
reconstruct the proper bile flow to the alimentary tract. In
order to achieve this goal, many techniques are used.7–13

There are contradictory reports on the effectiveness of bile
duct reconstruction methods in the literature. Roux-Y
hepaticojejunostomy (HJ) is the most frequently recommen-
ded type of reconstruction.8–12 End-to-end ductal anasto-
mosis (EE) is used very seldom in the surgical treatment of
IBDI. However, this type of reconstruction is performed
during hepatic transplantation with good results.14–16 Some
investigators recommend EE because it is more physio-
logical.16 Reconstruction of bile ducts following iatrogenic
injuries is associated with a high risk of stricture recurrence
within the anastomosis.3,11,17 The incidence of recurrent
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strictures may depend on the type of reconstruction. There-
fore, following these operations, patients require perma-
nent, careful postoperative observation.

The aim of this study was to conduct a retrospective
analysis of short- and long-term treatment results and the
consequent quality of life in patients with IBDI after two
methods of reconstruction; Roux-Y HJ and EE.

Material and Methods

Data Collection

Between January 1990 and March 2005, 138 patients with
IBDI received surgery in the Department of Digestive Tract
Surgery. Forty-nine (35.5%) Roux-Y HJ, 45 (32.6%) EE,
27 (19.5%) hepaticoduodenostomies with jejunal inter-
position, six (4.3%) bile duct plastic reconstructions, and
11 (7.9%) other types of reconstruction were performed.
Patients with IBDI caused by open and laparoscopic
cholecystectomy, choledochotomy, and partial gastric resec-
tion were included in this study. Patients with bile duct
stricture due to a malignant neoplasm and benign bile duct
stricture due to choledocholithiasis, cholangitis, chronic
pancreatitis, and tumors of the pancreatic-duodenal area
were excluded. The radiological examinations [ultrasonog-
raphy of the abdominal cavity, cholangiography, endoscopic
retrograde cholangiopancreatography (ERCP), computed
tomography, and magnetic resonance-cholangiography]
were performed in patients before their operation.

Patients’ medical records were retrospectively reviewed.
Retrospective analysis of the following factors was per-
formed: patients’ demographic characteristics, weight and
body mass index, kind of initial trauma, duration between the
initial trauma and repair procedure, duration of hospitaliza-
tion, clinical presentation, laboratory investigations before and
after surgical procedure (serum bilirubin, alkaline phospha-
tase, gamma-glutamyltranspeptidase, alanine and aspartate
aminotransferases, blood counts, creatinine, and coagulation
parameters), American Society of Anesthesiologists (ASA)
classification, duration of the operation, postoperative bile
duct drainage, early postoperative complications, and
reoperations.

The level of IBDI was classified according to the Bismuth
classification.18 Follow-up data were obtained through
patient-control visits and by telephone surveys. We had
sent letters to all operated patients by postal surveys. A
couple of letters were not delivered and turned back because
of a change of the address of the recipient. All patients who
had answered the letters were invited to the hospital for
control visit. Long-term results were estimated on the
grounds of medical review, physical examination, and
accessory investigations. All patients were asked about their

general health status, presence of clinical symptoms (fever,
chills, jaundice, abdominal pain), and weight loss. Labora-
tory investigations (serum bilirubin, alkaline phosphatase,
gamma-glutamyltranspeptidase, alanine and aspartate
aminotransferases) were performed. The ultrasonography
of the abdominal cavity in order to estimate intra- and extra-
hepatic bile ducts with measurement of the common bile
duct (CBD) or common hepatic duct (CHD) diameter was
performed. Clinical long-term results were classified with
the following clinical grading according to Terblanche.11

Quality of life was classified according to the Karnofsky
Performance Scale.19

Information about long-term results was collected from
91 (66%) patients. Because of the number of patients with
follow-up data, the exact comparative statistical analysis of
two groups, Roux-Y HJ (group 1) and EE (group 2), was
performed.

The EE was performed when it was possible to dissect
and approximate both the proximal and distal ductal ends
without tension. The sutured ends were healthy and without
inflammation and ischemia. The diameter of both anasto-
mosed ends was comparable. The anastomosis was not
carried out in bile ducts that were too thin (less than 4 mm
in diameter). The approximation of both ends was possible
because of a wide Kocher maneuver (mobilization of the
pancreatic head with the descending, horizontal, and
ascending part of the duodenum out of the peritoneum).
The maximal length-loss of the bile duct was 4 cm. Both
reconstructions were performed when no active inflamma-
tion process was present.

The bile ducts were exposed by a laparotomy through the
midline. In group 1, the proximal CHD was identified and
prepared. The distal CBD was sutured. A Roux-Y jejunal
limb, about 40–50 cm long, was prepared for biliary-enteric
anastomosis. End-to-side or EE HJ was performed in a single
layer using interrupted absorbable polydioxanone (PDS 4–0
or 5–0) sutures. In group 2, extensive mobilization of the
duodenum with the pancreatic head through the Kocher
maneuver, excision of the bile duct stricture, and refreshment
of the proximal and distal stumps were performed. Anasto-
mosis was performed in a single layer with interrupted
absorbable PDS 4–0 or 5–0 sutures (Figs. 1, 2).

In most patients of both groups, anastomosis was
secured by biliary drainage (external T tube or Rodney–
Smith drainage). In some patients of the EE group, an
internal Y tube was conducted into the duodenum by the
papilla of Vater. The perianastomotic area was drained with
closed-suction drains in both groups.

Statistical Analysis

Comparison between groups was performed using Student’s
t test, chi-square test, Fisher’s exact test, Mann–Whitney U
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test, and Wilcoxon test. A Shapiro–Wilk test was used to
test for normality of the distribution. Results are reported as
the mean ± standard deviation. A p value of <0.05 was
considered statistically significant.

Results

An analysis of 94 patients (26 men and 68 women) was
performed. There were 49 patients (14 men and 35 women)
who had HJ (group 1) and 45 patients (12 men and 33
women) who had EE (group 2). Patient characteristics,
initial trauma, previous repair, and presentation are pre-
sented in Table 1. Injury classification, ASA classification,
type of biliary drainage, duration of hospitalization, and
duration of the operation are presented in Table 2. The age,
gender, and body mass index were comparable in both
groups. The mean total duration of hospitalization and
duration of hospitalization from repair to discharge were
not significantly longer in patients with HJ than in patients
with EE. The mean duration of the operation was com-
parable in both groups.

The duration and kinds of clinical symptoms were
comparable in both groups. Jaundice was the most common
clinical symptom in both groups. Other clinical symptoms
were abdominal pain, pruritus, fever, cholangitis, cholestasis,
biliary fistula, nausea, and vomiting. The duration between
the initial trauma and the repair was comparable in both
groups. Cholecystectomy was the most frequent cause of
biliary injury in both groups.

Both groups included patients who had already under-
gone a previous repair at an outside hospital before referral.

The number of patients who had undergone previous repair
was comparable in both groups (p=0.205). The duration
between the previous repair and the referral one was
comparable in both groups. Before referral, endoscopic
biliary stenting was performed in 10 (20.4%) patients in
group 1 and in 10 (22.2%) patients in group 2. Before
referral, operative biliary drainage was performed in two
(4%) patients in group 1 and in two (4.4%) patients in
group 2. The duration between biliary drainage and surgical
referral repair was comparable in both groups. Bile duct
stricture was the most frequent injury in both groups.

The IBDI types in group 1 included bile duct strictures
due to an ischemia during open cholecystectomy and
clipping during laparoscopic cholecystectomy in 42
(85.7%) patients, bile duct strictures with biliary fistula in
four (8.16%) patients, transection in one (2%) patient,
excision in one (2%) patient, and ligation of the bile duct
in one (2%) patient. In group 2, the IBDI types included
bile duct strictures in 38 (84.4%) patients and bile duct
strictures accompanied by biliary fistula in seven (15.6%)
patients. The level of injury classified according to the
Bismuth scale was comparable in both groups (p=0.1094).
According to the ASA classification, the majority of the
patients in both groups were classified as ASA 1 or 2 (p=
0.5984). Biliary drainage was required in 38 (77.55%)
patients undergoing HJ and in 40 (88.89%) patients
undergoing EE.

Early Outcome

Early postoperative complications occurred in 12 (24.5%)
patients in group 1 and in three (6.7%) in group 2. The
number of early postoperative complications was signifi-
cantly higher in patients undergoing HJ than in patients
undergoing EE (p=0.0239). The most frequent early

Figure 1 Illustration of the
internal drainage of bile
ducts in EE.

Figure 2 ERCP showing EE secured with Y internal drainage.
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complication was wound infection, which was observed
significantly more frequently in group 1 (p=0.0317). Early
complications and laboratory results are presented in
Table 3. In the early postoperative period, reoperations
were performed in four (8%) patients with HJ: one was due
to biliary-enteric anastomosis dehiscence (on postoperative
day 4), one was due to subphrenic abscess (on postopera-
tive day 30), one was due to subphrenic collection (biloma)
(on postoperative day 7), and one was due to eventration
(on postoperative day 10). Early reoperations were not
performed in patients undergoing EE. In patients under-
going HJ, there was one (2%) hospital death because of
acute circulatory insufficiency. Cholestasis and liver func-
tion parameters were significantly decreased after surgical
repair in both groups. There was no difference between
hemoglobin level, white blood cell count, serum creatinine,

albumin, or prothrombin index before and after surgery in
either group.

Long-term Results

Long-term results were analyzed in 69 (72%) patients,
including 38 (77.5%) in group 1 and 31 (69%) in group 2
(Table 4). Obtaining follow-up information from 28% of
the patients was not possible because communication with
them was lost. Patients who were operated on in our
department came from all over the country. The mean
duration of follow-up was 61.9±58.87 months (range 2.17–
199.87) in group 1 and 103±51.23 months (range 2.87–
200.17) in group 2. Mean follow-up was significantly
longer in group 2, which was associated with the higher
number of EE in the earlier years analyzed and the higher

Table 1 Patient Characteristics, Initial Trauma, Previous Repair, and Presentation

HJ EE p

Patient characteristics

Age (y) 52.35±15.41 (18–85) 52.84±14.55 (18–82) 0.8727a

Female/male 35:14 33:12 0.9804b

BMI [kg/m2] 24.39±3.51 (17.5–33.3) 24.18±2.97 (17.8–32.0) 0.7586a

Initial trauma

Open Chole. 37 (75.5%) 37 (82.2%)

Lap. Chole. 12 (24.5%) 7 (15.5%)

Choledochotomy 18 (36.7%) 18 (4.0%)

Others 0 (0.00%) 1 (2.2%)

Previous repair 19 (38.7%) 11 (24.4%) 0.2050b

Choledochoduodenostomy 6 (12.2%) 6 (13.3%)

Hepaticojejunostomy 13 (26.5%) 5 (11.1%)

Presentation

Icterus 31 (63.27%) 30 (66.67%) 0.8974b

Cholangitis 25 (51.02%) 21 (46.67%) 0.8295b

Abdominal pain 23 (46.94%) 22 (48.89%) 0.9859b

Fever 14 (28.57%) 13 (28.89%) 0.8460b

Nausea, vomiting 9 (18.37%) 2 (4.44%) 0.0756b

Pruritus 7 (14.29%) 3 (6.67%) 0.3886b

Biliary fistula 4 (8.16%) 7 (15.56%) 0.4279b

Cholestasis 2 (4.08%) 5 (11.11%) 0.3662b

Time from injury to referral (m) 67.00±96.65 (0.3–443.1) 77.41±81.46 (0.3–321.7) 0.1487c

Time from previous repair to referral (m) 77.18±94.76 (1.4–301.4) 10.09±7.26 (5.9–18.5) 0.0733c

Presentation duration (m) 20.86±33.22 (0.3–144.0) 36.66±66.17 (0.5–332.0) 0.1085c

Duration of biliary drainage before referral (d) 183.33±391.75 (11.0–1,225.0) 59.57±45.20 (16.0–149.0) 0.7106c

Biliary prothesis time 219.86±444.49 (11.0–1,225.0) 71.20±48.65 (35.0–149.0)

T drainage time 55.50±17.68 (43.0–68.0) 30.50±20.51 (16.0–45.0)

HJ hepaticojejunostomy, EE end-to-end anastomosis, y years, m months, d days, BMI body mass index, Chole cholecystectomy, Lap laparoscopic
a Student’s t test
b Chi-square test
cMann–Whitney U test
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number of HJ in the later years analyzed. The postoperative
mean weight gain was significantly higher in patients
undergoing EE (p=0.0191). Recurrent stricture after the
repair requiring surgical or endoscopic treatment was
observed in two (5.3%) patients in group 1 and three
(9.6%) patients in group 2 (p=0.6509). The mean interval
between reconstruction and later repair procedures due to
recurring biliary stricture was 987.5±520.5 days (2.7 years)
in group 1 and 1,399.33±1,041.71 days (3.83 years) in
group 2. In patients with HJ, recurrent strictures were
treated surgically, with EE (1,518 days after primary
repair), and surgical instrumental revision of bile ducts
was conducted with biliary stenting using a T tube
(467 days after primary repair). In patients with EE,
Roux-Y HJ (2,771 days after primary repair), surgical
dilatation of the bile duct (1,179 days after primary repair),
and endoscopic dilatation by ERCP (248 days after primary
repair) were performed. Three patients with EE received
additional surgery because of duodenal diverticulum
(duodenotomy, 359 days after primary repair), cholangitis
(instrumental bile duct revision, 538 days after primary
repair), and removal of a drain from the bile duct
(choledochotomy, 508 days after primary repair).

General health status, clinical presentation, and CBD or
CHD diameter in abdominal ultrasonography were com-

parable in both groups. Follow-up laboratory results are
presented in Table 4. Long-term results classified according
to Terblanche were comparable in both groups (p<0.3173).
The majority of patients were classified as grade I
according to Terblanche. Quality of life according to the
Karnofsky scale was good and comparable in both groups
(p=0.8377).

Discussion

IBDIs are still a serious consequence of gastrointestinal
surgery. Therefore, effective and safe bile duct reconstruction
is very important for patients. In the present study, early
postoperative complications were observed in 24.5% of
patients in group 1 who received HJ and 6.7% of patients in
group 2 who received EE. The most frequent early com-
plication was wound infection, which was observed in 16.3%
of patients in group 1 and 2.2% of patients in group 2. A 2%
early postoperative mortality rate and an 8% early reoperation
rate were observed in group 1, whereas there were no
mortalities or early reoperations in group 2. Our results are
comparable with others found in the literature.6,7,10,20–23

In the groups analyzed, early postoperative morbidity
was significantly higher in patients undergoing HJ. The

Table 2 Injury Classification, ASA Classification, Type of Biliary Drainage, Duration of Hospitalization, and Duration of Operation

HJ EE p

Level of injury 0.1094a

Bismuth 1 21 (42.86%) 31 (68.89%)

Bismuth 2 16 (32.65%) 10 (22.22%)

Bismuth 3 7 (14.29%) 3 (6.67%)

Bismuth 4 4 (8.16%) 1 (2.22%)

Bismuth 5 1 (2.04%) 0 (0.00%)

ASA classification 0.5984a

ASA 1 19 (38.78%) 21 (46.67%)

ASA 2 23 (46.94%) 18 (40.00%)

ASA 3 7 (14.29%) 5 (11.11%)

ASA 4 0 (0.00%) 1 (2.22%)

Type of biliary drainage

External T tube 19 (38.78%) 13 (28.89%)

Internal Y tube 0 (0.00%) 26 (57.78%)

Rodney–Smith 12 (24.49%) 1 (2.22%)

Others 7 (14.29%) 0 (0.00%)

No drainage 11 (22.45%) 5 (11.11%)

Total hospitalization time (d) 33.83±21.95 (11–135) 26.36±11.67 (10–63) 0.1198b

Hospitalization time from repair to discharge (d) 20.43±13.20 (6.0–57.0) 15.51±8.25 (6.0–47.0) 0.1198b

Operation duration (h) 4.93±1.98 (2.5–10) 4.11±1.20 (2–7.5) 0.1279b

HJ hepaticojejunostomy, EE end-to-end anastomosis, ASA American Society of Anesthesiologists, m months, d days
a Chi-square test
bMann–Whitney U test
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Table 3 Early Postoperative Complications and Laboratory Results Before and After Repair

HJ EE Laboratory results p

Before repair After repair (1week)

Early complications 12 (24.5%) 3 (6.7%) 0.0239a

Abscess 3 (6.12%) 0 (0.00%) 0.2433a

Bile leakage 1 (2.04%) 0 (0.00%)

Cholangitis 2 (4.08%) 0 (0.00%)

Biloma 4 (8.16%) 3 (6.67%) 0.6455a

Peritonitis 1 (2.04%) 0 (0.00%)

Wound infection 8 (16.33%) 1 (2.22%) 0.0317a

Eventration 1 (2.04%) 0 (0.00%)

Pneumonia 3 (6.12%) 2 (4.44%) 0.9334a

Circulatory insufficiency 1 (2.04%) 0 (0.00%)

In-hospital reoperations 4 (8.00%) 0 (0.00%)

In-hospital mortality 1 (2.04%) 0 (0.00%)

Laboratory results

Bilirubin (mg/dl)

HJ 3.30±4.63 (0.4–17.7) 2.85±3.30 (0.4–11.2) 0.0134b

EE 2.52±3.93 (0.5–20.5) 1.26±1.08 (0.5–4.6) 0.0041b

ALT (U/l)

HJ 137.3±127.53 (9–588) 42.9±27.30 (13–129) <0.001b

EE 103.5±125.18 (16–470) 76.5±62.33 (9–208) 0.0221b

AST (U/l)

HJ 118.5±96.49 (15–340) 46.4±64.24 (16–227) <0.001b

EE 97.9±130.56 (17–388) 52.5±31.82 (30–75) 0.0021b

ALP (U/l)

HJ 394.6±299.7 (40–1,334) 291.3±204.5 (71–867) 0.0233b

EE 411.8±333.9 (87–962) 305.3±182.7 (120–597) 0.0152b

GGT (U/l)

HJ 344.5±303.3 (14–1,366) 275.5±217.6 (9–683) 0.0132b

EE 500.6±482.6 (66–1,400) 383.7±296.4 (101–911) 0.0019b

Hemoglobin (g/dl)

HJ 12.18±1.46 (9.4–15.4) 9.98±1.32 (8.1–13.2) 0.4465b

EE 11.78±1.41 (7.8–14.0) 10.29±1.58 (7.7–13.1) 0.8491b

WBC (count/mm3)

HJ 8.18±4.46 (3.2–21.2) 8.30±2.73 (3.3–14.4) 0.8765b

EE 7.65±3.67 (3.1–19.6) 8.09±2.49 (5.1–15.5) 0.7732b

Prothrombin index (%)

HJ 88.8±15.02 (45.0–112.9) 84.5±15.58 (50.0–108.5) 0.8112b

EE 95.8±8.73 (78.0–115.3) 92.5±11.73 (70.0–100.0) 0.7748b

Creatinine (g/dl)

HJ 0.83±0.21 (0.5–1.6) 0.78±0.24 (0.5–1.5) 0.9092b

EE 0.91±0.34 (0.3–2.2) 0.87±0.33 (0.6–1.9) 0.8712b

HJ hepaticojejunostomy, EE end-to-end anastomosis, ALT alanine transaminase, AST aspartate transaminase, ALP alkaline phosphatase, GGT
gamma-glutamyltranspeptidase, WBC white blood cells
a Fisher exact test
bWilcoxon test
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higher number of early postoperative complications may be
due to the more complex procedure associated with HJ,
which requires cutting open the alimentary tract and
performing a greater number of anastomoses (biliary-
enteric and entero-enteric). These procedures are associated
with a higher risk of early postoperative complications.
Opening of the alimentary tract is not necessary during EE.

Therefore, the duration of the surgical procedure is shorter
and the number of early complications is lower. The sur-
gical procedure is limited to the bile ducts, which is
associated with earlier recovery and fewer early complica-
tions. Our results show that EE is a safer surgical procedure
and associated with a lower risk of complications in the
early postoperative period. Total duration of hospitalization

Table 4 Long-term Results

HJ EE p

General health status 0.2174a

Good 34 (89.47%) 29 (93.55%)

Fair 3 (7.89%) 0 (0.00%)

Poor 1 (2.63%) 2 (6.45%)

BMI in FU (kg/m2) 68.98±17.00 (42–106) 74.82±8.70 (62–95) 0.0653b

BMI difference between before repair/FU values −4.08±9.08 (−19.0–15.0) 11.13±8.00 (−27.0–0.0) 0.0191b

Clinical symptoms

Fever 10 (26.32%) 6 (19.35%) 0.5742c

Chills 9 (23.68%)% 4 (12.90%) 0.3568c

Icterus 3 (7.89%) 0 (0.00%) 0.2468c

Abdominal pain 4 (10.53%) 1 (3.23%) 0.3697c

Laboratory results

Bilirubin (mg/dl) 0.68±0.26 (0.3–1.5) 0.73±0.30 (0.1–1.1) 0.1742b

ALT (U/l) 32.18±17.26 (12.0–74.0) 23.36±11.08 (13.0–53.0) 0.1232b

AST (U/l) 32.21±12.87 (15.0–63.0) 24.11±7.85 (10.0–39.0) 0.0799b

ALP (U/l) 255.86±355.14 (64.0–1,310.0) 84.59±41.65 (43.7–206.0) 0.0065b

GGT (U/l) 123.48±106.65 (13.0–370.5) 39.09±26.49 (11.0–97.0) 0.0195b

CBD/CHD diameter (mm) 7.40±3.12 (3.0–13.0) 7.18±2.01 (5.0–13.0) 0.8928b

Biliary anastomosis stricture 2 (5.26%) 3 (9.68%) 0.6509b

Terblanche clinical grading <0.3173a

I—excellent result 22 (57.89%) 22 (70.97%)

II—good result 8 (21.05%) 2 (6.45%)

III—fair result 6 (15.79%) 4 (12.90%)

IV—poor result 2 (5.26%) 3 (9.68%)

Karnofsky scale 0.8377a

100 14 (36.84%) 12 (38.71%)

90 8 (21.05%) 7 (22.58%)

80 8 (21.05%) 7 (22.58%)

70 5 (13.16%) 2 (6.45%)

60 2 (5.26%) 3 (9.68%)

50 0 (0.00%) 0 (0.00%)

40 1 (2.63%) 0 (0.00%)

30 0 (0.00%) 0 (0.00%)

20 0 (0.00%) 0 (0.00%)

10 0 (0.00%) 0 (0.00%)

HJ hepaticojejunostomy, EE end-to-end anastomosis, BMI body mass index, FU follow-up, ALT alanine transaminase, AST aspartate
transaminase, ALP alkaline phosphatase, GGT gamma-glutamyltranspeptidase, WBC white blood cells, CBD common bile duct, CHD common
hepatic duct
a Chi-square test
bMann–Whitney U test
c Fisher exact test
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(33.31 vs. 26.07 days, respectively) and duration of hos-
pitalization after repair procedure (20.43 vs. 15.51 days,
respectively) were not significantly longer in patients
undergoing HJ vs. EE. Although the difference was not
statistically significant, it supports the theory that HJ is a
more complex procedure in comparison with EE.

Biliary drainage was performed in most patients in both
analyzed groups. It was not performed in 22.4% of patients
in group 1 and 11.2% in group 2. Biliary-enteric anasto-
mosis was most frequently secured by external T tube
(38.7%), and EE was most commonly splinted by internal
Y tube (57.7%). The internal drainage was removed
endoscopically. Drainage tubes were most frequently
removed 3 months after the repair procedure.

The use of and duration of biliary drainage is controver-
sial. The advantage of biliary drainage is to limit the inflam-
mation and fibrosis that occur after the surgical procedure.
Therefore, some investigators believe that the presence of the
biliary tube prevents anastomosis stricture.22 The disadvan-
tage of biliary drainage is that it causes a higher risk of
postoperative complications.24 Mercado et al.24 recommend
using transanastomotic stents when there is a thin bile duct
less than 4 mm in diameter and when there is inflammation
within the ductal anastomosed edges that makes proper
healing of the anastomosis questionable. The time duration
of drainage is also controversial. According to most studies,
the optimal length of time for biliary drainage is about
3 months. Longer durations of biliary drainage do not
provide a greater advantage.8 The internal biliary drainage
that was performed in the analyzed group was very safe and
effective, was not associated with an increased risk of
postoperative complications, and induced proper healing of
the anastomosis.

Long-term results are essential in the surgical treatment
of IBDI. An absence of biliary anastomosis stricture is
proof of successful surgical management. In specialist
centers, a successful outcome after surgical bile duct repair
is observed in 70–90% of patients.3,5,12 According to the
literature, two-thirds (65%) of recurrent biliary strictures
develop within 2–3 years after the reconstructive procedure,
80% within 5 years, and 90% within 7 years. Recurrent
strictures 10 years after the reconstruction have been
reported.3,6,25 Satisfactory length of follow-up, which is
necessary in order to assess the long-term results of the
repair procedure, is 2 to 5 years.6,8 Some authors even
recommend 10 or 20 years of observation.9,11 The mean
length of follow-up in most series is several years (from
several months to many years).26–29 In the present study,
the mean follow-up was 61.9 months following HJ, and
103.18 months following EE. Excellent and good long-term
results (grades I and II according to Terblanche) were
achieved in 78.94% of patients undergoing HJ and in
77.42% of patients undergoing EE. The results in both

analyzed groups were comparable and compatible with a
high quality of life in both groups.

