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Abstract
Introduction In April 2007, we performed our first single port access (SPA) surgical procedure. Beginning with simple
procedures, we progressed to more complex procedures employing modifications of the initial technique.
Methods Maintaining our abdominal entry technique through a single incision, typically umbilical, we have now
successfully performed cholecystectomies, colon resections, small bowel procedures, liver biopsy, splenectomy,
adrenalectomy, and surgery of the gastroesophageal junction.
Results Two procedures have required additional port sites, none has employed transabdominal sutures, and <5% of all
procedures have required articulation. Immediate follow-up demonstrates safe completion of multiple procedures with
acceptable outcomes of blood loss and hospital stay. Although initial operative times are extended, a decrease is seen
following a learning curve. At 2-year follow-up, two hernias developed at the extended incision for colon extraction.
Discussion and Conclusion With initial procedures performed in April 2007, we now report 24-month follow-up of a novel
laparoscopic approach utilizing standard instrumentation. We demonstrate that SPA surgery is an alternative to multiport
procedures with proposed initial benefits of decreased number of incisions and improved cosmesis for the patient. Long-
term prospective randomized large case series will be necessary to assess pain, recovery, and hernia formation proving
advantages, if any, over multiport laparoscopy.
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Introduction

The benefits of surgical treatment of disease have always
been viewed as being obtained with a certain acceptable
level of pain and trauma to the patient. Minimizing this
untoward effect of any surgical procedure has been a

driving force of laparoscopy since its inception in the early
1900s.1,2 Our desire to offer our patients the benefit of our
craft with less iatrogenic harm has inspired us to expand
laparoscopy from simple explorative procedures to the most
advanced general surgical procedures. Even with the clear
benefits of laparoscopy over open surgery,3 we have
continue to see a trend toward less invasion in the quest
for “scarless” surgery. In the case of cholecystectomy,
successful reports of decreased number of port sites have
been published.4,5 Ultimately, in 1997, Navarra published a
transumbilical cholecystectomy technique utilizing suture
retraction as an assist technique to limit the incision to the
umbilicus.6 Even he questioned the validity of the approach
in terms of safety, efficacy, and operative time patient
selection.7 In addition, application to procedures other than
cholecystectomy did not seem possible.

The turn of the century saw the emergence of advanced
endoscopy as a possible replacement for open surgery.
Ponsky et al. revolutionized feeding access, as well as
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demonstrating a new approach to surgery with the
introduction of the percutaneous gastrostomy tube.8 Kalloo
et al. demonstrated the ability to push endoscopic principles
to a new level, performing intra-abdominal procedures
transgastrically.9 NOTES™ has now emerged as perhaps
one path to the further minimization of the necessary
trauma we inflict upon our patients.10 Techniques and series
of transvaginal cholecystectomy performed in humans are
now emerging.11–13

Also inspired by this quest to continue to improve, we
began the elimination of port sites with ventriculoperitoneal
shunt placements in the 1990s, as well as performing two
port site ventral hernia repairs in 2002.14 In the fall of 2006,
we began a stepwise approach of reduction of port sites and
consolidation of trocars resulting in one umbilical incision
for laparoscopic cholecystectomy. Initially eliminating the
subxyphoid port and then abandoning the lateral retraction
port sites in a stepwise fashion, we ultimately performed
our first transumbilical single port access (SPA) cholecys-
tectomy in April 2007.15–17 In addition, we were able to
apply this technique to basic laparoscopic procedures such
as appendectomy and gastrostomy tube placement.18 Since
then, through a number of simple modifications, we have
applied the single port access technique to multiple
abdominal and pelvic procedures. Additionally, we have
progressed to only use standard rigid instruments and
standard trocars widely available to any laparoscopic
surgeon. The versatility of standard instruments and
individual trocars has provided “independence of move-
ment” allowing us to perform multiple procedures or
multiquadrant procedures on the same patient during one
visit to the operating room.

Over the past year, there has been an emergence of SPA-
based, or “reduced port”, procedures demonstrating interest
in pursuing this old, yet revitalized, path toward the
ultimate goal of decreased pain and trauma to our patients.
As we begin this journey, we need to do so with a cautious
eye so as to ensure that we maintain basic tenets of surgery,
without increasing the potential risks. Safety, costs, and the
ability to train and develop the technique will all have to be
demonstrated.

With this in mind, we present our first 2-year experience
with this new technique as we have adapted SPA surgery
into standard practice. We propose that SPA is a feasible
alternative to multiport laparoscopy.

Methods

Technique

The technique of SPA surgery has been described in prior
publications.17,19 The standard schematic (Figs. 1 and 2)

demonstrates the basic arrangement of the multiple trocars
placed within the single port of entry. The initial 1.8-cm
incision is made within a skin fold within the umbilicus (in
most cases), and accessed is obtained via surgeon prefer-
ence (Veress needle, bladeless, or open). An initial 5-mm
clear trocar is utilized for insertion via direct visualization
and subsequent visualization of accessory trocars through
its side in order to maintain safety. Once the abdomen is
explored and deemed appropriate for a SPA procedure, the
very low profile trocars are placed. The abdomen is
partially desufflated to allow better mobilization of the skin
and soft tissue flaps off the underlying fascia. Flaps are
raised along the fascia for a distance of approximately 2 to
3 cm in both directions from the central trocar. This
exposure of the fascia yields an approximately 5-cm area
into which separate trocars can now be placed through this
single port of entry. In addition, if additional retraction is
necessary (i.e., the fundus of the gallbladder, caudal
retraction of the stomach in gastroesophageal (GE) junction
procedures, or upward retraction of the colon) a separate
fascial incision can be made at the apex of the triangle for
insertion of an instrument without a trocar.

The standard SPA technique was developed for chole-
cystectomy. Modifications of this technique offer the ability
to perform other procedures. Changing the position of the
trocars within the incision provides access to other
quadrants of the abdomen. Enlarging the initial incision in
those cases in which specimen extraction will be required
(i.e., colon, spleen) is another modification of the SPA
technique. This also increases the diameter of the circle of
exposed fascia expanding the distance possible between
trocars. When larger 12-mm trocars are placed to accom-
modate the stapler, this provides more space for indepen-
dent movement without clashing of instruments. Once the
trocars are placed, the dissection is then performed in the
standard fashion of multiport laparoscopy, most times with
standard instruments.

Upon completion of the procedure, the multiple trocar
fascial sites are closed. If the fascial incision was enlarged
(i.e., the facial sites connected) for specimen extraction,
then the wound is closed in a standard fashion. If the fascial
sites do not need to be extended or connected, each is
closed separately. Although they are only 5-mm fascial
defects, the close proximity to one another prompts us to
close them routinely. After the development of widened
skin flaps, we began approximating the subcutaneous
adipose tissue to prevent seroma formation. The skin is
then approximated in a standard fashion with suture.

Chart Review

Under our institutional review board protocol, we retro-
spectively reviewed the charts of patients undergoing SPA
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procedures. Specific patient identifiers were discarded from
the data sheet in order to protect patient identity.

Demographics (age, sex, body mass index) as well as
presenting diagnoses were recorded. Operative information
was also recorded (initial skin incision operative time,
estimated blood loss, intraoperative complications, addition
of port sites or conversion to open, and final skin incision).
We also recorded whether articulating instrumentation was
used. Finally, outcomes (length of stay (LOS), wound
infections, seromas, hernia formation) were collected from
both the hospital chart and office charts.

Results

Cholecystectomy

Table 1 lists the various procedures performed to date
utilizing the SPA technique. The largest series cases is of

cholecystectomy. Diagnoses varied from acute to chronic
disease. There was no patient selection “bias”, including a
306-lb female patient with acute cholecystitis and an 85-
year-old male who developed choledocholithiasis while
admitted to the hospital with a congestive heart failure
exacerbation. Table 2 demonstrates the operative times,
blood loss, and LOS of this initial series, demonstrating
an extended mean operative time but acceptable blood
loss and length of stay. The initial ten cholecystectomies
were performed with two articulating instruments. A third
transfascial retractor was then added. Finally, the transition
to all rigid instruments was made. Initially, two articulat-
ing instruments were used creating a steep learning curve
(Table 3). After modifying the technique to two rigid
dissecting instruments with one retracting instrument, better

Figure 2 External trocar arrangement.

Figure 1 Schematic of SPA
technique.

Table 1 List of Procedures

List of procedures Number

Cholecystectomy 45

Colon 13

Right 3

Left 1

Sigmoid 8

Total proctocolectomy with j-pouch 1

Appendectomy 2

Small bowel 35

Gastric/GE junction 9

Splenectomy 2

Adrenalectomy 1

Omental resection 1

Liver biopsy 1
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exposing the critical view, the operative times decreased as
the number of cases performed increased. Also, in the
initial cases using two articulating instruments, additional
port sites were added in two cases due to inadequate
retraction and exposure of the common/cystic duct relation.
Of note, intraoperative cholangiogram was not routinely
performed as we typically use preoperative endoscopic
retrograde cholangiopancreatography (ERCP). In one pa-
tient, a cholangiogram was performed via the umbilicus. In
a subsequent cholangiogram, the catheter was inserted
directly through the skin in the right upper quadrant
providing easier cannulation of the duct. Patients who
traveled from out of state were offered extended stays of
2 days if desired. This in combination with patients
admitted for other comorbidities extended our mean LOS.
All gallbladders were delivered through the initial incision
without need for extension. In some cases, the fascial
defects were combined to accommodate a larger organ or
stone. One patient had spontaneous drainage and minimal
erythema at the umbilical incision not requiring further
intervention.

Small Bowel Procedures

Our small bowel procedures were for a combination of
procedures including ventral herniorrhaphy, adhesiolysis,
and omental mass resection (Tables 1 and 2). These
procedures were some of the first we performed along with
the cholecystectomy. Given the wide range of operative

times required for adhesiolysis, reduction of hernia, and
the inclusion of omental resection as part of the small
bowel procedure list, these times are not reported. Ventral
hernias were all repaired with mesh using laparoscopic
tackers to secure to the abdominal wall. No enterotomies
occurred.

Colonic Procedures

Colon procedures were performed beginning with appen-
dectomy (Tables 1 and 4). These setups included exchang-
ing a 5-mm trocar for a 12-mm trocar to accommodate the
stapler. Two appendectomies were performed with one
appendiceal stump being secured with a suture loop device
and the other with a laparoscopic stapling device. Next, we
advanced to colon mobilizations starting with right colons.
Initial incisions were extended as a larger incision would be
necessary at the conclusion for specimen extraction. This
afforded a larger operative area, allowing further spacing of
trocars widening the triangulation at the abdominal wall.
These procedures were performed for a combination of
benign and malignant disease. Colon surgeries were
performed with anastomosis being performed extracopor-
eally for right colons and a combination of extra- and
intracorporeal anastomoses for the sigmoid and left colons.
The splenic flexure was not mobilized in every sigmoid
resection if an adequate specimen with negative margins
could be obtained. Finally, a total proctocolectomy with j-
pouch was performed in a patient with ulcerative colitis.
The mean operative time reflects the combination of all of
these cases. The shortest time of 112 min was in a sigmoid
resection for adenocarcinoma yielding negative margins
and 16 nodes. At the conclusion of the operations, the
incisions were often enlarged for specimen removal. One
wound infection was observed in follow-up, resulting in
spontaneous opening of the skin and not requiring further
exploration or intervention. Two patients have developed
access site hernias (ASH) at the site of specimen extraction
in the final extended umbilical incision.

Table 2 Results of Procedures

Procedure Number Operative time (average min) EBL LOS (days) Incision (initial, cm) Incision (final, cm)

Ventral hernia 15 61 Min 0–2 1.5 1.5

Cholecystectomy 45 92 Min 0–4* 1.5–1.8 1.5–1.8

G tube 5 44 Min 2–* 1.5 1.5

Nissen 2 128 Min 2–3 1.8 1.8–2.0

Appendectomy 2 42* Min 0–*

Splenectomy 2 191 250 2–4 1.8–2.5 4.5

Adrenalectomy (Pheo) 1 180 150 4* 2.0 2.8

Omental resection 1 * Min 5 1.8 2.2

EBL estimated blood loss

Table 3 Results 2 Versus 3 Instrument Cholecystectomy

Number of
instruments

Operative time
(min)

Addition of
accessory port

EBL
(cc)

2 104.9 2 Min

3 77.3 0 Min

EBL estimated blood loss
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Splenectomy

Two patients underwent splenectomy (Tables 1 and 2). These
procedures both required a 12-mm trocar to accommodate
the stapler. Both also used a combination of articulating
instruments and camera. Splenectomy was performed using
the laparoscopic stapling device for the hilum and a tissue
sealing device for the short gastrics. In one patient, the
spleen was mobilized successfully using the SPA entry
technique in 1.5 h. The operation was then completed as
open as she had a pancreatic mass adherent to the
retroperitoneum. The second patient underwent splenectomy
for staging. The entire procedure was done using the SPA
technique via the umbilicus. The operative time was 3 h with
minimal blood loss. The umbilical incision was extended to
allow for organ removal. This patient was tolerating oral
intake on day 1 and discharged home on day 2. Follow-up at
1 year reveals a well-healed incision without herniation.

Gastric and Gastroesophageal Junction Procedures

Various GE junction procedures were also performed. Our
first cases were insertion of gastrostomy tubes in patients
unable to undergo percutaneous endoscopic placement due
to cancer. Five patients underwent successful placement
with a mean operative time of 43 min. Gastroesophageal
junction cases included Nissen fundoplication. In one
patient at 1-year follow-up, the wrap is in place with
complete resolution of symptoms.

One gastrointestinal stromal tumor (GIST) was done in
coordination with our gastroenterologists performing en-
doscopy in order to identify the site of the tumor intra-
operatively, assist in delivery of the tumor through our SPA
gastrostomy, and ultimately evaluate our gastric stapled
closure line at completion.

Seroma formation has occurred in eight patients in this
initial series of SPA procedures.

Discussion

Our initial reports with our early experience demonstrated
that SPA surgery is possible for basic laparoscopic

procedures.17–20 However, as we move forward, we need
to constantly assess the safety and efficacy as compared to
multiport procedures. The benefits at this point in its
development, we suspect, may be negligible at best.
Patients’ desire for the cosmetic benefit is important, but
the price cannot be increased risk or complication. In this
light, we present our very preliminary data and a very short-
term experience and demonstrate that SPA surgery can be
performed safely as an alternative laparoscopic approach to
abdominal access. In addition, it is not limited to basic
laparoscopic procedures but can be applied to more
advanced procedures as well.

The initial goals of the development of SPA surgery
were to develop a technique that fit within what we
believed to be the important criteria to maintain current
standards. Availability to surgeons and patients, an eye to
costs, a focus on safety, and a commitment to developing a
technique that would not be prohibitive from a training
standpoint were all primary goals.

First, we focused on reproducibility to ensure feasibility
and availability. The SPA technique is based on standard
exposure and dissection of multiport laparoscopy, starting
with cholecystectomy. This requires the surgeon to learn a
new method of access and then become comfortable
performing the familiar dissection techniques with a new
arrangement of standard, familiar instruments but in close
proximity. In addition, the “stepwise down” approach to
SPA surgery (Fig. 3) allows the surgeon to work his way
toward the goal of single port access surgery. We began
with a series of cholecystectomies, gradually improving the
technique and comfort level before applying the access
technique to more difficult procedures. Once adept with the
common procedures, more advanced procedures can be
performed (of note, from both a safety and medicolegal
standpoint, the authors do believe a training program is in
order, rather than a simple “see one, do one” technique, and
we are currently evaluating our method of training in this
respect).

Over the 2 years, we found areas for improvement and
subsequently altered the technique accordingly. Initially, we
utilized articulating instrumentation. These instruments
were not widely available, not completely reliable, expen-
sive, and associated with a learning curve. In the initial ten

Table 4 Results of Colon Resections

Segment resected Previous surgery Benign Malignant Mean operative time (min) EBL (cc) Nodes LOS

Right TAH 3 155 Min–150 12–18 6–7

Left TAH 1 179 Min 14 5

Sigmoid 4 4 169 Min–350 13–16 5–8

Total colon (j-pouch) Umbilical hernia 1 300 100 na 5

EBL estimated blood loss, na not applicable, TAH total abdominal hysterectomy
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cholecystectomies, we used two articulating instruments
resulting in longer operative times. After the addition of a
rigid retractor and the transition to all rigid instruments, our
operative time decreased (Fig. 4). Overall, our time trend
has been down approximately 20%.

Safety must be the leading focus of any new procedure.
This is why SPA surgery had become more of a philosophy
than just a technique. First, the SPA cholecystectomy was
developed around maintenance of the critical view of the
cystic duct/common bile duct relationship.21 Once we
realized the difficulty in obtaining this with only two
instruments for dissection, we added the third “trocarless”
instruments and had been able to maintain the critical view
in every subsequent gallbladder surgery we perform. This

also maintains the same instrument number as traditional
multiport cholecystectomy and allows dynamic fundal
retraction and infundibular manipulation. The addition of
the third instrument then allowed us to apply the same
technique to caudal retraction of the stomach for GE
junction procedures, additional retraction for occasional
colon procedures, and an additional instrument for some
ventral hernia procedures. It also is the rationale behind the
concept of “single port rescue”. The importance of adding
an additional port site to maintain safety is prerequisite of
single port access surgery.

Although we report operative times, it must be under-
stood that this is only to provide reference for comparison,
demonstrating that we are comparable to standard multiport
times. The ability to perform a “fast” cholecystectomy is
not a goal we strive to obtain at the expense of a “safe”
cholecystectomy.

Also, as we refined the access technique by widening
larger skin flaps, we were able to space trocars further
apart. This increased SPA circle of entry permitted larger
triangulation at the abdominal wall, enabling us to move to
straight instruments. We have found this to be an
improvement in terms of maintaining a better view of the
entire instrument as we are now visualizing “in-line”, as
well as eliminating most of the instrument collision of hand
pieces outside the body. After extending the initial incision
for colon surgery, as this would be required at the
conclusion to permit specimen extraction, more spacing of
trocars further widened the triangulation at the abdominal
wall. This also further decreases the “chopstick effect”.

Figure 3 SPA progression.

Figure 4 Operative times in SPA cholecystectomy (with addition of
third rigid instruments).
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Using these standard instruments provided better expo-
sure and eliminated the extended time associated with the
learning curve providing a more efficient operation. This
transition to straight, reusable instruments has also
contained our costs. In addition, we have been able to
eliminate the need for an access device and have been able
to move to very low profile trocars. In cholecystectomy we
eliminated one trocar, thus reducing our costs further.
Needless to say, this also is an ecological advantage in
terms of waste and progressing toward a more “green”
approach.

Despite these improvements to the technique over the
first 2-year experience, a learning curve exists. This is
anticipated with any novel advancement.

Although our outcomes are acceptable and prove that
this technique is feasible, parameters such as length of stay,
postoperative recovery, pain assessment, and patient satis-
faction will need to be determined on a large scale as we
move forward. Again, given the success and excellent
outcomes we obtain with multiport procedures, we may see
no significant benefit.

Single port access provides an alternative approach to
minimally invasive surgery. While the immediate draw
appears to be cosmetic, potential benefits or disadvantages
require further evaluation. This technique may offer a more
ergonomic operation with the ability for easier access to the
entire abdomen with one setup. Conversely, if the initial
access is not obtained properly, gas leak and instrument
collision may prohibit a successful operation. It will be
difficult to prove advantages in term of short-term out-
comes as there is not great room for improvement
compared to multiport. The decrease in incisions may
decrease the development of infection or hernia sites and
the formation of intra-abdominal adhesions. On the other
hand, a larger incision may increase the rate of seroma and
umbilical hernia. Seromas are not a routine development in
standard multiport procedures, and these will have to be
followed. The concern will clearly be increased risk of
infection and ultimately potential for increased hernia
formation at the access site. We will have to continue to
follow ASH as we progress. We will also have to compare
the ASH incidence in this technique versus the techniques
utilizing the single port devices with multiple lumens.

We offer this laparoscopic access technique to all
patients. During consent, we not only discuss the potential
but not proven risks and benefits but also discuss the
possibility of addition of ports or conversion to an open
procedure. All procedures begin with an umbilical trocar.
Next, the abdomen is inspected and the decision to continue
with SPA or convert is made.

With the initial insertion of a celioscope for evaluation of
the peritnoneum,1 the stage was set for us to continue to
perform procedures with minimal insults to the patient.

Over the past century, we have seen this field grow from
simple laparoscopic explorations to the performance of
some of the most advanced surgical procedures.22 One of
the main benefits of the current instrumentation and
techniques has been the versatility and applicability to a
multitude of procedures. We have been able to offer all
surgeons training in laparoscopy, and subsequently, the
availability to patients has grown. As we continue down
this road to the next phase of minimal access surgery, we
need to ensure that we can develop procedures, techniques,
and instruments that are available and applicable to the
large volume of surgery being performed. In Navarra’s
communication, he indicates the concern that his technique
was only applicable to selected patients and may not be
worth the additional operative time and expense.7 The
addition of new equipment, reliance on disposable instru-
mentation, may all increase the costs of our current
practices. In addition, training of surgeons and adoption
into practice will be a limiting factor in the acceptance and
application of new procedures. In the early 1990s, the
tradeoff for this was the transition from large incisions for
open surgeries to the minimally invasive procedures we
currently do today. Although preceded by extreme skepti-
cism, improvements in outcomes of recovery, pain, length
of stay, and cosmesis resulted in acceptance.3 As we move
toward NOTES™, the concerns of costs and availability are
certainly coming into question. Further and of paramount
importance is the attention to maintenance of the basic
principles of safety. All of these factors need to be
considered as we move toward a new technique or
procedure.

Interestingly, NOTES™ almost has a built in safety net.
Given its extreme variance from standard and current
operative techniques of laparoscopy, although interest has
grown and development is progressing, it cannot be
routinely performed in most situations. It has an almost
inherent property of protection against rapid adoption. This
may be one of the biggest strengths of NOTES™-based
procedures. On the other hand, single port procedures, as
well as the entire realm of reduced port surgical procedures,
are being adopted in a much more rapid and broad reaching
sweeping motion. These procedures are being performed
from university settings to community hospitals. At SAGES
2009, there were nearly 500 cases reported in one session
of the most common procedure, laparoscopic cholecystec-
tomy, in its first 2 years of development.23–25 It is in this
light that we need to truly evaluate the advancement into
the reduced port surgery arena now and with strict
adherence to safety and efficacy of adoption.

Finally, the training of a new procedure needs to be an
issue to attend to early in its development. The provision of
adequate training and skill development of surgeons on a
new technique will ensure its safe adoption into our surgical
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community’s realm of safe procedures. If we do not address
this early on, then “early” adopters with no resource to train
may not obtain the benefits of learning from the process the
developers of the technique experienced. In the SPA
technique, we progressed from four to three to two to one
port in cholecystectomy. A similar approach to SPA colon
procedures allowed us to be successful in our early
development as well. This process, combined with a
training program in the lab, will yield a better overview
than simply observing a procedure, watching one on the
internet, or attempting one “cold”.

As new techniques develop, their versatility is impor-
tant. If each and every minimal access procedure we
perform requires a new set of instruments or tools, a
different access device or technique, or a different
approach, then again we could see learning curves and
costs grow exponentially.