Most authors prefer Roux-Y HJ due to the lower number
of postoperative anastomosis strictures. According to
Terblanche et al.,11 biliary-enteric anastomosis is effective
in 90% of cases. According to Rossi and Tsao,30 long-term
results of EE are worse due to the higher stricture rate of
40–50%. However, after HJ method of reconstruction, bile
flow into the alimentary tract is not physiological because
the duodenum and upper part of the jejunum are excluded
from bile passage. As a result of duodenal exclusion from
bile passage, physiological conditions within the proximal
gastrointestinal tract are changed. An altered bile pathway
causes disturbances in the release of gastrointestinal
hormones.31

There is a hypothesis that, in patients with HJ, the bile
bypass induces gastric hypersecretion, leading to a pH
change secondary to altered bile synthesis and release of
gastrin. Duodenal ulcers are more frequently reported in the
postoperative period following HJ, which may be caused by
a loss of the neutralizing effect of the bile, including
bicarbonates and the secondary gastric hypersecretion.32

Increased gastrin and glucagon-like immunoreactivity plas-
ma levels and decreased triglycerides, gastric inhibitory
polypeptide, and plasma insulin levels were observed in
patients following HJ.33 An altered pathway of bile flow is
also a cause of disturbance in fat metabolism.32,33 The total
surface of absorption is also decreased due to the exclusion
of the duodenum and the upper jejunum from the passage
of food. Also, in our study, significant weight gain was
observed in patients undergoing EE. This type of recon-
struction establishes physiological bile flow into the
duodenum through the intact papilla of Vater. In some
patients, extensive mobilization of the duodenum with the
pancreatic head by the Kocher maneuver allows to perform
tension-free anastomosis after the extensive length-loss of
the bile duct. Excision of the bile duct stricture, dissection
and refreshing of the proximal and distal stumps as far as
the tissues are healthy and without inflammation, and the
use of nontraumatic, monofilament-interrupted sutures 5–0
allows the achievement of good long-term results. The
method of security with an internal Y tube conducting the
hepatic ducts from the right and left into the duodenum
through EE and the papilla of Vater also allows for the
proper healing of the anastomosis. In our department, this
reconstruction was performed when the bile duct loss was
from 0.5 to 4 cm. It allowed the achievement of very
good long-term results with effectiveness comparable with
HJ. Establishing a physiological bile pathway allows
proper digestion and absorption. Also, control endoscopic
examination in these patients is possible. Therefore, some
authors first recommend EE as the most physiological
choice, if possible.14
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Gazzaniga et al.34 performed EE in the immediate repair
procedures only when the injury did not exceed one-third of
the duct circumference and was not located more than 2 cm
below the ductal confluence, or when injury was detected
during the primary operation. Reuver et al.35 recommend
EE in preoperative-detected injuries when there was no
extensive tissue loss. Kohneh et al.36 achieved a higher
effectiveness with EE (100%) than with HJ (71.4%) when
used during early repair procedures (less than 30 days
following the initial trauma).

This study emphasizes that it is possible to achieve very
good long-term results and high quality of life using both
HJ and the EE. The lower number of early postoperative
complications after EE is also favorable. We recommend
this type of reconstruction in the treatment of IBDI when it
is possible to perform it. We recommend this repair for
patients when it is possible to dissect and approximate both
the proximal and distal ductal ends without tension. In our
material, the maximal length-loss of the bile duct was 4 cm.
The sutured ends had to be healthy and without inflamma-
tion and ischemia. The diameter of both anastomosed ends
was comparable. If there was a difference between the
diameters of the anastomosed ends, the thinner end was
incised longitudinally in the anterior surface in order to
extend it. EE repair was not carried out in bile ducts that
were too thin (diameter less than 4 mm). In our opinion, a
patient on whom we perform first or exceptionally second
bile duct repair is a candidate for EE. HJ was performed in
patients who did not follow the criteria mentioned above.
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Abstract
Introduction Gastrointestinal stromal tumors (GISTs) arising from outside the gut wall also termed extragastrointestinal
stromal tumors (EGISTs) are reported to be rare. Presently, their pathogenesis remains controversial, and recently, it has
been proposed that EGISTs may be the result of extensive extramural growth of GISTs which lose contact with the gut wall.
This study presents a single-institution experience with eight EGISTs and compares their clinicopathological features with
mural GISTs in order to determine further insight to their possible origin.
Methods Between 1997 and 2008, 156 patients with pathologically proven CD117-positive primary GISTs were
retrospectively reviewed. Eight tumors were identified as EGISTs, 104 were gastric GISTs, and 44 were small-bowel
GISTs. Mural GISTs were classified as extramural or intra/transmural according to their gross pattern of growth.
Results There were five male and three female patients with a median age of 58 years (range, 42–81 years). All patients were
symptomatic, and the tumors were located in the greater omentum (n=2), lesser sac (n=2), lesser omentum, retroperitoneum,
small-bowel mesentery, and pancreas. The median tumor size was 140 mm (range, 55 to 220 mm). Seven of eight EGISTs
were found to be in close association to the adjacent gut wall. Pathological examination demonstrated that two tumors
demonstrated focal involvement of the muscularis propria of the adjacent gut wall. Four tumors demonstrated tumor abutting
or adherent to the serosa but no muscle involvement and one tumor was separated from the serosa. Comparison between the
clinicopathological features of EGISTs with extramural GISTs and intra/transmural GISTs demonstrated that EGISTs were
significantly larger [140 range (55–220) mm vs 80 (5–260) mm vs 50 (15–190) mm, P=0.049, P<0.001 respectively].
Conclusion The occurrence of true EGISTs is rare. Most cases demonstrate some form of communication or contact with
the gut wall, and EGISTs are significantly larger than extramural or intra/transmural GIST. These observations suggest that
most, if not all, cases of EGISTs are likely to represent mural GISTs with extensive extramural growth with eventual loss of
contact with the muscle layer of the gut.

Keywords Gastrointestinal stromal tumor . GIST.

Extragastrointestinal stromal tumor . EGIST. Omentum .

Mesentery

Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal tract.1

These may arise from any part of the gastrointestinal tract
whereby the stomach and small intestine are by far the most
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common sites.2 Recently, mesenchymal tumors arising
from extragastrointestinal sites such as the retroperitoneum,
omentum, and mesentery with similar clinicopathological
and molecular genetic profiles3 similar to GISTs have been
reported in the literature.4–6 These have been termed
extragastrointestinal stromal tumors (EGISTs). Isolated
cases of EGISTs have also been reported at unusual sites
such as the gallbladder,7,8 liver,9 and pancreas.10

CD117 (the protein product of the c-kit protooncogene)
is a transmembrane receptor expressed in many cells
including hematopoietic stem cells, mast cells, and germ
cells.11 It is also found in interstitial cells of Cajal (ICCs)
which are pacemaker cells located in the muscular layers of
the gastrointestinal tract. Based on present understanding,
GISTs are widely believed to arise from ICCs as they share
many characteristics with these cells including the strong
expression of CD117 and CD34 and that they arise from the
muscular layer of the gastrointestinal tract.12,13

The existence of primary EGISTs has led some inves-
tigators to question this hypothesis. This is because although
ICCs have been reported to occur in the pancreas,14 thus far it
has not been convincingly demonstrated to arise at other
sites outside the gastrointestinal tract.3,11 These investigators
have instead proposed that GISTs and EGISTs may arise
from a common precursor cell of ICC and smooth muscle
which may account for their growth from and outside the
gastrointestinal tract. On the other hand, other investigators
have proposed a simpler explanation accounting for the
occurrence of EGISTs suggesting that these are in actual fact
mural GISTS with extensive extramural growth resulting in
eventual loss of their connection with the gut wall.3

Presently, despite numerous studies reporting on GISTs
arising from the gastrointestinal tract, there have been limited
studies specifically addressing EGISTs with the exception of
small case reports.1,3,6,11 To the best of our knowledge, to date
only six series on EGISTs1–3,6,11,15 have been reported in the
English literature of which five1–3,6,11 were multi-institution
pathological studies. Hence, these studies were frequently
limited by the lack of information available on clinical and in
particular intraoperative findings. The aim of the present
study is to report on a single-institution experience with
EGISTs to determine its incidence and to compare its
clinicopathological features with typical GISTs in order to
provide further insight into their possible origin. Similar to the
proposal of Agaimy and Wunsch,3 we hypothesize that true
EGISTs are very rare, and their occurrence is likely a result of
extensive extramural growth of mural GISTs.

Methods

Between 1997 and 2008, all patients who underwent
surgery at the Department of Surgery, Singapore General

Hospital for a primary intra-abdominal or retroperitoneal
mesenchymal tumor were identified from a prospectively
maintained surgical database. All patient data were subse-
quently obtained retrospectively from the clinical, radiolog-
ical, and pathological records. This study was approved by
the Singapore General Hospital Institutional Review Board.
Pathological specimens of tumors resected before 2002
(when CD117 staining was not routinely performed) were
retrieved and were reviewed by either one of two patholo-
gists who have a special interest in GIST as described in our
previous study.16 Immunohistochemistry with CD117,
CD34, desmin, smooth muscle actin, and S100 were
performed on these specimens to enable accurate diagnosis.
Tumors arising from the colon were excluded, and overall,
156 CD117-positive primary tumors were classified as
GISTs according to current standard criteria.17 Of these,
eight (5.1%) tumors were reported to have arisen primarily
from outside the gastrointestinal tract. These tumors were
diagnosed as EGISTs and the focus of the present study.

The mural GISTs were classified as extramural if these
bulged outward from the stomach without mucosal involve-
ment, transmural if these bulged outward but had mucosal
involvement, and intramural if these bulged inward.18

Subsequently, we compared the clinicopathological charac-
teristics of EGIST with extramural and intra/transmural
GISTs. All statistical analyses were conducted using the
computer program Statistical Package for Social Sciences
for Windows, version 10.0 (SPSS, Chicago, IL, USA).
Univariate analyses were performed using Mann–Whitney
U tests and chi-square tests as appropriate. Actuarial
survival was calculated using the Kaplan–Meier method.
All tests were two-sided, and P<0.05 was considered
statistically significant.

Results

Of the 156 CD117-positive GISTs, 8 were reported as
EGISTs, 104 were gastric GISTs, and 44 were small-bowel
GISTs. Mural GISTs were classified as extramural in 52 or
intramural in 49 and transmural in 47. The clinicopatho-
logical features of the eight patients with EGISTs are
summarized in Tables 1, 2, and 3. All patients were
symptomatic, and the tumors were located in the greater
omentum (n=2), lesser sac (n=2), lesser omentum, retro-
peritoneum, small bowel mesentery, and pancreas.

Seven of eight EGISTs were found to be in close
association to the adjacent gut wall. Pathological examina-
tion revealed that two tumors (patients 1 and 5) demonstrated
focal involvement of the muscularis propria of the adjacent
gut wall. Four tumors (patients 2, 4, 6, and 7) demonstrated
tumor abutting or adherent to the serosa but no muscle
involvement. One tumor (patient 8) was separated from the
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gastric serosa. Immunohistochemistry revealed that CD117
was positive in eight, CD34 in six, smooth muscle actin in
two, S100 in one, and desmin in none of the patients. The
eight patients had a median follow-up time of 20 (range 1–
120) months. The actuarial mean recurrence-free survival
was 98 (95% confidence interval, 60–136) months.

Comparison between the clinicopathological features of
EGISTs (Table 3) with intra/transmural GISTs demonstrat-
ed that EGISTs were significantly larger and more likely to
demonstrate tumor necrosis. EGISTs were also significantly
larger (albeit less markedly) than extramural GISTs.

Discussion

Recently, Agaimy and Wunsch3 reported that most cases of
supposed EGISTs were most likely mural GISTs with
extensive extramural growth resulting in minimal or loss of
communication with muscularis propria of the gut wall.
These communications may have been missed or lost
during surgical or postoperative manipulation. They further
proposed that true EGISTs were likely to be GISTs which
grew extramurally and eventually lost their connection with
the muscular layer of the gastrointestinal tract after attaining

Case Cell type Mitotic count, per 50 hpf NIH risk criteria Follow-up Outcome

1 Spindle >10 High 42 m Alive with disease

2 Mixed >10 High 27 m Disease-free

3 Spindle <5 Intermediate 6 m Disease-free

4 Spindle >10 High 58 m Disease-free

5 Spindle <5 High 12 m Disease-free

6 Mixed 5–10 High 3 m Disease-free

7 Spindle >10 High 2 w Postoperative mortality

8 Spindle 0 High 120 m Disease-free

Table 2 Pathological Features
and Outcome of Eight Patients
with EGISTs

m months, w weeks, hpf high
power field

Table 1 Clinicopathological Features of the Eight Patients with Apparent EGISTs

Case Age/
sex

Size
(mm)

Predominant site and
attachments at surgery

Pathological correlation Presentation Surgery

1 57/F 220 Retroperitoneum
attached to bladder
and SI

Focal invasion into muscularis
propria of SI

Abdominal
discomfort and
mass, 1 m

En bloc resection with cuff of
bladder and SI resection

2 47/M 140 SI mesentery attached
to LI mesentery

Adherent to serosa of SI but
no involvement of muscle
layer

Abdominal pain,
mass, loss of
weight and
anemia, 3 m

En bloc resection with SI resection
and right hemicolectomy

3 58/F 55 Lesser omentum No bowel involvement Abdominal
discomfort and
loss of weight,
1 m

Resection of lesser omentum

4 58/M 90 Pancreas attached to
duodenum

Tumor within pancreas
involving duodenal
subserosal fat but no
involvement of muscle layer

Incidental Pancreaticoduodenectomy

5 60/F 140 Lesser sac attached to
stomach, pancreas
and transverse colon
mesentery

Tumor abutting pancreas with
focal involvement of gastric
muscularis propria

Abdominal pain En bloc resection with subtotal
gastrectomy, subtotal
pancreatectomy, splenectomy and
segmental colectomy

6 69/M 215 Greater omentum Tumor in greater omentum
adherent to gastric serosa

Abdominal mass Omentectomy and wedge resection
of stomach (synchronous 15 mm
gastric GIST)

7 81/M 220 Greater omentum
attached to stomach
and transverse colon

Tumor adherent to serosa of
stomach and colon but not
muscle layer

Abdominal
discomfort

Omentectomy, distal gastrectomy
and transverse colectomy

8 41/M 110 Lesser sac attached to
stomach

Tumor separate from gastric
serosa

Abdominal
discomfort

Wedge resection of stomach

M male, F female, m months, SI small intestine
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a large size. In their study of 14 apparent EGISTs, eight
were reclassified as mural GISTs as these demonstrated
some focal contact to the bowel wall, and two were found
to be recurrent metastastic GISTs. Only three of the 14
apparent EGISTs or 1.5% of their cohort of 200 GISTs did
not demonstrate any form of contact with the gut wall.

In the present study, we too found that six of eight cases
of EGISTs demonstrated some form of communication or
contact with the gut wall. Four tumors were demonstrated
pathologically to be abutting or adherent to the serosal layer
without communication with the muscle layer. In two
patients, careful pathological examination demonstrated a
focal communication to the small bowel and gastric
muscularis propria, respectively. Comparison between the
clinicopathological features of EGISTs and mural GISTs
demonstrated that both were essentially similar. The only
difference detected was that EGISTs were significantly
much larger and demonstrated an increased frequency of
tumor necrosis (which is likely the result of their larger
size) compared to transmural or intramural GISTs. EGISTs
also tended to be larger (albeit less marked) than extramural
GISTs.

These observations as a whole seem to support the
hypothesis of Agaimy and Wunsch3 that most if not all
reported EGISTs were likely to be mural GISTs with
extensive extramural growth. As most of the previous
studies of EGISTs1,2,6,11 reported in the literature were
pathological series with cases from multiple institutions
without good correlation with clinical and operative
findings, important information regarding focal communi-
cation with the gastrointestinal tract were very likely to be

not readily available.. Hence, it is very likely that many of
these cases of reported EGISTs may have demonstrated
some form of communication with the gastrointestinal tract
which was not detected at pathological examination.
Furthermore, some of these may have even represented
cases of peritoneal metastases (omental and mesenteric)
metastases.3

The tumors in our study seem to be in various stages in
their evolution towards forming EGISTs. GISTs with
extensive extramural growth progressively lose most of
their contact with the muscularis propria and, when resected
at this stage, demonstrate only a small focal communication
with the muscle layer (patients 1 and 5). Further growth
results in total loss of communication with the muscle layer
with only involvement of the subserosa (patient 4) and
eventually only serosa which may be seen pathologically as
tumor adherent to or abutting the serosa (patients 1, 2, 6,
and 7). Finally, all contact with the gut wall may be lost
(patients 3 and 8).

However, despite our observations, one may argue that
larger size and adherence to the gut cannot be used to solely
support the hypothesis by Agaimy and Wunsch.3 The larger
tumor size observed in EGIST compared to intramural and
transmural GISTs may be attributed primarily to their
extramural location. Patients with EGISTs like extramural
GISTs tend to present late when the tumors have grown to a
considerable size with clinical features such as abdominal
discomfort, distension, and mass. On the other hand,
intramural and transmural GIST tend to present earlier with
occult or gross gastrointestinal bleed. Adherence or even
invasion to the adjacent gut wall is also not uncommonly

EGIST Extramural Intra/transmural P valuea P valueb

Number 8 52 96

Median age (years) 58 (42–81) 61 (32–92) 62 (32–85) 0.656 0.600

Sex, male 5 (63%) 30 (58%) 55 (57%) 0.797 0.775

Symptom 8 (100%) 37 (71%) 81 (84%) 0.079 0.227

Size≥100 mm 6 (75%) 21 (40%) 15 (16%) 0.067 <0.001

Median size (mm) 140 (55–220) 80 (5–260) 50 (15–190) 0.049 <0.001

Mitotic count (≥5/50 hpf) 5 (63%) 23 (44%) 40 (42%) 0.335 0.253

NIH prognostic index 0.408 0.057

Very low 0 2 (4%) 2 (2%)

Low 0 8 (15%) 31 (32%)

Intermediate 1 (13%) 12 (23%) 26 (27%)

High 7 (88%) 30 (58%) 37 (39%)

Necrosis 6 (75%) 28 (54%) 36 (38%) 0.243 0.038

Pleomorphism 3 (38%) 16 (31%) 21 (22%) 0.703 0.314

Cell type 0.422 0.529

Spindle 6 (75%) 41 (79%) 76 (79%)

Mixed 2 (25%) 6 (12%) 7 (7%)

Epitheloid 0 5 (10%) 13 (14%)

Table 3 Comparison Between
the Clinicopathological Features
of Eight EGISTs vs 52 Extra-
mural and 96 Intra/Transmural
GISTs

hpf high power field
a Comparison between EGISTs
and extramural GISTs
b Comparison between EGISTs
and intra/transmural GISTs
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seen with other large intra-abdominal tumors such as
retroperitoneal sarcomas and does not necessarily imply
that these tumors originated from the gut wall. Nonetheless,
the larger size of EGIST compared to even extramural
GISTs in our study suggest that the EGISTs probably arose
after extensive extramural growth.

Numerous observations reported in the literature provide
further evidence to support this “extensive extramural
growth” hypothesis. In 2004, Yamamoto et al. reported
that EGISTs share similar KIT mutations to typical GISTs
which suggest that these tumors have a similar origin.1 The
results from the Armed Forces Institute of Pathology11

which demonstrated that omental EGISTs share many
histological similarities with gastric GISTs and have a
better prognosis than mesenteric EGISTs which share the
characteristics of intestinal GISTs11 also provide further
support for this hypothesis.3 Presently, it is widely accepted
that gastric GISTs in general have a better prognosis than
intestinal GISTs,16,19 and hence, it is logical to presume that
omental EGISTs arise from gastric GISTs, whereas mesen-
teric EGISTs arise from small bowel.

In conclusion, this study illustrates that the occurrence of
true EGISTs is extremely rare. Most cases demonstrate
some form of communication or contact with the gut wall,
and EGISTs are significantly larger than extramural or intra/
transmural GIST. These observations suggest that most
cases of EGISTs are likely to represent mural GISTs with
extensive extramural growth eventually resulting in loss of
contact with the muscle layer of the gut. Further studies are
needed to determine if EGISTs represent true occurrence of
mesenchymal tumors arising primarily from extragastroin-
testinal tract CD117-positive cells.
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Abstract
Introduction During bowel surgery, perioperative blood loss and hypotension can lead to transient intestinal ischemia.
Recent preclinical studies reveal that the strength of intestinal anastomoses can be compromised after reperfusion. So far,
this phenomenon has not been investigated in the very first days of healing when wound strength is lowest.
Material and Method Ischemia was induced in rats by clamping both the superior mesenteric artery and ileal branches for
30 min. Immediately after declamping, anastomoses were constructed in both terminal ileum and descending colon. The
same was done in control groups after sham-ischemia. Anastomotic bursting pressure and breaking strength were measured
immediately after operation (day 0) and after 1, 2, or 3 days. Anastomotic hydroxyproline content, gelatinase activity, and
histology were analyzed.
Results and Discussion In ileal anastomoses, at day 1, both the breaking strength and bursting pressure were significantly
(p<0.05) lower in the ischemic group, while at day 2, this was the case for the bursting pressure only. In the colon, the
bursting pressure in the ischemic group was lower at day 1. Anastomotic hydroxyproline content remained unchanged.
Increased presence of the various gelatinase activities was found in ileum only at day 0 and in colon at days 1 and 2.
Histological mucosal damage was found in ischemia–reperfusion groups.
Conclusion Transient mesenteric ischemia can negatively affect anastomotic strength during the very first days of healing,
even if the tissue used for anastomotic construction looks vital.

Keywords Anastomosis . Healing . Intestine . Ischemia .

Reperfusion injury

Introduction

Anastomotic dehiscence remains a feared complication in
gastrointestinal surgery, and diminishing its frequency, if
not preventing it completely, constitutes a formidable
challenge. A multitude of local factors and systemic
conditions have been causally related to its occurrence,1

and research into the underlying mechanisms is mandatory

in order to provide a sound basis for optimal clinical
treatment of the patients needing resection and anastomosis
of the intestine.

Uninterrupted wound healing requires oxygen. Essential
features of the repair sequence depend on adequate wound-
tissue oxygenation.2 In fact, impaired perfusion of the
splanchnic system most likely is a substantial factor in an
number of conditions that are believed to increase the risk
for anastomotic dehiscence. Anastomotic leak related to
ischemia is a source of significant morbidity and mortality
in gastrointestinal surgery.3 Experimental data unequivo-
cally show persisting ischemia to impair the development
of anastomotic strength.4,5

During bowel surgery, perioperative blood loss and
hypotension can lead to transient intestinal ischemia.
Events caused by reperfusion constitute an additional
danger to tissues, both locally and systemic, resulting in
damage that frequently exceeds the original ischemic
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insult.6 Recent preclinical studies have established that the
strength of intestinal anastomoses can be compromised if
reperfusion after a transient period of ischemia precedes
intestinal resection and anastomosis. This effect occurs both
in the locally affected area7,8 but also if the anastomosis is
constructed at a distance.9,10

So far, this phenomenon has been investigated from
3 days after operation onwards, and experiments aimed at
preventing this negative effect are mostly conducted at a
single time point, often after 6 or 7 days. In a preceding
comprehensive study, we have demonstrated a profound
negative effect of transient mesenteric ischemia on the
development of anastomotic strength from 3 days after
operation onwards.11 As yet, no data are available on the
very first inflammatory phase of anastomotic healing,
where wound strength is at its lowest and presumably the
risk of dehiscence at its highest. This study describes the
effects of ischemia–reperfusion (IR) on anastomotic
strength during the early postoperative period, from
immediately after construction to the third day. In this
phase, wound strength depends on the suture-anchoring
capacity of the existing extracellular matrix. The quality of
the matrix can be affected by the presence of proteolytic
enzymes, the matrix metalloproteinases (MMPs), which are
essential to the repair sequence.12 Since both MMP-2 and,
especially, MMP-9 are upregulated during intestinal heal-
ing13,14 and are believed to contribute to reperfusion injury
in the gut,15,16 their activity in anastomotic tissue has also
been examined.

Material and Methods

Animals

Male Wistar rats (n=112; mean weight, 280 g; Harlan BV,
Horst, The Netherlands) were allowed to become accus-
tomed to laboratory conditions for 1 week before experi-
mental use. They were housed two per cage under specified
pathogen-free conditions with free access to water and
standard rodent food (Hope Farms, Woerden, The Nether-
lands). The study was approved by the Animal Ethics
Review Committee of the Radboud University Nijmegen.

Study Design

In experimental groups (IR, n=56, four subgroups of 14
each), animals were subject to ischemia (see below) before
anastomotic construction. In control groups (C, n=56, four
subgroups of 14 each), anastomosis was performed without
previous ischemia. Animals were killed either immediately
after anastomotic construction (day 0) or at the first,
second, or third postoperative day. From each subgroup,

three animals were used for histological analysis, and 11
animals were used for measuring anastomotic strength and
biochemical parameters.

Operative Procedures

All rats were anesthetized by using isoflurane (Abbott
Laboratories, Queensborough, UK) in a mixture of oxygen
and nitrous oxide. Procedures were performed under semi-
sterile conditions, using an operation microscope (Carl
Zeiss, Oberkochen, Germany).

In the experimental (IR) groups, the superior mesenteric
artery (SMA) was dissected free and occluded just distal to
its origin with a microvascular clamp (S & T, Neuhausen
am Rheinfall, Switzerland). Additionally, collateral circula-
tion was interrupted by clamping ileal branches in the
mesentery. Ischemia lasted 30 min. In the control (C)
groups, the SMA and ileal branches were dissected free but
not occluded. After releasing the clamps, a 2-cm resection
was performed at the distal ileum, 15 cm proximal to the
cecum. Continuity was restored by constructing an end-to-
end anastomosis with eight single-layer, inverting, inter-
rupted 8-0 Ethilon® (Ethicon, Norderstedt, Germany)
sutures. The same procedure was carried out in the
descending colon, 3 cm proximal to the peritoneal
reflection. This way, anastomoses were constructed in the
experimental groups in parts of the bowel that had been
ischemic (ileum) or had experienced normal perfusion
(descending colon). The abdomen was closed, using a
continuous 3-0 Vicryl® (Ethicon, Norderstadt, Germany)
suture for the musculofascial layer and staples for the skin.
During operations, body temperature was kept at 38°C
using a heating pad. Temperature, heart rate, and peripheral
oxygen saturation were monitored. The intestines were
covered with gauze pads soaked with 0.9% NaCl to
minimize desiccation. To compensate for fluid loss, 10 ml
of 0.9% NaCl was administered subcutaneously during the
operation. Postoperative analgesia was performed with
buprenorphine, 0.02 mg/kg subcutaneously, twice daily
for 2 days. Animals were weighed daily and observed for
signs of illness.

All operative procedures were performed by the same
investigator (LAEP).

Anastomotic Strength

Animals were anesthetized and killed by intracardiac
puncture. A relaparotomy was performed, and the perito-
neal cavity was explored for the presence of adhesions or
dehiscence. Segments of approximately 4 cm in length
containing the anastomosis in the middle were carefully
resected, including surrounding tissues and adhesions. In
order to measure bursting pressure, the segments were
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infused (2 ml/min) with normal saline containing methylene
blue. The maximum pressure (mmHg) recorded immedi-
ately before sudden loss of pressure was taken as the
bursting pressure. The area under the curve was considered
to represent the bursting energy. The site of rupture (within
or outside the anastomotic line) was also noted. Subse-
quently, the segments were placed in a tensiometer, and the
breaking strength (in gram) was measured. This procedure,
which analyses both parameters for wound strength within
the same anastomotic segment, has been validated before.17

Then the anastomotic segments were cleaned from adhering
tissue and debris. A 5-mm sample containing the anasto-
mosis in the middle was frozen in liquid nitrogen and stored
at −80°C until further processing.

Biochemical Analysis

After lyophilization, tissue samples were weighed, pulver-
ized, and lyophilized again. The hydroxyproline content,
as a measure of the collagen content, was measured by
high-performance liquid chromatography after hydrolysis
with 6 N hydrochloric acid and derivatization with dabsyl
chloride. Both hydroxyproline concentration (μg/mg tis-
sue) and hydroxyproline content (μg/5 mm tissue) were
quantitated.

Preparation of tissue extracts and procedures for quan-
titative gelatin zymography have been described extensive-
ly before.18 The various gelatinase activities, representing
MMP-2 and MMP-9, were quantitated on the basis of lyzed
area and expressed as arbitrary units. Collagenase type 1
(from Clostridium histolyticum, Sigma Chemical, St Louis,
MO, USA) was electrophoresed on each gel as an internal
standard for in-between comparison of values obtained on
different gels. The presence of true MMP activity was
confirmed by adding 10 mM ethylenediaminetetraacetic
acid or 1,10 phenanthroline to the buffers used after
electrophoresis.

Histology

Intestinal samples of approximately 1-cm length containing
the anastomosis in the middle were carefully resected en
bloc, opened at the mesenteric side, and washed gently in
0.9% NaCl. They were spread out and immobilized, and the
samples were immediately fixed in 4% (v/v) phosphate-
buffered formaldehyde, pH 7.3. Each anastomosis was
divided into two or three longitudinal strips. Specimens
were dehydrated and embedded in paraffin. Sections of
4 μm in thickness were stained with hematoxylin and eosin.
Sections were analyzed in a blinded fashion using a
binocular light microscope. Histological parameters such
as epithelial damage, necrosis, and presence of neutrophils
were assessed.

Statistics

Differences over time within either C or IR groups were
tested for significance using an analysis of variance
(ANOVA) and, if indicated, a Tukey–Kramer post test.
Differences between C and IR groups were analyzed using
a one- (strength) or two-tailed (MMPs) unpaired t test. Use,
by exception, of any other test is mentioned in the text.
Differences with p value <0.05 were considered significant.

Results

General

SMA occlusion and interruption of the collateral circulation
resulted in diminished pulsations in the mesentery and pale
coloring of the ileum and ascending colon. These phenom-
ena were reversed after circulation was restored by
releasing the clamps. Heart rate, temperature, and periph-
eral oxygen saturation remained constant during the
procedure.

No premature deaths occurred in the control group and
four (7%, ns) in the IR group, all during the first 24 h after
operation. Except for one animal that showed signs of
generalized peritonitis, no obvious cause of death could be
established.

All animals lost weight after operation. At day 3, the
average relative weight, as a percentage of preoperative
weight, was 92.5% (SD, 2.6) in the control group and 89.5%
(2.9) in the IR group (p=0.059). At necropsy, no overt signs
of complications were found in any of the 56 control
animals. In the 52 animals from the IR groups that completed
the experiment, signs of ileus and intra-abdominal abscesses
were each seen in four (different) animals. Furthermore,
obvious signs of anastomotic dehiscence were observed in
another four animals (8%, p=0.050).

Anastomotic Strength

During measurements of anastomotic strength, the site of
tissue disruption was always within the suture line. In the
ileum, anastomotic strength diminishes immediately after
construction (Fig. 1). Analyzing the four control groups
together, this effect was significant for the bursting pressure
(ANOVA, p=0.0095) and breaking strength (p<0.0001) but
not for the breaking energy (p=0.0609). Within the IR
groups, all parameters showed extreme significance
(p<0.0001). The relative loss of strength between day 0
and 1 was invariably greater in the IR groups: The average
bursting pressure was reduced by 38% in the controls and
by 71% in the IR group. The same was true for the bursting
energy, 36% vs 62%, and the breaking strength, 47% vs
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80%. As a result, anastomotic strength in the IR group was
significantly (p<0.05) lower than in the control group 24 h
after surgery. With regard to the bursting pressure, this
negative effect persisted another 24 h (day 2). Although the
mean breaking strength at day 3 was 30% lower in the IR
group, this difference failed to reach significance (p=0.12).

The loss of wound strength over time, observed in the
ileum, did not occur in the colon (Fig. 2). Still, a degree of
reperfusion injury was also observed at this remote site
since the bursting pressure in colonic anastomoses was
significantly lower in the IR group than the controls at
day 1 after operation. No differences were found for the
breaking strength (not shown).

Biochemistry and Histology

Hydroxyproline levels, expressed as both the hydroxyproline
concentration (μg/mg dry tissue) and content (μg/5-mm
tissue), were analyzed as a measure for collagen content in
the anastomosis. In the ileal anastomoses, no significant
(ANOVA) changes with time were found in either control or
IR groups (Table 1). In addition, no differences were observed
at any time point between control and IR groups. The same
was true for colonic anastomoses (data not shown).

Quantitative gelatin zymography allows the separate
analysis of the various forms of the gelatinases present in
tissue extracts (Fig. 3 a, b). The active and latent forms of both
MMP-2 and MMP-9 were measured, and their total activity
within the (5 mm) anastomotic segment was calculated. In the
ileal anastomoses, both forms of the MMPs exhibited
significant (p<0.05, Kruskal–Wallis) changes over time
(Fig. 4). In the controls, both active and proMMP-9 were
highest at day 1. This pattern was changed in the IR groups.
Immediately after construction, both active and proMMP-9
activities were significantly higher in the IR group than in
the controls. The same was true for proMMP-9 at day 3, but
here, active MMP-9 was lowest in the IR group. MMP-2
activities were lowest at day 0, where the active form was
increased in the IR group. Subsequently, both MMP-2 forms

Figure 1 Anastomotic strength in the ileum. Columns represent mean
values+SEM for control (open bars) and IR (striped bars) groups.
Results are given for the bursting pressure (a), the bursting energy (b),
and the breaking strength (c). *p<0.050 vs control group.

Figure 2 Anastomotic strength in the colon. Columns represent mean
values+SEM for control (open bars) and IR (striped bars) groups.
Results are given for the bursting pressure (a) and the bursting energy
(b). *p<0.050 vs control group.
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were higher, and a significant difference between control and
IR groups was only observed for proMMP-2 at day 2. The
MMP activities in colonic anastomoses are depicted in Fig. 5.
ForMMP-9, hardly any difference was found between control
and experimental groups. Interestingly, both latent and active
MMP-2 activities were significantly higher in the IR groups at
days 1 and 2, while at day 3, the opposite trend was observed.

Histological analysis immediately after anastomotic
construction, at day 0, revealed mucosal damage in the IR
groups, with elevation of the epithelial layer from the
lamina propria and denuding and loss of height of the villi.
These effects of ischemia and reperfusion gradually
subsided during the first 24 h. Except for these differences,
microscopic architecture of the anastomoses appeared to be
similar in control and IR groups.

Discussion

If an anastomosis is constructed in an intestinal segment,
immediately after tissue perfusion has been restored following

Figure 3 MMP activity in ileal anastomoses as demonstrated by
gelatin zymography. Representative samples of tissue extracts as used
for quantitation of the pro- and active forms of MMP-2 and MMP-9,
which are separated by molecular weight on a gelatin gel. Samples
from the control (C) and IR groups at both days 0 and 3.

Figure 4 MMP activity in ileal anastomoses. Columns represent
mean values+SEM for control (open bars) and IR (striped bars)
groups. Data represent total activities, in arbitrary units, per 5-mm
segment for proMMP-9 (a), MMP-9 (b), proMMP-2 (c) and MMP-2
(d). *p<0.050 for differences between control and IR group at any of
the time points.

Table 1 Anastomotic hydroxyproline in the ileum

Day 0 Day 1 Day 2 Day 3

Concentration (μg/mg)

Controls 10.0 (2.9) 8.2 (4.1) 7.6 (2.6) 5.9 (2.4)

IR 9.1 (3.1) 9.2 (3.3) 7.1 (2.1) 7.9 (2.4)

Content (μg/5mm)

Controls 147 (73) 131 (54) 149 (47) 127 (36)

IR 119 (42) 129 (37) 130 (43) 191 (65)

Data represent means and (in brackets) SD. No significant differences
between control and IR groups.
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a period of intestinal ischemia, wound strength is compro-
mised during the very first days after operation. The data
reported now are the first on such an effect being present in the
early period of anastomotic healing. Together with those from
our prior study,11 they demonstrate that IR-related injury
results in loss of wound strength over the entire first
postoperative week, thus affecting both the inflammatory
and proliferation phases of the healing process.

Clamping and declamping of the SMA, together with its
ileal branches in the mesentery, is an established method to
interrupt mesenterial blood flow to the ileum and the
ascending colon.19 Although it induces deep ischemia, this
procedure, even if followed by anastomotic construction,
shows a 93% survival rate (in the IR group) and thus
provides a good model to study effects of reperfusion injury
on wound repair.

The primary outcome parameter for anastomotic healing
is wound strength, which can be measured as both bursting
pressure and breaking strength, even in the same animal.17

If the tissue ruptures within the true anastomotic line, as is
the case within the time period under investigation here, the
former represents the ability of the wound to withstand
intraluminal pressure and the latter its ability to resist forces
applied longitudinally. Both type of forces are presumably
at work during intestinal movement, and therefore, both
parameters are very relevant, although they may behave
independently.20 Any reduction in either of the two may be
taken as a sign of impaired healing. Thus, IR has a
significant negative effect on anastomotic strength: if the
anastomosis is constructed in ileal tissue, which actually
has suffered an ischemic event, wound strength is compro-
mised at 24 and 48 h after operation. If the anastomosis is
constructed at a distance, in the descending colon, systemic
effects of reperfusion result in a lower wound strength after
24 h. As a consequence, the risk of anastomotic failure is
enhanced: Signs of dehiscence are repeatedly observed in
the IR group and not in the controls.

If the results from the present and preceding11 studies,
covering the entire first postoperative week, are taken
together, they demonstrate that mesenteric IR consistently
lowers anastomotic strength from the first postoperative day
onwards. The first days of healing are characterized by the
inflammatory phase: From approximately 3 days after
operation onwards, the proliferative phase becomes increas-
ingly important.1 Presumably, wound strength in the first
few days depends on the existing extracellular matrix and
only later on the newly deposited collagen. Thus, it could
very well be that the mechanism causing loss of strength at
day 2 is entirely different to the one causing the same
phenomenon at day 7. Such a difference seems not unlikely
because of the fact that, during the early days, the bursting
pressure is clearly affected, while this is less so if
anastomoses are examined from day 3 onwards.11 Very

Figure 5 MMP activity in colonic anastomoses. Columns represent
mean values+SEM for control (open bars) and IR (striped bars)
groups. Data represent total activities, in arbitrary units, per 5-mm
segment for proMMP-9 (a), MMP-9 (b), proMMP-2 (c), and MMP-2
(d). *p<0.050 for differences between control and IR group at any of
the time points.
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recently, a number of studies have reported treatments to
prevent loss of anastomotic strength after reperfusion
injury, almost invariably analyzed at least 6 days after
operation.2,5,10,21,22 The current results emphasize the need
to also investigate the first period of healing, since different
pathways may be responsible for delayed repair. Further-
more, investigators should be well advised to measure the
parameter for anastomotic strength, which is most sensitive
to reperfusion injury.

By anchoring the sutures, the extracellular matrix
determines wound strength in the period investigated in
this study, well before any deposition of newly formed
collagen occurs within the wound area.23 The hydroxypro-
line measurements, admittedly a relatively insensitive way
to estimate the anastomotic collagen content, are not
suggestive for increased matrix degradation in the IR
groups. Still, local action of MMPs could result in focused
and limited degradation,24 for instance in areas next to
sutures, thereby weakening the wound. Still, our data on
MMP-2 and MMP-9 do not yield a consistent picture of
upregulation after IR. Immediately after anastomotic con-
struction (day 0) in the ileum, MMP-9 and active MMP-2
activities are greater in the IR groups, which is consistent
with earlier findings in the rat intestine after a 90-min
reperfusion.25 However, this effect does not persist, and at
later time points, active MMP-9 is even reduced in the IR
groups. Remarkably, in the colonic anastomoses, MMP-2
activities after IR are enhanced at days 1 and 2 but reduced
at day 3. It remains to be determined if a relatively short
period of enhanced proteolytic activity can induce enough
local damage of the extracellular matrix to result in a lasting
period of reduced wound strength. Any definite proof of a
causal role of MMPs in lowering wound strength can only
come from studies using specific inhibitors.

Mesenteric ischemia is a common event in surgery. During
bowel surgery, intraoperative blood loss or cardiopulmonary
events may cause hypoperfusion and relative intestinal
ischemia, which can lead to impaired healing.26 In fact, IR
injury of the intestine is a significant problem in a multitude
of situations, such as abdominal aortic aneurysm surgery,
small bowel transplantation, cardiopulmonary bypass, stran-
gulated hernias, and neonatal necrotizing enterocolitis. It can
also occur in septic and hypovolemic shock.27

The present data have been obtained in an animal model.
As always, it remains to be proven that they are relevant to
the clinical situation also. Still, together with the existing
literature, they show what the implications could be of deep
but transient intestinal ischemia. Even when seemingly vital
tissue is used for anastomotic construction, local healing
may be compromised from the very first day onwards,
ultimately leading to dehiscence. Bearing this in mind, it is
apparent that studies aimed at establishing actual mecha-
nisms and finding preventive measures are needed.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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Abstract
Introduction Laparoscopic approach for colorectal resections is gaining popularity. Internal small bowel herniation (SBH)
through a mesenteric defect has been described and, although rare, is a severe complication. The aim of this study was to
evaluate the incidence and outcome of internal hernias after laparoscopic colorectal resection.
Material and methods During a 5-year period, all patients who underwent laparoscopic left colon resection were included in the
study. A retrospective data base query was performed searching for all patients in whom SBH required surgical reintervention.
Results A total of 436 laparoscopic left colorectal resections were performed from January 2000 to July 2006. Five male
patients presented symptomatic internal hernias and required re-operation. Four had a resection for cancer and one for
sigmoiditis. The mesenteric defect was not initially closed in three cases. In all cases, we found small bowel hernias through
the mesocolon defect. One patient was re-operated on post-op day 2 for mesenteric ischemia and died after 24 h.
Discussion Internal hernia is a rare but fatal complication after laparoscopic colonic resection. Suspicion of this diagnosis
requires emergency re-operation because symptoms are nonspecific.
Conclusion All mesenteric defects created during colorectal laparoscopy surgery should be meticulously closed.

Keywords Internal hernias .Mesenteric closure .

Colorectal surgery

Introduction

Laparoscopic colorectal resections are frequently performed
for benign colorectal pathology, and this approach is

gaining popularity for colorectal cancer. Evidence shows
equivalent short-term results between laparoscopic and
conventional colorectal resection for colorectal cancer
resections with the advantages of laparoscopy.1,2

A variety of rather unusual and potential serious
complications related to colorectal resections have been
extensively reported and described. This complications
include incisional hernias, wound infection, intraabdominal
abscess, bleeding, leaks, stenosis, recurrence, and perhaps
the most common complication reported is the intestinal
obstruction.3–6

Small bowel obstruction (SBO) after open or laparo-
scopic colorectal resection can occur in 2% to 3.6% in the
first 3 years after surgery, but the diagnosis is difficult
because it is rare, and the symptoms are insidious.7–9

Adhesions can explain 49% to 74% of the SBO.
Internal herniation through the defect created during

resection of the specimen has been described as a rare cause
of SBO after open and laparoscopic gastric bypass surgery,
liver and kidney transplant surgery, laparoscopic Nissen
procedure and cholecystectomy.10–17 They have an overall
reported incidence of less than 1% and, if untreated, a
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mortality exceeding 50%.18 In the field of laparoscopic
colon surgery, only isolated cases of internal hernia as a
cause of SBO have been reported in the literature.19–23

The aim of this study was to know the incidence of the
internal hernias after laparoscopic colonic surgery and the
outcome of these patients.

Material and Methods

All patients who underwent laparoscopic left colon resec-
tion (including partial resection, sigmoidectomy, and low
anterior resections with total mesorectal excision) from
the 1st of January 2000 to the 30th of June 2006 at the
Chirurgie A Service at the University Louis Pasteur
Civil Hospital, Strasbourg, France, were included in the
study.

A retrospective data base query was performed searching
for all the aforementioned patients in whom SBO was
developed and needed a surgical reintervention, according to
the international classification of disease that include intesti-
nal obstruction or occlusion (Codes: K46.0, K56.6, K91.3.).

Data was collected for age, gender, first surgery original
diagnosis, previous history of obstruction, ASA, BMI, type
of colonic resection, freedom of the hepatic or splenic
flexure, closure of mesenteric defect, resumption of oral
diet, and length of hospital stay. Regarding the reinterven-
tion, data was collected for pre-re-operative symptoms
(vomiting, nausea, abdominal pain), laboratory, X-ray
findings, pre-re-op diagnosis, time from presentation to
surgery, surgical findings, surgical technique, resumption of
oral diet, post-op morbidity, length of hospital stay, and
mortality.

Internal hernia was defined as a protrusion of a part of
the small and/or large bowel through a normal or created
mesenteric aperture within the peritoneal cavity found
during surgical re-operation.

Results

In the period of time between January 2000 and July 2006,
a total of 436 laparoscopic left colorectal resections were
performed. Five patients (1.14%) developed symptoms of
occlusion that required surgical re-intervention.

Mean age was 69 (60–78), and all cases where male.
Mean body mass index (BMI) was 30.07 (26.81–32.66).
Symptoms, technique for mesenteric closure, and morbidity
are cited in Table 1.

Diagnosis after the first colorectal surgery was in each of
the five cases, recto-sigmoidal cancer pT2N0 (second third
of rectum), adenocarcinoma of the rectum pT3N1 (10 cm
from AV), left colon adenocarcinoma pT3N0, sigmoid

adenocarcinoma pT3N0M1-liver 5(20 cm from AV), and
diverticulitis.

The type of resection in each case was: very low rectal
resection + end-to-end (E-E) colorectal mechanical anasto-
mosis + protective ileostomy, total mesorectal excision
(TME) + low colorectal anastomosis with J pouch +
protective ileost, extended left colectomy + E-E colorectal
mechanical anastomosis + small bowel transmesenteric
passage, sigmoidectomy + E-E mechanical anastomosis +
Meckel diverticulum resection, and finally a sigmoidec-
tomy + E-E colorectal mechanical anastomosis.

Findings at X-ray examination with abdominal X-ray
and/or computed tomography (CT) scan were: collection in
the dissected area, normal, pneumonitis, occlusion + small
bowel dilation, and normal.

Time from presentation to surgery was: (1) 8 h, (2)
5 days, (3) 18 h, (4) 24 h, and (5) 8 h. Surgical procedure at
reintervention was: reduction of internal hernia + closure of
mesenteric defect (suture), reduction of internal hernia +
closure of mesenteric defect (suture), complementary
resection of 10 cm of small bowel + suture of colonic
perforation + terminal ileostomy + drainage, reduction of
internal hernia + closure of mesenteric defect (suture), and
reduction of the hernia + Hartmann procedure + terminal
colostomy.

Length of hospital stay was 15 days (8–30). The patient
who developed the atelectasia stayed at the hospital for
30 days. One patient died after the second surgery wherein
complete mesenteric ischemia was found. The patient
developed septic shock and a pneumopathy post-inhalation.

Discussion

Internal hernias after laparoscopic surgery are clearly
described and identified after cholecystectomy, nephrec-
tomy, gastric fundoplications and gastric bypass, and the
closure of all the mesenteric-created defects has been
encouraged.

Rarely described in the literature, the real incidence of
internal hernias after laparoscopic left colon resections is
not clearly known, and there has not been enough data to
promote preventive closure of the mesenteric defects as it is
done in other procedures.

In the present study, we found that although the
incidence of internal herniation after laparoscopic left
colonic resections is low (1.14%), it is related with a high
mortality rate (20%).

There are several mechanisms that can explain internal
herniation after laparoscopic left colonic resection.

– Reduced adhesions: there is a reduced formation of
postoperative adhesions, which can lead to free
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movement of the small bowel inside the abdominal
cavity.

– Early mobility: the patients re-start to walk earlier thus
putting the mesenteries in tension after the surgical
procedure.

– Axe of the mesenteries: Small bowel mesentery is
anchored in the posterior abdominal wall in a sense
from up to down, left to right, and posterior to anterior.
This disposition creates, by gravity, a small bowel that
has a natural tendency to lie downwards to the left iliac
fossa. Left mesocolon is right on the way between this
point and the root of the small bowel mesentery. One
can easily deduce that a defect created on this site will
be the perfect door for the passage of the small bowel
through it (Although not the objective of this study, but
we found no internal hernias among the right colon
laparoscopic resections.).

– Treitz ligament: this anatomical landmark is the pivot
point for the rotation of the small bowel. Located in the
root of the transverse mesocolon naturally maintains the
proximal jejunum close to the posterior abdominal wall.
A defect in the descending colon mesentery would be
close to the proximal jejunum, and this bowel can slide
toward the left parieto-colic and inguinal fossa.

– Tension of the left colonic mesentery: when the splenic
flexure is not dissected, the mesentery of the descend-
ing or transverse colon that is pulled down into the
pelvis for the anastomosis, would have more tension
compared to when it is completely free. On one hand,
this tension can avoid the passage of the small bowel
into it, but on the other hand, if the bowel ever passes
under the mesentery, it will easily be trapped by it.

– Method used to close the mesentery: regarding laparo-
scopic gastric bypass, it has been described that there is
a lower incidence of internal hernias when using a
running suture with a nonabsorbable material. In this
series, two of five patients had a complete closure of
the mesentery, once using a Ligasure™ device and the
second using staples.

Abdominal imaging including simple X-ray or CT scan
has been described to be useful in making the diagnostic of

an internal hernia.18,22 In this series, imaging was generally
not contributive in making the diagnosis. The typical CT
findings of intersigmoid hernia (hidroaeric levels, U- or C-
shaped cluster of small-bowel loops posterior and lateral to
left-sided colon, etc.) may not be present. When imaging
does not suggest occlusion, it does not exclude the presence
of an internal hernia.

An internal hernia can be asymptomatic or can be the
cause of complex symptomatology including abdominal
discomfort, intermittent colicky pain, nausea, vomiting, and
recurrent intestinal obstruction. Abdominal pain was the
most common clinical sign in this study. Any abnormal
abdominal pain after surgery should be suspicious for
internal hernia and should be studied as one.

All the internal hernias developed early in the postoper-
ative period. The latest was in the fifth post-op day. A
suspicion of an internal hernia in the early postoperative
time should alert the surgeon to re-operate the patient.

Not surprisingly, four of the five patients who developed
internal hernia after left laparoscopic colon resection had
cancer. During oncologic resection, the dissection goes up
to the root of the colonic mesentery, and the created defect
can be larger than the defect created for benign resections.

There are different particular situations that could lead to
the patients of this study to develop an internal hernia. In
one case, the mesentery was closed with Ligasure™. In this
patient, the proteic seal was not enough to maintain the
mesentery closed after the surgery, although it has been
suggested to prevent internal hernias in previous reports.23

Another patient had a rectal and sigmoid resection for
cancer, and the mesentery was closed with staples. Appar-
ently, this method of closure can lead to disruption of the
mesenteric closure even if the splenic flexure was dissected.

A patient had a left colectomy extended to the left colic
angle, and the proximal colon was passed through the
mesentery of the small bowel to reach the pelvis (Toupet
technique). The mesenteric defect was not closed, and this
led to an internal hernia.