Progression and application must proceed with caution
and without compromise of the basic tenets of surgery.
Physicians should be the motivating force for application
and instrument development. While media attention may
persuade patients to seek out this procedure for an
enhanced cosmetic result, we must ensure a safe result.
Although industry will be liked to the development of new
procedures and instrumentation, surgeons should be the
driving force in development of necessary technology and
not vice versa.

With all these “obstacles” and such a limited potential
for any “real” benefit, the obvious question is why to
proceed down this path of reduced port surgery. Aside from
the desire to improve upon our current successes and offer
our patients a dedication to improving care, we need to not
only look to the future but also plan and develop the steps
that will lead us there. Just as single port access surgery
developed in a stepwise progression, reduced port surgery
offers us a more systematic and perhaps safer approach to
the ultimate goal of scarless surgery.
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Discussant
Dr. Mark A. Talamini (San Diego, California): Drs.

Podolsky and Curcillo report a retrospective series of 113
patients over a two-year period who underwent single
incision minimally invasive procedures. This has to be one
of if not the largest experiences reported in this evolving
field. The manuscript, which I appreciated receiving before
the meeting, is primarily a description of the technique and
some of the issues surrounding the development of the
technique. Obviously the manuscript, the experience it
describes, and this field in general is controversial and raises
many questions. I have four that I would like to pose to you.
First, can you share with us two unexpected outcomes either
positive or negative that you all have discovered in following
these patients up, things that surprised you?

Second, what aspects of your experience related in this
manuscript might convince you that in a decade we’ll be
doing operations this way? Third, what are the arguments
for or against needing IRB approval, review board
approval, for taking up this kind of work for surgeons?
Finally, I would be remiss if I didn’t mention one case in
your manuscript that looked like one of the colon cases had
a 1500 cc blood loss, which would bring up the issue of
conversion. If you need to consider conversion, would that
be a laparoscopic approach or an incision?

Closing Discussant
Dr. Erica R. Podolsky (Philadelphia, Pennsylvania): At this

point I think one of the most surprising things is how well we
have been able to apply this technique and how well it’s been
received. Initially, it was something that was experimental,
performing it in porcine models. I think that extending to
human patients and really seeing good initial outcomes and
being able to apply it to multiple procedures has really been
something a little bit surprising and very exciting.

I think SPA is an alternative. I think that we need
long-term follow-up, because I’m not sure that it’s going

to result in improved outcomes. And if we do see more
hernias or complications, it may be a technique that isn’t
something we’ll see in ten years. But I think with the
push for NOTES, it provides an alternative, and maybe it
can be a stepping stone to help perform those proce-
dures. Maybe we can start this way and combine this
umbilical access with NOTES and then transition to pure
NOTES.

As far as IRB approval, we did have an IRB approval
for review of this and recommend it for using the
technique as it is a new novel approach. A thorough
patient consent should also be included – this technique
versus other techniques, and the possibility of conversion
to multiple trocars and/or incisions.

If we do need to convert, there’s really no holding back
on adding another trocar or converting to open surgery. And
all of our patients are consented that way.

Your question regarding the large blood loss and
conversion to open is a very important point. This is a
patient that was converted to open after placing the first two
trocars and exploring and identifying a large tumor into the
abdominal wall. An open approach was decided to be best
and indicates a clear need to advance slowly. Included in
error in our presentation of SPA cases, we will fix this in
our manuscript.

Discussant
Dr. L. Michael Brunt (St. Louis, Missouri): I would like to

congratulate you on this large series of single-port access
cases and this impressive variety of numbers that you have
accomplished has really helped develop and push forward this
technique. I have a specific question about the lap-choles. In
how many cases did you do cholangiography? And what was
your cholangiography technique?

Closing Discussant
Dr. Erica R. Podolsky (Philadelphia, Pennsylvania): We

don’t routinely perform cholangiography. We use ERCP. We
did perform cholangiography in two patients. In the first
patient we tried to do a trans-umbilical cholangiography,
which we found technically difficult. And then we thought
about it and found that it would be easier to just insert a
cholangiography catheter into the right upper quadrant and
get the right angle and just directly place it within the duct. In
surgeons that are performing cholangiography with this
technique, I think that’s the technique that they are using as
another site to insert the catheter.
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Abstract
Background Damage control laparotomy (DCL) has been a major advance in modern trauma care. The principles of
damage control which include truncation of operation to correct acidosis, hypothermia, and coagulopathy with subsequent
planned definitive repair are applicable in managing patients undergoing abdominal operations. In order to define
indications, technique, and outcome, we undertook a retrospective review and analysis of pancreatic surgery patients in
whom DCL was utilized.
Methods In a cohort of 835 patients who underwent elective pancreatic operations at the Medical University of South
Carolina from 2001 to 2007, eight patients were identified who required DCL. Under Institutional Review Board approval,
records were reviewed to define intraoperative blood loss, acidosis, hypothermia, coagulopathy, operative techniques,
timing of definitive operation, and hospital outcome.
Results There were five men and three women with a mean age of 51 years. The diagnosis was chronic pancreatitis in seven
patients and cancer in one. The index operation was pancreatoduodenectomy in four patients, distal pancreatectomy in three, and
total pancreatectomy in one. In four patients undergoing elective pancreatic resection intraoperative portal vein hemorrhage
initiated damage control laparotomy. Four patients had damage control utilized at reoperation for abdominal sepsis (two) and
hemorrhage (two). DCL techniques included external tube drainage (eight), abdominal packing (seven), staple closure of open
bowel (four), and rapid abdominal closure (four). Operative blood loss ranged from 300 to 12,000 cc. Operative transfusions
ranged from 0 to 44 U of packed red cells. Intraoperative INR was greater than 1.5 in four patients, pH ranged from 7.08 to 7.45,
and temperature ranged from 34.8 to 38.8°C. Laparotomy for pack removal and intestinal reconstruction was undertaken 1 to
7 days after DCL. Length of hospital stay ranged from 7 to 80 days. Hospital mortality was zero.
Conclusions Patients with exsanguinating hemorrhage and severe sepsis related to pancreatic surgery can be successfully
managed with principles of DCL. Truncation of operation with abdominal packing, bowel closure, external drainage of bile
and pancreatic ducts, and rapid abdominal closure with planned subsequent completion laparotomy should be considered in
pancreatic operations when patients risk intraoperative acidosis, hypothermia, and coagulopathy due to sepsis or
hemorrhage.

Keywords Pancreas . Surgery . Complications .

Damage control
Introduction

Damage control laparotomy (DCL) has entered the main-
stream surgical lexicon in modern trauma care. It represents
one of the major advances in the surgical management of
the severely injured patient. Stone described in 1983 the
survival advantage of the early truncation of laparotomy
when encountering exsanguinating traumatic hemorrhage to
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allow for physiologic resuscitation prior to definitive
operative repairs 1. Rotondo applied the term “damage
control laparotomy” to this approach as applied to the
severely injured trauma patient, borrowing the vocabulary
of the Naval service and the shipboard principle of
maintaining the vital capacities of the ship and containing
damage in the case of attack in order to maintain mission
integrity and stay afloat.2 DCL can be a lifesaver for the
trauma patient in the operating room who develops
hypothermia, acidosis, and coagulopathy. Operative time
is minimized, with attention to control of hemorrhage and
containment of gastrointestinal contamination, employing
stapled bowel closure, external tube drainage, abdominal
packing, and rapid abdominal closure.1–4 This strategy,
which has evolved in major trauma centers over the past
two decades, is as applicable to patients who suffer
operating room trauma as to those who suffer trauma on
the streets.

It is alarming when patients undergoing elective and
urgent abdominal surgery develop severe physiologic
disturbances secondary to operative hemorrhage or sepsis.
The accompanying intraoperative hypothermia, acidosis,
and coagulopathy are harbingers of high morbidity and
mortality. DCL principles are utilized successfully in
general surgery patients in many situations. Elective and
urgent pancreatic operations in particular have occasional
need for utilization of DCL to salvage patients who are
unexpectedly severely injured with operative trauma. In
order to review and describe the use of DCL in operations
on the pancreas, a retrospective review and analysis was
undertaken of patients undergoing pancreatic surgery over a
6-year period.

Methods

An inpatient hospital database identified a cohort of 835
patients who underwent elective and urgent pancreatic
operations at the Medical University of South Carolina from
2001 to 2007. Eight patients were identified who required
DCL. With the approval of the Institutional Review Board
for the evaluation of human subjects, the electronic medical
records of these eight patients were reviewed. Data collected
and analyzed included patient demographics, indications for
surgery, operative conduct, intraoperative blood loss, pH,
patient temperature and INR, damage control techniques,
timing of definitive operation, and hospital outcome.

Results

There were five men and three women with a mean age of
51 years (range 37 to 65 years) who underwent an elective

pancreas operation and subsequently required DCL during
the study time period. The indication for surgery was
chronic pancreatitis in six patients, chronic pancreatitis and
intrapapillary mucinous neoplasm in one, and ampullary
cancer in one. The index operation was pancreatoduode-
nectomy in four patients, distal pancreatectomy in three,
and total pancreatectomy in one (Table 1).

In four patients undergoing elective pancreatic resection
intraoperative portal vein hemorrhage initiated damage
control laparotomy. The site of portal vein injury was at
the portosplenic confluence in two patients undergoing
distal pancreatectomy, anteriorly under the neck of the
pancreas in one patient undergoing total pancreatectomy,
and laterally behind the common bile duct in one patient
undergoing pancreatoduodenectomy.

While the injuries encountered were in variable loca-
tions, several common techniques were employed in the
management of portal venous hemorrhage. Initial venous
compression for temporary control was undertaken to
facilitate identification of injury site and extent, as well as
to allow for preparation of the operative team, including
anesthesiologist and surgeon. Compression was accom-
plished via a Kocher maneuver for manual pressure in all
cases. Spongesticks were also used for means of venous
compression. Next adequate exposure of the injury was
obtained via division of the pancreas and expeditious
removal of the specimen.

In all patients primary repair of the identified portal
venous injury was attempted. In two patients primary repair
was successful. In one patient with a portosplenic conflu-
ence injury, temporary vascular control was obtained with
vascular clamps. Due to the size of the injury, primary
repair risked venous compromise and he therefore under-
went venous repair using a patch of native splenic vein
(harvested from the specimen). The final patient with portal
injury had his portal vein ligated during attempts at
hemostasis. The small bowel became immediately severely
engorged and ischemic appearing. Due to concerns for
bowel viability, an interposition graft of cadaver iliac vein
was utilized at this primary operation. While classic DCL
principles would entail temporizing measures such as
vascular shunting with planned staged definitive repair,
these latter two patients were managed well with revascu-
larization at the primary operation (Table 2).

Four patients had damage control utilized at reoperation
for abdominal sepsis (two) and hemorrhage (two). Abdom-
inal sepsis was due to a leak at the choledochojejunostomy
in one patient. She presented with fever, hypotension, and
extraluminal fluid and air on CT scan postoperative day 9,
and on exploration was found to have anastomotic
dehiscence. Another patient presented 53 months after
pancreatoduodenectomy with obstructive symptoms and
hemodynamic instability and was found to have an internal
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hernia with bowel infarction. As this patient demonstrates,
the altered anatomy of the post pancreatectomy patient can
lend to catastrophic complication. One patient developed
hypotension, tachycardia, and profound anemia on postop-
erative day 1; bleeding was found in the bed of the resected
pancreatic head on re-exploration. Another patient, on
postoperative day 3, similarly became hemodynamically
unstable and anemic and was found at reoperation to have
bleeding from the splenic artery stump after distal pancre-
atectomy (Table 2).

DCL techniques included external tube drainage of
biliary, pancreatic, or enteric contents (five), staple closure
of open bowel (four), abdominal packing (seven), and rapid
abdominal closure (seven; Table 2). External tube drainage
consisted of the use of a red rubber catheter for control of
biliary contents and a pediatric feeding tube for diversion of
pancreatic exocrine secretions. Closed suction drains were
placed in the operative bed and octreotide infusion was
employed to decrease pancreatic exocrine output. Rapid
abdominal closure employed a protective covering over the
bowel with the application of a negative pressure dressing.

Operative blood loss ranged from 300 to 12,000 cc.
Operative transfusions ranged from 0 to 44 U of packed red
cells (mean 14.1 U). Intraoperative INR was a mean of 2.19
(range 1.43–3.3) and was greater than 1.5 in seven out of
eight patients. Intraoperative pH ranged from 7.08 to 7.45

(mean 7.27), and temperature ranged from 34.8 to 38.8°C
(mean 36.1; Table 3).

Laparotomy for pack removal and intestinal reconstruc-
tion was undertaken 1 to 3 days after DCL in seven of the
patients. Three patients underwent more than one additional
reoperation (range 0 to 6). One patient underwent external
tube drainage of her bile duct with suture closure of the
adjacent jejunum after complete dehiscence of her chol-
edochojejunostomy. Reoperation for anastomotic revision
was planned, but a fistula developed between the bile duct
and jejunum, which was subsequently able to be dilated by
the percutaneous transhepatic route in interventional radi-
ology and she therefore avoided reoperation.

Six patients achieved fascial closure, while two under-
went vicryl mesh closure. Perioperative morbidity was
substantial, including intra-abdominal abscess (six), respi-
ratory failure (five), pneumonia (two), acute renal failure
(two), venous thromboembolism (two), cardiac arrhythmia
(one), pancreatic fistula (one), and enterocutaneous fistula
(one). Three patients developed ventral hernias requiring
delayed reconstruction. Length of hospital stay ranged
from 7 to 80 days. Five patients required hospital
readmission. Hospital mortality and long-term mortality
(median follow-up 58 months) were zero. Hospital charges
averaged $275,627 per patient (range from $32,363 to
$931,723)

Table 1 Demographics

Pt # Age, gender Diagnosis Operation

1 53, M Chronic pancreatitis Pancreaticoduodenectomy

2 50, F Chronic pancreatitis Pancreaticoduodenectomy

3 62, M Chronic pancreatitis, intrapapillary mucinous neoplasm Total pancreatectomy

4 65, F Chronic pancreatitis Distal pancreatectomy

5 37, M Chronic pancreatitis Distal pancreatectomy

6 57, M Chronic pancreatitis Distal pancreatectomy

7 40, F Ampullary cancer Pancreaticoduodenectomy

8 37, M Chronic pancreatitis Pancreaticoduodenectomy

Pt # Complication Techniques employed to truncate laparotomy

1 Bleeding External tube drainage, packs, stapled bowel closure, rapid abdominal closure

2 Bleeding Packs, rapid abdominal closure

3 Bleeding External tube drainage, packs, stapled bowel closure, rapid abdominal closure

4 Bleeding Packs, rapid abdominal closure

5 Bleeding External tube drainage, packs, rapid abdominal closure

6 Bleeding Packs, stapled bowel closure, rapid abdominal closure

7 Sepsis External tube drainage

8 Sepsis External tube drainage, stapled bowel closure, rapid abdominal closure

Table 2 Intraoperative Data
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Discussion

Elective pancreas surgery in the modern era is safe and
effective when performed at high-volume centers. Despite
the advantages which specialized centers offer, when
surgeons work in and around the pancreas, the potential for
catastrophic complication persists. Pancreatic cancer and
chronic pancreatitis patients are often chronically malnour-
ished, and may have resultant poor healing capabilities and
limited physiologic reserve related to age and chronic illness.

The dense inflammatory fibrosis associated with chronic
pancreatitis obliterates planes and distorts anatomy increasing
risk for vascular injury. Pancreatic cancer can involve nearby
major vascular structures requiring complex vascular recon-
struction. Exsanguinating hemorrhage can quickly develop,
particularly in the event of portal venous injury, which was the
most common complication encountered in this series.

Postoperative pancreatic and biliary anastomotic leaks
can lead to a noxious broth of pancreatic exocrine
secretions and bile with consequent pancreatic enzyme
activation with attendant autolysis of surrounding soft
tissues. Activation of pancreatic enzymes is a potent
stimulus for cytokine release and the vicious cascade of a
severe systemic inflammatory response can result. This
postoperative occurrence leads directly to renal, pulmonary,
cardiovascular, hepatic, and central nervous system failure
escalating the severity of illness. Additionally, severe
hemorrhagic complications can occur as a result of
enzymatic vessel destruction. The anastomotic leak after
pancreatic surgery can be catastrophic.

Patients that have undergone pancreatic surgery with
altered foregut anatomy are at risk for the development of
small bowel obstruction and internal herniation. Afferent
limb obstruction after pancreatoduodenectomy, efferent
limb obstruction due to jejunal fixation for feeding tubes,
and internal herniation of proximal jejunum at the base of
the transverse mesocolon are potential causes of small
bowel obstruction. These proximal obstructions are difficult
to differentiate from postoperative pain and pain related to
chronic pancreatitis, and history and physical examination
will need to be supplemented by CT imaging.

In trauma, lag time leads to loss of physiologic reserve
due to hemorrhage and visceral contamination. Time delay
from injury to treatment is a large determinant of survival.
In the 1980s, the recognition of the role of physiologic
reserve in outcomes in critically injured trauma patients led
to the emergence of damage control surgery. Once the
deadly combination of hypothermia, acidosis, and coagul-
opathy has been incited in the setting of trauma, these
factors become the priority and must be corrected, often
delaying definitive operative injury repair.

In patients undergoing elective pancreas surgery, the
physiologic disadvantage is usually not due to delay in time
to operation. These patients are physiologically disadvan-
taged due to their underlying disease process and limited
reserve. Portal venous hemorrhage and pancreatobiliary
leak are significant physiologic stressors that can quickly
lead to hypothermia, acidosis, and coagulopathy. As in
trauma, damage control principles, with truncated laparot-
omy, stapled closure of bowel, external tube drainage,
abdominal packing, and rapid abdominal closure with
planned re-exploration after physiologic resuscitation are
no different than principles used in trauma surgery.

All patients in the study group developed hypothermia,
acidosis, and/or coagulopathy during or following pancreas
surgery. Damage control techniques were successfully
utilized with attention to controlling hemorrhage, maintain-
ing intravascular volume, and draining pancreatobiliary
secretions. Truncated laparotomy was employed to allow
for correction of abnormal physiology with planned
delayed definitive repair. While significant resource utili-
zation was involved with multiple reoperations, intensive
care therapy, and long hospital stay, there was no mortality.

Conclusions

Operations on the pancreas are known to be a risky
undertaking with infrequent but well-known intraoperative
and postoperative catastrophic complications. When pancre-
atic operations result in hemorrhage and sepsis with hypo-
thermia, acidosis, and coagulopathy, DCL principles should

Pt # EBL (ml) Intraop transfusion (units pRBCs) Intraop pH Intraop temp (C) Intraop INR

1 5,800 12 7.29 34.8 1.84

2 4,500 6 7.28 35.9 3.12

3 5,000 27 7.27 36.6 2.16

4 1,800 1 7.45 35.6 1.43

5 12,000 22 7.17 35.0 1.71

6 6,000 44 7.08 35.8 3.30

7 400 0 7.37 38.8 1.72

8 300 1 7.22 36.1 2.24

Table 3 Intraoperative Data
Continued
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be utilized. DCL can be life saving and should be an essential
tool in the armamentarium of the modern pancreas surgeon.
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Abstract
Introduction The aim of this prospective study was to assess the efficacy of different medical treatments and surgery in the
treatment of chronic anal fissure (CAF).
Patients and Methods From January 2004 to March 2009, 311 patients with typical CAF completed the study. All patients
were initially treated with 0.2% nitroglycerin ointment (GTN) or anal dilators (DIL) for 8 weeks. If no improvement was
observed after 8 weeks, the patients were assigned to the other treatment or a combination of the two. Persisting symptoms
after 12 weeks or recurrence were indications for either botulinum toxin injection into the internal sphincter and
fissurectomy or lateral internal sphincterotomy (LIS). During the follow-up (29±16 months), healing rates, symptoms,
incontinence scores, and therapy adverse effects were prospectively recorded.
Results Overall healing rates were 64.6% and 94% after GTN/DIL or BTX/LIS. Healing rate after GTN or DIL after
12 weeks course were 54.5% and 61.5%, respectively. Fifty-four patients (17.4%) responded to further medical therapy. One
hundred two patients (32.8%) underwent BTX or LIS. Healing rate after BTX was 83.3% and overall healing after LIS
group was 98.7% with no definitive incontinence.
Conclusion In conclusion, although LIS is far more effective than medical treatments, BTX injection/fissurectomy as first
line treatment may significantly increase the healing rate while avoiding any risk of incontinence.

Keywords Chronic anal fissure . Surgery . Botulinum

Introduction

The treatment of chronic anal fissure (CAF) has changed
greatly during the past two decades with ongoing research
on medical approaches directed at lowering the internal anal
sphincter tone and avoiding the risk of fecal continence
disturbance. Glycerin trinitrate (GTN), topical calcium

channel blockers and anal dilators and botulinum toxin
injection alone are all known to be able to lower the IAS
tone but results have been disappointing in curing CAF,
often marginally better than to placebo.

In a recent meta-analysis of randomized clinical trials
comparing medical treatments to placebo or surgery,1

Nelson et al. have shown that GNT, botulinum toxin
injection, and surgery have overall response rates of about
55%, 65%, and 85%, respectively, whereas the placebo
healing rate is about 35% across all the studies. This
evidence led Nicholls in a recent editorial to point out that
surgery in the form of sphincterotomy is markedly superior
to any form of chemical sphincterotomy and is the most
effective treatment for fissure at present.2

Lateral internal sphincterotomy (LIS) allows prompt
healing in more than 90% of the patients with a low
recurrence risk of 3%. However, it may cause minor but
permanent incontinence.3–10 According to a systematic
review of randomized surgical trials,11 the overall risk of
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continence disturbance after surgery is about 10% but can
be as high as 35% from nonprospective uncontrolled data.

Obviously these findings augment the fear of incon-
tinence and reluctance toward surgery for both the
patient and the surgeon with the continuing call for
changes to safer medical alternatives. Medical treatment
seems therefore a reasonable first line therapy for most
patients with CAF.

Second line use of botulinum toxin seems to heal only
50% of fissures resistant to GTN.12 It is likely that the
fibrotic nature of chronic fissures resistant to GTN is not
resolved by chemical sphincterotomy alone. Fissurectomy
alone is not currently used in adults, but its combination
with botulinum toxin injection has been recently used with
success to treat fissures resistant to medical treatment,13–15

with healing rates higher than 90% (not far from LIS), and
with negligible risk of incontinence.

We have previously demonstrated that surgical treat-
ment either with fissurectomy and botulinum toxin
injection and LIS is safe and associated with the highest
likelihood of CAF healing compared to common medical
treatments. In this prospective study, we present longer
term results in a larger cohort of patients with CAF
assessing the efficacy of different conservative treatments
(including GTN and anal dilators or a combination of the
two) and surgery.