Only one of the patients with internal hernia was
operated for benign disease, but the mesentery was not
closed thus leading to an internal hernia. This patient had
the highest BMI of the series.

Table 1 Symptoms of Internal Hernia, Mesenteric Closure Technique and Morbidity

Case Symptoms Mesenteric closure
technique

Morbidity

1 Abdominal pain + shock Ligasure™ device Oral intake 6th day

2 Abdominal pain Staples None

3 Abdominal pain + penumonitis None Atelectasia, abdominal wall abscess

4 Dyspnea (gastric aspiration) + hemodynamic
instability

None 2nd re-operation: complete mesenteric ischemia
(death)

5 Pain in the left iliac fossa None None
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Finally, death occurred in one patient with cancer where
the mesentery was not closed. This patient had the most
advanced colorectal cancer of the group. A further
investigation of this case helps us to understand that in
the fourth post-op day, the internal hernia led to a severe
bowel obstruction with consequent gastric aspiration and
hemodynamic instability. Although the internal hernia was
reduced and the mesenteric defect was closed, the clinical
evolution of the patient worsened toward septic shock,
post-inhalation pneumopathy, and mesenteric ischemia. The
final result of this patient should be considered as a
complication of the internal hernia.

Prevention of internal hernia formation has been pro-
posed by a systematic closure of all the mesenteric defects
after laparoscopic sigmoidectomy, using nonabsorbable
material.20 It has also been suggested to completely liberate
the duodeno-jejunal angle by cutting the Treitz muscle to
decrease the tendance of the proximal small bowel to pass
beneath the mesocolon, but there is not enough evidence to
generally recommend it.22 Furthermore, closure of the
mesenteric defects should not be done with Ligasure™
device or staples.

Conclusion

Internal hernia after laparoscopic colonic resection can be
fatal, and we strongly recommend that all left-sided
mesenteric defects created should be meticulously closed.
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Abstract
Background Up to 6% of women with colorectal cancer are diagnosed in the reproductive age and are at risk for premature
ovarian failure and infertility due to pelvic irradiation and chemotherapy.
Study Design Between 1997 and 2007, six women with rectal carcinoma were referred to the McGill Reproductive Center
(Montreal, Canada) for fertility preservation. Following resection of their primary tumor, they were scheduled to undergo
pelvic irradiation.
Results Five patients underwent laparoscopic ovarian lateral transposition before radiotherapy in order to relocate their
ovaries outside the radiation field. A concomitant ovarian wedge resection was performed for ovarian cryopreservation. In
two of these women, before dissecting the ovarian cortical tissue for cryopreservation, all visible follicles were aspirated.
The sixth patient who had had low anterior resection underwent hormonal ovarian stimulation followed by oocyte retrieval
and embryo vitrification.
Conclusions Fertility preservation in women with rectal cancer is feasible. This includes laparoscopic ovarian transposition
and cryopreservation of ovarian tissue, embryo, or oocyte.

Keywords Rectal cancer . Fertility preservation .

Ovarian transposition

Introduction

Colorectal cancer is the third most common malignant
disease and the second most frequent cause of cancer-
related death in the USA. Worldwide, colorectal cancer is
the fourth most commonly diagnosed malignant disease,
with an estimated 1,023,000 new cases and 529,000 deaths

each year.1 Ninety percent of patients are diagnosed after
the age of 55 years. However, 3–6% of patients with colorectal
cancer are diagnosed in the 20- to 40-year-old age group, and
nearly 48% of these patients are women. It seems that young
patients present with a late-stage disease and aggressive
histopathologic forms of colorectal cancer.2 Unfortunately,
only 15% of women aged 18–45 years with colorectal cancer
received pretreatment fertility counseling.3

We present six young women with rectal cancer who
underwent fertility preservation. We used a combined
approach of laparoscopic lateral ovarian transposition and
ovarian tissue and oocyte or embryo cryopreservation.

Material and Methods

Between 1997 and 2007, six women with rectal carcinoma
were referred to the McGill Reproductive Center (Montreal,
Canada), a university-based tertiary medical center, by their
primary physician. They had undergone resection of the
primary tumor and were scheduled to undergo further
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treatment with pelvic irradiation and 5-fluorouracil (5FU).
Each patient was evaluated and consulted by a reproductive
endocrinology and infertility specialist and a qualified
coordinating nurse regarding the various fertility preserva-
tion options.

Five patients consented to laparoscopic ovarian transpo-
sition before radiotherapy. The sixth patient who had had
low anterior resection underwent hormonal ovarian stimu-
lation followed by oocyte retrieval and embryo vitrification.

The procedure of ovarian lateral transposition has
been previously described.4 Briefly, using a laparoscopic
approach, the course of both ureters was followed, and
the ovarian ligament was electrocoagulated and divided.
The same procedure was performed on the mesovarium. The
dissection was continued to the infundibulopelvic liga-
ment, but the vascular pedicle inside the ligament was left
intact. The ovaries were then mobilized to the level of
the anterior superior iliac spine without transecting the
fallopian tubes and anchored to the peritoneum with two
sutures. Laparoscopic ovarian suspension was performed
by one surgeon (TT).

A concomitant ovarian wedge resection was performed
for ovarian cryopreservation. We excised approximately
one third to half of ovary. In two cases before dissecting the
ovarian cortical tissue for cryopreservation, all visible
follicles were aspirated with an 18-gauge syringe needle
that was attached to a 10-mL syringe.5 The aspirates were
flushed in oocyte washing medium (CooperSurgical/Sage,
Trumbull, CT, USA) and searched for cumulus–oocyte
complexes under the dissecting microscope. Following
follicle aspiration, the ovarian cortical tissues were isolated
in the oocyte washing medium, cut into 4 mm3 (2×2×1)
pieces, and searched for the presence of additional oocytes.
Immature oocytes were matured in an organ tissue culture
dish (60×15 mm2; Falcon, NJ, USA) containing 1.0 mL of
In vitro maturation (IVM) medium (Coopersurgical/Sage,
CT, USA) supplemented with a final concentration of
75 mIU/mL of follicle-stimulating hormone and luteinizing
hormone at 37°C in an atmosphere of 5% CO2 in air with

high humidity. Oocyte vitrification and ovarian tissue
cryopreservation was performed as previously described.5

Results

We performed ovarian transposition in five women (Table 1).
Two weeks following low anterior resection, case 1 was
reoperated for a pelvic abscess and vaginal fistula. Due to
severe pelvic adhesions, we did not offer ovarian transpo-
sition, and she was treated with hormonal ovarian stimula-
tion followed by oocyte aspiration. Six mature oocytes
were retrieved, five of them fertilized, and five embryos
vitrified.

Cases 2 to 6 underwent laparoscopic ovarian transposi-
tion and ovarian cryopreservation. In cases 3 and 5, before
dissecting the ovarian cortical tissue for cryopreservation,
all visible follicles were aspirated. In case 3, no oocytes
were aspirated, and therefore, only ovarian tissue was
cryopreserved. In case 5, three germinal vesicle (GV) stage
oocytes were aspirated and incubated in IVM medium. Two
oocytes matured in vitro and were vitrified (Table 2).

All women completed fertility preservation treatment
successfully. No complications occurred following the
procedure, and all patients were able to initiate their radio/
chemotherapy regimen, as scheduled. Patient 2 conceived
spontaneously 2 years after her operation and delivered a
healthy child.6 Subsequently, she conceived again but had a
miscarriage.

Discussion

Colorectal cancer may affect women of reproductive age.
Beside surgery, these women frequently require adjuvant
treatment with pelvic irradiation that is deleterious to their
ovaries.

The tremendous improvement in cancer treatment the
last three decades has resulted in a steady increase in the

Table 1 Characteristic of Six Women with Rectal Cancer Who Underwent Fertility Preservation

Number Age Stage of rectal
cancer

Presence of
male partner

Adjuvant treatment Fertility preservation

1 34 T3cN1 Yes 5FU and radiotherapy IVF and embryo vitrification

2 33 T1NxMx Yes 5FU and radiotherapy Lap. lat. ov. trans. and rt. ov. wedge resection for cryo

3 29 T3N1M0 No 5FU and radiotherapy Lap. lat. ov. trans. and rt. ov. wedge resection for cryo

4 39 T2N2Mx
(anal carcinoma)

Yes 5FU, mitomycin, and
radiotherapy

Lap. lat. ov. trans. and rt. ov. wedge resection for cryo.

5 38 T3N0M0 Yes 5FU and radiotherapy Lap. lat. ov. trans. and rt. ov. wedge resection for cryo.
and IVM with oocytes vitrification

6 28 T3N1M0 Yes Radiotherapy Lap. lat. ov. trans. and rt. ov. wedge resection for cryo

Lap. lat. ov. trans. laparoscopic lateral ovarian transposition, Rt. ov. right ovary, Cryo cryopreservation

1112 J Gastrointest Surg (2009) 13:1111–1115



survival rates of these patients. It has been shown that
women face chemotherapy with greater equanimity if they
have had fertility preservation.7

Radiation therapy is an important adjuvant treatment in
rectal cancer, and clearly, preoperative administration has
improved rates of local control.8 Our paper deals mainly
with the preservation of fertility in women undergoing
radiation therapy. Whether administered pre- or postopera-
tively, the considerations for preservation of female fertility
are similar, although if administered preoperative, referral
to an infertility clinic must be done early on.

The degree and persistence of ovarian damage following
pelvic irradiation is related to the patient’s age, the total
dose, and the number of episodes needed to deliver the
dose. Radiation is more toxic when given in a single dose
compared with fractionated doses.9 Two studies indicated
that the breakpoint for radiation-induced ovarian failure is
approximately 300 cGy to the ovaries. Only 11–13%
experienced ovarian failure below 300 cGy versus 60–
63% above that threshold value.10 The radiation doses to
the ovaries with standard pelvic irradiation for colorectal
cancer (50–65 Gy) will uniformly induce ovarian failure.
With shielding over the ovaries and uterus, the total ovarian
dose of radiation is reduced to 8–15%; however, there may
be scatter and transmission through the shield.

Therefore, laparoscopic ovarian transposition is the pre-
ferred fertility preservation option for women with colorectal
cancer before pelvic irradiation. In women younger than
40 years, it is associated with preservation of ovarian function
in 88.6% of the cases.6 Before surgery, the field of radiation
can be outlined by a radiation oncologist. This will give an
idea of how high and lateral the ovaries should be
transposed. In practice, placing the ovaries above the pelvic
brim and as lateral as possible will place them outside the
radiation field. The transposed ovaries should be securely
sutured to the peritoneum. The inferior border of the ovary is
marked with vascular hemoclips bilaterally. Ovarian trans-
position can be performed with preservation of the integrity
of the fallopian tubes allowing a possible future spontaneous
conception.6

Of the chemotherapeutic agents used to treat colorectal
cancer patients, oxaliplatin has moderate gonadotoxic

effects, while 5FU has mild or no gonadotoxic potential.11

The chemotherapeutic agent of choice in conjunction with
radiation therapy is continuous infusion 5FU.12 It acts
against epithelial malignancies arising in the gastrointesti-
nal tract, breasts, as well as the head and neck. It has been
shown not to adversely affect human reproductive func-
tion.13 There has been only a single report in the literature
of 5FU-induced infertility; so overall, it is a safe drug.14

Oxaliplatin, in combination with 5FU and leucovorin, is
used postoperatively as adjuvant therapy for stage III and
aggressive stage II disease.8 By the time oxaliplatin is used,
the patient should already have had a variety of fertility
preservation options, such as ovarian transposition, oocyte
cryopreservation, and/or ovarian tissue cryopreservation.

During laparoscopy, a portion of the ovary could be
removed for ovarian cryopreservation. This allows the
patient to maintain her options of fertility and of autograft-
ing her ovary if ovarian failure occurs.15 Ovarian tissue
cryopreservation was performed for all of our patients who
underwent laparoscopic ovarian transposition without any
complications or significant prolongation of operation time.
The goal of cryobanking ovarian tissue is to preserve the
primordial and primary follicles. They comprise 70–90%
and 20–30% of ovarian follicles, respectively.16, 17 How-
ever, secondary and antral follicles, which account for
about 7% of the follicular population, do not survive the
cryopreservation procedure.18 Possible explanations for
their poor tolerance to cryopreservation include their
complex cellular structure, leading to incomplete cryopro-
tectant penetration, and their large water content, resulting
in the formation of ice crystals. In addition, follicular atresia
may be hastened after thawing due to ischemic damage to
the ovarian vasculature.19

In order to cryopreserve a number of oocytes, we
aspirated all visible antral follicles before preparing the
ovarian tissue for cryopreservation in cases 3 and 5. In case
5, we aspirated three immature oocytes at a GV stage. Two
of these oocytes matured in vitro following incubation in
special IVM media and were vitrified. Immature oocyte
retrieval followed by IVM has become an effective option
for infertile women with polycystic ovaries or polycystic
ovary syndrome, resulting in acceptable clinical pregnancy

Table 2 Fertility Preservation in Six Women with Rectal Cancer

Number Age Ovarian transposition Ovarian tissue cryopreservation Embryo cryopreservation Oocyte cryopreservation

1 34 No No 5 embryos No

2 33 Yes Yes No No

3 29 Yes Yes No No

4 39 Yes Yes No No

5 38 Yes Yes No 2 oocytes

6 28 Yes Yes No No
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and implantation rates per embryo transfer.20, 21–24 More
than 400 healthy infants have been born to date.25 We
recently reported that oocytes, which were matured in vitro
and vitrified, resulted in a birth of a healthy offspring.26

Our live birth rate is 20% using vitrified-thawed in vitro
matured oocytes.27 It appears that this method of fertility
preservation is safe and promising.28 In a review of 200
babies conceived following oocyte vitrification, we did not
find increased risk of adverse obstetric and perinatal
outcomes.29

By using combined fertility preservation technique of
ovarian transposition, ovarian tissue cryopreservation, and
in vitro maturation and vitrification of oocytes or embryos
(when a male partner is available), we were able to provide
women three different fertility preservation treatments using
only one surgical procedure. It is believed that with
irradiation doses in the range of 85 Gy with external beam
plus intracavitary brachytherapy, the resultant endometrial
damage may preclude successful pregnancy due to endo-
metrial damage.30 Contrary to this notion, one of our
patients conceived and delivered a healthy female baby. At
the time of this writing, she is a healthy 7-year-old girl.

Conclusions

Fertility preservation in women with rectal cancer is
feasible. This includes laparoscopic ovarian transposition
and cryopreservation of ovarian tissue, embryo, or oocyte.
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Abstract
Background The loose seton technique (suggested to avoid any external anal division following seton placement, to ensure
anal continence) was assessed as the ultimate approach for primary as well as recurrent and persistent anal fistula.
Study Design Between 2000 and 2006, 97 patients were operated for trans-sphincteric anal fistula, 41 patients of whom
(42.3%) underwent the loose seton technique. The outcome was assessed periodically at the outpatient colorectal clinic and
finally by detailed telephonic questionnaire. Mean age was 45.3 years. Thirty one operations were elective (75.6%). Fifteen
(36.5%) patients had concomitant diseases, of whom three suffered from Crohn’s disease. Twenty nine patients had previous
anal operations.
Results The time from seton placement to its removal ranged from 3 to 7 months. At short-term follow-up, early
complications were noted in five patients (bleeding in one and abscess formation in four). Late complications included
liquid stool soiling in one patient (2.4%), solid soiling in two, and mucous discharge in three. Post-operative clinical
assessment of incontinence according to Cleveland Clinic Incontinence Score revealed scoring ranging from 2 to 6 in those
six patients. Neither gross stool nor flatus incontinence was noted. Fistula recurrence (persistence) was noted in eight
(19.5%) patients and successfully treated by the same loose seton technique.
Conclusions The loose seton technique for trans-sphincteric anal fistula carries favorable results and can be safely applied
while preserving the external sphincter function. We also recommend repeating the technique in case of post-operative
fistula recurrence or persistence.

Keywords Perianal fistula . Loose seton technique .

Anal incontinence

Introduction

The trans-sphincteric fistulae constitute about 30–40% of
all perianal fistulae (according to Parks’ classification). In

this type, the primary tract passes through the external
sphincter into the ischiorectal fossa. The fistula may be
uncomplicated or associated with secondary tracts. In
general, surgical treatment for fistula aims to cure the
disease by abolishing and draining the primary and
secondary tracts, while maintaining continence.1–3

The oldest strategy suggested to approach surgical repair
of fistula was by using the seton, enabling preservation of
the sphincter mechanism.4 The staged fistulotomy using a
seton (usually by using a polypropylene thread to encircle
the external anal sphincter) is regarded as one of the
techniques to deal with trans- and supra-sphincteric perianal
fistulas.1,2,5,6 The seton works by several mechanisms: (1)
It assists in identifying and marking the fistula tract during
excision of a trans-sphincteric fistula; (2) it helps in
draining pus and controlling sepsis prior to definitive
treatment; (3) it stimulates fibrosis to prevent retraction of
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the cut ends of the external sphincter, following delayed
division for completion of fistulotomy; (4) the tight
(cutting) seton promotes slow transaction of the external
sphincter muscle.7–9 The loose seton technique was further
suggested in an attempt to avoid any external anal sphincter
division following treatment of complex anal fistulae, thus
ensuring anal continence.10–13 In cases of failed treatment
(recurrence or persistence of fistulae), it is a common
practice to complete fistulotomy by division of the external
sphincter, which might be accompanied by some degree of
incontinence.12 In our study, we used the loose seton
technique repetitively for the treatment of this sub-population.

The aim of our study was to evaluate long-term outcome
following the loose seton technique as the ultimate procedure
for trans-sphincteric anal fistula, primary, as well as for recurrent
and persistent, namely, without delayed muscle division.

Patients and Methods

During a 6-year period (January 2000 to January 2006), 97
patients were operated for trans-sphincteric anal fistula. Data
was collected retrospectively. The loose seton technique was
implemented in 41 (42.3%) patients. This study group
included 36 male (87.8%) and five females. Mean age was
45.3 years (range 21 to 86 years). Thirty one (75.6%)
operations were done on an elective basis. Concomitant
diseases were inspected in 15 (36.5%) patients, including
Crohn’s disease in three patients. Previous anal operations had
already been performed in 29 patients, including abscess
drainage in 27, fistulotomy in seven, and lateral sphincter-
otomy in five patients. Concerning the type of treated fistulae,
38 patients suffered from high trans-sphincteric fistula and
three had complex fistula related to Crohn’s disease.

In short, the technique involved initial examination of
the anal canal under anesthesia, identification and lying
open of secondary extensions, excising the anal mucosa and
opening of the inter-sphincteric space with an attempt to
preserve the internal anal sphincter as much as possible,
and eradication of affected anal glands. Finally, a loosely
tied no. 1 prolene or rubber seton is placed to encircle the
remaining external anal sphincter and the internal sphincter
whenever possible (Fig. 1). The seton was removed after a
minimal period of 3 months, leaving a tract for spontaneous
healing. In some patients, the seton was removed after a longer
period, mainly due to their delayed arrival for follow-up. In
case of recurrence or persistency of fistule, the remaining tract
was identified, undergoing debridement, and further loosely
encircled by the seton without sphincter division.

During follow-up (until January 2008), the patients were
admitted periodically to our colorectal outpatient clinic for
physical evaluation until complete healing was observed.
Clinical anal continence was assessed according to the
Cleveland Clinic Incontinence Score.14 In cases of fistula
persistence, the patients were admitted for further surgical
treatment. Outcome was assessed retrospectively by
patients’ medical charts review (based on our follow-up).
Prior to final analysis of our data, a detailed telephone
questionnaire was carried out to complete the long-term
outcome.

Figure 1 A loosely tied no. 1 prolene or rubber seton placed to encircle
the remaining external anal sphincter and the internal sphincter.

Table 1 High Trans-Sphincteric Fistula Treated by the Loose Seton
Technique

Description of data Number (range, percentage)

Total no. of patients 97

Loose seton technique 41 (42.3%)

Mean age 45.3 (21–86)

Elective operations 31 (75.6%)

Previous anal operations 29

Type of fistula (no. of patients)

High trans-sphincteric 38 patients

Complex 3 (Crohn’s)

Follow-up duration 5.1 (2–8) years

Duration of loose seton placement 4.9 (3–7) months

Perioperative (early) complications

Total 5 patients (12%)

Post-op. bleeding 1

Superficial abscess formation 4

Late complications 6 patients

Liquid stool soiling 1 (2.4%)

Solid stool soiling 2 (4.8%)

Mucous discharge 3 (7.3%)

Gross stool or flatus incontinence 0 (%)

Fistula persistence 8 (19.5%)
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Results

Mean follow-up duration was 5.1 years and ranged from 2 to
8 years (between 2 and 3 years—seven patients; 4 years—
five patients; 5 years—ten patients; 6 years—12 patients;
7 years—six patients; 8 years—one patient). The mean time
from seton placement to its removal was 4.87 months and
ranged from 3 to 7 months (3 months—six patients; 4 and
5 months—ten patients each; 6 months—11 patients;
7 months—three patients). In one patient, we could not
obtain the required data.

Early (perioperative) complications were noted in five
(12%) patients; one suffered from post-operative bleeding
and four had superficial abscess formation. Late (persistent)
complications were found in six patients; one (2.4%) had
liquid stool soiling, two (4.8%) had solid soiling, and three
(7.3%) experienced mucous discharge. The preoperative
fecal incontinence severity score was zero for all the study
population. Post-operative fecal incontinence score were
recorded to be zero for 35 patients, 2 for three patients, and
4, 5, and 6 for one patient each. Post-operative pad usage
was sometimes noted in three patients. Gross stool or flatus
incontinence was not recorded (Table 1). Fistula persistence
(non-healing fistula) was recorded in eight (19.5%) patients.

Successful treatment (healing) of fistula persistence was
achieved in all those cases by the same loose seton
technique. The duration of secondary seton placement was
for at least 3 months.

Discussion

In our study, we have demonstrated that, after an unsuccessful
attempt to achieve a complete repair of high trans-sphincteric
and complex fistula by the loose seton technique, division of
the external anal sphincter is actually not obligatory in order to
achieve satisfactory fistulous tract healing. Although time
consuming, all eight (19.5% of the study group) patients who
did not recover completely by the primary procedure healed
successfully following repetitive debridement and loose seton
application. The consequent obvious surgical advantage was
avoidance of the interruption of the sphincter mechanism
which may lead to anal incontinence.

However, this is a retrospective study, which is its main
drawback.

Generally speaking, our results concerning the success
rate of the loose seton technique are fair in comparison to
previous studies (between 44% and 83% of short-term
successful healing), as about 80% of our patients healed
satisfactorily following the procedure.5,10–15

Our study group is rather large, and the complication rate
(especially liquid and solid stool soiling) was relatively low,
around 5%.

As this technique does not involve the cutting of the
external anal sphincter and lying open of the fistulous tract
for secondary repair, its success rate might be lower in
comparison to the latter, and its efficacy of treatment may
fall over a long term of follow-up.10

However, the completion of the division of the sphincter
is common following failure of the loose seton technique
(recurrence or persistence) in order to achieve successful
healing. The price is a potential insult to the continence of
the anal mechanism. This was successfully avoided by re-
insertion of the seton, without further division of the anal
sphincter. In addition, our efforts to preserve the internal
anal sphincter have also contributed to the low incontinence
rate. Another clear advantage of re-insertion of the loose
seton in cases of fistula persistence/recurrence derives from
the fact that, following a failed attempt of an initial
treatment of a complex fistula by the loose seton technique,
the primary fistulous tract usually becomes shorter and
better defined (in comparison to the initial pre-treatment
anal sepsis illness). Accordingly, this makes it more suitable
for a successful eradication by secondary application of a
loose seton through it, as was demonstrated in our study
(eight patients). The approach of seton re-insertion in case
of recurrence has already been documented for complex
anal fistula in patients with Crohn’s disease, though not
necessarily as a completely definitive approach.7 Consider-
ing the various surgical armamentarium to deal with
difficult fistula like high trans-sphincteric or complex
fistula, the loose seton approach, though necessitates a
prolonged waiting period, avoids a significant rate of
continence complications that is related to external sphincter
division and that may be over 50%.1–3,12,13 In conclusion,
loose seton approach is efficacious as a definitive long-term
treatment for primary high trans-sphincteric anal fistula, and
we further advocate its beneficial use in cases of persistence
or recurrence. However, we recommend a prospective and
randomized study to assess our data.
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Abstract Achalasia, an esophageal motility disorder characterized by aperistalsis and failure of lower esophageal sphincter
(LES) relaxation, is most effectively treated by surgical ablation of the LES. In this report, we describe our technique of
laparoscopic extended Heller myotomy with Toupet partial posterior fundoplication. The technical details of this procedure
include careful division of the longitudinal and circular muscle fibers of the LES anteriorly, including extension of the
myotomy 3 cm distal to the esophagogastric junction onto the gastric cardia. The Toupet procedure, involving a posterior
wrap of the gastric fundus which is secured to both edges of the myotomy as well as to the crura of the hiatus, is added to
prevent post-myotomy gastroesophageal reflux. From a recently published report, mean dysphagia scores remained low (3
out of 10 severity on a visual analog scale) and symptoms of reflux were reported minimally in a series of 63 patients
followed for a median of 45 months. This technique provides excellent and durable relief of dysphagia associated with
achalasia while minimizing post-myotomy acid reflux symptoms.

Keywords Achalasia . Heller myotomy .

Antireflux procedure

Introduction

Achalasia is a relatively rare but well-known esophageal
motility disorder involving the failure of relaxation of the
lower esophageal sphincter (LES) upon swallowing and the
loss of esophageal peristalsis. While not specifically
curable, treatment for achalasia is aimed at ablation of the
LES in order to relieve the symptoms of dysphagia and
regurgitation invariably produced by this disease. The first
such therapy, described by Thomas Willis in 1674, involved
rigid esophageal dilation with a sponge-tipped whalebone.1

Surgical treatment was introduced by Ernest Heller in 1913,
consisting of an anterior and posterior myotomy across the

LES performed via a thoracotomy.2 Much more recently,
the laparoscopic technique has become the most widely
used surgical approach to this disease, yielding excellent
results which are generally superior to non-surgical therapy.
The purpose of this report is to describe in detail how we
perform the extended laparoscopic Heller myotomy with
Toupet fundoplication for achalasia. Results from a recently
published series with long-term follow-up are included to
illustrate the success and durability of this particular
technique.3

Technique

All patients are routinely evaluated with upper endoscopy,
barium esophagography, and esophageal manometry to
confirm the diagnosis and plan the procedure. The patient
is prepared for surgery in the standard fashion, with orders
to be NPO after midnight. For patients who present with a
dilated esophagus, in particular those with esophageal
dilatation greater than 4 cm and/or with a long or tortuous
esophagus, we will discontinue solid food 4–5 days prior to
the procedure and utilize a high-energy liquid diet. The
idea is to clear the esophagus of solid debris as much as
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possible. A first-generation cephalosporin such as cefazolin
is given as antibiotic prophylaxis prior to incision. The
patient is placed under general endotracheal anesthesia and
then positioned in low-lithotomy; a bean-bag underneath
the patient is secured to the table in order to prevent slippage
when the patient is subsequently placed in a steep reverse-
Trendelenberg position. Alternatively, a pair of safety belts
may be mounted on each side of the operating table and used
to secure the patient’s thighs, in essence, forming a sling
rather like a climbing harness. It is also helpful to turn the
operating table at an approximately 30° angle to the long axis
of the room, so that the laparoscopic tower and screen may
be placed at the patient’s left shoulder leaving the head of
the table free for the anesthesia team and for the surgeon in
the event the need arises for instrumentation (endoscopy)
of the esophagus.

Pneumoperitoneum is obtained using a Veress needle
technique, either in the left subcostal position or at the
primary camera position, a point approximately 2 cm above
and 1–2 cm to the left of the umbilicus, as desired. The
remaining ports, five in all, are placed in a fashion identical
to that used in a laparoscopic antireflux procedure (Fig. 1).
It is our practice to use a 10-mm supraumbilical port for a
10-mm, 30° laparoscope, (a good quality 5 mm laparoscope
can be used instead) 10 mm ports in the right and left
subcostal positions respectively, a 10 mm right flank port,

and a 5 mm left flank port. The right flank port may be
omitted in patients with relatively small livers if one chooses
a Nathason retractor which can be placed through a 4–5-mm
epigastric opening without a port. The left lateral segment of
the liver is then retracted with a paddle-style liver retractor
through the right flank port (or the Nathanson through the
epigastric entry site). Either retractor is secured using a table-
mounted “iron intern” self-retracting device.

A point is chosen along the greater curvature of the
stomach approximately 1/3 of the way distal to the esoph-
agogastric junction, and the short gastric vessels are divided
using an ultrasonic coagulator proximally to mobilize the
fundus, thus avoiding tension on the antireflux procedure
performed subsequent to the myotomy. The hiatus is then
dissected and the esophagus is exposed within the distal
mediastinum. It is not necessary to dissect the esophagus
circumferentially in the mediastinum, only the anterior aspect
where the myotomy will be made. The dissection is carried up
far enough to permit the performance of the myotomy to 8 cm
proximal to the level of the esophagogastric junction. A 1/2-
in. Penrose drain placed around the esophagogastric junction
is helpful in providing retraction to complete this dissection,
and brings the distal esophagus more easily into the operative
field, thus limiting the amount of work that needs to be done
above the hiatus. The anterior (left) vagus nerve is identified
and carefully preserved, and the epigastric fatpad is dissected
away to facilitate precise identification of the esophago-gastric
junction and the distal extension of the myotomy onto the
cardia. In most patients, there is no need to close the hiatus. In
fact, we prefer to leave it open as we do not wish to risk
compromising the lumen of the esophagus. Thus, when we
anticipate performing a partial posterior fundoplication
(Toupet type), we dissect both crura free from adjacent tissues
but leave the hiatus open and slightly larger than when we
started the operation given that we have been dissecting the
esophagus up above and have produced some lateral
stretching. If a large hiatus hernia is identified, present in
approximately 20% of patients with achalasia, the crura may
need to be closed, using interrupted sutures posterior to the
esophagus. Care must be taken to avoid tightening the hiatus
too much, allowing for a small window posterior to the
esophagus such that when the dilator is subsequently placed
the hiatus is not tightly apposed to the circumference of the
esophagus.

A lighted 52-French esophageal dilator is next passed
transorally by the anesthesiologist with the tip positioned
well into the gastric body. This provides a platform for
performance of the myotomy, and aids in identification of
the submucosal layer. Notably, it is important to have an
anesthesiologist who is very familiar with this surgical
procedure and thus experienced and comfortable with
placement of the dilator, to best avoid esophageal perfora-
tion. Otherwise, it is beneficial for a member of the surgicalFigure 1 Port placement for laparoscopic Heller myotomy
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team to perform this important step. A 10-mm laparoscopic
Babcock clamp is used to spread the anterior esophagus
and/or the stomach wall over the Babcock clamp, providing
tension on the muscularis and thus facilitating division of
the muscle fibers. With that platform in place, we then
expose and review the anatomy, identify the location of the
previously dissected anterior vagus and, precisely, the
gastroesophageal junction (GEJ). We then measure 3 cm
below the GEJ, and at a point close to the lesser curvature
(usually 2–2.5 cm to the left of the lesser curvature), we
start the myotomy over the bougie and move upwards in a
straight line towards the GEJ. This is always the most
difficult part of the procedure, and it is useful to do it first.
It is challenging in this area to clearly identify the muscular
planes and to find the mucosa, and it is helpful to divide
longer areas (1 cm or so) on the serosa and initial muscular
layers and then gently “find” your way through the rest of
the muscularis until the mucosa is seen. The deepest part of
the muscularis of the stomach in this area, the oblique fibers
that are descending from the angle of His down to the lesser
curvature, do not easily separate away from the mucosa and
a lot of gentle work must be done as the myotomy is
enlarged. We usually do the entire 3 cm to the GE junction
and then gently re-do the area that has been myotomized
until we have good mucosal exposure and completely
separated edges. Electrocautery is used rarely and with very
short bursts in the area near the mucosa. The myotomy is
then continued up through the GEJ and into the body of the
esophagus by gently dividing the muscular fibers with
either a hook electrocautery or the ultrasonic coagulator to
expose the submucosa of the esophagus. The esophageal
myotomy is much simpler, as the layers are well delineated
(except in patients who received botulinum toxin preoper-
atively) and the mucosa is thicker with a submucosal plane
that allows relative ease of dissection. Both the outer
longitudinal and inner circular muscle layers must be
identified and divided (Fig. 2). Extension of the myotomy
for a distance of 3 cm distally onto the gastric cardia and
about 6–8 cm proximally on the esophagus is the goal.
Most bleeding encountered during this step of the proce-
dure can be controlled with time and/or the application of
pressure using a closed blunt grasper. In our experience,
bleeding subsides when it is coming from the submucosal
vessels in all instances, sometimes with the application of
pressure, or by holding on to the bleeding vessel gently
with the grasper. We do not recommend using electro-
cautery on the mucosa. The vessels that tend to be more
worrisome are always within the wall of the esophagus and
start bleeding as the muscularis, or the adventitia is divided
(the latter is more common in large esophagi and the
vessels are superficial to the muscularis). These vessels can
and should be controlled either with electrocautery, making
sure that the electrocautery is pressed against the muscle

and not in contact with the mucosa, or, should the
bleeding be more substantial, with an ultrasonic coagu-
lator, a clip (with a tiny piece of muscle attached) or a
suture. If a perforation of the mucosa should occur, it is
typically easily identified and can be repaired using
interrupted intracorporeal stitches with fine (4–0) absorb-
able suture.

Once the myotomy is deemed to be adequate in terms of
length, it can be checked using flexible fiberoptic endos-
copy, taking great care when approaching the myotomy
with the endoscope. The myotomized region should easily
open with air insufflation from the scope, and there should
be no narrow or tight areas from the esophagus to the
stomach. It is sometimes necessary to extend the myotomy
at this point based on localization of a residual high-
pressure zone. This technique also helps to identify any
previously-unrecognized perforation.

The final step is the performance of the antireflux
procedure. Our preference is for the Toupet partial posterior
fundoplication. This is begun by passing the tip of the
gastric fundus posterior to the esophagogastric junction,
and securing it with interrupted sutures of 2–0 silk to the
right crus of the diaphragm. The fundic tip is then sutured
to the right edge of the myotomy, using three sutures.
Similarly, the proximal aspect of the fundus is sutured to
the left edge of the myotomy, and also to the left crus
(Fig. 3). A Dor fundoplication is routinely chosen in
patients in whom there has been a perforation of the
mucosa so as to buttress the mucosal closure. The
procedure is now complete, the ports are all removed, and
the port sites closed.

Patients are started on a clear liquid diet after transfer
from the post-anesthesia care unit, and a soft diet is begun

Figure 2 Division of both longitudinal and circular muscle fibers of
the LES on the anterior aspect of the esophagus using a hook
electrocautery device
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the following morning. Patients are typically discharged
home on the first postoperative day.

Results

Between 1998 and 2003, 63 patients underwent the laparo-
scopic extended Heller myotomy with Toupet fundoplication
as described above, and these results have been published
recently.3 Mean dysphagia frequency, assessed preoperative-
ly by five-point questionnaire administered to all patients
(0=“no symptoms,” 1=“once per month,” 2=“once per
week,” 3=“daily,” and 4=“multiple times per day”) was 3.8±
0.7. There were no significant perioperative complications,
and median hospital stay was 1.8±0.6 days. With a median
follow-up of 45 months, mean dysphagia frequency was
significantly reduced to 1.7±1.4 and mean dysphagia severity
scores were 3.1±2.6 on a 0–10 visual analog scale. Other
symptoms, including heartburn, were minimal. Three patients
required subsequent dilations, between 36 and 56months after
surgery, and no patient required a reoperation. A subset of 31
patients was followed up for a median of 63 months, with
similar scores for postoperative dysphagia (3.7±3.0) and other
symptoms.3

Discussion

The technique described above proves to be a very effective
and durable treatment for achalasia, while minimizing the
amount of esophageal acid reflux associated with division
of the lower esophageal sphincter. In particular, both the

length of the myotomy onto the gastric cardia and the
performance and choice of an antireflux procedure are
important in achieving these results.

Extended Myotomy

The debate concerning the length of the myotomy onto the
gastric cardia has evolved over time, and centers around the
balance between maximal relief of dysphagia and the pre-
vention of postoperative reflux. The argument for a shorter
myotomy proposes that by maintaining some of the “clasp
and sling” fibers of the gastric cardia, a component of the
antireflux barrier is preserved. Ellis et al., describing their
technique of modified Heller myotomy via a left thoracot-
omy, as it was commonly performed at the time, advocated
that the LES be divided only a few millimeters onto the
cardia, citing an incidence of clinically significant reflux in
only 3% of their patients after the procedure, with good to
excellent results in 84%.4 The first description of a
minimally invasive approach to the Heller myotomy
emulated this technique using a thoracoscopic approach.
Notably, three of 17 patients required an early second
operation for extension of the myotomy onto the cardia.5 A
subsequent comparison between 35 patients undergoing the
thoracoscopic approach and 133 patients undergoing a
laparoscopic Heller myotomy, in which it is easier to extend
the myotomy further onto the cardia, yielded good to
excellent relief of dysphagia in 85% of the thoracoscopic
group compared to 93% of patients approached laparoscopi-
cally.6 Based upon these results and subsequent observations,
the laparoscopic technique was further modified at our
institution to extend the myotomy a full 3 cm onto the
cardia. When compared with a shorter myotomy (1.5 cm
onto the cardia) and Dor fundoplication, this extended
myotomy has resulted in significantly lower postoperative
dysphagia scores and markedly less reintervention.7

Antireflux Procedure

The issue of whether or not to perform an antireflux
procedure in conjunction with the Heller myotomy has been
a longstanding controversy. The incidence of reflux after
myotomy performed without some type of antireflux
procedure is reported to be as high as 100%. Some authors
have expressed concern over the creation of a barrier in the
face of an aperistaltic esophagus.8 However, in a 2004
randomized trial of Heller myotomy with or without Dor
partial anterior fundoplasty, Richards et al. demonstrated
equivalent postoperative dysphagia scores, while the Heller–
Dor group had significantly lower mean acid exposure times
compared to the Heller-alone group at 6 months follow-up
with 24-h pH monitoring (0.4% vs. 4.9%, p=0.001). Of the
43 patients enrolled in the trial, only 9% of the Heller–Dor

Figure 3 The completed extended myotomy with Toupet
fundoplication
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group exhibited pathologic reflux, compared to 47.6% of
the Heller-alone patients.9

In our experience, the addition of an antireflux proce-
dure, whether Dor anterior fundoplasty or Toupet partial
posterior fundoplication leads to a relatively low incidence
of reflux-related complaints while providing good to
excellent relief of dysphagia in the majority of patients.3,7,10

In some patients with a very wide distal esophagus (usually
seen in conjunction with a dolico-megaesophagus, redun-
dant length and loss of the axis of the esophagus) it is not
possible to perform a Toupet (or a Dor) without narrowing
the size of the esophagus. In these patients, we prefer to
dissect the distal esophagus and simply suture the esoph-
ageal wall to the right and left crura to try and restore its
axis as much as possible. For the average patient, our
preference is for the Toupet fundoplication as described
above, as we feel it provides better control of reflux than
the Dor fundoplasty. However, this is yet to be definitively
demonstrated when it is combined with Heller myotomy.
Another likely advantage of the Toupet procedure includes
a “stenting” effect of the myotomy which may help to
prevent scarring and reapproximation of the divided muscle
edges. Some authors have also described good results with
a total fundoplication performed in conjunction with Heller
myotomy. For example, Rossetti et al. reported relief of
dysphagia in 92% of 195 patients, with no measurable
pathologic acid reflux in a subset of 75 patients who had
undergone postoperative pH monitoring.11 Nonetheless, the
majority of surgeons performing Heller myotomy continue
to employ a partial fundoplication procedure when an
antireflux procedure is included.

Conclusion

The laparoscopic extended Heller myotomy with Toupet
fundoplication is an effective and definitive procedure for
the relief of dysphagia in patients with achalasia. Important
technical considerations in this procedure include division
of all longitudinal and circular muscle fibers in the high-
pressure zone of the LES, and extension of the myotomy

distally to 3 cm below the esophagogastric junction onto
the cardia. The addition of the Toupet partial posterior
fundoplication is relatively effective in the control of
gastroesophageal reflux which is otherwise expected after
ablation of the LES, and does not result in an increase in
postoperative dysphagia.
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Abstract
Introduction We present a novel surgical technique for cholecystectomy utilizing three laparoscopic ports placed through the
umbilicus. This newmethod is natural orifice transumbilical surgery (NOTUS) and describes a laparoscopic operation that can be
performed with all incisions placed within the umbilicus obviating visible abdominal scars.
Objectives To develop a novel laparoscopic surgical technique for cholecystectomy utilizing only transumbilical incisions.
Summary Background Data Natural orifice translumenal endoscopic surgery (NOTES) has become an exciting area of
surgical development. Significant limitations to this surgical concept, however, are lack of surgical expertise and appropriate
flexible instrumentation. An alternative and competing technology to NOTES is NOTUS.
Methods We describe a patient in whom a laparoscopic surgical technique for cholecystectomy utilized incisions all placed
entirely within the umbilicus. This new technique is called NOTUS and describes a laparoscopic operation that can be
performed without visible abdominal scar.
Results The operative time was 70 min. There were no intraoperative complications. The patient did well postoperatively
and was discharged on the same operative day. There were no postoperative complications at 2 months follow-up.
Conclusion Cholecystectomy performed through laparoscopic incisions placed within the umbilicus was technically feasible
and safe in our patient. Development of advanced flexible instrumentation and visualization platforms may facilitate this new
operative approach. Further advantages of NOTUS cholecystectomy compared to conventional laparoscopic cholecystectomy
will ultimately require a randomized clinical trial.

Keywords Laparoscopy . Single-site surgery .

Transumbilical cholecystectomy . Single laparoscopic
incision transabdominal surgery . NOTUS

Introduction

Natural orifice translumenal endoscopic surgery (NOTES)
is an exciting area of surgical development. Potential
benefits of NOTES include lack of an abdominal scar,

reduction of postoperative pain, ability to be performed
under conscious sedation, and faster recovery. However,
until now, the majority of human clinical experiences with
NOTES are hybrid procedures requiring access through a
natural orifice (transorally or transvaginally) in combination
with an umbilical or other transabdominal port for safe
peritoneal entry and maintenance of pneumoperitoneum.1–3

A true NOTES procedure without the use of any abdominal
port(s) is still under investigation with many potential
obstacles including safe peritoneal entry and closure of the
visceral gastrotomy.

A competing surgical technology to NOTES is single-
port or single-access transabdominal surgery and natural
orifice transumbilical surgery (NOTUS). Single-access or
single-port surgery holds the promise of advancing mini-
mally invasive surgical techniques to the next frontier with
the use of only a single laparoscopic incision or multiple
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incisions that are placed within a single site such as the
umbilicus to eliminate any visible abdominal scars. For
example, rather than performing a laparoscopic cholecys-
tectomy through the conventional four laparoscopic trocars,
the procedure would be performed through a single port or
single incision placed within the umbilicus which then will
be used for extraction of the gallbladder. A potential
disadvantage with the single incision technique is restric-
tion in the degree of movement of laparoscopic instruments
and camera.

We report a laparoscopic cholecystectomy procedure that
was performed utilizing three laparoscopic trocars all
placed within the umbilicus. By positioning these incisions
separately within the umbilicus, there is a greater degree of
freedom for instrument movement thus reducing the
technical complexity of this operation.

Case Study and Surgical Technique

A 23-year-old woman with a body mass index of 38 kg/m2

who had undergone a previous laparoscopic adjustable
gastric banding procedure 12 months ago presented with
intermittent right upper quadrant abdominal pain. Abdom-
inal ultrasound showed a thickened gallbladder wall with
multiple gallstones consistent with symptomatic chronic
cholecystitis. Our conventional laparoscopic cholecystec-
tomy operation requires placement of four abdominal
trocars with a 12-mm trocar within the umbilicus and three
additional abdominal ports. In this case, three laparoscopic
incisions (5 mm) were made within the umbilicus. Both the
operative surgeon and assistant who holds the camera stand
on the patient’s left side (Fig. 1). Through these incisions,
pneumoperitoneum was established with a Veress needle.

Three 5-mm trocars were placed (Fig. 2). A 5-mm flexible-
tip camera was placed for visualization. A rigid grasper was
used to retract the infundibulum of the gallbladder, and
rigid and flexible-tip dissectors were used to dissect out the
critical structures within the triangle of Calot (Fig. 3a,b). A
critical view of structures within the triangle of Calot was
obtained before ligation and division of the cystic duct
and artery. Once the cystic duct and artery were clearly
identified as the only two structures entering the gall-
bladder, they were clipped proximally and distally with a
rigid 5-mm multiclip applier (Fig. 4). A rigid scissor was
used to divide these two structures between the clips. A
flexible-tip L-hook instrument was used to dissect the
gallbladder from the liver bed (Fig. 5). One of the 5-mm
ports was replaced with a 12-mm port to enlarge the fascia
in preparation for removal of the specimen. Upon removal
of the gallbladder, all trocars were removed. Using a direct
technique, the 12-mm fascial defect was closed with an
interrupted suture. The operative time was 70 min. There
were no operative complications. The patient recovered
well postoperatively and was discharged on the same day.
There were no postoperative complications.

Discussion

Laparoscopy has revolutionized the methods surgeons use
in many general surgery operations. Innovations in new
instrumentation and technology have recently pushed
minimally invasive surgery into a new frontier of even less
invasive approaches. NOTES has been an emerging area of
interest for surgeons and gastroenterologists with many
institutions performing research in this field. However,
NOTES procedures are limited by difficulty in access, lack

Figure 1 Operative set-up for NOTUS cholecystectomy with both the
surgeon and assistant (holding the camera) standing on the patient’s
left side.

Figure 2 Transumbilical port position for NOTUS cholecystectomy
with two 5-mm ports and one 12-mm port. The 5-mm flexible-tip
camera is placed in-between the two working instruments.
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of appropriate flexible instrumentation, and concern over
breaking the sterility barrier. Single-access surgical tech-
nology is an alternative to NOTES, which is a less invasive
platform compared to conventional laparoscopy that may
utilize existing instrumentation and visualization systems.
This paper describes our technique for performance of a
laparoscopic cholecystectomy utilizing three laparoscopic
incisions that were all placed within the umbilicus, resulting
in no visible abdominal scars.

As the introduction of laparoscopic cholecystectomy,
surgeons have continually introduced even less invasive
techniques. Kagaya4 reported performance of laparoscopic
cholecystectomy using two abdominal ports rather than the
conventional four abdominal-port technique. He utilized a
10-mm port within the infraumbilical position and a 5-mm
incision at the subxyphoid region to perform cholecystec-
tomy in 40 patients.4 Leggett et al.5 reported laparoscopic
cholecystectomy using three abdominal ports (two 3-mm
abdominal trocars and a 5-mm umbilical trocar). The three-

port microlaparoscopic cholecystectomy did not show any
reduction in postoperative pain or improvement in postop-
erative recovery.5 More recently, several institutions
reported the NOTES hybrid cholecystectomy procedure,
which uses a transvaginal trocar in combination with a
single abdominal port for retraction, maintenance of
pneumoperitoneum, or the use of the laparoscopic clip
applier.6,7 Forgione et al.6 reported hybrid transvaginal
cholecystectomy in three patients. Zornig et al.7 similarly
reported the hybrid transvaginal cholecystectomy with an
umbilical port in 20 patients. The mean operating time was

Figure 4 NOTUS cholecystectomy with dissection of the cystic artery
after clipping and division of the cystic duct. Using a flexible-tip
dissection instrument, we were able to achieve a 90° angle to the cystic
artery. A single rigid grasper is used for cephalad retraction of the gall-
bladder (above the visualization field).

Figure 5 NOTUS cholecystectomy showing removal of the gallblad-
der from the liver fossa using a flexible-tip L-hook cautery. Although
the 5-mm flexible-tip camera, rigid retracting instrument (above the
visual field), and the flexible-tip L-hook instrument are introduced at
the umbilicus, the flexible-tip L-hook is coming from the left side of
the operating field thus improving visualization.

Figure 3 a NOTUS cholecystectomy showing the critical view with a
grasper giving cephalad retraction and a suction device giving medial
retraction. b NOTUS cholecystectomy showing the critical structures
of the triangle of Calot.
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62 min, and there were no intraoperative or postoperative
complications. There were no visible abdominal scars, as
the ports were placed either transvaginally or transumbil-
ical. Recognition that all of the current NOTES cholecys-
tectomy procedures are hybrid procedures requiring an
abdominal trocar led to the concept of transumbilical
surgery as a method to eliminate the abdominal scars.
Cuesta et al.8 reported on transumbilical cholecystectomy
using two 5-mm umbilical trocars and a 1-mm Kirschner
wire introduced in the right subcostal region for retraction
of the gallbladder. Their mean operative time was 70 min
with no conversion and no postoperative complications.8

Alternatively, Piskun and Rajpal9 reported transumbilical
cholecystectomy using two 5-mm umbilical ports and two
transabdominal sutures for retraction of the gallbladder.
Unlike these techniques, we utilized three abdominal ports
within the umbilicus, obviating the need for suture or wire
retraction within the right costal margin. This technique has
been described as NOTUS, as the umbilicus was once a
natural orifice. Advantages of our technique include the
ability to use a rigid instrument to retract the gallbladder
with dynamic retraction provided by the operating surgeon
and the ability to use conventional laparoscopic clips rather
than flexible endoscopic clips. These simplifications in
technique will require a shorter learning curve.

This report documents the feasibility of transumbilical
cholecystectomy. Clinical advantages of this approach may
eventually require a randomized controlled trial comparing
laparoscopic cholecystectomy vs. NOTUS cholecystec-
tomy. However, the major advantage of this method is
improved cosmesis without any visible abdominal scars.
Disadvantages of NOTUS cholecystectomy include the
smaller degree of instrument triangulation compared to
conventional laparoscopy and the lack of lateral retraction
during dissection of the triangle of Calot. Some of these
disadvantages may be overcome with the development of
trocars with smaller profiles to enhance the degrees of
instrumentation movement and flexible retracting instru-
ments. Despite the limitations of NOTUS cholecystectomy,

we were able to perform our operation with a reasonable
operative time of 70 min, which should improve once the
learning phase of this new technique is overcome.