Patients and Methods

Between January 2004 and March 2009, 311 consecutive
patients with CAF were enrolled in the study. Diagnosis
was made according to history and physical exam. CAF
was defined by duration of symptoms longer than 3 months
and the presence of a skin tag, a sentinel pile or fibrosis at
the margins of the fissure. Exclusion criteria included
atypical CAF associated with grade III/IV hemorrhoids,
previous anal surgery, incontinence, inflammatory bowel
disease, infection, or cancer. Patients with coexisting
medical conditions requiring calcium channel blockers
and oral, sublingual, or transdermal nitrates were also
considered ineligible for this study. Patients with incom-
plete follow-up were also excluded.

During the outpatient visit, a complete explanation of the
disease as well as the medical treatment options, benefits,
and side effects was given to the patient.

After this, each patient was assigned to an 8-week course
of medical therapy with either 0.2% GTN or DIL according
to his/her preference. Patients in the GTN group were
instructed to apply the ointment twice a day to the edge and
just inside the anal canal (morning and evening) after a
warm Sitz bath. The amount of crème to be applied was
shown during the outpatient visit. If patients experienced

side effects, he/she was instructed to use a finger glove for
application or to reduce the amount to be applied.

DIL group patients were instructed to use an anal
dilators set (Dilatan, Sapi-Med, Alessandria, Italy) as
follows: heating the DIL for 15 min in water, lubricating
it with a preparation gel (Dilatan crema, Sapi-Med,
Alessandria, Italy), introducing it fully into the anal canal,
and maintaining the position for 10 min twice a day
(morning and evening).

Patients were invited to repeat this procedure for 3 weeks
starting with small diameter dilators (20–23 mm), followed
by medium size dilators (23–27 mm), and ending with the
large ones (30 mm). An illustrated brochure containing
practical suggestions was given to the patients.

The primary end-point was fissure healing at last follow-
up. Secondary end-points were symptomatic improvement,
need for surgery, side effects and surgical complications,
and patients’ satisfaction.

Improvement was defined as absence of pain or
bleeding. Healing was defined as complete epithelialization
of the fissure base. Those patients in which no improve-
ment in symptoms was observed after 8 weeks were
crossed to the other treatment (either GTN or DIL) or
switched to a combination of the two for additional 4 weeks
according to his/her preference. Botulinum toxin injection
in the IAS associated to fissurectomy (BTX-F) or LIS were
offered to patients who did not benefit from the 12 weeks
treatment course with GTN, DIL, or DIL/GTN combined,
after full explanation about the risks and benefits of either
procedure. Patients with nonhealed or recurrent CAF who
refused surgery were offered a further medical treatment.
Anorectal manometry was performed before either one of
the procedures.

Either fissurectomy/Botox injection or LIS were per-
formed in a day-surgery setting under sedation and local
anesthesia in lithotomy position. Before surgery, all patients
had a limited bowel preparation with one Sorbiclis (Sofar
S.p.a, Milan, Italy). An Eisenhammer speculum was gently
inserted, avoiding excessive sphincter dilatation. Fissurec-
tomy was always performed by minimal excision of the
fibrotic edges of the fissure and curettage of its base just
back to fresh, normal, nonfibrotic tissue. If present, the
sentinel pile was excised with cutting diathermy. Once
fissurectomy was performed, 25 units of botulinum toxin
(Botox, Allergan, Milan, Italy) were injected as follows: A
volume of 1.6 ml of saline solution was mixed into a 100-
unit vial of botulinum toxin and 0.4 ml aliquot (equal to 25
units) was drawn up into a 1 ml syringe with a 27 Gauge
needle and equally injected into the IAS at 3 and 9 o’clock.

An open LIS was performed with patient in lithotomy
position under local anesthesia and/or deep sedation when
necessary. A circumanal incision of 1 cm was made just
distal to the intersphincteric grove in the lateral position
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with subsequent partial division of the internal anal
sphincter using coagulation diathermy. The distal internal
sphincter was divided under direct vision for a length up to
the fissure apex. In all cases fissurectomy was performed as
previously described.14

Patients in both groups were discharged home on the
same day and stayed on a high residue diet and stool
softener for 7 days. A nonnarcotic analgesic was also
prescribed as needed and patients were advised to take
regular warm Sitz baths. Patients were seen in outpa-
tient clinic after 1 week and therefore at a 1-, 2-, 3-,
and 12-month intervals. Patients were then contacted by
phone. Independently of these scheduled appointments,
patients were seen on request. Information about fissure
healing, symptoms, complications, and adverse effects
were prospectively collected. Wexner incontinence score
was used to assess continence after the procedures.

Differences between treatment groups were evaluated by
chi-square test

Results

Patients’ demographics, fissure characteristics, and treat-
ment failures are shown in Table 1. Median follow-up was
29±16 months ranging from 3 to 63 months.

Healing after 12 weeks was observed in 54.5% (103/189)
of patients for the GTN only group and in 61.5% (75/122) of
patients for the DIL only group without significant differences
(p=0.2). Overall fissure healing after medical treatment with
either GTN or DIL alone was observed in a total of 178
(57.2%) patients.

Recurrence rates after 12 weeks treatment were 23.3%
for GTN only group and 9.3% for DIL only group,
respectively (p=0.02), reducing the overall healing rate of
single medical treatment to 47.3% (147 patients).

In particular, healing with no recurrence was observed in
79 out of 189 patients (41.8%) treated with GTN alone and
in 68 out of 122 patients (55.7%) who underwent DIL only.
This difference was statistically significant (p=0.01). In
most of the patients, healing time ranged from 8 to 12 weeks
after treatment course. No significant difference was noted
between the two groups in terms of healing time (p=0.4).

One hundred thirty-three patients (42.8%) experienced
nonhealing or sudden recurring disease within the first
8 weeks observation period. Of those, 46 patients (previ-
ously treated with GTN) were switched to DIL, 38
(previously treated with DIL) to GTN for additional
4 weeks. The remaining 49 patients accepted combined
GTN/DIL treatment.

A total of 54 patients (17.4%) responded to this further
medical therapy and overall definitive healing rate rose
significantly from 47.3% to 64.6% (p=0.001). In particular,
at the end of this additional 4 weeks treatment, GTN after
DIL resulted effective in 60.5% of the treated patients (23
out 38) and DIL after GTN in 45.7% (21 out of 46; p=0.4).
Of the 49 patients treated with combined DIL/GTN, 20
responded with healing (40.8%; p=0.6 vs DIL and p=0.08
vs GTN). During the follow-up, recurrence rates were
14.3% for DIL after GTN, 13% for GTN after DIL, and
20% for combined GTN/DIL, with no significant differ-
ences among groups.

Definitive healing was observed in 18 out of 46 patients
treated with DIL after GTN (39.1%), in 20 out of 38

Table 1 Patients’ Demographics, Fissure Characteristics and Treatment Failures

GTN DIL GTN/DIL Botox/fissurectomy LIS

Number (N) 189 122 49 30 72

Mean age (years) 49 44 47 38 45

Sex M/F 88/101 53/69 17/32 11/19 28/34

Fissure position

Posterior 164 100 31 27 51

Anterior 20 18 13 2 9

Both/other 5 4 5 1 2

Sentinel pile N/% 117/62% 87/71% 33/67% 22/73% 51/71%

Single treatment (12 weeks) success N/(%) 103/189 (54.5%) 75/122 (61.5%) NA NA NA

Recurrence 24/103 (23.3%) 7/75 (9.3%) NA NA NA

After crossover healing N/% 21/46 (45.7%) 23/38 (60.5%) 20/49 (40.8%) NA NA

Recurrence 3/21 (14.3%) 3/23 (13%) 4/20 (20%) NA NA

Overall Success N/% 97/189 (51.3%) 88/122 (72.1%) 16/49 (32.6%) 25/30 (83.3%) 71/72 (98.6%)

Overall Success N/% (DIL/GTN
combined included)

109/189 (57.7%) 92/122 (75.4%) NA NA 76/77 (98.7%)

GTN nitroglycerin ointment, DIL anal dilators, BTX botulinum, LIS lateral internal sphincterotomy, NA not applicable
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patients treated with GTN after DIL (52.6%), and in 16 out
of 49 patients treated with combined GTN/DIL (32.6%).
DIL after GTN and combined GTN/DIL treatments were
similar in terms of definitive healing but worse compared
GTN after DIL treatment although differences were not
significant (p=0.07).

At the end of the study, overall medical treatment
(including the crossover) success was 57.7% (109 out of
189 patients) and 75.4% (92 out of 122 patients),
respectively, for patients initially treated with GTN or
DIL. This difference between the two groups was statisti-
cally significant (p=0.01). At the end of the study, 64.6%
of the patients resulted cured by medical approach alone.
Overall incidence of GTN side effects was 9.7% (23 out of
236 patients), mostly mild headache (15 patients) and
pruritus ani (eight patients). Seven patients (3.7%) discon-
tinued therapy and were switched to DIL.

A total of 208 patients were treated with DIL (122
patients as initial treatment and 86 patients after GTN
treatment) and 10.1% interrupted the DIL course because of
severe discomfort. After nonhealing or recurrence, surgery
was offered to 110 patients (35.4%). At the end of follow-
up, eight patients refused either botulinum treatment or
surgery and further medical treatment was offered with
minimal beneficial effect. Of the remaining 102 patients, 30
underwent fissurectomy/Botox injection and 72 to LIS.
Manometry results between these two groups are shown in
Table 2. Healing was reported in 25 out of 30 (83.3%)
patients after fissurectomy/Botox injection. This percentage
was significantly higher compared to GTN alone course
(p=0.001), to DIL alone treatment (p=0.004), or to overall
combined/crossover groups (p=0.001). One patient (3.3%)
experienced transitory flatus incontinence. Nonhealing was
observed in two patients (6.7%) and recurrence in three
(10%). Despite reluctance to further surgery after failed

fissurectomy/Botox by two patients, all five patients
underwent LIS had complete healing. No perioperative
complications were observed in this group.

All but one patient treated with LIS showed complete
healing with no postoperative incontinence. Overall mor-
bidity after LIS was 9.7%. Three patients experienced
urinary retention after surgery (all males) and needed
catheterization. Two patients experienced perianal ecchy-
mosis and one perianal abscess with submucosal fistula that
required surgery 7 months later. One patient experienced
recurrence 10 months after surgery.

Comparing the different treatment groups, there were no
significant differences in terms of healing rates between
males and females, presence or absence of sentinel pile or
previous GTN or/and DIL treatment.

Overall patient’s satisfaction with the outcome of surgery
including the LIS after BTX failures was 93.5% (72/77).

Discussion

The most recent theories on etiopathogenesis of anal
fissures have focused on increased tonicity of the IAS,
which induces ischemia of the anodermis mainly of the
posterior commissure.16–22 Since the introduction of the
posterior internal sphincterotomy by Eisenhammer in
1951, CAF has been managed with surgery once conser-
vative measures failed.23 The more safe lateral sphincter-
otomy popularized by Notaras in 1969 has, until recently,
been the mainstay of treatment.24 Despite surgery is
highly efficacious and succeeds in curing CAF in more
than 90% of patients (often exceeds 95% with high patient
satisfaction), postoperative impairment of continence is
not uncommon.1,17 The incidence varies between 0% and
35% for flatus incontinence, 0% and 21% for liquid, and

Parameters Mean LIS ± SD Mean BTX/fissurectomy ± SD P value

IAS resting length 4.96±1.34 5.08±1.10 0.8117

IAS contraction length 5.25±1.02 4.90±1.57 0.4398

IAS resting pressure 69.82±20.54 65.84±22.80 0.6271

IAS contraction pressure 94.60±27.65 97.53±30.36 0.7899

HPZ resting length 2.67±0.71 2.86±1.17 0.5567

HPZ contraction length 2.35±0.79 2.61±1.08 0.4454

HPZ resting pressure 90.98±30.50 85.06±22.70 0.5974

HPZ contraction pressure 131.45±28.13 140.34±37.40 0.4552

Resting P max 159.24±42.96 141.78±53.61 0.3281

Contraction P max 226.87±59.34 250.47±52.53 0.2964

Resting anal canal asymmetry 23.73±8.55 23.77±5.64 0.9897

Contraction anal canal asymmetry 21.86±8.71 20.64±5.77 0.7017

IAS resting asymmetry 17.57±6.56 16.14±5.09 0.5626

IAS contraction asymmetry 18.53±17.45 13.74±5.46 0.4299

Table 2 Anorectal Manometry
Results Between Patients
Underwent LIS or
BTX/Fissurectomy

LIS lateral internal sphincterot-
omy, BTX botulinum, IAS internal
anal sphincter, HPZ high pressure
zone
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0% and 5% for solid stool.25–28 As indicated by Nelson in
a recent systematic review, the overall risk of incontinence
is about 10%,1,11,29 mostly to flatus. In 2005, Casillas et
al. conducted a review of patients who had undergone LIS,
comparing a postal survey response of these patients to
hospital notes.30 Chart review revealed incontinence to
stool and gas of 2.8% and 4.4%, respectively, whereas the
postal survey of the same group of patients revealed
incidences of 28.7% and 31.5%.30 Consequently, surgeons
may significantly underestimate the scale of postoperative
continence impairment after LIS.31 Nonetheless, the
normal weakening of the sphincters with age or other
insults (anorectal surgeries, radiation, or obstetrical trau-
ma) may influence the continence during the life. Besides
endoanal ultrasound reports demonstrate extensive perma-
nent sphincter defects after LIS even if patient remains
continent.27 Incontinent patients after LIS seem to have a
thinner external sphincter than those who remain continent
postoperatively.32

In order to minimize this risk, several authors have tried
a more limited division of internal sphincter, a tailored or
controlled sphincterotomy.33,34

Nonetheless, in addition to continence disturbance,
general surgical complication rates range from 7% to 42%
mostly related to hemorrhage, abscess, fistula, fecal
impaction, and urinary retention.35

In the late 1990s, alternatives to surgery were sought
because of risk of incontinence, complications, costs, and
recovery time. These included nitroglycerin ointment,
calcium channel blockers, and botulinum toxin injection.

GTN causes sphincter relaxation by acting as a nitric
oxide donor and improves anodermal perfusion.36 Topical
calcium channel blockers (diltiazem and nifedipine) induce
IAS by decreasing cytosolic calcium concentration.

Despite early trials (including both acute and chronic
fissure) of conservative treatments that showed overall
healing rates and pain relief close to surgery, usually results
are only marginally better than placebo or conservative
therapies alone (fibers, Sitz baths, topical lidocaine) with
healing rates between 36% to 68% and relapse rates as high
as 35%.37,38 According to Nelson’s meta-analysis, a
marginal advantage in using GTN (55%) over placebo
(35%) exists but no statistical differences were found
comparing GTN to either botulinum toxin or calcium
channel blockers. We used GTN ointment in addition to
conservative approaches (fibers and Sitz bath) as first line
treatment because of its safety, convenience, and cost. The
dosage and number of applications previously reported
ranges from 0.2% to 0.5% and from twice to four per
day.39–42 The principal side effect is headache and less
commonly anal pruritus.37,43–45 Compliance issues are
observed in up to 72% of patients and about 20% of
patients will discontinue therapy.29,42,46 Our healing rate

after GTN alone treatment was close to 42% increasing to
only 51.3% after crossover to DIL and to 57.7% if DIL/
GTN combined course is considered. We also observed a
23.3% recurrence rate, similar to combined GTN/DIL, but
higher compared to DIL use only (9.3%, p=0.01), DIL after
GTN (14.3%, p=0.5), and GTN after DIL (13%, p=0.4).
These findings did not differ from our previous observa-
tions apart a significant lower success of DIL/GTN
combined therapy.

In our series, the incidence of side effects associated with
GTN application was lower (9.7%) than the commonly
reported incidence of 20–30% (but up to 72%).47 Almost
4% of the patients discontinued the therapy and were
switched to DIL. GTN therapy was discontinued because
of headache (four patients) and pruritus ani (three patients).
As previously observed, we believe that our low incidence of
side effects and good compliance to treatment program are
the result of number of applications (twice a day) and the
accuracy of given instructions.

The rationale for the use of DIL is the finding that they
induce muscle relaxation with consequent reduction in
sphincter hypertonia. Moreover blood flow is improved in
the IAS thus favoring fissure healing. When the DIL is
heated, the relaxing effect is enhanced.45 Short-term healing
rates are reported as high as 95% when used in combination
with GTN,46–49 with about 10% reduction after 2 years
follow-up. Recently, Schiano et al. reported healing rates of
75% with DIL only and 93.7% with combined GTN/DIL
treatment.45 In our experience, the DIL-only treatment was
associated with a 55.7% healing rate, significantly superior
to GTN use only (41.8%). The significantly lower
recurrence rate after DIL alone (9.3% vs 23.3%) may
explain this result. It seems that DIL use allows a durable
healing and the reduced recurrence rates observed when
DIL is implemented may suggest this observation. This
observation is confirmed by the observed success rates at
the end of the study: 57.7% for initially treated with GTN
vs 75.4% for initially treated with DIL. It may be argued
that patients initially treated with dilatation experienced less
pain as expression of less severe disease at the time of
diagnosis thus more likely to agree for such treatment and
with more chances to heal. As a matter of fact, patients who
decided for DIL instead of GTN treatment presented a
lower visual analogue scale score at presentation despite
differences were not statistically significant.

When DIL group was switched to GTN because of
nonhealing, the success rate increased to 52.6% higher, but
not significantly, than the success rate of 39.1% observed
when GTN course was followed by DIL. We explain this
difference with a shorter healing time observed with GTN
compared to DIL course that needs few weeks applications
of different size dilators. A 4-week DIL course may not be
sufficient to significantly increase the healing rate after
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GTN thus reducing the likelihood of surgery. On the other
hand, differently from our previous observation, patients
treated with combined DIL/GTN showed a low definitive
healing rate of 32.6% with a 20% recurrence rate. This
result is far from the 93.5% healing rate, reported by
Schiano et al. Our longer follow-up may temper this
difference. In our experience DIL use is safe, healing rate
are slightly better to GTN treatment, but compliance is
lower. Overall 10.1% of the patients (vs 2.9% of GTN)
interrupted the DIL course because of severe discomfort
preferring “less invasive” approaches. Of those, 17 patients
(81%) were patients from DIL/GTN combined group. The
reluctance in using DIL after GTN failure (either as
crossover or in combination) as well as the reduced
compliance may explain the low healing rate observed in
this group.

In the recent years, injection of botulinum toxin A into
the internal sphincter has emerged as an alternative to
surgery in the treatment of CAF. By a temporary chemical
sphincterotomy, it allows fissure healing in approximately
50% of resistant CAF when used alone and as much as 93%
in the short and medium term when combined to fissur-
ectomy.34,50 It reduces maximum resting pressure by a
similar proportion to that of GTN (25–30%),46 but muscle
paralysis occurs within hours after injection and the effect
remains over a 2–3 months period of time.25,51 Botulinum
injection is a simple procedure, easy to learn, and can be
also done in the outpatient clinic without the need for
sedation or local anesthesia. A single botulinum injection is
well tolerated, with minor side effects thus eliminating
noncompliance issues.

The most common side effect is transient incontinence to
flatus (up to 10%) or feces (up to 5%),48 which may persist
until the toxin’s effect have worn off by neuronal
degeneration.52 To date there is only one case of long-
term fecal incontinence after botulinum injection.53

Recurrence are common, but may be easily retreated
with a good rate of healing even if up to 20% of patients
will need LIS.29,49,54

There is no consensus on dose, site, or number of
injections.55 However, a dosage between 20 and 25 units
and anterior injection seems more effective and causes no
additional side effects.16,17,44,48,56,57 Despite healing rates
as high as 90% for acute and chronic fissures shown by
early trials, the enthusiasm was tempered by the disappoint-
ing results on CAF. Lindsey et al., in a prospective study of
40 patients with GTN-resistant fissures treated with 20 units
of botulinum, reported a healing rate of only 43%.12

Similarly, Minguez et al.58 did not show healing rates as
high as surgery after botulinum injection with a 42 months
follow-up, while Arroyo and Mentes observed 1-year
recurrence rates after botulinum injection approaching,
respectively, 50% and 40%.59,60 Higher healing rates are

observed if botulinum is given early before the chronic
fibrosis of the fissure is established.46 Since botulinum
injection treats only the internal sphincter spasm, Lindsey et
al. have proposed to add fissurectomy to chemical
sphincterotomy reporting a healing rate of 93% for
medically resistant CAF.25

Fissurectomy enhances healing removing the fibrotic
fissure edges, unhealthy granulation tissue at the base,
and the sentinel pile when present.25,61 Fissurectomy
alone creates in essence an acute fissure with fresh wound
edges, but does not address the underlying IAS spasm at
the base of CAF pathogenesis. Few authors suggested that
higher rates of fissure healing could be achieved if
fissurectomy is combined with conservative pharmacolog-
ical sphincterotomy.31

We adopted this novel sphincter-sparing procedure as
second line treatment after failure of GTN and/or DIL course.
We observed a long-term healing rate of 83.3%, significantly
higher than all other medical approaches. Along with Lindsey
et al., we believe that fissure healing is significantly higher with
fissurectomy–botulinum toxin injection compared to medical
treatment alone because with this treatment we are able to
address both elements of chronic fissure, chronic fibrosis, and
internal sphincter spasm. We observed a single case of
transitory low grade incontinence (Wexner incontinence
score=2). The main drawback of this approach is the need of
an operating theater and the costs. Although five patients of this
group experienced fissure recurrence or nonhealing with all
requiring subsequent LIS at certain point, fissurectomy and
botulinum injection reduces significantly the need of LIS. The
paucity of minor side effects associated to the good healing
rates indicate that botulinum injection/fissurectomy may be
used as first line approach for selected CAF even without
previous medical treatment. Our study confirms that medical
treatment alone for chronic, well-established fissures might be
inappropriate, merely delaying definitive fissure healing.14 We
believe that BTX/fissurectomy should be offered as first line
treatment for patients with typical CAF even without previous
medical/conservative treatments. Patients at high risk for anal
incontinence, young female patients, and patients with
previous anal surgery can also be treated with BTX/
fissurectomy. Botulinum toxin injection associated to a gentle
fissurectomy seems to be very safe, reducing greatly the
likelihood of surgery and abolishing the risk of incontinence.
The main drawback of BTX/fissurectomy is the need of
surgery and the costs. However, we believe that with the
prompt and excellent healing rates (close to LIS), the absence
of severe side effects or complications might justify the costs.

Failure of BTX/fissurectomy or recurrence indicates the
need of LIS.

Our study confirms that LIS represents the most effective
approach to CAF with minor morbidity and minimal
recurrence rate. Although transitory postoperative inconti-
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nence can been observed in up to one third of patients, in our
experience we did not incur in any. Nonetheless, we did not
observe any permanent incontinence.

Our general complication rate after LIS was approxi-
mately 10% within the range reported from the literature.35

Although the proximal extent of the LIS continues to be
a topic of debate, in our experience, by “tailoring” the
amount of sphincter to be divided to the length of the
fissure, the risk of incontinence is minimized as well as
the fissure healing achieved.

The proximal extent of LIS up to the apex of fissure,
although associated with a delayed healing and increased
recurrences,16,35,61 minimizes the risk of continence
disturbance. Proximal extent of LIS is particularly impor-
tant in female patients because of the shorter length of the
internal sphincter and vaginal deliveries that have been
found to a be a significant risk factor of incontinence after
LIS.30

In conclusion, although LIS is far more effective than
medical treatments, BTX injection/fissurectomy as first line
treatment may significantly increase the healing rate
compared to standard conservative treatment. Moreover,
this approach as first line treatment allows a faster healing
time compared to medical treatments while avoiding any
risk of incontinence if compared to LIS.
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Abstract
Background Clinical staging in patients with gastro-oesophageal cancer, is of crucial importance in determining the likely
benefit of treatment. Despite recent advances in clinical staging, overall survival remains poor. The aim of the present study
was to examine the relationship between pre-treatment clinical prognostic factors and cancer-specific survival.
Methods Two hundred and seventeen patients, undergoing staging investigations including host factors (Edinburgh Clinical
Risk Score (ECRS)) and the systemic inflammatory response (Glasgow Prognostic score (mGPS)), in the upper GI surgical
unit at Glasgow Royal Infirmary, were studied.
Results During the follow-up period, 188 (87%) patients died; 178 of these patients died from the disease. The minimum follow-
up was 46 months, and the median follow-up of the survivors was 65 months. On multivariate survival analysis of the significant
factors, only cTNM stage (HR 1.84, 95% CI 1.56–2.17, p<0.001), mGPS (HR 1.67, 95% CI 1.35–2.07, p<0.001) and
treatment (HR 2.12, 95% CI 1.73–2.60, p<0.001) were independently associated with survival. An elevated mGPS was
associated with advanced cTNM stage, poor performance status, an elevated ECRS and more conservative treatment.
Conclusions Pre-treatment mGPS improves clinical staging in patients with gastro-oesophageal cancer. Therefore, it is
likely to aid clinical decision making for these difficult to treat patients.

Keywords Gastro-oesophageal cancer . Pre-operative
clinical stage . C-reactive protein . Survival

Introduction

Gastro-oesophageal cancer is the third commonest cause of
cancer death in the UK. Each year, there are approximately

16,500 new cases and over 13,000 deaths attributable to the
disease. Overall survival is poor with the majority of
patients presenting with advanced, inoperable disease.1

Even in those who undergo potentially curative resection,
less than 30% survive 5 years.2,3

The use of neoadjuvant chemo- and radiotherapy has
increased the need for more accurate clinical staging
methods. In particular, following neoadjuvant therapy
pathologic staging of the tumour specimen is not as
informative as in untreated patients. Therefore, clinical
staging is of crucial importance in determining the likely
benefit of treatment, in terms of subsequent quality of life
and survival. Currently, clinical staging is based on
measures of the burden of disease (CT, laparoscopy and
Endoscopic Ultrasound) and the fitness of the patient
(weight loss and performance status). However, neither
weight loss or performance status are objectively defined,4–6

and as a consequence do not accurately stratify patient
outcomes and responses to the treatment. Clearly, more
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accurate assessment of patient fitness will improve the
allocation of treatment and therefore outcomes for all
patients with gastro-oesophageal cancer.

Recently, the pre-treatment clinical factors; clinical
stage, weight loss, performance status and an elevated C-
reactive protein concentration, have been shown to inde-
pendently predict survival in patients undergoing clinical
staging for gastro-oesophageal cancer.7 However, this has
not to date been prospectively validated.

Also, the selective combination of C-reactive protein and
albumin (termed the Glasgow Prognostic score (GPS)) has
been shown to be a prognostic factor, independent of
tumour stage, in a variety of gastrointestinal cancers8

including gastro-oesophageal cancer.9–12

The aim of the present study was to examine the
relationship between pre-treatment clinical prognostic fac-
tors and cancer-specific survival in an unselected cohort of
patients with gastro-oesophageal cancer.

Materials and Methods

Patients

Two hundred and seventeen patients, undergoing staging
investigations for gastro-oesophageal cancer (between
January 2002 and December 2004) in the upper GI surgical
unit at Glasgow Royal Infirmary, were studied.

For gastric cancers, TNM stages I to III tumours were
considered to be amenable to curative surgical resection.
For oesophageal cancers, TNM stages I to III tumours,
excluding T4, were considered to be amenable to curative
surgical resection.

The study was approved by the Research Ethics
Committee of Glasgow Royal Infirmary.

Methods

The extent of tumour spread was recorded using the TNM
stage. Tumours of the gastro-oesophageal junction were
further classified according to site, using the Siewert
system; type 1 and 2 lesions of the gastro-oesophageal
junction were designated as cancers of the oesophagus.
Type 3 tumours of the cardia were designated gastric
cancers.13

Routine pre-operative laboratory measurements of albu-
min and C-reactive protein were carried out prior to staging
laparoscopy. The coefficient of variation for these methods,
over the range of measurement, was less than 10% as
established by routine quality control procedures. The limit
of detection of the assay was a C-reactive protein
concentration of less than 5 mg/l with the upper limit of
normal values being ≤10 mg/l.

The Edinburgh Clinical Risk Score (ECRS) was con-
structed as previously described.7 An elevated C-reactive
protein concentration (>5 mg/l) scores 20, rate of weight
loss of >2.75% per month scores 20, Karnofsky PS of <60
scores 68, 60–70 scores 32 and 80–100 scores 0, and
clinical stage IV scores 94, III scores 46, II scores 30 and I
scores 0 (Table 1).

The mGPS was calculated as previously described.8

Briefly, patients with an elevated C-reactive protein
concentration (>10 mg/L) and a decreased albumin con-
centration (<35 g/L) score 2. Those patients with an
elevated C-reactive protein concentration (>10 mg/L) score
1 and patients with a C-reactive protein concentration of
<10 mg/L and any albumin concentration score 0 (Table 1).

Statistics

Deaths up to the end of July 2008 have been included
in the analysis. Univariate survival analysis and calcu-

Edinburgh Clinical Risk Score (ECRS) Score Modified Glasgow Prognostic Score (mGPS) Score

CRP <5 mg/l 0 CRP <10 mg/l 0
CRP >5 mg/l 20

Rate of weight loss

<2.75 (% per month) 0 CRP >10 mg/L 1
>2.75 (% per month) 20

Karnofsky Score

80–100 0 CRP >10 mg/L

60–70 32 Albumin <35 g/l 2
<60 68

Clinical stage (cTNM)

I 0
II 30

III 46

IV 94

Table 1 Prognostic Scoring
Systems in Patients with
Gastro-oesophageal Cancer
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lation of hazard ratios (HR) were performed using Cox
proportional hazard model on age, sex, tumour site,
histological tumour type, clinical TNM stage (cTNM),
weight loss, Karnofsky performance status, C-reactive
protein concentration, Edinburgh Clinical Risk Score
mGPS and treatment. Multivariate survival analysis,
including all covariates that were significant on univar-

iate analysis, was performed using a stepwise backward
procedure to derive a final model of the variables that
had a significant independent relationship with survival.
To remove a variable from the model, the corresponding
P value had to be greater than 0.10. Analysis was
performed using SPSS software (SPSS Inc., Chicago, IL,
USA).

Table 2 Pre-treatment Clinical Characteristics and Cancer-specific Survival Rates of Patients with Gastro-oesophageal Cancer: Univariate
Survival Analysis

Patients n=217
(%)

2-year survival
rate % (SE)

3-year survival
rate % (SE)

P value
(log-rank)

Age

≤65 years 87 (40) 40 (5) 29 (5) 0.017
65–74 years 53 (24) 57 (7) 32 (6)

≥75 years 77 (36) 33 (5) 12 (4)

Sex

Male 49 (69) 43 (4) 24 (4) 0.546
Female 68 (31) 35 (6) 21 (5)

Site

Oesophageal 121 (56) 45 (5) 26 (4) 0.057
Gastric 96 (44) 35 (5) 20 (4)

Type

Adenocarcinoma 160 (74) 41 (4) 23 (3) 0.796
Squamous 57 (26) 39 (7) 24 (6)

Edinburgh clinical risk score

Clinical TNM stage

I 29 (13) 75 (8) 54 (9) <0.001
II 31 (14) 70 (8) 57 (9)

III 60 (28) 46 (6) 24 (6)

IV 97 (45) 17 (4) 3 (2)

Weight loss

No 83 (38) 52 (6) 34 (5) 0.003
Yes 134 (62) 33 (4) 16 (3)

Karnofsky PS

80–100 203 (93) 39 (3) 24 (3) 0.978
60–70 12 (6) 58 (14) 22 (12)

<60 2 (1) 50 (35) 0 (0)

C-reactive protein

≤5 mg/l 86 (40) 64 (5) 44 (5) <0.001
>5 mg/l 131 (60) 25 (4) 10 (3)

Edinburgh clinical risk score (tertiles) 58 (27) 79 (5) 59 (7) <0.001
102 (47) 32 (5) 14 (3)

57 (26) 16 (5) 3 (3)

mGPS (0/1/2) 107 (49) 63 (5) 42 (5) <0.001
78 (36) 21 (5) 5 (3)

32 (15) 11 (6) 7 (5)

Treatment

Surgery 38 (18) 87 (6) 73 (7) <0.001
Chemoradiotherapy with curative intent 14 (6) 64 (13) 50 (13)

Palliative chemotherapy/radiotherapy 91 (42) 33 (5) 11 (3)

Stent/dilatation/laser/by-pass/symptomatic 74 (34) 21 (5) 7 (3)
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Results

The characteristics of patients, undergoing staging for
gastro-oesophageal cancer are shown in Table 2. The
majority of patients were male, greater than 65 years, had
adenocarcinomas and had clinical TNM stage (cTNM) III
disease. Thirty-eight patients underwent surgery with
curative intent, 14 patients received radical chemo-
radiotherapy, 91 patients received chemo/radiotherapy,
35 patients were treated with laser, five underwent
palliative by-pass surgery and 34 patients underwent
stenting or received palliative care only. One hundred
and ten patients had an elevated C-reactive protein
concentration (>10 mg/l). Of the 38 patients with hypo-
albuminaemia, 32 (84%) had an elevated C-reactive
protein concentration (>10 mg/l).

During the follow-up period 188 (87%) patients died;
178 of these patients died from the disease. The minimum
follow-up was 46 months, and the median follow-up of the
survivors was 65 months. On univariate analysis, age
(P<0.05), tumour site (P<0.01), cTNM stage (P<0.001),
weight loss (P<0.01), C-reactive protein concentration
>5 mg/l (P<0.001), ECRS (P<0.001), mGPS (P<0.001)
and treatment (P<0.001), were significantly associated with
cancer-specific survival (Table 2).

On multivariate survival analysis of the significant factors,
excluding treatment; age (HR 1.41, 95% CI 1.17–1.69,
p<0.001), tumour position (HR 1.49, 95% CI 1.10–2.01,
P=0.010), cTNM stage (HR 1.90, 95% CI 1.59–2.28, P<
0.001) and mGPS (HR 2.07, 95%CI 1.67–2.58, P<0.001),

were independently associated with cancer-specific survival
(Table 3).

When treatment was included in the multivariate
analysis, only cTNM stage (HR 1.84, 95% CI 1.56–
2.17, P<0.001), treatment (HR 2.12, 95% CI 1.73–2.60,
P<0.001) and mGPS (HR 1.67, 95% CI 1.35–2.07,
P<0.001) were independently associated with cancer-
specific survival (Table 3).

When those patients who underwent surgery were
tested independently (n=38) to establish prognostic
variables, on univariate analysis only C-reactive protein
<5 mg/l (P<0.01) and mGPS (P<0.01) were associated
with cancer-specific survival. On multivariate analysis,
only the mGPS was significantly associated with cancer-
specific survival HR 4.34, 95%CI 1.44–13.13, P=0.009).

Patients with clinical stage III disease are the most
challenging group in which to allocate the treatment, from
which they are most likely to benefit. Figure 1 demonstrates
how the mGPS can be used to provide additional prognostic
information to aid decision making, along with clinical
stage (HR 1.89, 95% CI 1.17–3.06, P=0.01). Figures 2, 3
and 4 demonstrate the relationship between cTNM stage
and survival, in patients with an mGPS of 0, 1 and 2,
respectively.

The relationship between the patient clinical character-
istics and the mGPS is shown in Table 4. An elevated
mGPS was associated with advanced cTNM stage (P<
0.001), poor performance status (P<0.05), an elevated
ECRS (P<0.001) and more conservative treatment
(P<0.001).

Table 3 Pre-Treatment Clinical Characteristics and Cancer-specific Survival of Patients with Gastro-oesophageal Cancer: Multivariate Survival
Analysis

Patients
n=217

Survival HR
(95% CI)

P
value

Age (≤65/65–74/≥75 years) 87/53/77 1.41 (1.17–1.69) <0.001

Site (oesophageal/gastric) 121/96 1.49 (1.10–2.01) 0.010

Clinical TNM Stage (I/II/III/IV) 29/31/60/97 1.90 (1.59-2.28) <0.001

Weight loss (no/yes) 83/134 1.32 (0.95–1.82) 0.098

C-reactive protein (≤5/>5 mg/l) 86/131 1.07 (0.68–1.67) 0.777

mGPS (0/1/2) 107/78/32 2.07 (1.67–2.58) <0.001

Age (≤65/65–74/≥75 years) 87/53/77 1.08 (0.89–1.32) 0.430

Site (oesophageal/gastric) 121/96 1.15 (0.84-1.58) 0.387

Clinical TNM stage (I/II/III/IV) 29/3/6/97 1.84 (1.56–2.17) <0.001

Weight loss (no/yes) 83/134 1.21 (0.87–1.68) 0.263

mGPS (0/1/2) 107/78/32 1.67 (1.35–2.07) <0.001

Treatment

(Surgery/chemoradiotherapy with curative
intent/palliative chemotherapy radiotherapy/
Stent,dilatation, laser, by-pass, symptomatic)

38/14/91/74 2.12 (1.73–2.60) <0.001
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Discussion

In the present study of a comparison of pre-treatment
clinical prognostic factors in patients with gastro-
oesophageal cancer, only clinical TNM stage, treatment
and the mGPS were shown to have independent prognostic
significance. These results suggest that the systemic
inflammatory response, as evidenced by the mGPS, is the
most important patient related factor in determining
outcome in patients with gastro-oesophageal cancer. There-

fore, a measure of the systemic inflammatory response, in
particular the mGPS, should be included in the pre-
treatment assessment of these patients, and subsequent
discussion at a multi-disciplinary team meeting.

In the present study 18% of patients underwent
resection. This may appear low compared with the resection
rate in other countries, however, in the UK the majority of
patients with gastro-oesophageal cancer present with
advanced, inoperable disease. Moreover in recent years
there has been a decrease in the resection rate for gastric
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Figure 3 The relationship between the cTNM stage (I/II/III/IV from
top to bottom) and survival in patients with gastro-oesophageal cancer
and a mGPS score 1 (Kaplan–Meier log-rank p<0.001).
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Figure 4 The relationship between the cTNM stage (I/II/III/IV from
top to bottom) and survival in patients with gastro-oesophageal cancer
and a mGPS score 2 (Kaplan–Meier log-rank p=0.06).
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Figure 2 The relationship between the cTNM stage (I/II/III/IV from
top to bottom) and survival in patients with gastro-oesophageal cancer
and a mGPS score 0 (Kaplan–Meier log-rank p<0.001).
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Figure 1 The relationship between the mGPS (0/1/2 from top to
bottom) and survival in patients with cTNM stage III gastro-
oesophageal cancer (Kaplan–Meier log-rank p<0.01).
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and oesophageal cancer with the recognition that although
the resection rate was approximately 40% only 60% of
operations were considered to be curative by the surgeon.14

With the advent of EUS and high resolution CT in more
recent years, accurate clinical staging has improved and the
percentage of patients selected for potentially curative
surgery has therefore decreased.

In the present study the aim was to compare pre-
treatment prognostic variables which may useful in inform-
ing treatment decisions and therefore cTNM staging was
used in all patients. This reflects the situation faced by
clinicians at multi-disciplinary team meetings. Neverthe-
less, it has long been recognised that the level of
concordance between pre-operative clinical stage and
post-operative pathological stage is sub-optimal even with
enhanced imaging techniques.15–18 In the present study, the
numbers of patients who underwent surgery and had
pathological stage was small 38 (18%) and therefore it
remains to be determined whether the mGPS improves the
prediction of pathological TNM stage in patients with
gastro-oesophageal cancer.

Similarly, the assessment of patient fitness by the
amount of weight loss or performance status is known to
be sub-optimal. For example, there remains controversy
about what weight loss (the amount of and over what
period) significantly impacts on outcome.5,6 Also, differ-
ences in the assessment of performance status have been
reported between oncologists, nurses and patients, oncolo-
gists being the most optimistic in their assessment and
patients the least.4

It is of note that the 2-year survival of the group
receiving endoscopic/symptomatic treatment and who had a
mGPS of 0, was greater than the 2-year survival of patients
receiving palliative chemo/radiotherapy who’s mGPS was
greater than 0. Thus, it would appear that according to
survival, some patients may have received more aggressive
treatment without necessarily benefiting them and con-
versely, some patients may have been denied more
aggressive treatment, which may have prolonged their life.

In contrast to the mGPS, the ECRS comprises four
variables, two of which are subjective; performance status
and weight loss. These two subjective variables account for
almost half of the possible risk score and in the present
study did not retain independent significance when com-
pared with the mGPS. Although both scores have incorpo-
rated C-reactive protein, in the ECRS C-reactive protein
can account for a score of 20 out of a possible 202 (10%).
In contrast, C-reactive protein can account for a score of 1
out of a possible 2 (50%). In addition, in the present study
the C-reactive protein threshold of >5 mg/l did not retain
independent significance when compared with the mGPS.

Therefore, the mGPS offers a simple to perform,
objective and well standardised pre-treatment assessment
to guide treatment. For example, since an elevated pre-
treatment mGPS identifies patients at high risk of dying of
their disease, they should be offered low morbidity
treatment tailored to symptomatic control. Indeed, recent
evidence from surgical and chemoradiotherapy studies are
consistent with this approach.9,10,12,19 In the present study,
it would appear that in those patients with evidence of an

Table 4 Relationship Between Clinical Characteristics and the mGPS

mGPS 0 (n=107) mGPS 1 (n=78) mGPS 2 (n=32) P value

Age (≤65/65–74/≥75 years) 43/28/36 36/15/27 8/10/14 0.302

Sex (male/female) 74/33 52/26 23/9 0.920

Site (oesophageal/gastric) 63/44 45/33 13/19 0.122

Type (adenocarcinoma/squamous) 8/24 53/25 24/8 0.430

cTNM stage (I/II/III/IV) 22/22/35/28 4/6/21/47 3/3/4/22 <0.001

Weight loss (no/yes) 49/58 21/7 13/19 0.158

Karnofsky PS (80–100/60–70/<60) 103/3 74/4/0 26/5/1 0.018

ECRS (tertiles) 48/54/5 7/35/36 3/13/16 <0.001

Treatment

Surgery 36 2 0 <0.001
Chemoradiotherapy with curative intent 9 5 0

Palliative chemotherapy/radiotherapy 35 44 12

Stent/dilatation/laser/by-pass/symptomatic 27 27 20

2-year survival rate % (SE)

Surgery 77 (7) 0 (0)
Chemoradiotherapy with curative intent 56 (17) 40 (22)

Palliative chemotherapy/radiotherapy 21 (7) 5 (3) 13 (10)

Stent/dilatation/laser/by-pass/symptomatic 16 (7) 0 (0) 5 (5)
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elevated systemic inflammatory response, clinical stage
performs less well in predicting cancer-specific survival
(Figs. 2, 3 and 4).

In summary, the pre-treatment measurement of the
mGPS improves clinical staging in patients with gastro-
oesophageal cancer. Therefore, it is likely to aid clinical
decision making for these difficult to treat patients.

References

1. Cancer Research UK Information Resource Centre. CancerStats.
http://infocancerresearchuk.org/cancerstats. 2004.

2. Jamieson GG, Mathew G, Ludemann R, Wayman J, Myers JC,
Devitt PG. Postoperative mortality following oesophagectomy and
problems in reporting its rate. Br J Surg 2004;91: 943–947.

3. Hundahl SA, Phillips JL, Menck HR. The National Cancer Data
Base Report on poor survival of U.S. gastric carcinoma patients
treated with gastrectomy: Fifth Edition American Joint Committee
on Cancer staging, proximal disease, and the "different disease"
hypothesis. Cancer 2000;88:921–932.

4. Ando M. Prognostic value of performance status assessed by
patients themselves, nurses and oncologists in advanced non-small
cell lung cancer. Br J Cancer 2001;85:1634–1639.

5. Morley JE, Thomas DR, Wilson MM. Cachexia: pathophysiology
and clinical relevance. Am J Clin Nutr 2006;83(4):735–743.

6. Fearon KC, Voss AC, Hustead DS, Cancer Cachexia Study
Group. Definition of cancer cachexia: effect of weight loss,
reduced food intake, and systemic inflammation on functional
status and prognosis. Am J Clin Nutr 2006;83(6):1345–1350.

7. Deans DA,Wigmore SJ, deBeaux AC, Paterson-Brown S, Garden OJ,
Fearon KC. Clinical prognostic scoring system to aid decision making
in gastro-oesophageal cancer. Br J Surg 2007;94(12):1501–1508.

8. McMillan DC. An inflammation based prognostic score and its
role in the nutrition based management of patients with cancer.
Proc Nutr Soc 2008;67(3):257–262.

9. Crumley AB, McMillan DC, McKernan M, Going JJ, Shearer CJ,
Stuart RC. An elevated C-reactive protein concentration, prior to
surgery, predicts poor cancer-specific survival in patients under-

going resection for gastro-oesophageal cancer. Br J Cancer
2006;94:1568–1571.

10. Crumley AB, McMillan DC, McKernan M, McDonald AC, Stuart
RC. Evaluation of an inflammation-based prognostic score in
patients with inoperable gastro-oesophageal cancer. Br J Cancer
2006;94:637–641.

11. Crumley AB, Stuart RC, McKernan M, McDonald AC, McMillan
DC. Comparison of an inflammation based prognostic score
(GPS) with performance status (ECOG-ps) in patients receiving
palliative chemotherapy for gastro-oesophageal cancer. J Gastro-
enterol Hepatol 2008;23(8 Pt2):e325–e329.

12. Kobayashi T, Teruya M, Kishiki T, Endo D, Takenaka Y,
Tanaka H, Miki K, Kobayashi K, Morita K. Inflammation
based prognostic score, prior to neo-adjuvent chemoradio-
therapy, predicts post operative outcome in patients with
esophageal squamous cell carcinoma. Surgery 2008;144
(5):729–735.

13. Siewert JR, Bottcher K, Stein HJ, Roder JD. Relevant prognostic
factors in gastric cancer: ten-year results of the German Gastric
Cancer Study. Ann Surg 1998;228:449–461.

14. Clinical Research and Audit Group (CRAG). Scottish Audit of
Gastric and Oesophageal Cancer: Report 1997-2000. Edinburgh
CRAG 2002. http://www.show.scot.nhs.uk/crag/

15. Ziegler K, Sanft C, Zimmer T, Zeitz M, Felsenberg D, Stein H,
Germer C, Deutschmann C, Reiken EO. Comparison of
computed tomography, endosonography, and intraoperative
assessment in TN staging of gastric carcinoma. Gut
1993;34:604–610.