In conclusion, we have documented the feasibility of
NOTUS cholecystectomy. The procedure was performed
with existing ports, laparoscopic instrumentation, and
visualization platforms. Development of newer instrumen-
tation and visualization platforms may facilitate this new
operative approach. Further advantages of NOTUS chole-
cystectomy compared to conventional laparoscopic chole-
cystectomy will ultimately require a clinical trial.
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Abstract
Background Pancreatic resection is associated with a significant morbidity. Efforts to reduce hospital stay and enhance
recovery have seen the introduction of minimally invasive surgical techniques. This article reviews the current published
literature on the safety and efficacy of minimally invasive surgery of the pancreas.
Methods An electronic search of the PubMed and Embase databases was performed from 1996 to May 2008 to identify all
relevant publications; studies meeting predefined inclusion criteria were retrieved and analyzed using a standardized
protocol. Data on the safety and efficacy of minimally invasive surgery of the pancreas were recorded and analyzed.
Results Of 565 abstracts reviewed, 39 studies were identified as eligible for inclusion. There were 37 case series and two
case control studies. Compared with open pancreatic surgery, minimally invasive pancreatic resection is similar in terms of
morbidity and mortality. Blood loss and length of stay are decreased.
Conclusions Laparoscopic distal pancreatic resection and enucleation of insulinoma appear to be safe procedures with
reduced hospital stay, though morbidity remains significant. The evidence for laparoscopic pancreaticoduodenectomy is in
its infancy, but the authors feel it is unlikely that many centers will achieve sufficient case load to make the introduction of
minimally invasive resection feasible.

Keywords Pancreas . Laparoscopic .Minimally invasive Introduction

Resection of the pancreas remains one of the most
challenging areas of gastro-intestinal surgical practice and
is associated with up to a 50% morbidity and 8% mortality
rate.1–3 The traumatic response induced by the large
incisions which are required for adequate exposure of the
surgical field is thought to make a significant contribution
to this morbidity.4 The introduction of minimally invasive
(laparoscopic) surgery in operations such as cholecystectomy
and colonic resection has seen a reduction in postoperative
pain and increased mobility, enabling enhanced recovery and
facilitating early discharge.5,6 Concerns were raised initially
in cancer surgery regarding radicality of resection using the
laparoscopic approach. However, evidence from studies in
laparoscopic colonic resection suggests these concerns were
unfounded.7 In pancreatic surgery, there is increasing interest
in the feasibility of minimal access techniques in an attempt
to reduce morbidity and assist postoperative recovery.
However, availability of training cases is infrequent as the
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incidence of resectable pancreatic disease is low in compar-
ison to other surgical pathologies. In addition, the difficulty
of performing these complex resections and reconstructions
without the tactile feedback provided by open surgery adds a
further barrier to widespread introduction of the technique.
In this systematic review, we present the current evidence
available on minimally invasive pancreatic resection and
evaluate the implications for changes in future hepatobiliary
and pancreatic surgical practice.

Methods

Search Strategy

The PubMed and Embase databases were searched elec-
tronically from 1996 up to and including May 2008. Search
terms used included: pancreas, minimally invasive, laparo-
scopic, resection, and surgery. Terms were searched both in
isolation and in combination to identify all published
evidence. Search limits were applied to include articles
published in English language, those with abstracts, and
human studies only. Articles published in abstract form
only, relating to animal or in vitro work, case reports, or
reporting less than five cases were excluded from the final
analysis. All full articles retrieved were also hand searched
for further studies identifiable from the reference list.
Articles describing hand-assisted techniques were included
so long as part or all of the procedure was completed
laparoscopically. Review articles and studies of non-
resection or necrosectomy-related pancreatic procedures
were excluded. In the case of sequential publications with
data overlap, the report with the most comprehensive
information regarding the study population was selected.

Data Extraction

All identified articles were examined using a predesigned pro
forma, and data collected was entered into a database. A list of
information gathered on the pro forma is detailed in Table 1.
Data was analyzed on an intention to treat basis where possible.

Statistical Analysis

Overall averages are presented as weighted means (range)
unless otherwise stated.

Results

Figure 1 details the results of the initial search and the
subsequent selection of relevant articles. In the initial
search, 866 articles were identified. Manuscripts without

abstracts, not in the English language, and those performed in
animals were excluded leaving 565 abstracts for review. After
application of exclusion criteria, a further 522 publications
were excluded—lack of relevance (308), review article (62),
case report (73), inclusion of fewer than five cases (14),
drainage procedure for cystic disease without resection (24),
necrosectomy (23), laparoscopy only (18). A total of 43 full
articles were examined. Four further articles were excluded
due to data duplication, leaving 39 studies for review.

The majority of studies were retrospective case series, though
several groups collected data prospectively (10), and there were
two case-controlled studies.8,9 There were no randomized
controlled trials. Five studies involved more than one cen-
ter.10–14 A total of 801 patients were included in all
publications, ranging from five to 127, with a mean of 21
patients per study. The attempted operations included 85
pancreaticoduodenectomies, 130 enucleations, seven central
pancreatic resections, 349 distal pancreatectomies with splenic
preservation, and 229 distal pancreatectomies with splenectomy.
Several studies reported different types of resection as a cohort.
During resection-specific analysis reports including less than five
operations pertaining to one type of resection were not included.

Pancreaticoduodenectomy

Table 2 shows the four studies which have reported greater
than five laparoscopic pancreaticoduodenectomies, with a
total of 85 patients in these studies.

Mortality

Of 85 patients in the four studies there were three deaths,
giving an overall mortality rate of 3.5%. The deaths were

Table 1 Data Captured on Pro Forma from Retrieved Studies

Captured data

Author
Study design (randomized controlled trial, case control, case series)
Period of inclusion
Number of patients
Age (mean and range)
Male: female ratio
Type of operation (enucleation, distal pancreatectomy with
splenectomy, distal pancreatectomy with splenic preservation,
pancreaticoduodenectomy)
Operating time (mean and ranges)
Blood loss (mean and ranges)
Conversion rate and reason
Morbidity and type
Mortality and type
Length of hospital stay (mean and range)
Resected specimen margin status
Number of lymph nodes retrieved
Postoperative pathology
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due to a postoperative myocardial infarction.15 adult
respiratory distress syndrome associated with pancreatic
anastamotic leak.16 and bleeding from a duodenal ulcer.17

Morbidity

One group only reported their morbidity as “high” and
could not be taken into account in the analysis.18 Overall
morbidity for the remainder was 30.7%, due to 23
complications in 75 patients.

Perioperative Factors

All studies reported mean duration of surgery. Overall
weighted mean was 371 min in the 85 patients (243–
640 min). Blood loss was reported in three of the four
studies,15–17 overall mean being 126 ml (35–770 ml). Lu
et al. did not report conversion in their small series.17 Of
the remaining eighty operations, seven were converted
(8.75%). Three studies reported hospital stay,15,16,18

overall weighted mean was 13.6 days (8–28 days).

Histopathological Factors

Two studies included lymph node yield in their analysis,
with an overall mean of 15 per case (8–24).15,16

Distal Pancreatectomy

Table 3 shows studies relating to distal pancreatectomy with
and without splenic preservation. Morbidity encountered in
the laparoscopic distal pancreatectomy studies is summa-
rized in Table 4.

Mortality

Twenty-seven out of the twenty eight studies analysed
reported a 0% mortality rate. Edwin et al. reported two
perioperative deaths, one patient from multi-organ
failure after a complicated, converted operation in
which the celiac plexus was excised and reconstructed,
and the other patient succumbing to a myocardial
infarction 8 days after operation.19 Overall mortality
was, therefore, 0.4%.

Table 2 Laparoscopic Pancreaticoduodenectomy - Results of Published Studies

Reference and

inclusion period

No. of

patients

Mean age

(years)

M:F Pathology Op

time (mins)

Blood

loss (mls)

Conversion

rate (%)

Morbidity

(%)

Mortality

(%)

Hospital

Stay (days)

Lymph

node

yield

Palanivelu et al.16

Feb 1998–Jan 2006

45 61 (28–0) 25:20 24 Amp, 4 CA,

12 AHOP, 3 DC,

2 CP

370 (270–640) 65 (35–395) 0 26.7 2.2 10.2 (8–28) 13 (8–21)

Dulucq et al.15

March 1999–

June 2005

25 62 (48–76) 9:16 11 AHOP, 3 Amp,

2 DA, 2 CP,

1 NEC, 1 RM,

2 Other

287 (240–331) 107 (59–155) 12 31.8 4.5 16.2 (13–19) 19 (14–24)

Gagner et al.18

Jan 1992–Jan 1997

10 71 (33–82) 4:6 8 Amp, 2 CP 510 NR 40 “High” 0 22.3 NR

Lu et al.17

2002–2006

5 43 4:1 4 DA, 1 AHOP 528 770 NR 60 20 NR NR

Amp ampullary carcinoma, CA cystadenocarcinoma, AHOP adenocarcinoma head of pancreas, DC distal cholangiocarcinoma, CP suspicious
lesion in chronic pancreatitis, ARDS adult respiratory distress syndrome, DA duodenal carcinoma (papillary or adeno), NEC neuroendocrine
carcinoma, RM renal metastasis, Other other benign lesion, NR not reported or insufficient data

Initial Search n=866

Excluded as no 
abstract, non-English 
language or animal 

n=301

565 Abstracts reviewed

43 Full articles retrieved

39studies included in final  
analysis

Rejected as: 
Not relevant n=308
Reviews n=62
Case report n=73
Fewer than 5 patients n=14
Cyst drainage only, no 
resection n= 24
Pancreatic necrosectomy
only n=23
Laparoscopy only, no 
resection n =18

Rejected as duplicate data 
n=4

Figure 1 Flow chart detailing results of search strategy and reasons
for exclusion.
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Morbidity

All 28 studies reported morbidity rates. Out of a total of
496 patients, there were 169 complications; an overall
morbidity rate of 34.1%.

Perioperative Factors

Twenty-six of 28 studies reported operating times, with
an overall mean duration of 229 minutes (65–500 min).
Twelve studies reported blood loss, overall weighted
mean was 311 ml (0–4,000 ml) in a total of 229
patients. Nineteen studies reported conversion rates,
with an overall mean of 12.1% in 442 patients.
Twenty-three publications reported length of hospital
stay in a total of 441 patients. The weighted mean was
7.5 days (1–67 days).

Histopathological Factors

Only four studies reported lymph node yield,20–23 mean
weighted total being 13 (2–20). Margin status was recorded
in nine studies.11,19–26 Out of a total of 194 cases, eight
specimens (4.1%) were reported to have positive resection
margins at histological analysis.

Enucleation

Table 5 shows studies of pancreatic tumor enucleation.

Mortality

There was no reported mortality in any of the published
series.

Morbidity

Eight of the 11 studies reported sufficient data which
could be analyzed for specific morbidity after enucleation.
Out of a total of 101 patients, 48 (47%) suffered
complications. The rate of postoperative pancreatic fistula
(of any type) was 29.3% and this was the commonest
complication.

Perioperative Factors

Eight studies reported mean operating times in a total
of 98 patients. The weighted mean duration of surgery
was 132 min (50–290 min). Nine out of 11 studies
reported conversion rates in enucleation, overall
weighted mean conversion rate was 23.3%. Hospital
stay was described in six papers with an overall mean
of 7.8 days (1–32 days).T
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Discussion

The evolution of many forms of surgery toward the
minimally invasive approach has been perhaps the most
significant change in surgical practice in the last decade.
Operations, such as cholecystectomy, which previously
required routine hospital admission for up to a week, can
now be safely achieved as day-case procedures.27 However,
the majority of laparoscopic procedures which have met
with widespread acceptance by surgeons are performed in
the setting of a high incidence of pathology which is
amenable to surgical treatment. This enables a high volume

of experience for the training surgeon in order to perfect
and enhance the operative technique and gain familiarity
with the pitfalls which may be encountered.

Pancreatic disease is relatively uncommon, with 10 cases
of carcinoma of the pancreas per 100,000 population per
year in Europe,28 with as few as 10% of these patients
being suitable for potentially curative resection.29 The
infrequency and complexity of these cases has meant that
adoption of minimally invasive approaches has been met
with scepticism and caution by the majority of pancreatic
surgeons. Many specialists have declined to take up the
procedure, instead awaiting evidence of its benefit. This
review demonstrates that there are now a considerable
number of publications pertaining to laparoscopic pancreatic
surgery. However, there are no randomized controlled trials
and the majority of series is retrospectively collected and
includes very few patients, and so the data should be treated
with caution.

With regard to pancreaticoduodenectomy, it is evident
that the literature is in its infancy. Few surgeons have even
attempted the procedure. The series reported by Dulucq
et al. includes 13 totally laparoscopic cases and nine in
which a mini-laparotomy was performed to facilitate the
reconstruction.15 Overall, it is apparent that operative
variables, specifically duration of surgery and lymph node
yield, are comparable to published open series.30 Blood loss
is significantly less and hospital stay shorter in comparison
to the largest open series reported by Yeo et al. in 1997.1 It
should be noted that the surgical margins (one of the key
concerns of those not advocating laparoscopic resection for
malignant disease) were all negative in the series reporting
them. If the morbidity rate of 26.7% in Palanivelu et al.’s
series from India could be reproduced in other studies, it

Table 5 Laparoscopic Enucleation of Pancreatic Tumors—Results of Published Studies

Reference and study period No. of

cases

Mean age

(years)

M:F Mean Op

time (mins)

Mean blood

loss (mls)

Conversion

rate (%)

Morbidity

(%)

Mortality

(%)

Hospital

stay (days)

Ayav et al.14 1996–2003 19 48 (20–77) NR 115 (50–190) NR 10.5 42 NR 0 11 (5–32)

Edwin et al.19 Mar 1997–

May 2002

6 NR NR 120 (60–240) 100 (100–300) NR NR 0 5.5 (2–22)

Berends et al.13 Feb 1996–

Feb 1999

9 42 (16–72) 2:7 180 (150–210) <100 in all 44.4 66.6 0 7 (3–21)a

Fernandez-Cruz et al.22

Apr 1998–Apr 2007

20 NR NR 120 [NR] 220 [NR] NR 40 0 5.5 (5–7)

Mabrut et al.11 1995–2002 24 NR NR 120 (65–290) NR 12.5 33.3 0 NR

Jaroszewski et al.52 Sep 1997–Apr 2002 6 NR NR NR NR 50 33.3 0 NR

Sweet et al.53 Jul 2000–Jun 2005 9 39 (18–56) 3:6 NR NR 22 77.8 0 4.4 (1–15)

Iihara et al.54 NR 6 NR NR 170 (140–240) 15 (10–30) 16.7 66.6 0 NR

Liu et al.55 May 2000–Oct 2006 9 NR NR 159 [NR] 77 [NR] 33.3 22.2 0 11.8 [NR]

Toniato et al.49 Jan 2000–Sep 2005 5 NR NR NR NR 20 NR NR NR

Schraibman et al.56 NR 5 (14–45) NR 130 (100–150) “Minimal” 0 NR NR NR

NR not reported or insufficient data to analyze separately
aMedian

Table 4 Morbidity in Distal Pancreatic Resections

Type of morbidity No. of patients
(% incidence)

Specific complications
related to surgery

Pancreatic fistula 71 (14.3)
Intra-abdominal collection 35 (7.1)
Splenic infarct 8 (1.6)
Bleeding 6 (1.2)
Wound infection 3 (0.6)
Diabetes 2 (0.4)
Port site hernia 1 (0.2)
Pancreatitis 1 (0.2)

General complications Respiratory 18 (3.6)
Ileus 4 (0.8)
Pyrexia of unknown source 4 (0.8)
Urinary 4 (0.8)
Perforated ulcer 3 (0.6)
Venous thrombo-embolism 3 (0.6)
Blood transfusion 2 (0.4)
Cardiac 2 (0.4)
Cerebro-vascular accident 1 (0.2)
Multi-organ failure 1 (0.2)
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would be an improvement on current open surgical
practice.16 It should be noted that all the patients in this
series were graded as American Society of Anesthesiologists
I or II, and the results may not be representative of the
general population. It is clear that in all these studies, cases
were highly selected, and it is debatable whether the results
can be transferred into a wider population. In addition it
remains unclear whether or not laparoscopic resection can be
used in all pancreatic pathologies, for instance when portal
vein invasion is present.

In contrast to pancreaticoduodenectomy, distal pancrea-
tectomy has sparked widespread interest. This is almost
certainly due to the easier technical nature of the procedure
given that there is no necessity to perform a pancreatic
anastamosis. Twenty-eight groups have published data on
outcome in 496 patients, giving a substantial body of
evidence regarding the safety and efficacy of the procedure.
Duration of surgery, blood loss, mortality, and length of
hospital stay compare favorably with the published litera-
ture in open surgery.31,32 The morbidity associated with
pancreatic resection appears similar to open series.31,32 In
common with open distal pancreatectomy, formation of
pancreatic fistulae and abdominal collections are the
commonest complications.31,32

Of note is the experience of one group in resection of the
central portion of the pancreas which did not fit easily into
any of our result sub-classification. In their series of six
resections, Sa Cunha et al. achieved similar results to that of
distal pancreatectomy in terms of morbidity, conversion
rate, mortality, and duration of operation, though hospital
stay was longer (mean 18 days).33 This technique is used
less frequently than complete distal resection due to
concern regarding margins in malignant disease. However,
in benign pathology, it is worthy of further investigation
given the parenchymal preservation and potential for better
long term endocrine and exocrine pancreatic function.34,35

Laparoscopic enucleation of neuroendocrine and benign
cystic lesions has also gained popularity, though the most
significant series to date amounts to only 24 cases from a
multicenter study.11 In comparison to open surgical resec-
tion, the morbidity associated with laparoscopic enucleation
remains similar at nearly 50%, and one third of patients will
still develop a pancreatic fistula.36 A decreased length of
stay was not observed when compared to the open
series.36,37

No survival analysis has been presented in this review.
The studies identified are generally small and incorporate a
wide range of benign and malignant pathologies. Though
this allows the reviewers to infer that the minimally
invasive technique can be used in a variety of benign and
malignant conditions, it also serves to confound survival
analysis. Extrapolation of survival data from the heteroge-
neous populations would provide little evidence as to the

long term outcome in comparison to open techniques. This
highlights the need for a randomized, multicenter study
comparing laparoscopic and open surgery in malignant
disease.

Conclusion

Experience in minimally invasive pancreatic surgery
remains limited to a few laparoscopic surgeons in different
centers around the world. The low incidence of suitable
cases may prevent widespread uptake. The lack of large
studies, or randomized controlled trials, indicates the need
for multicenter cooperation in order to clarify the role of
this technically demanding and difficult surgery. At present
the minimally invasive approach in distal pancreatectomy
may confer benefit over traditional surgical techniques in
terms of hospital stay, blood loss and mortality, however,
the case for improved outcomes in laparoscopic pancreati-
coduodenectomy and laparoscopic enucleation remains to
be proven.

Conflict of interest None declared.
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Abstract
Introduction The omentum is acknowledged to have diverse functions in the pathophysiology of intra-abdominal disease.
Its angiogenic properties act as a natural defense mechanism in peritonitis and intra-abdominal sepsis. With advancing
technology the omentum is revealing itself as a new player in the field of molecular surgery with special reference to cancer,
obesity and tissue reconstruction. This article reviews the existing and potential surgical applications of the omentum.

Keywords Omentum . Inflammation . Reconstruction .

Metabolic

Introduction

The omentum is known as the “policeman of the abdo-
men,” a protective agent that moves around the peritoneal
cavity to areas where “mischief is brewing.”1 Once thought
of as just a large amount of redundant fat overlying the
intestines, surgeons’ attitudes towards the omentum have
changed. It is recognized as an organ in its own right with
many diverse functions ranging from its ability to attenuate

the spread of sepsis in peritonitis to acting as a source of
angiogenic and hemostatic factors involved in tissue
healing and repair. The omentum has been identified as a
source of adult stem cells which may have future prospects
in the fields of tissue engineering and the synthesis of
vascular grafts. Its regenerative properties have been
exploited in virtually every field of surgery from the
reconstruction of complex wounds to the protection of
gastrointestinal anastomosis.

Anatomy and Embryology

Recognition of the omentum dates back to Egyptian times,
and it was termed the great epiploon by Aristotle.2 It
originates embryologically from the dorsal mesogastrium
and is divided anatomically into the greater and lesser
omenta. The greater omentum is a double sheet of
peritoneum that descends from the greater curvature of the
stomach, overlying the small intestine and then folds back
on itself to fuse with the peritoneum on the anterior surface
of the transverse colon. The lesser omentum extends
between the liver and the lesser curvature of the stomach
forming the anterior boundary of the lesser sac (Fig. 1). The
blood supply of the omentum is from the right left and
middle omental arteries which originate from the right and
left gastroepiploic arteries. The larger right omental artery
supplies the anterior surface, while the smaller left omental
artery supplies the posterior surface.3
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Ultrastructure

The omentum is comprised of two mesothelial sheets
enclosing adipocytes and loose connective tissue with
aggregates of mononuclear phagocytic cells.

Microscopically, it is composed of two distinct tissue
types: thin fenestrated translucent membranes and adipose-
rich areas.4,5 The function of the translucent areas has not
been fully evaluated; however, they are thought to be
involved in fluid and solute transport as well as in omental
adhesion to areas of inflammation. The adipose region of
the omentum is home to so-called milky spots or “taches
laiteuses” described by Ranvier6 which play a role in the
clearance of bacteria and also provide a site for proliferation
and maturation of macrophages and B cells.7

Milky Spots

At a microscopic level, the milky spots contain a
glomerular like capillary network of blood vessels which
enables fluid exchange between the peritoneal cavity, the
bloodstream, and the surrounding omental tissue.8 Scan-
ning electron microscopy shows that omental milky spots
are characterized by discontinuous layers of mesothelial
cells and leukocytes. The presence of pores or stomata
within the connective tissue layer of milky spots allows
for direct communication with the peritoneal cavity.9

Milky spots consist of relatively uniform vascularized
accumulations of mononuclear cells comprising macro-
phages (70%), B cells (10%), T cells (10%), and mast
cells.10 Developing milky spots contain macrophages in
different stages of maturation formed during the 20th to
35th weeks of gestation.11,12 They are considered to be the

site where the origin of peritoneal macrophages originate
and differentiate.13–15

Activated Omentum

The omentum is the primary peritoneal defense organ
responsible for the absorption and clearance of bacteria
and debris from the peritoneal cavity. Although it is not
inherently motile, experimental models have shown that,
in response to foreign matter or inflammation, it adheres
to and walls off the area of insult. When exposed to a
foreign stimulus, omental blood flow increases, and the
proportion of stromal tissue expands.16 The stroma
produces cells expressing stem cell markers17–19 as well
as inflammatory, hemostatic, and chemotactic20 substan-
ces such as vascular endothelial growth factor and basic
fibroblast growth factor (bFGF).21 These activated stromal
cells engraft to injured sites,22 leading to the recruitment
of inflammatory cells23 within the peritoneal cavity, thus
promoting tissue repair.

The mechanism for omental adhesion involves the
formation of a fibrin exudate at the site of injury forming
a bridge between it and the injured site. The fibrin
scaffold encourages the migration of leukocytes espe-
cially macrophages, neutrophils, and fibroblasts to the
site of injury leading to collagen deposition around the
offending zone.24 The use of an omental patch, for
example in the treatment of perforated duodenal ulcers,
gives rise to accelerated ulcer healing and inhibits ulcer
recurrence. Experimental wound models show omental
transposition promotes healing due to transforming growth
factor-β1 and bFGF mediated angiogenesis.25,26 Interest-
ingly, this same physiological pathway is involved in the

Figure 1 a Laparoscopic image
of the greater omentum, stom-
ach, and right lobe of liver. b
Hematoxylin and eosin staining
of omentum (×4 magnification).
c Omental adiopcytes (×40
magnification).
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formation of omental adhesions following inflammation or
surgery. From a therapeutic point of view, selectively
inhibiting the cytokines involved may hold promise in
preventing adhesion formation.27–30

Omentum in Cancer and Tumorigenesis

Primary tumors of the omentum are rare; however, it is a
well-known site of metastases of carcinomas of the ovaries,
stomach, and colon. Omentectomy is frequently performed
for ovarian epithelial carcinomas as a means of staging the
disease as well as to prevent local recurrence31 and has
been advocated for tumors that metastasize via the
peritoneal cavity.32,33

Although the omentum plays a major role in tumor cell
spread by recognizing and trapping cells in milky spots,
few studies have been performed that elucidate the cellular
reactions and mechanism involved. Intraperitoneally
injected tumor cells preferentially localize to milky spots34

within a number of hours where they encounter host
macrophages with tumoricidal capabilities.35,36 It has
therefore been proposed that omentectomy should be
avoided in order to permit the cytotoxic actions of these
cells. However, in models of minimal residual disease,
omental macrophages are unable to effectively eliminate
tumor cells from the peritoneal cavity.37 As tumor cell
proliferation in milky spots is the first step in the
progression to peritoneal carcinomatosis,38–41 should omen-
tectomy be advised for the management of all intra-
abdominal tumors? Or does removing the omentum
unnecessarily impair peritoneal defense mechanisms?

Role of the Omentum in Obesity

Intra-abdominal obesity is recognized as an independent
risk factor for cardiovascular disease, diabetes, and certain
cancers.42,43 The proposed hypothesis is that obesity causes
a state of low-grade inflammation leading to thrombosis,

atherosclerosis, and insulin resistance.44 This immune-
inflammatory hypothesis is further supported by evidence
that omental fat contains more macrophages than other fat
depots.45 Visceral fat is functionally and metabolically
distinct from other adipose tissue stores,46 and patients with
intra-abdominal fat have higher plasma glucose and
triglyceride levels than patients with predominantly subcu-
taneous fat.47,48 In comparative studies of adipose tissue
taken from the omentum and from peripheral sites, it has
been demonstrated that visceral fat secretes pro-
inflammatory mediators such as platelet activator
inhibitor-1, tumor necrosis factor α (TNFα), transforming
growth factor β49,50 complement,51 and Il-18.52 At a
genomic level, microarray studies have identified differ-
ences in gene expression in omental fat including a down-
regulation of genes involved in activation of lipolysis.53

In addition, omental adipose tissue is capable of
increasing circulating glucocorticoids which predispose to
obesity and insulin resistance, a process which had been
termed “Cushing’s disease of the omentum.”54

Further investigation is required into how intra-
abdominal adipose tissue causes metabolic dysfunction in
humans. Recent work demonstrates that the omentum is a
source of adipokines such as leptin, RANTES,55 and
resistin,56 which may provide the link into how intra-
abdominal obesity causes metabolic dysfunction (Table 1).
Alternatively, the increased production of free fatty acids
entering the portal system may alter the effects of the liver
on insulin regulation57 leading to insulin resistance.