16. JKelly S, Harris KM, Berry E, Hutton J, Roderick P, Cullingworth
J, Gathercole M, Smith MA. A systematic review of the staging
performance of endoscopic ultrasound in gastro-oesophageal
carcinoma. Gut 2001;49:534–539.

17. Blackshaw GR, Barry JD, Edwards P, Allison MC, Thomas GV,
Lewis WG. Laparoscopy significantly improves the perceived
preoperative stage of gastric cancer. Gastric Cancer 2003;6:225–
229.

18. Lightdale CJ, Kulkarni KG. Role of endoscopic ultrasonography
in the staging and follow-up of esophageal cancer. J Clin Oncol
2005;23:4483–4489.

19. Ikeda M, Natsugoe S, Ueno S, Baba M, Aikou T. Significant host-
and tumor-related factors for predicting prognosis in patients with
esophageal carcinoma. Ann Surg 2003;238:197–202.

J Gastrointest Surg (2010) 14:781–787 787



ORIGINAL ARTICLE

Effect of Preoperative Single-Dose Corticosteroid
Administration on Postoperative Morbidity
Following Esophagectomy

Edgard Engelman & Cécile Maeyens

Received: 16 November 2009 /Accepted: 14 January 2010 /Published online: 13 March 2010
# 2010 The Society for Surgery of the Alimentary Tract

Abstract
Background Eight clinical trials involving the administration of preoperative i.v. methylprednisolone have been undertaken
in order to decrease the considerable inflammatory response to esophageal resection, in an effort to decrease the supposedly
associated morbidity and mortality
Method A meta-analysis was performed for eight clinical end-points. Due to quality problems in seven of the eight included
studies, a Bayesian meta-analysis using a skeptical prior derived from the results of the classical analysis was also
performed.
Results The end-points including any organ dysfunction (OR=0.30), respiratory complication (OR=0.41), sepsis (OR=
0.37), liver dysfunction (OR=18), cardiovascular dysfunction (OR=0.28), and surgical anastomotic leak (OR=0.42) were
significantly decreased by methylprednisolone pretreatment. Following the Bayesian analysis, despite the use of skeptical
priors, there is a 95% probability to obtain a relative risk reduction of at least 23% to 54%, depending of the end-point, by
methylprednisolone pretreatment.
Conclusion We are in the presence of a potential benefit that cannot be accepted at face value due to the quality problems of
the included studies. But in the presence of a remaining potential benefit after a Bayesian analysis starting from a skeptical
prior, the best option would be the planning of a large multicenter prospective randomized study.

Keywords Glucocorticoids . Postoperative complication .

Esophagectomy .Meta-analysis, Bayesian model

Introduction

Esophageal cancer is the sixth most common cause of
cancer-related death worldwide.1 Esophageal resection is
the mainstay therapy for malignancy of the esophagus;2 this
is a major surgical procedure still associated with signifi-
cant morbidity and mortality.3

During the past 15 years, several clinical trials involving
the administration of a high-dose i.v. methylprednisolone
have been undertaken in order to decrease the considerable
inflammatory response to surgery, in an effort to decrease
the supposedly associated morbidity and mortality.

The present meta-analysis presents the incidence of the
clinical complications reported in these trials. This is done
as well by using classical meta-analysis, as a Bayesian
meta-analytical technique which, unlike the classical meth-
od, supports direct statements about the probability of the
magnitude of an effect.

Material and Methods

This article considers the efficacy of preoperative cortico-
steroid administration on the postoperative morbidity and
cytokine response in patients undergoing surgery for
esophageal cancer.

E. Engelman (*) : C. Maeyens
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Route de Lennik 808,
1070 Brussels, Belgium
e-mail: eengelma@ulb.ac.be
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Search Strategy

Embase, Medline, Pubmed, Biosis, CAB Abstracts, Der-
went Drug File, Current Content Search, and the Cochrane
database were searched for controlled trials using the search
criteria ‘(methylprednisolone OR dexamethasone OR corti-
coid OR corticosteroid OR glucocorticoid OR glucocorti-
coids) AND (((esophageal OR oesophageal) AND surgery)
OR (esophagectomy OR oesophagectomy))’. No language
or date limits were used.

A list of 115 references was obtained, in which seven
relevant studies were found.4–10 After searching the refer-
ences sections from these studies, one more study could be
identified.11

All were single center studies carried out in Japan. Seven
articles were published in English and one article in
Japanese11 with the results, tables, and figures in English.
An English translation of this article was kindly provided by
Pfizer Japan.

Studies Description

The description of the eight studies included in the analysis
is given in Tables 1 and 2. Six studies were randomized
controlled studies and two studies6,10 were open label
including consecutive patients with historical controls.

Judging from the Jadad scores12 and the description of
the studies in Tables 1 and 2, all but the study by Sato7 can
be considered as low quality when the clinical end-points
are considered.

The clinical postoperative complications were among the
primary end-points in three studies.6,7,9 These clinical end-
points were defined a priori in the “Materials and Methods”
section in these three studies and anastomotic leak was also
described in the study by Takeda.4 Changes in one or
several blood components were listed as primary end-points
in six studies.4–6,8,9,11

Statistical Analysis

Clinical End-Points

A meta-analysis was performed for eight clinical end-points:
death, respiratory complication, sepsis, liver dysfunction,
renal dysfunction, cardiovascular dysfunction, surgical anas-
tomotic leak, and number of patients with any postoperative
organ dysfunction or complication (excluding death). The
wording or criteria used for defining these end-points varied
between the studies and are listed in Table 2, and presented by
using the exact wording used by the authors of the studies.
The durations of hospital stay were also analyzed.

Review Manager version 5.0.20 (Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,

2009) was used for data analysis. The meta-analysis was
performed using the Mantel–Haenszel method. A fixed
effect analysis model was used for all clinical end-points, as
no analysis displayed heterogeneity. An odds ratio (OR)
with a 95% confidence interval was computed and a Forest
plot produced for each end-point. Statistical significance,
defined as a p<0.05, was assessed by a z test.

A Funnel plot was also produced for each end-point in
order to assess a possible publication bias.

However, due to the quality problem surrounding most
of the studies, it is reasonable to express some skepticism
about results that cause surprise, or about favorable results
that seem unbelievably large.

Therefore, for the end-points that would be found
statistically significantly different in the treated group as
compared to the control group, a technique described by
Mattews13 and Spiegelhalter14 would be used. This allows
to calculate a value of OR (called critical OR), using the
95% confidence interval from our meta-analysis. To
consider the results credible, we must accept that an OR
smaller than the value calculated is a reasonable value that
could be obtained by the treatment. We took the skeptical
stand that this is not the case, that the results are ‘too good
to be true’, and that our prior belief lies for 95% inside an
interval that would produce a posterior probability that just
includes the OR value of 1.

This is the formal mathematical expression of a
statement that in plain English would be ‘I do not believe
that the treatment has an effect (the prior distribution is
centered on an OR of 1), but I do not exclude the possibility
that there can be a favorable or an unfavorable effect. But
the favorable effect would anyway be smaller than the one
produced by the classical meta-analysis’.

To be able to include this statement in a Bayesian
analysis, one must compute a 95% critical prior interval,
with a lower border value equals to the critical OR and an
upper border equal to 1/critical OR.14 These values are
than transformed in mean value and SD, and these are
used as initial prior to calculate the Bayesian meta-
analysis. For a detailed presentation of the computational
method of the Bayesian meta-analysis, the reader is
referred to Appendix 1 at the end of the article and to
appendixes 1 and 3 in Engelman et al.15 and appendix C in
Engelman and Salengros.16 The Bayesian analysis was
computed using Microsoft Excel 2002 SP3 (Microsoft
Corporation, Redmond, WA)

Cytokine Blood Levels

Cytokine blood levels measurement were available in order
to perform a meta-analysis of the effect of methylprednis-
olone on IL-6 on postoperative day (POD) 1 and POD7,
and on IL-8 and IL-10 on POD1.

J Gastrointest Surg (2010) 14:788–804 789
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The results are expressed as weighted mean differences
and their associated 95% confidence intervals. The results
were obtained by using a random effects model, and the
inverse variance weighting method. A Funnel plot was also
produced for each analysis in order to assess a possible
publication bias.

Results

Methylprednisolone was the only glucocorticoid used in all
studies. A single administration immediately before surgery
was used in seven studies; in one study, a further bolus of
125 mg was administered on POD1 and POD2. The doses
used ranged from 250 mg to 30 mg/kg.

In all, 346 patients were included in the studies (175 in
the methylprednisolone groups and 171 in the control
groups). The two largest studies, including the study with a
Jadad score of 5, account for 50% of the included patients.

Clinical End-points—Classical Meta-analysis

The frequencies of clinical end-points as reported in all
studies are listed in Table 3.

Only two studies reported the occurrence of death, and the
meta-analysis shows a non-significant difference (Fig. 1).

For the end-point including any organ dysfunction or
complication (death excluded), there is a highly statistical
significantly difference in favor of the methylprednisolone
treatment (Fig. 2).

Respiratory complication (Fig. 3), sepsis (Fig. 4), liver
dysfunction (Fig. 5), cardiovascular dysfunction (Fig. 6),
and surgical anastomotic leak (Fig. 7) were also signifi-
cantly decreased by methylprednisolone pretreatment.
There was no difference regarding renal dysfunction
between the groups (Fig. 8).

Duration of hospital staywas shorter in methylprednisolone-
treated groups (Fig. 9).

There was no indication of publication bias after
examination of the Funnel plots (Fig. 10).

Clinical End-points—Bayesian Meta-analysis

Based on the results from the classical analysis, a skeptical
prior value that would be used to start the Bayesian meta-
analysis was computed. These are reported in Table 4.

The results of the Bayesian meta-analysis are reported in
Table 5.

Despite the use of these skeptical priors, the upper
border of the 95% credible intervals of the OR remained
smaller than 1 for all end-points.

There is a 95% probability to obtain a relative risk
reduction of at least 23% to 54%, depending of the end- T
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Figure 1 Outcome: death. Forrest plot summarizing the odds ratio
(OR) of the comparison between the methylprednisolone-treated
patients versus the control patients for the incidence of death. An

odds ratio less than 1 indicates less adverse events with active
compared with control. When the 95% confidence interval (CI) does
not include 1, the difference is considered statistically significant.

Figure 2 Outcome: any organ dysfunction or complication (death
excluded). Forrest plot summarizing the odds ratio (OR) of the
comparison between the methylprednisolone-treated patients versus
the control patients for the incidence of any organ dysfunction or

complication (death excluded). An odds ratio less than 1 indicates less
adverse events with active compared with control. When the 95%
confidence interval (CI) does not include 1, the difference is
considered statistically significant.

Figure 3 Outcome: respiratory complication. Forrest plot summariz-
ing the odds ratio (OR) of the comparison between the
methylprednisolone-treated patients versus the control patients for
the incidence of respiratory complication. An odds ratio less than 1

indicates less adverse events with active compared with control. When
the 95% confidence interval (CI) does not include 1, the difference is
considered statistically significant.
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Figure 6 Outcome: cardiovascular dysfunction. Forrest plot summa-
rizing the odds ratio (OR) of the comparison between the
methylprednisolone-treated patients versus the control patients for
the incidence of cardiovascular dysfunction. An odds ratio less than 1

indicates less adverse events with active compared with control. When
the 95% confidence interval (CI) does not include 1, the difference is
considered statistically significant.

Figure 5 Outcome: liver dysfunction. Forrest plot summarizing the
odds ratio (OR) of the comparison between the methylprednisolone-
treated patients versus the control patients for the incidence of liver

dysfunction. An odds ratio less than 1 indicates less adverse events with
active compared with control. When the 95% confidence interval (CI)
does not include 1, the difference is considered statistically significant.

Figure 4 Outcome: sepsis. Forrest plot summarizing the odds ratio
(OR) of the comparison between the methylprednisolone-treated
patients versus the control patients for the incidence of sepsis. An

odds ratio less than 1 indicates less adverse events with active
compared with control. When the 95% confidence interval (CI) does
not include 1, the difference is considered statistically significant.
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Figure 8 Outcome: renal dysfunction. Forrest plot summarizing the
odds ratio (OR) of the comparison between the methylprednisolone-
treated patients versus the control patients for the incidence of renal
dysfunction. An odds ratio less than 1 indicates less adverse events

with active compared with control. When the 95% confidence interval
(CI) does not include 1, the difference is considered statistically
significant.

Figure 7 Outcome: surgical anastomotic leak. Forrest plot summa-
rizing the odds ratio (OR) of the comparison between the
methylprednisolone-treated patients versus the control patients for
the incidence of surgical anastomotic leak. An odds ratio less than 1

indicates less adverse events with active compared with control. When
the 95% confidence interval (CI) does not include 1, the difference is
considered statistically significant.

Figure 9 Duration of hospital stay. A weighted mean difference less than 0 indicates a shorter hospital stay with active compared with control.
When the 95% confidence interval (CI) does not include 0, the difference is considered statistically significant.
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point, in the methylprednisolone group as compared to the
control group (Table 5).

Cytokine Levels

Meta-analysis of IL-6 blood levels on POD1 and POD7
showed statistically significantly lower levels on POD1 and
POD7 (Fig. 11) in the methylprednisolone groups.

IL-8 (Fig. 12) and IL-10 (Fig. 13) blood levels on POD1
were not statistically different between the groups.

Discussion

The main results from this meta-analysis show a decrease in
the postoperative clinical complications following esoph-

Figure 10 Funnel plots of the
treatment effect on clinical end-
points and plasma concentration
of IL-6. For the clinical end-
points, the odds ratio (OR) for
each study are represented on
the x axis, against the standard
error (SE) of the log(OR) in
each study on the y axis. For the
IL-6 concentrations the weight-
ed mean differences (MD) are
plotted on the x axis against the
SE of the MD on the y axis.
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agectomy with a single preoperative bolus of methylpred-
nisolone. These complications include such critical compli-
cations as anastomotic leak.

However, due to the poor methodological quality of the
detection of clinical complications and the lack of reporting
several key randomization or blinding techniques in the
majority of these studies, it is natural to express some
skepticism concerning these favorable results. It would be
difficult to find a consensus concerning the level of skepticism
that should be included as starting point of the Bayesian
analysis; therefore, the technique used has the advantage to be
based on the actual results of the classical meta-analysis and
partially avoid a totally arbitrary prior probability.

It is nevertheless interesting to note that heterogeneity
was not detected for any clinical end-point, meaning that
the results from the one high-quality study7 were not
different from the results obtained in the other studies.

Glucocorticoids are well known for their analgesic,17

and antiemetic effects;18 however, the authors of the present
studies used methylprednisolone for its anti-inflammatory19

and immune-modulating effects, hypothesizing that it could
decrease the inflammatory reaction induced by surgery20,21

and the associated clinical complications.
The effect of a single administration of glucocorticoids

on reducing the perioperative inflammatory response is well
documented by data obtained in many other studies than
those included in the present analysis,22,23 and therefore the
results on IL-6 in the present analysis are not surprising. In
six studies, the emphasis was placed on obtaining blood
concentration measurements of cytokines, and these data
are probably less susceptible to a measurement bias in case
of poor blinding techniques.

Pulmonary complications remain the most common
postoperative morbidity24,25 after esophagectomy. The
favorable results on the respiratory complications described
in the present meta-analysis are in fact difficult to interpret
as four of the eight studies used, at least in part, indices of
pulmonary function rather than clinical entities (pneumonia
or atelectasis for example), as definition of pulmonary

complications. This also reflects the situation found in the
literature. Three other studies during abdominal sur-
gery23,26,37 reported improvement of pulmonary function
parameters in patients receiving a single preoperative dose
of glucocorticoids. Although improvement of postoperative
pulmonary function is certainly a desirable effect, it is hard
to equate pulmonary function to clinically relevant pulmo-
nary complications. Furthermore, one study of elective
pulmonary resection27 showed no improvement of pulmo-
nary function with 25 mg/kg of preoperative methylpred-
nisolone as compared to placebo. The review by Holte and
Kehlet22 lists two studies28,29 reporting a decrease of
pulmonary complications, but they too used a combination
of clinical, radiological and biological parameters.

Anastomotic leak remains one of the most deleterious
complications after esophagectomy, with incidences during
recent years of between 3% and 9% reported by centers
with considerable experience with esophagectomies;30,31 a
collective series of 73 American centers32 reported an
incidence of 11.3%, and even an incidence as high as 21%
was reported.33 The incidence of these complications in the
control groups of the studies included in the present meta-
analysis tend to be in the upper part of the range of values
reported in the referenced articles,24,25,30–32,80 which prob-
ably excludes a massive underreporting of complications.
The death rates (0.75% and 2.4%) are compatible with the
best results obtained in high-volume centers,2 the Society of
Thoracic Surgeons General Thoracic Database,32 and are
inside the range reported by the most recent review.34

The effects of glucocorticoids on digestive sutures are,
the least to say, controversial, with most available studies
reported in the setting of colorectal surgery.35 Only
recently36 has it been convincingly showed that long-term
preoperative steroid use with perioperative steroid coverage
is associated with an increased risk of leak (mean odds
ratio, 8.7; 95% CI, 1.2–45.1).

Specifically during esophagectomy, the risk model
developed from the data available from the Society of
Thoracic Surgeons General Thoracic Database32 deter-

Table 4 Calculation of the Skeptical Priors Used in the Bayesian Analysis

95% CI from the
classical meta-analysis

Critical OR: Believable that
OR at least as small as

Skeptical prior

OR 95% CI log OR (mean ± SD)

Any complication 0.17 to 0.51 0.76 0.76–1.31 −0.002±0.139
Respiratory complication 0.24 to 0.71 0.66 0.66–1.51 −0.002±0.211
Surgical anastomotic leak 0.19 to 0.94 0.14 0.14–7.14 −0.0002±1.003
Sepsis 0.16 to 0.86 0.26 0.26–3.85 0.0005±0.688

Liver dysfunction 0.06 to 0.57 0.37 0.37–2.70 −0.001±0.507
Cardiovascular dysfunction 0.11 to 0.70 0.38 0.38–2.63 −0.0003±0.494

CI confidence interval, OR odds ratio

J Gastrointest Surg (2010) 14:788–804 797



mined that a history of steroids treatment is an independent
predictor of major morbidity with an OR of 1.81 (95% CI,
1.07–3.06). However, the ‘history of steroids treatment’ is
not defined neither in term of duration nor of dose of
glucocorticoid used.

In the case of the present meta-analysis, a single dose,
although relative high, was used. The review of the
literature by Holte and Kehlet22 concludes that a single
dose of glucocorticoids is not associated with an increased
incidence of delayed wound healing or higher incidence of
sepsis, but the available studies, although including
thousands of patients, are very heterogeneous, with primary
end-points as PONV, pain, outcome of spinal trauma, very
different from the end-points analyzed in the present article.

The effects of a single dose of glucocorticoids given
before colonic surgery have been studied in three random-
ized, prospective studies23,37,38 including a total of 113
patients. Five anastomotic leaks (two in the glucocorticoid
groups and three in the placebo groups) were reported. The
small numbers involved preclude any firm conclusion, but
at least these data are not in contradiction with the results of
the present meta-analysis.

Five randomized controlled studies of liver surgery39–43

with a single preoperative methylprednisolone injection
(500 mg or 30 mg/kg single bolus) were published, among
which four reported the incidence of postoperative bile leaks.
The primary end-points of these studies were cytokines
levels, the clinical end-points being only secondary end-
points or simply reported as postoperative complications. A
classical meta-analysis (Fig. 14) of these data shows no
difference in the incidence of bile leak between the groups.

Two hypothesis can be advanced concerning the underly-
ing mechanisms of a beneficial effect on suture healing; an
effect on fibroblast growth, and consequently on collagen
production, and an effect on angiogenesis in the vicinity of the
suture. Wound healing is a complex process,44 but collagen
deposition44–47 and angiogenesis play a major role.44 Blood
supply during esophagectomy is a major concern to the
surgeon.48

Glucocorticoids were reported to initiate human49 and
mouse49–51 fibroblasts proliferation using in vitro models.
These actions occur only in presence of fibroblast growth
factors. Another putative mechanism could be related to
inhibition of protease nexin-1 (PN-1) by dexamethasone.52

PN-1 inhibits thrombin, which is mitogenic for fibroblasts53

and smooth muscle cells.54 Glucocorticoids could thus
inhibit an inhibitor of fibroblasts and smooth muscle cell
proliferation.

On the other hand, an older study using a different in
vitro model had reported an inhibition of mouse fibroblasts
growth.55 In patients undergoing colonic surgery,37 serum
concentrations of two procollagens (PICP and PIIINP) were
lower (PICP) or less increased (PIIINP) in patients
receiving a single 30 mg/kg methylprednisolone bolus as
compared to the placebo patients. Nevertheless, in these
patients,37 this did not translate into reduced collagen
accumulation in two high-porosity prothesis implanted in
a subcutaneous wound, but there was no sign of increased

Table 5 Results of the Bayesian Meta-analysis Using a Skeptical
Prior

Clinical
end-points

Results

Any organ
dysfunction
or complication
(death excluded)

OR [95% CI] 0.62 [0.51–0.77]

RR [95% CI] 0.77 [0.67–0.87]

Probability RRR>0% 100%

Probability RRR>25% 95.9%

Probability RRR>50% 1.7%

Maximal RRR with
95% probability

25.5%

Respiratory
complication

OR [95% CI] 0.58 [0.47–0.72]

RR [95% CI] 0.66 [0.55–0.79]

Probability RRR>0% 100%

Probability RRR>25% 98.8%

Probability RRR>50% 8.1%

Maximal RRR with
95% probability

30.0%

Sepsis OR [95% CI] 0.48 [0.28–0.82]

RR [95% CI] 0.53 [0.32–0.84]

Probability RRR>0% 99.7%

Probability RRR>25% 95.1%

Probability RRR>50% 57.1%

Maximal RRR with
95% probability

25%

Liver
dysfunction

OR [95% CI] 0.43 [0.22–0.86]

RR [95% CI] 0.46 [0.24–0.87]

Probability RRR>0% 99.2%

Probability RRR>25% 94.3%

Probability RRR>50% 66.6%

Maximal RRR with
95% probability

23%

Cardiovascular
dysfunction

OR [95% CI] 0.40 [0.25–0.63]

RR [95% CI] 0.44 [0.29–0.67]

Probability RRR>0% 100%

Probability RRR>25% 99.7%

Probability RRR>50% 84.1%

Maximal RRR with
95% probability

41.5%

Surgical
anastomotic leak

OR [95% CI] 0.32 [0.20–0.49]

RR [95% CI] 0.34 [0.22–0.52]

Probability RRR>0% 100%

Probability RRR>25% 99.9%

Probability RRR>50% 97.4%

Maximal RRR with
95% probability

54%

OR odds ratio, RR relative risk, RRR relative risk reduction
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accumulation of collagen in patients having received
methylprednisolone.

Recently, Dvorak56 reviewed the mechanisms of angio-
genesis. The potential importance of angiogenesis has been
further highlighted by a study reporting the acceleration of
wound healing by vascular endothelial cell growth factor
(VEGF) in a rabbit model of colonic anastomoses,57 and
improved anastomotic healing in an opossum esophagectomy
model by using gene therapy using VEGF transfection58

showing a strong correlation between bursting pressure and
the amount of neovascularization. Glucocorticoids could
influence angiogenesis through several mechanisms.

Leptin is a protein hormone produced by white and
brown adipose tissues. It has mitogenic effects on endothe-
lial cells.59–61 Moreover, in a rat model of colonic suture,

leptin accelerates the healing of colonic anastomoses.62 In
leptin-treated rats, intestinal injury was significantly de-
creased in a model of ischemia–reperfusion injury.63 Leptin
blood concentration is increased by prednisolone adminis-
tration (60 mg/day for 1 week) in normal men.64 In dogs,
a single injection of smaller doses of methylprednisolone
(1 or 5 mg/kg) increased serum level of leptin, but a high
dose (10 mg/kg) decreased serum level of leptin.65

Endothelins, a family of vasoactive peptides, stimulate
the synthesis of VEGF.66 This is modulated through
endothelin B-type receptors.67 But endothelin-1 also acts
as a potent vasoconstrictor by interacting with endothelin
A-type receptors mostly situated in vascular smooth muscle
cells. Glucocorticoids (dexamethasone, prednisolone, and
hydrocortisone) down-regulate the expression of endothelin

Figure 12 Plasma concentration of IL-8 (in picograms per milliliter)
measured on the first postoperative day. A weighted mean difference
less than 0 indicates lower plasma concentration with active compared

with control. When the 95% confidence interval (CI) does not include
0, the difference is considered statistically significant.

Figure 11 Plasma concentration of IL-6 (in pg/ml) measured on first
and seventh postoperative day (POD1 and POD7). A weighted mean
difference less than 0 indicates lower plasma concentration with active

compared with control. When the 95% confidence interval (CI) does
not include 0, the difference is considered statistically significant.
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A-type receptors in an in vitro model, resulting in an
attenuating response to endothelin-1.68

The transforming growth factor-β (TGF-β) produced by
vascular smooth muscle stimulates the release of
VEGF.69,70 Dexamethasone and corticosterone suppressed
TGF-β-induced VEGF release from aortic smooth muscle
cells.71

The Notch signaling pathway regulates cell proliferation,
differentiation, and cell fate in many tissues.72 Notch4 has
an almost exclusive vascular expression pattern and
physiologic concentrations are required for normal vascular
development.73 Cortisol and dexamethasone combined with
FGF-2 strongly induced Notch4 expression.74 However,
Notch4 activation in endothelial cells in vivo may inhibit
angiogenesis.75

Finally, fibroblast growth and angiogenesis are not
independent phenomena, but it has been highlighted that
fibroblasts were necessary for formation of capillary-like
structures when using the human umbilical vein endothelial
cells (HUVEC) model.76,77

To further highlight the complex inter-relation of all these
pathways, thrombin has mitogenic effects on fibroblasts53 and
angiogenic activity,78 but has also antiangiogenic proper-
ties.78 The antiangiogenic properties are mediated through
cleavage of antithrombin, which results in blocking of
thrombin-induced mitogenicity and VEGF-induced endothe-
lial cell proliferation. In one of the included studies,5 the
methylprednisolone-treated group had higher antithrombin-
III blood level than the control group during at least seven
postoperative days. The net effect on suture healing of an

Figure 14 Outcome: bile leak and hepatic failure during the studies
of hepatic surgery. Forrest plot summarizing the odds ratio (OR) of the
comparison between the methylprednisolone-treated patients versus
the control patients for the incidence of surgical anastomotic bile leak

and hepatic failure. An odds ratio less than 1 indicates less adverse
events with active compared with control. When the 95% confidence
interval (CI) does not include 1, the difference is considered
statistically significant.

Figure 13 Plasma concentration of IL-10 (in picograms per milliliter)
measured on the first postoperative day. A weighted mean difference
less than 0 indicates lower plasma concentration with active compared

with control. When the 95% confidence interval (CI) does not include
0, the difference is considered statistically significant.
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increase in thrombin activity and antithrombin-III plasma
levels by glucocorticoids can only be speculative.

In summary, glucocorticoids act on several pathways that
could be involved in suture healing. Effects favoring or
inhibiting suture healing have been described using these
various in vitro models and this does not take into account
the eventual differences that would result by using a single
administration as opposed to chronic use. This last point is
highlighted by the fact that a same amount of dexameth-
asone given either over 1 week or in a single injection, had
different effects, as the longer-timed administration im-
paired healing of tracheal anastomoses in a rat model but
the single injection had no effect.79

Cardiovascular complications such as cardiac arrhythmia
are common, affecting about 20% of patients.80 Holte and
Kehlet22 have reviewed the effects of preoperative gluco-
corticoids on postoperative cardiac function and cardiac
arrhythmias, studied essentially after cardiac surgery. They
conclude that a lower incidence of arrhythmia after
cardiopulmonary bypass is suggested, but that no formal
clinical conclusion can be reached due to the low statistical
power of the studies. They did not however conduct a
formal meta-analysis. Data after cardiac81,82 and non-
cardiac83 surgery correlate an increased level in IL-6 with
a higher incidence in complication. This does not automat-
ically imply that a lower value would be associated with a
lower incidence of cardiovascular complication, but it
nevertheless provides a level of plausibility to the results
of the present meta-analysis.

As for the lower rate of hepatic failure in the
methylprednisolone-treated groups it must be noted that
during the studies in hepatic surgery, no difference between
the groups can be showed (Fig. 14) regarding the incidence
of hepatic failures. In three of the four esophagectomies
studies reporting this complication the definition of hepatic
failure was clearly given (Table 2), but in the hepatic
surgery studies, only one study42 clearly defined the entity
‘hepatic failure’. Another study during hepatic surgery41

reported no difference in the postoperative serum level of
hepatic enzymes between the groups.

Conclusion

In conclusion, we are in the presence of a potential benefit
that cannot be accepted at face value due to the quality
problems of the included studies, of potential biological
mechanisms of glucocorticoids that could be beneficial as
well as detrimental, and the mechanism by which a single
dose of methylprednisolone would markedly decrease each
of these complications is hard to fathom. All studies were
single center and single country, and most were considered
low quality; but in the presence of a remaining potential

benefit after a Bayesian analysis starting from a skeptical
prior, the best option would be the planning of a large
multicenter prospective randomized study that would have
to be carefully monitored.

Appendix 1

The Bayesian paradigm considers that the role of data is to
update our knowledge of a question under scrutiny which
is considered as a parameter of interest in a statistical
model.

In our case, the parameter of interest is the odds ratio.
Therefore, a fundamental feature of Bayesian analysis is

the incorporation of prior information about the parameter
of interest. Bayes’ theorem gives a simple and uncontro-
versial result in probability theory, relating probabilities of
events before (the ‘prior’ in Bayesian parlance) and after an
experiment (the ‘posterior’ in Bayesian parlance).

Thus, the prior information, expressed as a probability
distribution for the parameter of interest, represents what is
known or believed to be true before the data are taken into
account; the data are expressed as a probability distribution
known as the likelihood function which demonstrates the
degree of support from the data for the various possible
values of the parameter of interest. The likelihood function
is integrated with the prior to produce the posterior
distribution which represents our updated knowledge of
the parameter of interest, given the data.

Computation of a Skeptical Prior

In the present situation, an interesting feature of the
Bayesian techniques can be use to tackle the two obvious
problems that appear at the end of our initial classical
analysis. The first is the size of the risk reduction which
tends to illicit considerable skepticism, in the form of a ‘this
is too good to be true’ attitude. The second problem is the
possibility of facing a bias related to the single institutional,
single country, low quality, of these studies.

Skepticism about large treatment effects can be formally
expressed in mathematical form and used in interpretation
of results that cause surprise.

For the present analysis, we took the stand to begin
the Bayesian analysis from a skeptical view, which is
that we do not believe the results from the classical
meta-analysis.

Formally, this is done by computing from the results of
the classical meta-analysis, a prior in the form of a
probability distribution, which would be able to cancel the
significant statistical results obtained by the classical meta-
analysis. This is done by computing a critical odds ratio
and, from this odds ratio, a 95% confidence interval. This
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interval contains the formal mathematical expression of our
skepticism. This interval is calculated as follows:

Ud upper border of 95% confidence interval for the odds
ratio from the classical meta-analysis

Ld lower border of 95% confidence interval for the odds
ratio from the classical meta-analysis

We will use as example the respiratory complications, for
which the results from the classical meta-analysis was an OR
[95% CI] of 0.41 [0.24–0.71]; thus Ud=0.71 and Ld=0.24.

Ln(Ud) natural logarithm of Ud (example: Ln(0.71)=
−0.34249)

Ln(Ld) natural logarithm of Ld (example: Ln(0.24)=
−1.427116)

N Ln(Ud/Ld) where Ln stands for natural logarithm
(example: Ln(0.71/0.24)=1.084626)

M ¼ � N2

4� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Ln Udð Þ � Ln Ldð Þp

 !

Example:

M ¼ � 1:084626ð Þ2
4� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�0:34249��1:427116

p
 !

¼ �0:420675

ORc critical odds ratio

ORc ¼ eM

ORc ¼ e�0:420675 ¼ 0:66

From this critical odds ratio, we can now compute the
95% confidence interval which contains the distribution of
our prior belief that would be needed to nullify the results
of the classical meta-analysis. This is the interval equal to:

ORc to 1
ORc, and thus for our example 0.66 to 1.51

Following the work of Spiegelhalter,14 we use normal
distributions to summarize the information about the odds
ratios on the natural log scale. Therefore, the 95%
confidence interval for the odds ratio that we just computed
must be transformed into a mean±standard deviation.

Computation of the Mean and Standard Deviation
for a 95% Confidence Interval of the Associated Normal
Distribution with All Possible Value of the Odds
Compatible with One’s Belief

A maximal expected decrease in odds ratio
(in our example use 0.66)

B maximal expected increase in odds ratio

(in our example use 1.51)
log(A) natural logarithm of A (for our example

−0.4155)
log(B) natural logarithm of B (for our example

0.4121)
logOR natural logarithm of mean odds ratio
SD(logOR) standard deviation of the distribution of the

natural logarithm of the odds ratios

logOR ¼ logðAÞþlogðBÞ
2

SD logORð Þ ¼ logðAÞj jþ logðBÞj j
3:92

For our example:

logOR ¼ �0:4155þ0:4121
2 ¼ �0:002

SD logORð Þ ¼ 0:4155þ0:4121
3:92 ¼ 0:211

These values are used as the initial prior probabilities to
begin the Bayesian meta-analysis as explained in detail in
appendixes 1 and 3 in Engelman et al.15
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Abstract
Background Duodenal fistula (DF) after gastrectomy continues to be a life-threatening problem. We performed a
retrospective multicenter study analyzing the characteristics of DF after elective gastrectomy for malignant disease.
Methods Three thousand seven hundred eighty-five patients who had undergone gastrectomy with duodenal stump in 11
Italian surgical units were analyzed.
Results Sixty-eight DFs occurred, with a median frequency of 1.6% and a mortality rate of 16%. Complications were
mainly septic but fistulas or bleeding of surrounding organs accounted for about 30%. Reoperation was performed in 40%
of patients. We observed a correlation between mortality and age (hazard ratio 1.09; 95% CI 1.00–1.20) and serum albumin
(hazard ratio 0.90; 95% CI 0.83–0.99). The appearance of further complications was associated with reoperation (P<0.001)
and death (P=0.054), while the preservation of oral feeding was related to DF healing (P<0.001).
Conclusions This paper represents the largest series ever published on DF and shows that its features have changed in the last
20 years. DF alone no longer leads to death and some complications observed in the past have disappeared, while new ones are
emerging. Nowadays, medical therapy is preferred and surgery is indicated only in cases of abdominal sepsis or bleeding.
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Introduction

Duodenal fistula (DF) after gastrectomy has a low
frequency, occurring in about 3% of cases, but continues
to be a life-threatening problem with a high rate of
complications and a very long period of hospitalization.
Published studies dealing with postoperative DF were
based on small series of patients; moreover, DFs were
reported after different types of surgery for different causes
and in many cases as an emergency, so the reported data are
very heterogeneous and the clinical pictures are not
comparable.1–6 In fact, according to these data, the overall
mortality ranges from 7% to 67%1–3 and spontaneous
fistula closure from 28% to 92%.2,4,5

Possible causes of postoperative DF include inadequate
closure of the duodenal stump, devascularization, cancer
involvement of resection line, inflamed duodenal wall, local
hematoma, incorrect drain position, and postoperative
distension of the duodenum.

Patients affected by DF very often develop other
complications, such as intraabdominal abscess, wound
infection, necrosis or dehiscence, diffuse peritonitis, sepsis,
malnutrition, fluid and electrolyte disturbances, dermatitis,
acute cholecystitis, pancreatitis, abdominal bleeding, and
pneumonia.1

Many surgical procedures have been proposed for the
treatment of DF: from tube duodenostomy,7 to repair with a
rectus abdominis muscle flap,8 from closure by a Roux-en-
Y duodenojejunostomy9 to pancreatoduodenectomy.10

Also percutaneous treatments are often used in the
treatment of DF: abscess drainage; transhepatic biliary
drainage;11, and fistula obliteration by cyanoacrylate or
prolamine.12

The management of DF remains controversial and is
mainly based on the prevention or early detection and
treatment of complications, as well as nutritional support by
enteral nutrition (EN) or total parenteral nutrition (TPN)
and use of somatostatin or its analogu octreotide.13

The aim of this paper is to report the characteristics of a
homogeneous group of patients who developed DF after

elective gastrectomy for malignant disease in an attempt to
describe the natural history of this rare but fearful
complication of gastric surgery.

Material and Methods

We performed a multicenter retrospective study involv-
ing 11 Italian surgical units. A diagnosis of DF was
made on the basis of the presence of duodenal juice in
the surgical drainage or its leakage through the abdom-
inal wall, and confirmed by CT scan and/or fistulo-
graphy. The frequency and characteristics of DF were
analyzed after 3,785 elective gastrectomies with duodenal
stump carried out from 1991 to 2006 for malignant
diseases. The procedures included 1,613 total gastrecto-
mies (TG) and 2,172 subtotal gastrectomies (SG). Surgical
access was by laparotomy in most cases, with only 21
cases of laparoscopic or video-assisted gastrectomy. For
each DF, we collected a series of clinical data regarding
the patient and his/her outcome. All charts filled out at the
different centers were validated by the main investigator
(L.C.). In Table 1 the characteristics of the participating
centers are reported. In our search for factors predicting
the outcome of DF, we analyzed correlations with
morbidity and mortality.

Statistical Analysis

Categorical data are presented as absolute frequency
and percent proportion; their confidence intervals were
computed by the exact method based on binomial
distribution. Continuous data are presented as median
and range because the corresponding variables were
asymmetrically distributed. Parametric and nonparametric
tests were used as appropriate in order to evaluate the
significance of differences in the distribution of the
variables (t test, Fisher’s exact test, Wilcoxon’s rank-sum
test, and Pearson’s chi-square). Survival analysis was
carried out according to the Kaplan–Meier method and the
Cox regression model to evaluate prognostic factors. The
heterogeneity test was used to explore differences in DF
incidence among centers.

Results

Out of 3,785 gastrectomies for malignant disease a total of
68 DFs were observed (1.8%); histology was carcinomas in
66 patients, lymphoma in one, and GIST in one. The median
age of the patients was 66 years (range 42–83 years). In
Table 2, the frequency of DF for a single center is reported.
The variability in the frequency of DF between centers
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(Table 2) was statistically significant (P<0.001), but no
correlation was found among the 11 centers between DF
frequency and total number of gastrectomies performed.

The extent of gastrectomy did not affect the frequency of
DF (1.7% after TG and 1.9% after SG). Concerning the
method of reconstruction of the digestive tract after TG, we
did not observe any difference in DF frequency between
patients with Roux-en-Y or omega loop reconstructions, but
SG patients with Roux-en-Y reconstruction had a higher
frequency of DF than patients with Billroth II reconstruc-
tion (3.4% versus 1.1%, respectively; P<0.001). The
median time of DF onset was on postoperative day 7
(range 0–22), and the median daily output was 290 mL

(range 40–2,200 mL). The DF healing rate was 84% (57
patients) after a median of 19 days (range 1–1,035 days). In
our series DF onset and daily output did not affect DF time
to healing or mortality. The overall mortality rate was
16% (11 patients) due to multiple organ failure in ten
patients and in one case to pulmonary embolism, after a
median of 18 days (range 4–60 days). Complications
occurred in 51 patients (75%; Table 3), most of them were
septic, but more than 30% of patients developed a new
fistula, acute inflammation or bleeding at surrounding ab-
dominal organs.

Reoperation was performed in 27 patients (40%) for
abdominal sepsis in all but one, in whom the indication was

Table 1 Characteristics of the Centers Participating in the Study

Centers Gastrectomies
performed

TG TG Roux TG Omega
loop

SG SG Roux SG BII

1 905 355 355 0 550 11 539

2 89 55 55 0 34 28 6

3 675 358 345 13 317 7 310

4 108 93 93 0 15 0 15

5 163 59 55 4 104 104 0

6 287 111 111 0 176 176 0

7 236 81 76 5 155 42 113

8 250 140 140 0 110 0 110

9 417 137 137 0 280 3 277

10 346 115 115 0 231 172 59

11 309 109 109 0 200 200 0

Total 3,785 1,613 1,591 22 2,172 743 1,429

Median 287 111 111 0 176 28 59

Range 89–905 55–358 55–355 0–13 15–550 0–200 0–539

TG total gastrectomy, SG subtotal gastrectomy, Roux Roux-en-Y reconstruction, BII Billroth II reconstruction

Centers Gastrectomies
performed

Duodenal fistulas Frequency of duodenal
fistulas (%)

1 905 4 0.4

2 89 2 2.2

3 675 7 1.0

4 108 1 0.9

5 163 5 3.1

6 287 17 5.9

7 236 15 6.3

8 250 4 1.6

9 417 8 1.9

10 346 1 0.3

11 309 4 1.3

Total 3,785 68

Median 287 4 1.6

Range 89–905 1–17 0.3–6.3

Table 2 Duodenal Fistulas
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failure to DF heal. Surgery was performed once, twice, and
three times in 18, six, and three patients, respectively; and it
consisted of peritoneal drainage, duodenal suture, and tube
duodenostomy; a Roux-en-Y duodenojejunostomy was
performed in only one patient. In Table 4 are also reported
the frequency and types of percutaneous treatment and
medical therapy; among them nutritional support was the
main therapy, especially TPN. No TPN-related death
occurred in the 51 patients receiving this type of nutrition,
but the rate of related complications was high (20%),
including ten central line infections; thrombosis or liver
failure, on the other hand, were never reported. Twenty
patients (29%) received EN, but only three as the sole
nutrition, while 12 in addition received TPN, two oral
feeding, and three both. Thirty-three patients (48%) main-
tained oral feeding despite the presence of DF: 19 as the
only source of food, two combined with EN, nine with
TPN, and three with both. Among the 33 patients maintain-
ing oral feeding, only one death occurred (3%) versus ten
deaths among 35 fasting patients (29%; P<0.001). Higher
daily DF output was often treated by octreotide or
somatostatin; the median output in treated patients was
375 mL (range 80–1,500 mL) versus 180 mL (40–220 mL)
in untreated patients, but this difference was not statistically
significant.

Treatment with octreotide or somatostatin did not affect
outcome, time of DF healing, or development of other
complications.

About one third of patients (23 cases) were malnour-
ished with a weight loss greater than 10%, and or a serum
albumin level <35 g/L (21 cases), and a lymphocyte count
<1,500/mL (11 cases). Over two thirds of patients (52) had
comorbidities mainly involving the cardiovascular system.
Two patients had received preoperative chemotherapy and
12 (17.5%) had duodenal resection line involvement.

In an attempt to detect prognostic factors for DF
outcome, we analyzed the influence on mortality of all the
variables reported in Tables 1, 2, 3, and 4, nutritional status,
and associated comorbidities. Using univariate Cox regres-
sion, we found a correlation between mortality and age: the
median age of deceased patients was 71 years, range 60–83,
versus 64.5 years, range 42–81, for surviving patients;
P=0.017; hazard ratio per 1 year increase in age is 1.09,
95% CI 1.00–1.20, P=0.036. Correlations with mortality
were also found for serum albumin level (hazard ratio per
1 g/L increase in serum albumin level is 0.90; 95% CI
0.83–0.99, P=0.040), development of further complica-
tions, and the need for surgery or TPN in DF management.

In the 11 patients who died, the median number of
further complications was 3.5 (range 1–6), and only two
patients had only one complication (pulmonary embolism
and sepsis, respectively). While in the 57 patients who fully
recovered from DF, the median number of further compli-
cations was 1.5 (range 0–4), and 17 patients had none at all.
No patient without further complications died, while the
presence of further complications caused death in over 20%
of patients (11/51; P=0.054). The recovery time was
shorter in patients without complications (median 21 days,
range 7–65 days) than in those with complications (median
31 days, range 1–1,035 days), but the difference was not
statistically significant.

Table 3 Complications in Patients with Duodenal Fistula

Complications 51/68 patients (75%)

Abdominal abscess 26 (38%)

Wound infection 19 (28%)

Sepsis 18 (26%)

Central line infection 10 (15%)

Pneumonia 9 (13%)

Acute renal failure 7 (10%)

Colonic fistula 5 (7%)

Pancreatic fistula 4 (6%)

Acute pancreatitis 4 (6%)

Intraabdominal bleeding 4 (6%)

Abdominal wall necrosis 3 (4%)

Pulmonary embolism 2 (3%)

Jejunal fistula 2 (3%)

Roux-en-Y syndrome 2 (3%)

Esophagojejunal fistula 2 (3%)

Heart failure 2 (3%)

Others 11 (16%)

Others cholecystitis, septic arthritis, deep venous thrombophlebitis,
bilateral pleuritis, dermatitis, fascitis, cerebral ischemia, urinary tract
infection, respiratory failure, bowel occlusion, and hypertensive
attacks

Table 4 Therapies and Procedures for 68 Duodenal Fistulas

Surgery 27 (39.7%)

One operation 18 (26.5%)

Two operations 6 (8.8%)

Three operations 3 (4.4%)

Percutaneous treatments

Percutaneous abdominal drainage 15 (22%)

PTBD 4 (6%)

Percutaneous duodenostomy 2 (3%)

Medical therapies

TPN 51 (75%)

EN 20 (29.4%)

Somatostatin 15 (22%)

Octreotide 14 (20.6%)

Gabexate mesylate 1 (1.5%)

PTBD percutaneous transhepatic biliary drainage, TPN total parenteral
nutrition, EN enteral nutrition
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The need for repeat surgery was related to the develop-
ment of further complications (P<0.001), and prolonged
the recovery time to 58 days (range 1–1,035 days), versus
25 days (range 7–65 days) (P=0.004) in no surgical
patients. Furthermore, eight of the 11 (73%) patients who
died had undergone repeat surgery versus 19 of the 57
(33%) survivors (P=0.020).