In addition, omental microvascular endothelial cells
(MVEC) provide a source of pre-adipocytes capable of
differentiating into adipocytes. The function of these stem
cells within omental tissue is unknown; however, it does
provide a continued source of adipocytes to the omentum.

It is interesting to note that “visceral fat syndrome” may
actually be amenable to surgical management. Omentec-
tomy eliminates an often massive, metabolically detrimen-
tal visceral fat depot. It has been suggested that
omentectomy in combination with roux-en-y gastric bypass
ameliorates insulin resistance and diabetes, although results

Function

Resistin56 Insulin resistance and glucose intolerance

Adiponectin100 Insulin sensitizing adipokine; reduced in visceral obesity

RANTES101 Recruitment of T cells and chronic inflammation

MCP-1 Macrophage recruitment and insulin resistance

MIP Macrophage recruitment and insulin resistance

IL-6102 Inflammatory mediator

TNFα103 Inflammatory mediator

GRO55 Skeletal muscle insulin resistance

TIMP-1 Skeletal muscle insulin resistance

Table 1 Adipokines and Cyto-
kines Produced by Omentum

RANTES: regulated on activa-
tion, normal T cell expressed
and secreted, MCP monocyte
chemoattractant protein, MIP
macrophage inflammatory pro-
tein, GRO growth-related anti-
gen, TIMP tissue inhibitor of
metalloproteinases
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are conflicting. Thörne et al. carried out a pilot study of 50
patients and found a significant improvement in glycemic
control in the omentectomy group;58 however, in a
randomized trial of 70 patients, Csendes et al. did not
demonstrate a benefit59 at 2-year follow-up. Given the low
numbers associated with these studies as well as the
confounding factor of jejunal bypass, it is difficult to
attribute improvements in metabolic control solely to
omentectomy.

Gastrointestinal Surgery

In gastrointestinal (GI) operations, omentum is used to
safeguard colonic anastomosis, in the management of
perforated duodenal and gastric ulceration, and as a
reconstructive tissue in abdomino-perineal resections. In
addition, its hemostatic properties have been employed in
hepatico-pancreatic surgery to minimize postoperative bleed-
ing following hepatectomy or pancreaticoduodenectomy.60

Gastrointestinal Anastomosis

Controversy exists as to whether reinforcing colonic
anastomosis using omentum decreases the incidence of
anastomotic leakage. In the late 1800s, Senn concluded
that protecting surgical wounds with omentum was simply

imitating nature’s process in protecting the peritoneal
cavity against perforation and in hastening the healing of
the visceral wound.61 Studies in animal models have
demonstrated that wrapping the omentum around an
anastomosis can promote healing,62,63 but in clinical
studies, omental wrap has only proved beneficial in upper
GI surgery.64 In low rectal anastomosis, using omentum to
exclude the pelvic dead space intuitively would appear to
decrease complication rates as well as diverting any small-
bowel loops away from potential radiotherapy fields.65–67

Tocchi et al.68 found a decreased incidence in clinical
anastomotic leak in patients who underwent omentopexy
for colorectal anastomosis in a prospective study of 112
patients (Table 2). However, in a prospective randomized
trial of 712 patients undergoing colonic anastomosis, it was
found that omentoplasty did not decrease the rate of
anastomotic failure.69

The Use of Omentopexy in Abdominoperineal Resection

Abdominoperineal resection (APR) especially following
radiotherapy has a reported perineal wound complication
rate in the order of 35–41%.70,71 One of the major
contributing factors is that the pelvis acts as a physiological
dead space where fluid can accumulate and provide a
medium for bacterial growth and subsequent abscess
formation. It is suggested that omentoplasty in APR does

Table 2 Outcome of Omentopexy in Abdomino-Perineal Resection

Study Year No of Patients Intervention Outcome at 3months

Omentopexy No omentopexy Omentopexy No Omentopexy

De Broux 104 2005 92 92 – 100% 84%

Hay 105 1997 165 64 101 87% 82%

Wang 106 1994 103 21 82 100% healed –

Rice 107 1992 20 20 – 100% healed –

John 108 1991 74 38 36 87% 69%

Poston 109 1991 53 28 25 100% healed –

Smith 110 1988 11 11 – 100% healed –

Moreaux 111 1984 55 55 – 100% healed –

Page 112 1980 26 26 – 100% healed –

Table 3 Applications for Omental Transposition

Speciality Reference Indication for Omental Transposition

Neurosurgery 93,94 Alzheimers’s disease, Moyamoya disease, spinal cord transaction

Urology 86 Management of complex urinary fistula

Gynecology 87,88 J-flap following radical abdominal hysterectomy

Vascular Surgery 89–92 Extremity revascularization in Buerger’s disease, aortic interposition graft following aortoenteric fistula
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confer benefit, but this evidence is either from case series or
small number cohort studies lacking adequate controls. In a
review of omentoplasty in APR,72 Nilsson reported
statistically improved perineal healing rates with omento-
plasty; however, the lack of a suitable randomized
controlled trial means that a meaningful conclusion cannot
be drawn.

Does Omentectomy Impair Peritoneal Defenses?

In a retrospective study of patients undergoing proctoco-
lectomy with ileo-anal anastomosis, those who underwent
omentectomy at the time of their procedure had a poorer
outcome with regard to postoperative sepsis and sepsis
requiring reoperation. It was concluded from the study
that the omentum should be retained in this type of
operation.73

In rodent models, however, omentectomy does not
decrease the bactericidal activity of peritoneal fluid,74 nor
does it increase bacterial counts in a model of cecal
perforation.75 The same group looked at the effect of
omentectomy on the inflammatory phase of anastomotic
healing and found that there was no difference between rats
subjected to omentectomy.76 In fact, they showed that
following omentectomy, systemic compensatory mecha-
nisms lead to the recruitment of peripheral leukocytes
which mediate the healing process.

Reconstruction

The regenerative properties of the omentum have been
exploited by surgeons for over a century, ranging from
the protection of anastomosis in gastrointestinal surgery,
revascularization of arterial ulcers, to the reconstruction
of head and neck deformities.77 The advantage of the
omentum is that it is an accessible and versatile source of
growth factors, angiogenic factors, and leukocytes. It can
be lengthened considerably by careful dissection to
produce a mobile organ.78 The omentum can be trans-
formed into a pedicled flap based on both the right and left
gastroepiploic arteries. In this way, it can be grafted to
distant sites such as the chest wall, perineum, or thigh.
Briefly, the omentum is detached from the transverse
colon and greater curvature of the stomach. It can be
further lengthened by dividing along the various smaller
vascular arcades.79–81 Donor site complications (wound
infection, hernia) occur in up to 18% of patients but
generally carry low morbidity.82 Omental harvesting
usually requires laparotomy, but with the advent of
laparoscopic surgery, the morbidity from harvesting
omental grafts has decreased.83

Complex Wounds

Recently omental pedicled grafts have been successfully
used in the management of complex extraperitoneal
wounds such as large chest wall defects.84 Schrager et al.
have reported an 88% success rate with the use of omental
grafts for both the protection of high-risk thoracic anasto-
mosis as well as for reconstruction of infected chest wall
wounds.85

In other surgical disciplines, successful cases of
omental transposition have been described in the fields
of neurosurgery, gynecology, urology, and vascular sur-
gery (Table 3).86–94

Future Prospects

With expanding knowledge in the fields of stem cell research
and tissue reconstruction, the omentum may prove to be an
exciting option for adult stem cell harvesting as well as a
medium for tissue engineering. MVEC isolated and cultured
from human omentum have been used to construct an
endothelial lining for synthetic vascular grafts.95 In a similar
way, these angiogenic capabilities may be harnessed for
pancreatic islet cell transplantation.96–98 Furthermore, the
omentum may be used as a scaffold for the formation of new
organs. Although in its infancy, it has been demonstrated that
the omentum can act as an in vivo bioreactor for bladder
reconstruction.99

Conclusion

In this era of molecular surgery, our understanding of the
diverse functions of the omentum both as a lymphoid organ
and as a regulator of metabolism is evolving. Its function in
controlling the spread of intra-abdominal tumors remains to
be defined. Milky spot macrophages and B cells have
demonstrated cytotoxic actions in vitro and may represent a
new target for anticancer therapy. From a surgical perspec-
tive, it plays an important role in tissue healing, and these
properties may be harnessed for tissue engineering and
transplantation. Finally, as the properties of omental
adipocytes are revealed, surgery may prove to be important
in the management of obesity-related metabolic disorders.
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Abstract Major liver resections remain a challenge for liver surgeons. This video illustrates, step by step, a totally
laparoscopic technique for left hepatectomy with intraoperative exploration of the remaining biliary tree in a patient with
unilateral hepatolithiasis.

Keywords Laparoscopy . Left hepatectomy .

Hepatolithiasis . Vascular control .Major liver resection

Introduction

Primary intrahepatic bile duct dilatation is a rare
congenital disorder in Western countries predisposing to
intrahepatic lithiasis, cholangitis, and cholangiocarci-
noma.1 In symptomatic patients with unilateral disease,
liver resection should be considered as a curative treat-
ment.2 Laparoscopy could allow both liver resection and

exploration of the remaining biliary tree. We recently
developed totally laparoscopic techniques for formal left
and right hepatectomies, with extraparenchymal division of
the ipsilateral hepatic duct before liver transection.3,4 This
video illustrates, step by step, our totally laparoscopic
technique for left hepatectomy with intraoperative explora-
tion of the remaining biliary tree in a patient with unilateral
hepatolithiasis.

Materials and Methods

A 35-year-old woman with hepatolithiasis of the left liver
was referred for surgical treatment. The video shows the
four distinct steps of the operation: division of the left
branches of the hepatic artery and portal vein, division of
the left biliary duct and cholangioscopy by the biliary
stump, control of the left hepatic vein, and parenchymal
transection. The technique for vascular control of the inflow
and outflow as well as for parenchymal transection is
clearly illustrated.

Results

We have performed laparoscopic liver resections for
hepatolithiasis in six patients, from which four underwent
laparoscopic left hepatectomy. In this patient, the explo-
ration of the remaining biliary tree allowed the extraction
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of two stones, one from the common bile duct and one
from the right hepatic duct close to the biliary conflu-
ence. After clearance of the biliary tree, the endoluminal
aspect was normal. Duration of the operation was
210 min. Operative blood loss was less than 50 ml. No
drainage was used. The patient had an uneventful
postoperative stay and was discharged 4 days after
surgery.

Conclusions

Laparoscopic liver resection is feasible and safe for patients
with unilateral hepatolithiasis. In addition, the clearance of
the remaining biliary tree can be performed by the stump of
the biliary canal or by choledochotomy.
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Abstract
Background Natural orifice translumenal endoscopic surgery (NOTES) is an emerging field in minimally invasive surgery that is
driving the development of new technology and techniques. There are several proposed benefits to the NOTES approach, including
potentially decreased abdominal pain, wound infections, and hernia formation Ko and Kalloo (Chin J Dig Dis 7:67–70, 2006); Wagh
et al. (Clin Gastroenterol Hepatol 3(9):892–896, 2005); ASGE/SAGES Working Group on Natural Orifice Transluminal
Endoscopic Surgery (Gastrointest Endosc 63(2):199–203, 2006); and Pearl and Ponsky (J GI Surg 12:1293–1300, 2008).
Cholecystectomy has been one of the most commonly performed NOTES procedures to date, with the majority being performed
through the transvaginal approach Marescaux et al. (Arch Surg 142:823–826, 2007); Zorron et al. (Surg Endosc 22:542–547,
2008); and Ramos et al. (Endoscopy 40:572–575, 2008). Transgastric approaches for cholecystectomy have been shown to be
technically feasible in animal models and in several unpublished human patients Sumiyama et al. (Gastrointest Endosc 65
(7):1028–1034, 2007). This video demonstrates the technique by which we perform transgastric NOTES hybrid cholecystectomy
in human patients.
Method Patients with symptomatic gallstone disease are enrolled under an IRB approved protocol. A diagnostic EGD is
performed to confirm normal anatomy. Peritoneal access is gained using a needle-knife cautery and balloon dilation under
laparoscopic visualization. Dissection of the critical view of safety is performed endoscopically. The cystic duct and artery
are clipped laparoscopically and the gallbladder is dissected off of the liver. The gastrotomy is closed intralumenally and
over-sewed laparoscopically. The gallbladder is extracted out the mouth.
Results This technique was used to successfully perform four NOTES hybrid transgastric cholecystectomies without
operative complications.
Conclusions NOTES hybrid transgastric cholecystectomy can be performed safely in human patients. This procedure is still
technically challenging given the current instrumentation that is available. In order to perform a pure NOTES transgastric
cholecystectomy, a safe blind access method, improved retraction, endoscopic hemostatic clips, and reliable closure
methods need to be developed.
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Abstract
Introduction Earlier detection of pancreatic cancer may help identify patients for whom surgical intervention could provide
cure or prolong life. In this article, we report the occurrence of breast cancer, melanoma, squamous cell carcinoma of the
alveolar ridge, colon cancer, a desmoid tumor of the abdominal wall, and pancreatic adenocarcinoma in a 65-year-old
woman. She was identified as having the familial atypical multiple mole melanoma–pancreatic cancer syndrome
(FAMMM–PC) with a germline p16 mutation at amino acid position 15.
Discussion Patients with this syndrome traditionally present with multiple nevi and melanoma, and a subset also present
with other cancers, including pancreatic cancer; however, no FAMMM–PC patient has yet been described with this
constellation of cancers, including squamous cell carcinoma of the alveolar ridge and a desmoid tumor. Recognition of the
tumors this population of patients is susceptible to developing and their genetic associations can help guide the surgeon in
screening, surveillance, and eventually prevention of many of these cancers.

Keywords FAMMM . Pancreatic cancer . Melanoma . p16

Introduction

Pancreatic cancer has an incidence rate nearly identical to
its mortality rate. Earlier detection of this disease may
help identify patients for whom surgical intervention

could provide cure or prolong life; however, it is
challenging to identify high risk populations.1 Five to
ten percent of all pancreatic cancer patients have a familial
pancreatic cancer syndrome;2 however, this rate may be
underrecognized by surgical oncologists (Table 1). In
patients with familial atypical multiple mole melanoma–
pancreatic cancer syndrome (FAMMM–PC), up to 17%
will develop pancreatic cancer by age 75 and die from the
disease.3

CDKN2A is a tumor suppressor gene involved in cell
cycle inhibition. FAMMM–PC has been mapped to
mutations in the p16 gene locus within CDKN2A
(Fig. 1). Patients with p16 gene mutations traditionally
present with multiple nevi and melanoma, and a subset also
present with other cancers, including pancreatic cancer. In
particular, the risk of developing malignant disease is
increased ten to 40-fold in this population.3–8 We present
a patient with a p16 germline mutation and the novel
combination of breast cancer, melanoma, squamous cell
carcinoma, colon adenocarcinoma, and a desmoid tumor.
Ultimately, she presented with advanced pancreatic cancer
and underwent a pancreaticoduodenectomy before suc-
cumbing to the disease.
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Materials and Methods

Our patient was a healthy 33-year-old woman when she
initially presented with breast cancer. At the time of this
writing, she was a 65-year-old woman with a past medical
history of gastroesophageal reflux disease, hyperlipidemia,
vitamin B-12 deficiency, osteoporosis, and fibromyalgia,
who had been diagnosed with seven cancers. Her past social
history was significant only for a 20-pack-year smoking
history, having quit 37 years ago. She was diagnosed with
breast cancer at age 33 years, her first melanoma at age 45,
squamous cell carcinoma of the alveolar ridge at age 50, her
second melanoma at age 55, colon cancer at age 62, a
desmoid tumor of the abdominal wall, and pancreatic
adenocarcinoma at age 65. These were all treated with
surgical excision and selected adjuvant therapies (Table 2).
Her last surgery was a pancreaticoduodenectomy.

In regard to her family history, she had four children
including a son who died at age 24 of a nonmalignant cause
and three daughters who were 38, 42, and 43 years old. She

had two brothers, one of whom was 68 years old and the
other died at age 24 of melanoma. She had one nephew and
one niece who were diagnosed with dysplastic nevi. Her
other two nieces and nephews were otherwise healthy.

Her mother was diagnosed and died with pancreatic
cancer at age 89. Her mother had five sisters, one of whom
had breast cancer at age 35 and died with Alzheimer’s
disease at age 85. Another of her maternal aunts died at age
92 with Parkinson’s syndrome, and one is still living at the
age of 75. Two died of childhood illnesses. She had three
maternal uncles, two of whom are living, and one of whom
died at age 85 with Alzheimer’s disease. Of her living
uncles, one was diagnosed with melanoma and has a
daughter who was also diagnosed with melanoma. The
other is age 94 and has no history of cancer. She has 19 first
cousins, none of whom have been diagnosed with cancer.
Her maternal grandmother died at age 65 of colon cancer
and her maternal grandfather died at age 65 of stomach
cancer.

On the paternal side, her father died at age 64 of lung
cancer diagnosed at age 63. Her paternal grandmother died
at age 65 of heart related issues and her paternal grandfather
died at age 58 of lung cancer. Her ethnicity was English and
Irish. There was no known Ashkenazi Jewish ancestry.

After recovering from surgery for pancreatic adenocar-
cinoma, the patient underwent genetic screening and gene
analysis. She was identified as having a germline p16
mutation (chromosome 9) on exon 1-alpha, with a
nucleotide change at base pair 44 from guanine to
adenosine, resulting in premature truncation of the p16
protein at amino acid position 15 (Fig. 1). The mutation
W15X corresponded with the codon sequence for trypto-
phan being replaced with a stop codon. BRCA I and BRCA
II were negative. None of her family members have yet
been tested.

p16 gene    

amino acid #  1 20 40 60 80 100 120 140     156 

 

 

a.a sequence #1-20*                                    M E P A A G S S M E P S A D W L A T A A  

a.a. #15 mutation                      X 

nucleotide*          TGG 

nucleotide mutation        TAG 

Figure 1 The p16 protein is a
splice product of exons 1, 2,
and 3 of the CDKN2A gene. It
acts as a tumor suppressor gene,
and inactivation of p16 can
promote uncontrolled cell pro-
liferation. The protein consists
of 156 amino acids, designated
by single-letter codes in the
wild-type (asterisk) sequence. A
single base-pair mutation in the
nucleotide sequence from
guanine to adenosine causes
premature truncation of the p16
protein at amino acid 15 and
predisposes the patient to
multiple cancers, including
pancreatic cancer.

Table 1 Hereditary Syndromes Associated with Pancreatic Cancer

Hereditary syndrome Genetic defect

Familial atypical mole and
melanoma syndrome

p16/CDKN2A

Peutz–Jeghers syndrome serine–threonine kinase
Breast and ovarian cancer BRCA
Hereditary pancreatitis Cationic trypsinogen PRSS 1
Familial adenomatous
polyposis

APC

Hereditary pancreatic
neuroendocrine tumors

Multiple endocrine neoplasia type 1,
von Hippel–Lindau,
neurofibromatosis type 1,
tuberous sclerosis
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Discussion

Cyclin-dependent kinases (CDKs) 4 and 6 normally interact
with cyclin D during the G1 phase of the cell cycle to
phosphorylate the retinoblastoma (Rb) protein. Phosphory-
lation of Rb allows elongation factors to activate genes
required for DNA synthesis and forward progression
through the cell cycle.9 p16 is a specific inhibitor of CDKs
4 and 6 at the G1 checkpoint and thus acts as a tumor
suppressor gene. In some cancers, inactivation of p16
upregulates CDK4 and promotes early and uncontrolled
cell proliferation.10 p16 has been mapped to chromosome
9q21, an area strongly associated with familial cases of
malignant melanoma by linkage, cytogenetics, and loss of
heterozygosity studies.6,11,12

In addition to melanoma, the most common malignancy
associated with p16 gene mutations, patients may also present
with other cancers, the next most common being pancreatic
cancer. In their study of 19 families with FAMMM cutaneous
phenotypes, Lynch et al. described patients with associated
melanoma, pancreatic cancer, breast cancer, esophageal
cancer, and sarcoma. With these associations, the authors first
suggested a “new” putative hereditary carcinoma syndrome
they referred to as FAMMM–PC in 2002.13 Here, we describe
a new combination of cancers and new malignancies
associated with this syndrome.

Lung, colon, esophageal, cervical, breast, endometrial,
parotid, and prostatic cancers, as well as sarcoma and
lymphoma, have been described in a large published series
of p16 and FAMMM kindreds in eight families and 135
individuals; however, there has not been any one patient
with the constellation of cancers present in our patient.14

Furthermore, although p16 mutations have been identified
in head and neck squamous cell carcinoma cell lines in
Korean patients,15 alterations of the p16-retinoblastoma
gene pathway have been associated with invasive breast
cancer,16 and loss of p16 protein expression has been seen

in murine fibrosarcoma models,17 no FAMMM–PC patient
has yet been described with a squamous cell carcinoma of
the alveolar ridge or a desmoid tumor.

In addition, in the largest familial melanoma data set of
mutations in the major known high-risk melanoma suscep-
tibility genes, GenoMEL identified 466 melanoma-prone
families with 2,137 malignant melanoma patients with 66
different mutations in 190 families. Thirty-eight percent of
families (n=178) had CDKN2A mutations that involved the
p16 protein.18 Only one GenoMEL family had the same
W15X mutation as our patient; thus, this is apparently only
the second reported incidence of this mutation in the
literature.

There is evidence that surveillance of FAMMM families
leads to early detection of melanoma.3 It is our hope that
the new malignancies described here and their novel
association as part of a familial pancreatic cancer syndrome
may make it possible for these and other cancers to be
detected earlier in patients with genetic susceptibility.

Identification of patients with any constellation of these
malignancies, or a family history of these cancers, may
have FAMMM–PC and should be actively screened for
these tumors by their surgeon or oncologist and potentially
referred to a genetic counselor for genetic testing. Twenty-
three percent of FAMMM–PC offspring of parents with
pancreatic cancer developed pancreatic cancer themselves,
underscoring the potential role of genetic screening.14 In
this population of patients who are susceptible to develop-
ing the tumors, recognition of these tumors and their
genetic associations can help guide the surgeon in screen-
ing, surveillance, and eventually prevention of many of
these cancers. Studies of additional familial pancreatic
cancer kindreds as well as patients with apparently sporadic
pancreatic cancer are needed. Ideally, p16 mutation status
may help identify patients at high risk for pancreatic cancer
who should be enrolled in already established early
detection programs.19

Table 2 Novel Combination of Cancers in a Patient with a p16 Mutation

Cancer Age at diagnosis Location Description Treatment Family history Status

Breast 33 R breast/Liver n/a Mastectomy, chemotherapy Maternal aunt NED
Melanoma 45, 55 L forearm, R

ankle
0.75 mm,
0.28 mm

Simple excision Maternal uncle, cousin, brother,
nephew, and niece with DN

NED

Squamous
cell

50 R maxilla, hard/
soft palatte

T4 Maxillectomy, radiation NED

Colon 62 R colon T1b, N0 Hemicolectomy Maternal grandmother NED
Desmoid 65 Abdominal wall 2.1 cm Excision NED
Pancreas 65 Pancreas T3N1 Pancreaticoduodenectomy Mother Deceased

NED no evidence of disease, n/a not applicable, DN dysplastic nevi
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Abstract
Introduction Hemangiopericytoma is an uncommon soft tissue vascular neoplasm. Intraperitoneal hemangiopericytomas
such as primary or secondary liver location have been exceptionally described. Its natural history is mostly benign, but
recurrences may occur and determining if these late-discovered tumors are distant metastases or synchronous slow and
silent-growing locations is sometimes challenging. The histopathological diagnosis and definition of hemangiopericytoma is
based on its distinction with solitary fibrous tumors. Liver resection to treat liver hemangiopericytoma seems to be
supported by various published experiences.
Case presentation We herein report the first case of liver metastases from a subcutaneous temporal hemangiopericytoma.
The patient was treated by a liver resection. CD34 Immunostaining was negative, but strong expression of Bcl2 and CD99
was found in the neoplastic cells. After 1 year of follow-up, the patient is alive without recurrence.
Conclusion To date, published data, including the case herein reported, support the need for a prolonged follow-up and the
role of liver resection to treat liver metastases of hemangiopericytomas. Complete resection of all gross disease appears to
be the most significant prognostic factor.