The need for intensive management in seriously ill
patients was demonstrated also by the use of TPN; in fact,
all patients who subsequently died received TPN versus
70% (40) of surviving patients (P=0.054).

Discussion

The series of DF after gastrectomy reported in the literature
are small and not homogeneous,1–5 so an accurate descrip-
tion of the natural history and management of this
complication is still lacking. In order to reduce the
background variability and collect a large number of DFs,
the present retrospective multicenter study was performed
in 11 Italian centers and was focused on elective gastrec-
tomies for malignancies. Hence the largest series published
up to now was collected. Out of 3,785 gastrectomies for
malignant diseases 68 DF (1.8%; median 1.6%; range 0.3–
6.3) were recorded, confirming data of frequency reported
in literature.1–7 Regarding the causes of DF, it seems that
duodenal resection line involvement facilitates the devel-
opment of this complication. Resection line involvement
was reported in the literature in about 1–10% of
patients,14,15 and is generally considered as a cause of high
surgical morbidity;16 in our series of DF patients its
frequency was 17.5%.

Concerning technical causes, some authors maintain that
DF after SG is more frequently associated with Billroth II
reconstruction due to difficult emptying of the afferent
jejunal loop.17 Our data do not support this hypothesis and
even suggest the opposite, i.e., that the risk of DF is higher
after Roux-en-Y than after Billroth II reconstruction (3.4%
vs. 1.1%, respectively). This observation must be inter-
preted with caution because almost all the participating
centers performed only one type of reconstruction without
an internal control submitted to the other technique
(Table 1).

DF onset is usually delayed (median postoperative
day 7), but the variability is very large (range 0–22 days);
the occurrence of this complication must therefore be
suspected also in outpatients who have recently undergone
a gastrectomy if fever or right abdominal pain is present.

In contrast to what was previously reported by other
authors,1 daily fistula output did not affect DF duration or
mortality. In our series, DF with abundant output was
commonly treated with octreotide or somatostatin but, in

contrast with other experiences on other gastrointestinal
fistulas,13 its use did not affect DF closure time or outcome;
so we can conclude that this therapy is not indicated for DF.

Many factors can influence the mortality rates, and our
study confirms reports by other authors that age, a low
serum albumin level, complications, and multiple reopera-
tions are correlated with death.1,4,7

The treatment of patients with DF should be aimed at
facilitating spontaneous fistula closure. Nowadays, the
presence of DF alone no longer leads to death, but the
problem is the development of new complications. Since
the risk of death is linked to the number of complications
arising, particularly sepsis, maximum effort to prevent and
promptly treat septic complications is mandatory.6 Only if
sepsis has been adequately managed can spontaneous
closure of a fistula take place.4

To treat DF and prevent complications, several surgical
procedures have been proposed: tube duodenostomy alone
or coupled with continuous intraluminal infusion and
aspiration,7 fistula repair with a rectus abdominis muscle
flap,8 or Roux-en-Y duodenojejunostomy to close a large
duodenal defect not controlled for more than 6 weeks;9

occasionally, pancreaticoduodenectomy may be necessary
and can be lifesaving.10 In the present series, Roux-en-Y
duodenojejunostomy was performed only in one patient;
the other 26 patients were submitted to drainage of
peritoneal abscess, duodenal suture, and tube duodenos-
tomy with a 30% of recurrence rate of abdominal sepsis
with the need of another surgical procedure. Therefore,
surgery is indicated only if necessary to drain an abscess or
close a DF that is very large, persistent or otherwise
difficult to manage. In the surgical treatment of DFs the
main questions are the choice of operative versus non-
operative treatment and the timing and type of surgery.18 It
is advisable to avoid surgery on fistulas occurring within
10 days to 6 weeks of the initial operation, although an
undrainable abscess, bacteremia, peritonitis, and intestinal
bleeding always require emergency surgery. Careful atten-
tion must be paid to the choice and management of
abdominal drainage in order to avoid its possible migration
into the fistula, which hinders spontaneous closure,19 and to
prevent bleeding and formation of new fistulas in neigh-
boring abdominal organs. In the present study, we observed
an approximately 20% frequency of new fistulas. Such a
high frequency had not been reported previously and is
perhaps attributable to the fact that better patient manage-
ment leads to longer survival associated with a long
recovery time; in other words, while healing DF, patients
may be at risk of developing new fistulas.

Rossi et al. suggested prophylactic cholecystectomy in
cases of surgery for DF because of the high frequency of
cholecystitis.1 Our results do not justify this management,
as only one case of cholecystitis was observed in our series.
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In the past, many authors suggested nasogastric suction and
withholding oral intake,20 but more recent data demonstrat-
ed a better outcome in patients in whom oral intake was
maintained.21 In our series, about half of the patients were
able to maintain an oral diet, plus or less combined with EN
and/or TPN, and their outcome was better than that of
fasting patients, confirming that nasogastric suction and
bowel rest are indicated only in the presence of diffuse
peritonitis and ileus, whereas oral feeding should always be
encouraged. Furthermore, the low rate of cholecystitis in
our study might be linked to the preservation of oral
feeding.

Several complications of DF commonly reported in the
past, such as water and electrolyte loss, acid/base imbal-
ance, and dermatitis, were not observed in our study,
probably owing to improved techniques and patient care.

The role of TPN in the treatment of DF is well
established, and TPN is routinely used in all cases of
high-output and many cases of low-output fistulas. EN
could be a good and cheap alternative to TPN, but data
reported in the literature show that less than 50% of DF
patients tolerate adequate amounts of EN.5 In our series,
about 30% of the patients received EN, but only 25% of
them did not need any other nutritional support. Prolonged
starvation without careful nutritional support results in
severe malnutrition, sometimes leading to superior mesen-
teric artery syndrome with duodenal obstruction inhibiting
DF closure.20

Conclusions

In conclusion, our study shows that the features of DF have
partially changed with respect to the latest data reported in
the literature, which date back about 30 years. Some new
characteristics have been acquired and others lost. In
general, we can confirm that DF is a rare but serious
complication of gastrectomy with a high mortality rate, and
improved surgical techniques or the use of staplers have not
decreased its frequency; however, newly available therapies
such as nutritional support and percutaneous drainage have
dramatically reduced the mortality (from 40% to 16% since
1980), and today the presence of DF alone no longer causes
death. In fact, some complications, such as fluid, electro-
lyte, and acid/base imbalance or dermatitis, typically
observed in patients with DF in the past, no longer occur.
Also the incidence of cholecystitis has decreased, probably
because patients are encouraged to eat or have EN, and the
practice of fasting or nasogastric suction has been aban-
doned. Moreover, we demonstrated with this study that oral
feeding is related to DF healing.

The onset of DF varies greatly in terms of timing,
output, and clinical presentation, and surgeons must always

beware the possibility of a DF after gastrectomy because of
the high risk associated with a delay in DF diagnosis
coupled with the appearance of other complications. The
main complication remains sepsis, often requiring repeated
surgery and still burdened by a very high mortality.
Mortality is highest in the first weeks (median 18 days,
range 4–60 days), despite a very long healing time with
recurrences also after several months, necessitating the
maximum medical effort at an early stage.

Nowadays, medical therapy is preferred to surgery, the
latter being indicated only for abdominal sepsis, bleeding,
or fistulas in neighboring organs.
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Abstract
Introduction The indications for prophylactic surgery for phlegmonous and covered perforated type of acute sigmoid
diverticulitis (SD) are currently matters of debate, and a more conservative approach has been advocated. However, it has
not yet been clarified to what extent CT findings indicative of acute SD correlate with histological findings, and it is still
uncertain how these findings change in the time interval between initial antibiotic treatment and late elective surgery. The
aim of this study was to record time-course changes of inflammation in phlegmonous and abscess-forming diverticulitis
after conservative treatment in order to check the indication for surgery.
Material and methods This study included all patients who underwent surgery for CT morphologically phlegmonous and
covered perforated SD from January 2002 to June 2007. Two groups were formed to record time-course changes: early
elective surgery (7–10 days after antibiotic treatment) and late elective surgery (4–6 weeks after conservative treatment).
Exclusion criteria were emergency interventions, free perforations (Hinchey III and IV), recurrent inflammations, and
contrast allergy. The extent of the inflammation recorded preoperatively by CT scan was compared with histological
findings.
Results A total of 257 patients (142 male and 115 female; mean age, 56.6 years) underwent surgery (116 early elective and
141 late elective) for phlegmonous and covered perforated SD. Phlegmonous SD was seen in 127 cases and covered
perforated SD in 130 cases. In the phlegmonous type of SD, early surgery led to conformity with the preoperative stage in
56%, to more extensive findings in 11%, and to subsided inflammation in 33%. Late surgery led to conformity in 0% and to
signs of subsided inflammation in 100%. In the covered perforated type of SD, early surgery led to conformity in 90%, to
subsided inflammation in 10%, and to milder manifestation in 0%. In contrast, late surgery here led to conformity in 26% of
the cases and to subsided inflammation in 74%.
Summary Considerable histological changes can be detected under conservative therapy. The acute inflammation subsides
under antibiotic therapy as awaited. It must be clarified whether the phlegmonous form of SD should, in principal, be regarded
as an indication for surgery, since it shows early and nearly complete regression of the inflammation. Otherwise, the covered
perforated type of SD still shows marked inflammatory changes after conservative therapy in a high percentage of patients and
should thus preferably be treated by surgery. However, the clinical appearance of the patient with sigmoid diverticulitis still
remains the most important part of decision making.
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Introduction

Sigmoid diverticular disease is one of the most common
diseases in the Western world, and its incidence is rising with
the increasing average age of the population.1,2 Its clinical
spectrum extends from asymptomatic diverticulosis through
recurrent courses to symptomatic disease with potentially
fatal complications. Sigmoid resection with restoration of
continuity has been the prevailing modality for treating acute
and recurrent sigmoid diverticulitis in recent years and is
mostly performed as a laparoscopy-assisted procedure.3 The
indications for this procedure were supported by several
consensus recommendations in which resection was favored
after the first attack of complicated and the second attack of
recurrent diverticulitis.4,5 These recommendations have been
called in question by numerous publications in recent years,
and there is still controversy about the stages at which
surgery is really indicated.6,7 Problematic in this connection
is the fact that there have been few prospective and no
randomized studies to support an evidence-based recom-
mendation. A consensus has thus far only been reached
regarding the indication for conservative treatment of
diverticulosis as well as uncomplicated diverticular disease
and for surgery on detection of free perforation or after the
development of stenoses and fistulas. The indications for
phlegmonous and covered perforated type of sigmoid
diverticulitis (SD) are currently matters of debate, and a
more conservative approach has been advocated.6 This
shows the importance of precise pretherapeutic differentia-
tion and staging of patients, thus allowing to select the
appropriate treatment in SD. Computed tomography (CT) is
gaining increasing importance in staging of acute SD.8 This
valuable diagnostic tool can determine the extent of the
disease and can differ between all stages of diverticulitis.9–12

However, it has not yet been clarified to what extent CT
findings indicative of phlegmonous or covered perforated
type of SD correlate with histological findings, and it is still
uncertain how these findings change in the time interval
between initial antibiotic treatment and late elective surgery.
The aim of this prospective study was to record time-course
changes of inflammation in phlegmonous and covered
perforated diverticulitis after conservative treatment in
order to check the indication for surgery.

Material and Methods

Patients and Therapeutic Strategy

From January 2002 to June 2007, all patients with clinically
suspected SD have undergone abdominal CTwith intravenous

and rectal contrast within 12 h after hospitalization at Campus
Benjamin Franklin, Charité–Universitätsmedizin Berlin. All
patients with signs of acute diverticulitis, and no evidence of
free perforation or diffuse peritonitis received an initial i.v.
antibiotic dose of sulbactam and ampicillin (1 g of sulbactam
and 2 g of ampicillin) for at least 7 days or until normalization
of the infection parameters. In patients with a penicillin
allergy, antibiotic treatment was done with ciprofloxacin and
metronidazole. This antibiotic regimen was uniformly applied
over the entire study period. Any intra-abdominal abscess
detected was drained by interventional techniques when
suitable. In the further course, patients were then submitted
to early or late elective sigmoid resection with restoration of
continuity (laparoscopic or conventional procedure) and
descendorectostomy. All patients underwent diagnostic colo-
noscopy after abatement of the acute inflammation and before
late elective sigmoid resection to exclude other conditions like
bowel cancer. The aim of early elective surgery (7–10 days
after initial antibiotic treatment) was pursued between January
2002 and January 2004. As of 2004, we changed our
treatment regimen because of a relatively high complication
rate after early elective sigmoid resection.13 Instead, from
January 2004 to June 2007, patients requiring surgery
underwent late elective sigmoid resection 4–6 weeks after
the initial antibiotic treatment in the inflammation-free
period. If symptoms persisted or the infection exacerbated
under ongoing antibiosis, patients continued to undergo early
elective surgery or emergency surgery. We have used these
two chronological groups to analyze the data of our study.
Data were prospectively recorded from admission to dis-
charge after surgery. The preoperative CT morphological
findings were compared with the histological findings.
Exclusion criteria were emergency interventions, a chronic
recurrent or free perforated diverticulitis, allergy to contrast
medium, colorectal cancer during the admission period or a
known history of colorectal cancer, inflammatory bowel
disease, infectious colitis or immunosuppression. Perioper-
ative data were prospectively documented (clinical exami-
nation, CT findings, histological findings, and postoperative
course).

Abdominal CT Examination

The CT examination was performed with oral [(30 ml of
Gastrografin® (Schering, Berlin, Germany) in 1 l of H2O],
intravenous [150 ml of Ultravist 300® (Schering, Berlin,
Germany)], and transrectal contrast (200 ml of Peritrast®-
RE/36). An initial scout view (topogram) was used for
planning the actual examination. During intravenous con-
trast application (flow velocity, 3 ml/s), spiral acquisition
was performed from the diaphragm to the pelvic floor.
Examination parameters were as follows: the computer
tomography scanner Somatom Sensation 16 (Siemens AG
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Medical Solutions, Erlangen, Germany), a slice thickness of
16×1.5 mm, and secondary reformatting in coronary
orientation. Forms of diverticulitis distinguished by CT
scan are shown in Table 1. All CT findings were interpreted
by three experienced radiologists. These radiologists had
the task of standardizing the extent of inflammation on the
basis of the classification of Hansen and Stock.14 This was
not a control for interobserver variability. Here, stage 0
denotes irritation-free diverticulosis with detection of only
gas- or contrast-filled diverticula and no inflammatory signs in
the CT. Stage I is the stage of acute uncomplicated
diverticulitis. The CT morphological correlative here is bowel
wall thickening. Stage II designates acute complicated
diverticulitis and is further subdivided into stages IIa, IIb,
and IIc according to the severity of inflammation. Stage IIa
involves peridiverticulitis or phlegmonous diverticulitis with
spread of the bowel inflammation to the pericolic fatty tissue.
The CT shows inflammatory infiltration of pericolic fat. Stage
IIb is characterized by CT morphological detection of a
covered perforation with or without a mesocolic or retroper-
itoneal abscess or an abscess in the minor pelvis. In stage IIc,
the CT detects free air and/or fluid as the correlative of free
bowel perforation. Stage III is the stage of chronic divertic-
ulitis. The typical CT sign of chronic inflammation is bowel
wall thickening, sometimes with stenosis or fistulas.

Surgical Technique

The sigmoid resection was assisted laparoscopy as a routine
procedure without loop ileostomy in all patients with the
need for surgery. Four experienced surgeons performed the
operation with patients in the lithotomy position. Supra-
umbilical (camera) trocars were placed medial to the
superior iliac spine on both sides and 10 cm cranial to the
symphysis at the median line. After laparoscopic mobiliza-
tion of the left hemicolon, the left flexure was mobilized in
relation to bowel mobility. The inferior mesenteric artery
was left as is. The colon was severed in the upper third of
the rectum by an endocutter. Extra-abdominal mobilization
of the colon was achieved by widening the left hypogastric
trepanation opening to 4–5 cm, and the oral resection
border was set a hand-breadth proximal to the inflammatory
tumor. The mean length of the resected bowel specimen

was 24.5±3.2 cm. A tension-free anastomosis was created
with a stapler (size, 29–33 mm). The surgical technique
remained unaltered during the entire study period.

Pathology

The histopathological workup of colon specimens was
routinely performed by the Institute of Pathology, Charité–
Universitätsmedizin Berlin, Campus Benjamin Franklin.
Histological criteria were also recorded and used to
establish histological forms of diverticulitis (Table 2).
Evaluation of the histopathological specimens was done
by two experienced pathologists familiar with the classifi-
cation of Hansen and Stock, who applied this classification
according to the standardized classification of the extent of
the inflammation. This score was then used for correlation
with the CT morphological findings. Attention was focused
particularly on checking for an acute or chronic inflamma-
tion and for pericolic changes (e.g., abscesses).

Statistics

Statistical significance was calculated by using the rank
sum test, t test and chiχ2 test (p<0.05=statistically
significant). If not otherwise specified, the values are
means±standard deviations.

Results

Patient Characteristics

A total of 257 patients (142 male and 115 female)
underwent surgery for phlegmonous and abscess-forming
(covered perforation) diverticulitis. Of these, 116 patients
underwent early and 141 late elective surgery. Phlegmo-
nous type of SD was seen in 127 patients, 55 of whom had
early and 72 late elective surgery. Of 130 patients with CT
morphological covered perforated diverticulitis, 61 had
early and 69 late elective surgery. The mean age of all
patients was 56.6 years. The patients did not differ in their
demographic data. There were no differences in the
American Society of Anesthesiology (ASA) classification

Forms of diverticulitis CT Scan

Irritation-free diverticulosis Gas- or contrast-filled diverticulum

Mild diverticulitis +Intestinal wall thickening

Phlegmonous diverticulitis +Inflammatory reaction in pericolic fatty tissue

Covered perforated diverticulitis +Mesocolic or retroperitoneal abscess, lower pelvis abscess

Free perforated diverticulitis Free air, free fluid, abscesses where applicable

Chronic recurrent diverticulitis Intestinal wall thickening, stenosis or fistula

Table 1 CT Morphological
Forms of Diverticulitis
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(1.85) or the frequency of comorbidity (Table 3). Sigmoid
resection was performed as an early elective procedure 6.7±
1.8 days after initial antibiotic treatment and as a late elective
procedure after a mean of 36.4±5.2 days. Antibiotic therapy
lasted 7.6±1.2 days for early and 8.4±1.1 days for late
elective surgery. Six patients had to undergo surgery because
of symptom progression in the first 4 days under conserva-
tive therapy (two patients between 2001 and 2003 and four
between 2003 and 2006). These patients were not included
in the study. Fifteen patients were drained by interventional
techniques in cause of an intra-abdominal abscess.

Histological Findings of Patients with Phlegmonous
Diverticulitis

The histological workup of surgical specimens from
patients with phlegmonous diverticulitis who underwent
early elective surgery disclosed 31 cases (56%) with acute
inflammation and pericolic fat infiltration indicative of
pericolic phlegmon. Six cases (11%) showed more exten-
sive inflammation with covered perforation and/or purulent
abscess-forming peridiverticulitis. In 18 cases (33%),
diverticulosis was detected with signs of subsided inflam-
mation of single diverticula. In the group of patients with
CT morphological phlegmonous diverticulitis and late
elective surgery, the histological findings revealed no more
signs of acute inflammation in all 72 patients. Here,
diverticulosis was detected with signs of subsided inflam-
mation of single diverticula.

Histological Findings of Patients with Abscess-Forming
(Covered Perforation) Diverticulitis

In the group of 61 patients with CT morphological abscess-
forming (covered perforation) diverticulitis and early

elective surgery, we found a correlation with the preoper-
ative stage in 55 patients (90%). In six cases (10%),
diverticulosis was detected with signs of subsided inflam-
mation of single diverticula. In the group of 69 patients
with late elective surgery, we found a correlation with the
preoperative stage in only 18 patients (26%) and an
overstaging in 51 patients (74%), who had histologically
no signs of acute inflammation.

Conformity Between CT and Histological Findings

CT stage IIa showed conformity with microscopic findings
in 56% of patients with early elective surgery and in 0% of
those with late elective surgery. Conformity was found in
90% of CT stage IIb patients with early elective surgery and
in 26% of those with late elective surgery. The conformity
of CT examination in correlation to histological findings is
shown in Table 4.

Discussion

Acquired diverticular disease of the colon has been
estimated to occur in 30% of the population over the age
of 45, with 10–25% of these individuals developing
symptomatic diverticulitis.15,16 Of the patients who develop
symptomatic diverticulitis, 15–20% develop significant
complications such as perforation, abscess, phlegmon, or
obstruction.16–18 Sigmoid resection with restoration of
continuity has been the prevailing modality for treating
acute and recurrent SD in recent years and is mostly
performed as a laparoscopy-assisted procedure.3,19 The
indications for this procedure were supported by several
consensus recommendations in which resection was fa-
vored after the first attack of complicated and the second

Histological forms Description

Mild diverticulitis Local inflammation of intestinal wall

Phlegmonous diverticulitis Acute inflammation of pericolic fatty tissue

Covered perforated diverticulitis Perforation (covered), (micro-) abscesses

Free perforated diverticulitis Free perforation with purulent or fecal peritonitis

No signs of acute inflammation Signs of subsided inflammation, wall thickening

Table 2 Histological forms of
Diverticulitis

Early elective surgery Late elective surgery Statistical significance

Patients 116 141 NS

Age 55.8 57.4 NS

Comorbidity 51 64 NS

No comorbidity 65 77 NS

ASA 1.8 1.9 NS

m/f 64/52 78/63 NS

Table 3 Patient Characteristics
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attack of recurrent diverticulitis.4,5 These recommendations
have been called into question by numerous publications in
recent years,6,7 and the indication and time for surgery in
cases of phlegmonous and abscess-forming (covered
perforation) SD are currently controversial issues. While
the necessity for an emergency intervention may be
regarded as a consensus view in the stages of free
perforation, unanimity no longer prevails for the stages
of abscess-forming (covered perforation) or transmural
phlegmon. According to EAES guidelines, surgery is
indicated after the first attack of complicated SD.4 No
strict definition exists about the disease stages that should
be defined as complicated diverticulitis. There is no doubt
that a free perforation, stenosis, or fistulas should be
regarded as a complicated disease. The questions remains
whether the phlegmonous form of SD should also be
regarded as a complicated stage as in the study of Hansen
and Stock.14

However, Janes et al.6 showed that only about one third
of the patients with an acute attack of SD have a recurrence
and that the probability of perforation as the basis for
sigmoid resection is highest during the first attack. The
American Society of Colon and Rectal Surgeons guidelines
likewise provide no general indication for surgery after the
first attack of complicated sigmoid diverticulitis.5 It is
therefore necessary to reconsider the original EAES
consensus indication for elective surgery after the first
attack of complicated SD.

To better clarify the surgical indication, it is necessary to
know whether the CT-detected wall phlegmon or abscess
forming (covered perforation) is also reflected in the
histological examination and to determine what time-
course changes occur under conservative antibiotic therapy.
Thus, the aim of this study was to evaluate histological
time-course changes in phlegmonous and abscess-forming
(covered perforation) SD in correlation to CT morpholog-
ical findings.