Keywords Subcutaneous hemangiopericytoma . Liver
metastases . Hepatic resection

Introduction

Hemangiopericytoma is a rare and uncommon vascular
neoplasm described in 1942 by Stout and Murray.1 This is a
soft tissue sarcoma thought to develop from the Zimmer-
man’s pericytes, contractile cells found within the capillar-
ies network, whose role is to regulate capillaries and post
capillaries venules’ lumen. As a consequence, hemangio-
pericytoma may arise anywhere capillaries are found. Yet, it
has been mainly reported to arise in the retroperitoneum,
extremities, head, neck, and meninges. The evolution of
this neoplasm is the most frequently benign, but local and
distant recurrences may occur, even after a prolonged
disease-free interval.2 The most frequent sites of metastases
are lung, bones, and liver, but many sites can be involved.
Retroperitoneal and meningeal tumors are associated with
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higher local recurrence rates.3 Although liver parenchyma
is rarely affected, few cases of either primary or metastatic
location have been reported.4–11 We herein report the first
case of a subcutaneous temporal hemangiopericytoma that
presented three consecutive local recurrences and, 14 years
after the initial diagnosis and 3 years after the last local
recurrence, a liver recurrence.

Material and Method

A 56-year-old female with a history of recurrent temporal
hemangiopericytoma and left breast cancer was diagnosed
with an asymptomatic hepatic mass during a systematic
clinical examination. Breast cancer occurred 7 years earlier
and was treated by surgery and radiotherapy. On histolog-
ical examination, it was diagnosed as an intraductal
adenocarcinoma with no vascular or lymphatic invasion.
A subcutaneous temporal primary hemangiopericytoma
was diagnosed 14 years earlier and treated by resection.
During the follow-up, she was successively diagnosed with
three local recurrences, which were all treated by resection
as well. Last local recurrence occurred 3 years before the
diagnosis of liver metastases. During follow-up, a tumor in
the right liver associated with a nodule in segment II was
discovered. On computed tomography (CT), these tumors
were hypervascular with areas of necrosis. Magnetic
resonance imaging of the liver revealed a 150-mm diameter,
heterogeneous mass in the right lobe, with necrotic
hyperintense areas on the T2-weighted images, and a 55-
mm nodular lesion in the left hepatic lobe with a central
area of necrosis (Fig. 1). The decision not to perform a
percutaneous biopsy of the liver metastases was taken
based on the following tenets: (1) imaging features of these
tumors were rather suggesting hypervascular tumors such
as hepatocellular carcinoma, adenoma, or sarcoma than

breast metastases; (2) we believed the hepatic resection to
be still indicated in the presence of a late relapse from
breast cancer; and (3) since the biopsy would not have
changed our surgical strategy, it was felt unnecessary to
expose the patient to the morbidity associated with an
invasive procedure such as percutaneous biopsy. There
was no other clinical abnormality, and the biological tests,
including hepatic markers, were normal. The patient
underwent a right hepatectomy (segments V–VIII) and a
tumorectomy in the left lobe. Postoperative course was
uneventful. Gross and microscopic examination of the
resected specimen confirmed that both liver lesions were
bilobar metastases of a hemangiopericytoma. Macroscopi-
cally, the right lobe tumor appeared to be well circum-
scribed, white colored with some yellow necrotic areas,
measuring 200×150 mm (Fig. 2a). The segment II tumor
appeared as a white-colored nodule measuring 55 mm.
Microscopically, the right lobe tumor was composed of
neoplastic spindle cells with elongated nuclei organized in
some bundles or lines and separated by an abundant

Figure 1 Preoperative Magnetic Resonance Imaging (T2) showing the
metastatic hemangiopericytoma developed in the right lobe of the liver.

Figure 2 Gross appearance of the right liver tumor. The lesion is well
delineated and shows a whitish or yellow appearance with small cystic
areas (a); Microscopic analysis demonstrates a densely and homoge-
neous cellular proliferation with thin walled branching vessels (b).

1156 J Gastrointest Surg (2009) 13:1155–1159



ramified vascular network (Fig. 2b). The tumor was mainly
composed of highly cellular areas with a mitotic rate of
five mitosis per ten HPF detected. Few areas with
important fibro-myxoid removals were observed. Immuno-
histochemistry revealed a strong expression of Bcl-2 and a
focal expression of CD99; no immunoreactivity was shown
with CD34 and desmin. The segment II nodule had similar
histological features. Furthermore, a retrospective compar-
ative analysis showed that histological and immunohisto-
chemical features of the primary and liver tumors to be
similar. After a follow-up of 1-year clinical examination
was normal and a full body CT scan was normal as well.
However, in March 2008, a fourth temporal recurrence was
diagnosed and surgically treated.

Discussion

Hemangiopericytoma is a rare soft tissue sarcoma described
in 1942 by Stout and Murray.1 It has been reported in several
anatomic locations (retroperitoneum,12 extremities,3 head
and neck13 and meninges14), but hemangiopericytomas in
the peritoneal cavity have been exceptionally described,
especially primary and secondary liver locations.15 The
evolution of this neoplasm is the most frequently benign,
but local and distant recurrences may occur, even after a
prolonged disease-free interval.2 Although published series
are too small to draw strong conclusion regarding clinico-
pathological markers of poor prognosis, it appears that
recurrence rates may vary depending on the primaries
location. Retroperitoneal and meningeal primaries are
associated with higher recurrence rates,2,3 whereas recur-
rence in patients with extremity primaries is uncommon.
Although liver parenchyma is rarely affected, few cases of
either primary4 or metastatic5–11 location have been
reported. To the best of our knowledge, most of the reported
cases of hepatic metastases were late distant recurrences
from primary meningeal hemangiopericytomas. The case
herein reported is the first case of liver metastases from a

primary subcutaneous location. In all reviewed cases,
hepatic recurrences occurred more than 5 years after primary
site diagnosis; in one case reported by a Japanese group,
hepatic recurrences were even discovered 20 years after the
diagnosis of meningeal hemangiopericytoma.7

Various clinical presentation have been reported: some
patients are asymptomatic7,16 or present a palpable mass,17

but inaugural symptoms such as pain or upper abdominal
quadrant discomforts have also been described.18 Severe
hypoglycemia has been described as an inaugural symptom
in few reports and attributed to an anarchic secretion of
insulin-like growth factor II by the tumor. This latter symp-
tom is life threatening for the patients, and it fully justifies
the surgical treatment; resection and liver transplantation
have been successfully reported.5,9 Preoperative diagnosis
may be suspected preoperatively on the basis of radiolog-
ical features16,18 and fine-needle aspiration cytology.19

Radiologic features are those of a hypervascular tumor,
which may be confusing and suggest the differential
diagnosis of hepatocellular carcinoma or liver adenoma.
When the differential diagnosis is uncertain, a cytologic
assessment can be attempted. Fine-needle aspiration cytol-
ogy for hemangiopericytoma has been sparsely addressed
in the literature and whether or not it is worthy and may
impact on the surgical strategy is unknown. It has been
reported to be an accurate tool to diagnose a recurrent
hemangiopericytoma but does not provide any information
on biological behavior and aggressiveness of the tumor.20

Besides, the risk of needle track seeding for these tumors is
unknown but may not be nil. In the case herein described,
even though the diagnosis is uncertain due to the history of
breast cancer and the radiological features of the liver
metastases, a biopsy was not performed preoperatively as it
was thought to not change our surgical strategy. Indeed,
even in the presence of a late relapse from breast cancer, a
liver resection was still indicated.21

Histological diagnosis of hemangiopericytoma may be
challenging because cells are spindle-shaped and hardly
distinguished from neoplastic cells of endothelial, fibro-

Table 1 Experiences of Liver Resection for Liver Hemangiopericytoma

Authors Primary Metastases Time to liver
metastases (years)

Resection type Follow-up
(months)

Status

Hukill et al.10 Meningeal Liver 11 n/a 2 Dead
Yoshida et al.11 Meningeal Liver n/a ERH 31 Alive
Adams et al.5 Retroperitoneal Liver 8 OLT 48 Alive
Kaneko et al.7 Meningeal Liver 19 RH 9 Alive
Chakravarty et al.8 Meningeal Liver 6 n/a 7 Alive
Grunenberger et al.9 Meningeal Liver + Lung 12 TACE + RH + LM 31 Alive
Soares et al.6 Meningeal Liver + kidney 9 RH + RN 24 Alive

TACE hepatic transarterial chemoembolization, RH right hepatectomy, ERH extended right hepatectomy, RN right nephrectomy, LM lung
metastasectomy, OLT orthotopic liver transplantation, n/a not available
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blastic, or histiocytic origin.20,22 Also, distinction with
solitary fibrous tumors is uncertain23 and is based on
immunostaining features. Both lesions share structural
similarities, displaying features of pericytic, fibroblastic
and/or myofibroblastic differentiation. Immunohistochemi-
cally, they both variably express CD34, CD99, and bcl-2
antigens. Hemangiopericytoma was initially described as a
distinctive soft tissue neoplasm, presumably of pericytic
origin, commonly characterized by a well-developed
branching vascular “staghorn” pattern.24 Immunohisto-
chemistry shows not only in most of the cases positive
staining for CD34 and vimentin24 but also a strong
expression of CD99 and Bcl2.25,26 In the case herein
reported, CD34 immunoreactivity was not observed in the
neoplastic cells whereas expression of Bcl2 and CD99 were
strongly positives.

Due to the low prevalence rate of this neoplasm, the
malignant potential and recurrence rate cannot be deter-
mined with precision. Although long-term prognosis is
good, local and distant recurrences are frequent.2 According
to Spitz et al.,2 5 and 10 years actuarial survival rates of
71% and 54% can be expected, respectively. In their series,
32% of the patients treated with a curative intent developed
a local recurrence within a median time of 29 months (range
2 to 225 months), and the 5-year actuarial local recurrence-
free survival rate was 72%. Considering distant recurrences,
36% patients had at least one distant metastasis within a
median time of 36.5 months (range 13 to 230 months) and
the 5-year actuarial local recurrence-free survival rate was
72% as well. Authors concluded that prolonged survival
could be achieved in patients with hemangiopericytoma,
regardless of its location, providing that complete removal
of the gross disease could be achieved.

Few reports have highlighted the good results following
chemotherapy alone27 or in addition to surgery28 in the
treatment of hemangiopericytoma. Experiences of liver
resection for metastases of hemangiopericytoma are
depicted in Table 1. There is no sufficient data regarding
the use of chemotherapy in the setting of hemangioper-
icytoma liver metastases to transpose lessons learned from
other solid tumor liver metastases treatment. There is no
evidence to legitimize the role of chemotherapy in
multimodal strategy for hepatic recurrence to either better
select patient the most likely to benefit from resection,
downsize the liver metastases in view of a function sparing
resection, or, to the most, render unresectable patients
resectable. As mentioned earlier, fine-needle aspiration does
not provide information on biological behavior of the tumor
and cannot be used as a selection tool for adjuvant therapy.
Finally, the role of radiotherapy has been addressed in the
literature and is debated. Whereas some authors have
suggested its use for a better local control of the disease,
others argued against it due to its relative radioresistance.

Although there are no guidelines, Spitz et al.2 agreed to
consider it at sites where local recurrences were common.
In the setting of liver surgery, it may be considered
postoperatively in case of positive margin.

Conclusion

The case herein reported adds further support to previous
reported cases of hemangiopericytoma liver metastases;
delayed relapses are not uncommon, and patients may
benefit from a regular and long-term follow-up that
includes cross-sectional imaging of the abdomen. During
follow-up, resectability of liver recurrences should be
assessed by a multidisciplinary committee which include
surgeons specialized in hepatobiliary surgery. Finally, in the
era of modern hepatobiliary surgery, liver resection for
hemangiopericytoma metastases appears to be a valid
strategy as it may offer a prolonged survival with a <5%
postoperative mortality.
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Abstract A 15-year-old girl presented with features suggestive of sub-acute intestinal obstruction (SAIO) with a palpable
abdominal lump. Contrast-enhanced computed tomogram (CECT) abdomen revealed congregated small gut loops confined
to a single area and encased in a thick membrane suggestive of abdominal cocoon. On laparotomy, a thick white membrane
was found encasing most of the small gut. The cocoon was excised releasing the encased small bowel. The patient was
relieved of her symptoms following surgery. Histopathology of excised cocoon membrane revealed granulomatous
inflammation consistent with tuberculosis. The patient was discharged on ninth postoperative day with advice to take anti-
tuberculosis drugs for 6 months. The possibility of abdominal cocoon should be considered in patients with SAIO and
abdominal lump. Abdominal cocoon being a rare condition, CECT is useful in clinching the diagnosis and planning elective
surgery in experienced hands.

Keywords Abdominal cocoon .

Sclerosing encapsulating peritonitis . Intestinal obstruction .

Low-grade peritonitis . CECTabdomen

Introduction

Small-bowel obstruction (SBO) is a common surgical
emergency encountered in our institution. Adhesions account
for about 60% of patients with SBO; the other common causes
are intestinal stricture, hernia, and neoplasm. Unusual causes
are encountered in only 6% of patients.1 Abdominal cocoon
(AC) or sclerosing encapsulating peritonitis is one such
unusual cause of SBO. We, herein, report our experience in
the diagnosis and treatment of AC.

Case Report

A 15-year-old girl presented with intermittent colicky
central abdominal pain and bilious vomiting for duration
of 24 months. There was no history of constipation. She
had neither prior abdominal surgery nor had history of
exposure to tuberculosis. There was central abdominal
distension with a tender, firm lump palpable in the central
abdomen. Plain upright abdominal X-ray showed absence
of multiple air fluid levels. Ultra sonogram (USG) abdomen
showed hypo-peristaltic, thickened small gut loops. Con-
trast-enhanced computed tomogram (CECT) of the abdo-
men revealed congregated small gut loops confined to a
single area and encased in a thick membrane suggestive of
abdominal cocoon (Fig. 1a, b). Decision for laparotomy
was taken on the basis of clinical and radiological findings.
On laparotomy, a thick white membrane was found
encasing most of the small gut (Fig. 2a) with dense
adhesions in the pelvis. Greater omentum was not identi-
fied. Excision of the cocoon membrane was undertaken
with care to avoid injury to intestine (Fig. 2b, c). The pelvic
adhesions were released. Histopathology of the cocoon wall
revealed granulomatous inflammation consistent with tu-
berculosis. She was prescribed anti-tuberculous treatment
postoperatively and was discharged on the ninth postoper-
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ative day. The patient was symptom-free on follow-up over
a period of 6 months.

Discussion

AC is characterized by partial or total encasement of the
small gut by a fibrocollagenous sac that looks like a
cocoon.2 The primary or the idiopathic form is seen
characteristically in young adolescent girls of 4–18 year
age group from the tropical or subtropical countries.3 The
more common secondary form is associated with prolonged
beta blocker therapy, local irritation of the peritoneum by
trauma, peritoneal dialysis, peritoneal–venous shunting, and
ventriculoperitoneal shunt.4 The plausible hypothesis for
pathogenesis of AC is recurrent low grade or subclinical
peritonitis, during which the patients had no significant

abdominal signs, leading to sclerosis and membrane
formation with subsequent development of a cocoon.5

Histopathology of the excised membrane suggested tuber-
culous infection in our patient. Tuberculosis is highly
prevalent in this part of the world and is likely to have a
role in the formation of AC due to retrograde infection via
fallopian tubes from subclinical pelvic inflammatory dis-
ease/genito urinary tuberculosis.3,6

During the last 3 years, we have managed another three
patients with abdominal cocoon. The patients had two
distinct clinical presentations. Two patients, having partial
encasement involving distal ileum, had more acute presen-
tation with abdominal distension, due to dilatation of bowel
proximal to encasement, as a prominent sign. Abdominal
X-ray revealed multiple air fluid levels, and patients
required emergency laparotomy. The other two patients
had a palpable abdominal lump due to encasement of the

Figure 1 a, b Contrast-enhanced CT images show congregated small gut loops confined to a single area and encased in a thick membrane.

Figure 2 a Abdominal cocoon at laparotomy, b dissection of cocoon releasing the encased bowel, and c thick edematous bowel loops after
completion of dissection.
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whole edematous and matted small gut within the cocoon.
Kinking and extrinsic compression of the small gut by the
cocoon resulted in partial obstruction of the bowel
accounting for SAIO. The symptoms in this group were
less pronounced; there was absence of multiple air fluid
levels in abdominal X-ray. The features allowed elective
operation after further evaluation with CECT.

Presence of an abdominal lump was found to have a
correlation with the total encasement of the small bowel in
our study. While the plain X-ray abdomen and USG were
non-contributory, the CECT abdomen provided the defini-
tive diagnosis of abdominal cocoon by revealing congre-
gated small gut loops confined to a single area and encased
in a thick membrane.

The possibility of AC should be considered in patients
presenting with SAIO and abdominal lump. Abdominal
cocoon being a rare condition, CECT is useful in clinching
the diagnosis and planning elective surgery in experienced
hands. Meticulous dissection of the cocoon membrane from
the gut to release the entrapped intestine and separation of
the inter loop adhesions is the treatment of choice.

Iatrogenic injury to bowel and consequent bowel resections
are associated with high morbidity and are to be avoided.
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Dear Dr Lewis, Andersen, and Thomas:
It was with great interest that we read your most recent
systematic review and meta-analysis addressing the impor-
tant issue of early versus later commencement of enteral
feeding in gastrointestinal surgery patients.1 While your
2006 Cochrane review2 has clear merit in that it expands on
the number of studies and thus the power of your earlier
analysis,3 we feel that the present study is essentially a
duplication of your Cochrane effort, although with slightly
different conclusions.

While we concur with your overall conclusions about
“nil by mouth” (NBM) conveying no benefit over early
enteral feeding in terms of postsurgical outcomes in gastro-
intestinal surgery, there are several aspects of your analysis
that, in our opinion, threaten to undermine your otherwise
valid conclusions. Firstly, your inclusion of the study by
Helslin et al.4 utilizing the immune-enhancing enteral feed
product Impact® (Sandoz Nutrition) in 8% (n=97) of your

pooled sample potentially confounds your results and limits
the conclusions that can be made about benefits to post-
operative infections and length of hospital stay conferred by
early feeding. This is because nutritional products fortified
with arginine, glutamine, nucleic acids, antioxidants, and/
or omega-3 fatty acids may be independently associated
with a reduced risk of postoperative complications, wound
infections, and length of hospital stay5–7 in elective
surgical oncology patients. We acknowledge, however,
recent clinical studies investigating such products have
not supported the conclusions of these earlier studies.8,9

Secondly, a total of 10% (n=118) of your pooled sample
are reported to have received nutrition distal to the anasto-
mosis.4,10–12 Given that fear of anastomotic dehiscence has
been purported as a primary reason for avoidance of early
feeding, we feel that any meta-analysis attempting to refute
these concerns regarding anastomotic dehiscence must
include studies providing nutrition proximal to anastomosis
and not distal. It is therefore our expectation that studies
where a substantial number of subjects are fed distal to the
surgical site would be excluded. Failure to do so invalidates
your ability to make comments on the benefit or harm posed
by early feeding with regard to anastomotic breakdown.

Thirdly, as you have rightly stated, malnutrition is a
common finding in patients undergoing elective gastroin-
testinal surgery13,14 and has been shown to be indepen-
dently associated with poor outcomes such as delayed
wound healing, development of postoperative complica-
tions, and mortality in surgical patients.13–17 For this
reason, we feel it is of vital importance that a balanced,
nutritionally complete intake be provided within the early
feeding period. Consequently, we question the benefit of
including studies that provide only clear fluids within 24 h
postoperatively18 as it is impossible to meet nutritional
requirements on this type of diet irrespective of the quantity
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consumed due to the absence or grossly inadequate provision
of protein, lipids, and many micronutrients.19

Fourthly, we draw attention to a number of studies that
appear to us to meet your inclusion criteria that have been
omitted from your analysis. The study by Feo et al.20 was
excluded in all your meta-analyses1–3 as you state “both
treatment groups were allowed liquid diet, therefore [there
was] not control group to early feeding.”2 The cited paper,
however, clearly states liquid diet in the NBM group was
only provided after passage of flatus,20 thereby meeting
your inclusion criteria. Furthermore, there are at least four
eligible studies21–25 we have located that do not appear to
have been identified in your searches in which all or sub-
groups from the study population may provide additional
numbers for your study.

Fifthly, from a statistical point of view, we note that you
report on both fixed and random effects models in the most
recent paper,1 while only the former is reported in your
earlier publications.2,3 The relative appropriateness of fixed
versus random effects model has received increasing
attention with relation to meta-analyses. The fixed effect
meta-analysis assumes that there is one identical true
treatment effect common to every study: This is not the
case in your (or indeed any) meta-analysis. The random
effects model of meta-analysis is an alternative approach
that does not assume that a common (“fixed”) treatment
effect exists. The random effects model assumes that the
true treatment effects in the individual studies may be
different from each other, and thus no single number to
estimate in the meta-analysis exists but rather a distribution
of numbers. The most common random effects model also
assumes that these different true effects are normally
distributed. The random effect model allows for the
possibility that populations vary from study to study and
therefore estimates the mean and standard deviation of the
different effects. As described above, there are several
important differences among the interventions provided
within the studies included in your meta-analysis that
potentially impacts on treatment effects, and therefore, a
random effects model is the most appropriate model in this
setting, and fixed effect model should be discarded. We
were also disappointed to see that the figures reported in
your latest paper were solely that of the fixed effects model
rather than the random effects outcomes unique to your
latest paper.

Furthermore, we note an error between the “tabulated
data” (Fig. 1) and “outcomes” reported within the text with
regards to “wound infections.” Under outcome, the absolute
risk for wound infection in the treatment group has been
reported incorrectly from 0% (zero out of 16) to 33% (ten
out of 30). The correct figures should read 1.23% (one over
81) to 33% (ten out of 30). It appears that the value of zero
out of 16 is from the pneumonia dataset.

Finally, we agree that the mounting body of evidence
showing no demonstrable harm from early enteral nutrition
provision postoperatively justifies a large adequately
powered clinical trial that places a primary focus on linking
nutritional intake to postoperative outcomes. This latter
aspect has largely been omitted from investigations on this
topic to date, to the detriment of our more informed
understanding of this topic. While our clinical experience
concurs with your comments closing your Cochrane review
that “patients only take a small proportion of required
energy in the first few days post operation,”2 as the objec-
tive data to verify this is currently absent from the literature,
we feel the omission of this statement from the current
paper appropriate.
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Dear Editor:
Thank you for the opportunity to reply to the comments of
Osland et al. We are pleased that they concur with our
overall conclusions. As with all meta-analysis, there are
confounding variables between studies, and the use of
immunutrition may well be one. However, as pointed out in
the comments, there is little evidence of improved outcome
with immunutrition. We set out to do a pragmatic analysis
with a relatively limited number of studies, of the benefit of
early enteral nutrition. We found no indication from the
small study by Heslin et al.1 that immunutrition improved
outcomes when compared with the other studies; indeed an
increase in wound infection rate was seen in the interven-
tional group.

Osland et al. hypothesise that only nutrition delivered
proximally to an anastomosis can be of benefit. Unlike
colonocytes, which derive most of their energy supply from
the lumen contents, in the proximal colon and small
intestine, there is a greater reliance on vascular nutrition.2

Mucosal proliferation is also dependent on the availability
of growth factors and neuronal control mechanisms as
characterised by trophic effects of nutrition on isolated
intestines in animal models.3 Nutrition and even “sham
feeding” stimulates the release of intestinal hormones such
as gastrin, GIP, and GLP, which have local and systemic
influences. Only 10% of patients within our analysis
received distal feeding, and we found the direction of effect
to be similar to those receiving proximal feeding. This leads
us on to the next point, relating to the amount of nutrition

given. It is quite clear that the clinical benefits achieved by
providing early nutrition occur with patients receiving only
a small percentage of their requirements. The reason for this
is complex, as mentioned above the release of intestinal
polypeptides may have a role in improving the metabolic
recovery. Animal models suggest that as little as 15–30% of
energy requirements may lead to improved outcomes.4,5

Indeed, the return of intestinal function through diet may
also be relevant to improved outcomes, as recent studies
have shown faster patient recovery is achieved with the
postoperative use of chewing gum.

The comments by Osland et al. are confused with regard
to wound infections. We have rechecked the papers for
wound infections in both groups and the data presented in
our analysis are correct.

In a random effect model, there is less weight on study
size, therefore small studies, which are more likely to be of
lower quality, have disproportionate weight. The issue with
the fixed effect model is the underlying assumption that the
study populations are the same—when in fact they may not
be. Either way, the best solution is to present both.

With regard to the other studies mentioned: (1) Feo et
al.6: patients were randomly allocated to have either a naso-
gastric tube and be nil-by-mouth until the passage of flatus
or no naso-gastric tube, water (not explicit in the paper, but
we had contacted the authors) then diet from the second
postoperative day onward. (2) Nessim et al.7: this is a study
examining the benefits of bowel confinement where the
interventional group received clear liquids with high-dose
loperamide and codeine, while with the control group of
patients started a regular dietary intake on the day of
surgery. (3) Zhou et al.8: this is a study of early vs late
removal of naso-gastric tubes after colorectal surgery. The
early removal group were also offered a “liquid fibreless”
diet from the second postoperative day. (4) and (5) Han-
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Geurts et al.: in both studies (it is not clear if some or all
patients are common to both studies), patients undergoing
colonic and vascular surgery were randomly allocated to
choose when they wanted to start an oral diet (patient
controlled group) or a fixed feeding regime where diet was
introduced on postoperative day 4. No data were presented as
to whether oral dietary intake was started within 24 h of
surgery in the patient-controlled group or not.9 In the second
study,10 patients in the patient controlled group tolerated
food at a median of 2 days after surgery. (6) The small study
(n=51) by Lucha et al.11 was designed to examine the
economic impact of early feeding and should have been
included in our analysis. Patients undergoing colorectal
surgery were randomly allocated to receive feeding from
8 h after surgery vs later feeding. Only one complication was
reported in each arm. No other useful data was extractable.
The study has no impact on our statistics.

Stephen Lewis
Henning K Andersen
Steve Thomas
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