This study was prompted by a change in our routine
procedure several years ago: Early elective surgery within a
few days was abandoned in favor of late elective resection
several weeks after conservative therapy and antibiotic
treatment

In our study, the preoperative stage conformed to the
histological findings in only about half of the patients who
had early elective surgery in the stage of transmural
phlegmon. In fact, one third of the patients only showed
signs of subsided inflammation. This suggests CT over-
rating with regard to phlegmonous inflammatory changes in
the mesosigmoid but may also be attributable to successful
initial drug therapy of SD. Here, precise assessment would
require direct comparison with immediate bowel resection
after the CT examination, which does not appear to be
clinically justifiable, since markedly increased morbidity
must be expected in the acute inflammatory stage.7,20 The
further follow-up of this early inflammatory stage in our
study supports the assumption that conservative therapy
leads to progressive regression of the inflammation in SD.
Nearly 100% of the patients with late elective surgery had
no signs of an acute inflammatory reaction. This raises the
question of whether phlegmonous diverticulitis should
really be assessed as a complicated stage of the disease or
whether it reflects a normal inflammatory reaction that is
easy to cure and may be treated by conservative measures.
On the other hand, none of the patients in this group
achieved a complete cure of the disease. Residues of
subsided inflammation were always detectable, and the
colon thus remained morphologically altered. The data
presented here cannot be used to elucidate the possible
clinical relevance of these morphological residues. Pro-
spective long-term studies are necessary for this purpose.

Unlike patients with phlegmonous inflammation, those
with advanced inflammation and local abscess formation
who had early elective surgery showed high conformity
between the preoperative classification and the histological

Table 4 Conformity Between CT and Histological Findings

CT Scan Histological forms of diverticulitis Conformity with histological findings
(%)

Phlegmonous
diverticulitis

Covered perforated
diverticulitis

No acute
inflammation

n

Phlegmonous diverticulitis

Early
surgery

31 6 18 55 56

Late
surgery

0 0 72 72 0

Covered perforated diverticulitis

Early
surgery

0 55 6 61 90

Late
surgery

0 18 51 69 26
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findings. Barely 10% had detectable regression of the
inflammation, which may be assessed as an expression of
its severity. During follow-up, more than 70% of the
patients in this group likewise showed a marked histolog-
ical change from an abscess-forming to a subsided
inflammation. Even then, the remaining patients showed
at least microscopic evidence of mesosigmoid abscess
formation. Thus, long-term conservative treatment is not
promising in a large group of these patients. Investigations
of the histological time-course changes in diverticulitis
confirm the assumption of other authors that late elective
surgical resection should be performed after conservative
treatment, since the local inflammatory reactions are then
regressive and thus cause fewer complications.13,21

Conclusion

We were able to show that major histological changes can
be detected under conservative therapy. Antibiotic therapy
leads to marked regression of the acute inflammation in
both the phlegmonous and abscess-forming types of
diverticulitis. However, all patients retain residues of
subsided inflammation, whose impact on the long-term
course of the disease cannot be definitively evaluated. It
must be clarified whether the phlegmonous form of SD
should in principal be regarded as an indication for surgery,
since it shows early and nearly complete regression of the
inflammation. The results of this study have altered our
therapeutic management to the extent that, in patients with
phlegmonous diverticular disease, the indication for surgery
is established only very conservatively after the first attack.
Here, we recommend surgery by assessing each case on the
basis of individual personal characteristics (age, general
condition, and number/frequency of diverticulitis attacks).
On the other hand, the abscess-forming type of diverticulitis
still shows marked inflammatory changes in a high
percentage of patients even after conservative therapy and
should thus preferably be treated by surgery. A prospective
randomized long-term study should be conducted to
reliably assess residual morphological changes in the colon
for their surgical indication and clinical significance.
However, the clinical appearance of the patient with SD
still remains the most important part of decision making.
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Abstract
Background The role of laparoscopic surgery for transverse colon cancer (TCC) remains controversial. This study aimed to
evaluate the safety of laparoscopic resection of TCC.
Methods Fifty-three patients undergoing laparoscopic resection of TCC (group A) were compared with 39 patients
undergoing open resection of TCC (group B) and 200 patients undergoing laparoscopic resection of ascending or
descending colon cancer (group C).
Results Mean operating time was longer (224 vs. 157 min), and mean estimated blood loss was lower (40 vs. 79 ml) in
group A than in group B, but these were similar in groups A and C. The rates of conversion to open surgery were similar in
groups A and C (1.9% vs. 1.0%). Tumor stage was more advanced in group B than in group A. All patients in groups A and
B underwent pathologic R0 resection. The rates of postoperative complications did not differ significantly between groups
(9.4% vs. 7.7% vs. 5.0%). Time to flatus (1.7 vs. 2.5 days), time to liquid diet (2.4 vs. 5.3 days), and hospital stay (12 vs.
15 days) were significantly shorter in group A than in group B, but similar in groups A and C.
Conclusions Laparoscopic resection for TCC can be performed safely with similar short-term postoperative outcomes seen
for colon cancer at other sites. Laparoscopic resection may be associated with faster gastrointestinal recovery and shorter
length of hospital stay, compared with open surgery.

Keywords Transverse colon cancer .

Laparoscopic surgery . Short-term outcomes

Introduction

The safety and oncologic efficacy of laparoscopic surgery
for the treatment of colon cancer have been demonstrated in
randomized controlled trials (RCTs), which have reported
short-term benefits such as reduced blood loss, less intense
postoperative pain, and faster gastrointestinal recovery.1–4

Similar long-term 5-year survival was also recently con-
firmed in the COST study group trial.5 However, laparo-
scopic surgery for transverse colon cancer (TCC) has been
considered technically demanding, and it has therefore been
excluded from previous RCTs.1–4 The present study
compared the short-term and pathologic outcomes of
laparoscopic resection of TCC with those following open
resection of TCC or laparoscopic resection of colon cancer
at other sites to demonstrate the feasibility of laparoscopic
surgery for the treatment of TCC.

Methods

Patient Selection

The present study included TCCs located between the
hepatic and splenic flexures with ligation of at least the
right or left branch of the middle colic artery (MCA), or
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both, at their origins. The basic indications for laparoscopic
surgery in our institution included no evidence of bulky
tumor, no evidence of invasion to adjacent organs, no
evidence of ileus, no evidence of lymph node metastasis in
the root of the MCA, and no evidence of synchronous
resectable liver metastasis. However, the final indication for
laparoscopy was at the surgeon’s discretion. Fifty-three
patients underwent laparoscopic surgery for TCC at our
institution from July 2005 to October 2009 and were
included in the present study (group A). During the same
period, 75 patients underwent open surgery for TCC. Cases
with non-curative resection (19 cases) or with synchronous
resection of other organs (17 cases) were excluded, and 39
patients who underwent open resection for TCC were thus
included in further analyses (group B). The reasons for
using an open approach in these patients were suspected
invasion to adjacent organs in two patients, suspected
lymph node metastasis in the root of the MCA in three
patients, previous colorectal cancer resection in two
patients, previous history of open upper major abdominal
surgery in three patients, ileus in one patient, clinical N2 in
11 patients, and surgeon’s discretion in 17 patients.
Furthermore, 200 patients who underwent laparoscopic
surgery for adjacent colon cancer (i.e., cancer in the
ascending or descending colon) during the same period
(group C) were also compared. Preoperative staging was
based on the results of colonoscopy, barium enema, and
computed tomography. Indian ink tattooing was performed
in patients undergoing laparoscopic surgery, except those
with advanced tumors. Age, gender, body mass index,
tumor staging, duration of operation, amount of blood loss,
conversion to open surgery, and information on postoper-
ative pathology, hospital stay, 30-day morbidity, and
mortality were prospectively recorded.

Surgical Procedure

In the present study, right hemicolectomy was defined as a
procedure requiring division of the ileocolic, right colic
(when present), and right branch of the middle colic vessels
at their origins. Left hemicolectomy was defined as a
procedure requiring division of the left colic and the left
branch of the middle colic vessels at their origins.
Transverse colectomy was defined as a procedure requiring
the division of the middle colic vessels at their origins. The
procedure was chosen based on the location and extent of
the tumor. A five-port technique was employed. For right
hemicolectomy, the surgeon and the camera operator stood
to the left of the patient, with the first assistant between the
legs of the patient. First, the peritoneum at the base of the
small intestinal mesentery was incised, and the dissection
between the ascending mesocolon and the retroperitoneum
was performed. The duodenum and pancreas head were
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Figure 1 a Lymph node dissection at the origin of the middle colic
vessels in right hemicolectomy. b and c Lymph node dissection at the
origin of the middle colic vessels in transverse colectomy. b Following
splenic flexure mobilization, the inferior border of the pancreas was
dissected from the transverse mesocolon, and the superior mesenteric
vein was exposed from a cranial direction. c Base of the transverse
mesocolon was gradually skeletonized from a caudal direction after
perception of the visual depth and narrowing the width. SMV superior
mesenteric vein, MCA middle colic artery, MCV middle colic vein,
GCT gastrocolic trunk, ARCV accessory right colic vein, RGEV, right
gastroepiploic vein, PH pancreas head, PB pancreas body.
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dorsally dissected from the mesocolon. The pedicle of the
ileocolic vessels was then identified, and the ventral aspect
of the caudal portion of the superior mesenteric vein (SMV)
was exposed. The vessels were skeletonized in a caudal to
cranial direction along the SMV and divided at their origins
(Fig. 1a). For left hemicolectomy, the surgeon and the
camera operator stood to the right of the patient, with the
first assistant to the left or between the legs of the patient.
Medial-to-lateral retroperitoneal dissection and division of
the left colic artery were performed. The omentum was then
transected, and the omental bursa was entered, and splenic
flexure mobilization was performed. The left branch of the
middle colic vessels was then identified at the inferior border
of the pancreas and divided at its origin. For transverse
colectomy, either splenic or hepatic flexure mobilization was
performed in most cases. The omental bursa was entered,
and the transverse mesocolon was dissected from the inferior
border of the pancreas (Fig. 1b). The base of the transverse
mesocolon was then stretched and dissected from a caudal
direction, and the middle colic vessels were skeletonized and
divided at their origins (Fig. 1c). The camera port was
extended to about 4 cm, and the specimen was extracted
through this port. Functional end-to-end anastomosis was
then performed extracorporeally.

Statistical Analysis

Differences between the groups were analyzed using
Fisher’s exact test, χ2 test, or Mann–Whitney U test, as
appropriate. Analysis was performed using SPSS software
(Chicago, IL, USA), and P values ≤0.05 were considered
significant.

Results

Patient characteristics are summarized in Table 1. There
were no significant differences between groups in terms of
mean age, gender, body mass index, and history of previous
abdominal surgery, although the body mass index in group
B tended to be lower than in group A (21.7 vs. 22.7 kg/m2).
There were 155 ascending colon cancers and 45 descending
colon cancers in group C.

The operative procedures performed for TCC are
summarized in Table 2. Right hemicolectomy was the most
frequently used procedure. The operative procedures did
not differ significantly between groups A and B.

The surgical and pathologic outcomes are summarized in
Table 3. Mean operating time was significantly longer (224
vs. 157 min), and mean estimated blood loss was
significantly lower (40 vs. 79 ml) in group A than in group
B, but these were similar in groups A and C. Conversion to
open surgery was required in one patient in group A and
two in group C (1.9% vs. 1.0%). The reason for conversion
in group A was to dissect firm lymph nodes at the root of
the MCA, which were finally shown to be metastatic. The
reasons in group C were severe adhesion in one case and
bleeding in the other. T-stage was more advanced in group
B than in group A, but N-stages were similar in all groups.
Mean proximal resection margin was similar in groups A
and B (18 vs. 22 cm), but significantly larger in group A
than in group C (18 vs. 12 cm). Mean distal resection
margin was significantly smaller in group A than in group
B (10 vs. 11 cm), although the difference was only 1 cm.
Mean number of lymph nodes harvested was significantly
smaller in group A than in group B (17 vs. 23), but was
similar in groups A and C (17 vs. 18). Pathologic R0
resection was performed in all patients in groups A and B.
In group C, four patients underwent R2 resection due to
unresectable multiple liver metastases in three patients and
para-aortic lymph node metastasis in one patient.

The postoperative outcomes are summarized in Table 4.
The rates of postoperative complications did not differ
significantly between groups. There was no anastomotic
leakage and no mortality in any group. Time to flatus (1.7
vs. 2.5 days), time to liquid diet (2.4 vs. 5.3 days), and
mean length of hospital stay (12 vs. 15 days) were all

Table 1 Patient Characteristics

Group A Group B Group C P value P value
(n=53) (n=39) (n=200) (A vs. B) (A vs. C)

Mean age (year) (range) 66 (36–88) 62 (24–86) 66 (33–90) 0.3003 0.9251

Male/female ratio 32/21 21/18 105/95 0.6698 0.3534

Mean body mass index (kg/m2) 22.7 (16.6–27.7) 21.7 (16.3–30.4) 23.1 (15.4–33.3) 0.0519 0.5580

Previous abdominal surgery 18 (34%) 13 (33%) 64 (32%) 1 0.8691

Table 2 Operative Procedures

Group A Group B P value
(n=53) (n=39)

Right hemicolectomy 29 (55%) 27 (69%) 0.3346

Left hemicolectomy 12 (23%) 7 (18%)

Transverse colectomy 12 (23%) 5 (13%)
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significantly shorter in group A than in group B, but similar
in groups A and C.

Discussion

Several RCTs have demonstrated that laparoscopic surgery
for colon cancer can achieve favorable short-term results
and similar postoperative survival to open surgery.1–5

However, TCC has been excluded from RCTs, and there
have been very limited studies showing the feasibility of
laparoscopic surgery for TCC.6–8 There may be several
reasons for the exclusion of TCC from previous RCTs.
First, TCC is less common than tumors at other colon sites,
with a reported incidence of around 10%.9–11 Second, the
proper operative procedures for TCC vary depending on the

relative location of the tumor. Third, lymph node dissection
around the middle colic vessels is technically demanding
because of the proximity to the pancreas and duodenum.
Compared with previous studies,6–8 the present study
reported the short-term outcomes in a relatively large
number of patients undergoing laparoscopic surgery for
TCC.

In this study, early TCC was treated almost exclusively
by laparoscopy, but advanced TCC was often treated using
an open approach, at the surgeon’s discretion. Thus, the
laparoscopic and open groups exhibited different character-
istics. This may explain the smaller number of lymph nodes
harvested and the smaller distal resection margin in the
laparoscopic group compared with the open group. How-
ever, the average number of lymph nodes removed in the
laparoscopic group exceeded 12, which was the recom-

Table 3 Surgical and Pathologic Outcomes

Group A Group B Group C P value P value
(n=53) (n=39) (n=200) (A vs. B) (A vs. C)

Mean operating time (min) (range) 224 (130–416) 157 (89–271) 205 (94–338) <0.0001 0.1261

Mean estimated blood loss (ml) (range) 40 (0–330) 79 (3–590) 28 (0–740) <0.0001 0.4364

Conversion to open surgery 1 (1.9%) 2 (1.0%) 0.5076

T-stage <0.0001 0.2942

Tis 3 (6%) 0 (0%) 14 (7%)

T1 15 (28%) 0 (0%) 55 (28%)

T2 11 (21%) 3 (8%) 34 (17%)

T3 14 (26%) 29 (74%) 77 (39%)

T4 10 (19%) 7 (18%) 20 (10%)

N-stage 0.8474 0.5551

N0 33 (62%) 22 (56%) 134 (67%)

N1 15 (28%) 13 (33%) 55 (28%)

N2 5 (9%) 4 (10%) 11 (6%)

Mean proximal resection margin (cm) (range) 18 (4.5–45) 22 (6–66) 12 (3–40) 0.1153 <0.0001

Mean distal resection margin (cm) (range) 10 (4–32) 11 (5–21) 10 (2–40) 0.0461 0.3476

Mean no. of lymph nodes harvested (range) 17 (7–35) 23 (8–40) 18 (3–46) 0.0002 0.2092

Pathological R0 53 (100%) 39 (100%) 196 (98%) 0.5824

Table 4 Postoperative Outcomes

Group A Group B Group C P value P value
(n=53) (n=39) (n=200) (A vs. B) (A vs. C)

Postoperative complication 5 (9.4%) 3 (7.7%) 10 (5.0%) 1 0.3218

Wound infection 1 (2.6%) 3 (1.5%)

Persistent ileus 3 (5.7%) 2 (5.1%) 4 (2.0%)

Enteritis 1 (0.5%)

Anastomotic bleeding 2 (3.8%) 2 (1.0%)

Time to flatus (postoperative days) (range) 1.7 (0–4) 2.5 (1–4) 1.7 (0–4) <0.0001 0.4157

Time to liquid diet (postoperative days) (range) 2.4 (2–9) 5.3 (3–14) 2.3 (2–17) <0.0001 0.9404

Mean length of hospital stay (days) (range) 12 (6–29) 15 (9–24) 12 (6–52) <0.0001 0.7034
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mended number to ensure adequate sampling.12 Further-
more, the number exceeded that reported in several other
RCTs1–4,13 and was not significantly different from that in
the group undergoing laparoscopic surgery for colon
cancer at other sites in this study. Together with exami-
nations showing pathologic R0 in all patients undergoing
laparoscopic surgery for TCC, our results suggest that
laparoscopic surgery was a safe and feasible procedure for
TCC, with no oncological disadvantages in well-selected
patients.

The present study also demonstrated significantly lower
blood loss, faster gastrointestinal recovery, and shorter
hospital stays associated with laparoscopy, compared with
open surgery. These results are in agreement with those of
previous RCTs of colon cancer at other sites.1–4 Mean
operating time tended to be longer for laparoscopic surgery
for TCC, compared with that for laparoscopic surgery of
ascending or descending colon cancer, but the difference
was not significant. The overall postoperative complication
rates were comparable between groups, and no serious
complications or operative mortality occurred. These results
suggest that laparoscopic surgery for TCC has some short-
term advantages, compared with open approaches, as found
for laparoscopic surgery of colon cancer at other sites.

The conversion rate to open surgery in this study was
only 1.9%. Previous studies have shown increases in
operating time, hospital stay,13 and more importantly,
morbidity and short-term survival2,5,14 for converted,
compared with laparoscopically completed procedures.
Analysis of the CLASICC Trial data demonstrated that
locally advanced cancer, identified by an increased distance
of tumor spread from the muscularis propria, was an
independent risk factor for conversion.15 Accurate evalua-
tion of tumor spread by preoperative diagnostic imaging
allowed exclusion of such difficult cases from laparoscopic
surgery in the present study. In addition, all operations in
our institution were supervised or performed by a highly
experienced, board-certified laparoscopic colorectal sur-
geon, whose learning curve had already reached its
plateau.16 These factors may help to explain the low
conversion rate, as well as the operating time and low
blood loss.

Regarding the technical aspects of laparoscopic surgery
for TCC, lymph node dissection around the middle colic
vessels is a demanding procedure. This is partly due to the
highly variable anatomy of the middle colic vessels.17,18 In
addition, the root of the transverse mesocolon is broadly
based and close to the pancreas, duodenum, and SMV or
superior mesenteric artery. Although the approach for the
skeletonization of the middle colic vessels differed accord-
ing to the operative procedure used (i.e., right/left hemi-
colectomy or transverse colectomy), exposure of these
anatomical landmarks (i.e., pancreas, duodenum, and SMV)

is thought to be important in laparoscopic surgery, in which
tactile sensation is lacking. In right hemicolectomy, the
duodenum and pancreas head are initially dissected from
the transverse mesocolon, and the ventral aspect of the
SMV is skeletonized from the caudal to cranial direction.
Because splenic flexure mobilization is thought to be a
difficult procedure,19 this approach may be the safest
method and can be used in most TCCs. Due to our
preference for this procedure, transverse colectomy was
often accompanied by splenic flexure mobilization. Al-
though transverse colectomy is more technically demand-
ing, our results suggest that it can be performed safely by
experienced laparoscopic surgeons.

There were several important limitations associated with
this study. First, selection bias and the different back-
grounds of patients undergoing laparoscopic and open
surgery for TCC made simple comparisons and the drawing
of definitive conclusions difficult. Second, this was a
retrospective study using prospectively collected data from
a single cancer-specializing center, and further multicenter,
randomized studies are needed to assess the safety and true
incidence of recurrence. However, the results of the current
study suggest that laparoscopic surgery can be performed
safely in patients with TCC, given careful case selection
and surgical expertise, with similar short-term outcomes to
those associated with laparoscopic surgery for cancer at
other colon sites. Laparoscopic surgery for TCC demon-
strated the benefits of lower blood loss, faster gastrointes-
tinal recovery, and shorter hospital stay, compared with
open surgery.

Disclosures We have no conflicts of interest or financial ties to
disclose.
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Abstract
Purpose Crohn’s-related rectovaginal fistulae have significant impact on quality of life including sexual function. The aim
of this study was to obtain long-term follow-up of Crohn’s related rectovaginal fistulae to assess variables that influence
surgical success and determine its effects on quality of life and sexual function.
Methods All women with Crohn’s-related rectovaginal fistulas who underwent surgical repair from 1997 to 2007 were
contacted for long-term follow-up. Variables assessed were age, body mass index, smoking, presence of active Crohn’s
disease, type of surgical procedure performed, use of perioperative seton or stoma, number of previous procedures, time
interval between last repair and current repair, use of immunomodulators, and steroids. SF-12, Fecal Incontinence Quality-
of-Life Scale, and Female Sexual Function Index were used to assess quality of life and sexual function. Multivariable
logistic regression model was used to identify variables associated with surgical failure.
Results Sixty-five women were identified at median follow-up of 44.6 months (interquartiles, 13.1–79.1) of which 30
patients (46.2%) were successfully healed. Methods of repair included advancement flap (n=47), episioproctotomy (n=8),
colo-anal anastomosis (n=7), and fibrin glue or plug (n=3). Twenty-eight women (43.1%) were sexually active at follow-
up, and of those, nine complained of dyspareunia, all within the unhealed group of patients. On multivariate analysis, only
immunomodulators were associated with successful healing (p=0.009). Smoking and steroids were associated with failure
(p=0.04). Sexual function and quality-of-life scores were comparable between healed and unhealed groups.
Conclusions Crohn’s-related rectovaginal fistulae are difficult to treat. Healing increased with use of immunomodulators;
however, smoking and steroids were predictors of failure. Dyspareunia was higher in unhealed women.

Keywords Smoking . Repeated repair . RVF. Crohn’s .

Immunomodulators . QOL . Sexual function
Introduction

Rectovaginal fistulae (RVF) are a potential complication of
Crohn’s disease (CD) associated with significant morbidity
and increased risk of proctectomy.1,2 Crohn’s related RVF
have a significant impact on quality of life and is a source
of considerable social embarrassment for affected women.
In a recent Crohn’s population study, the cumulative risk
for developing any fistula was 33% after 10 years and 50%
after 20 years, with at least one recurrent fistula occurring
in 34% of the patients.3 Up to 10% of women with CD will
develop RVF.4 Common symptoms include chronic vaginal
discharge, dyspareunia, and the passage of flatus or stool
through the vagina.

Treatment choices depend on several factors, which
include the fistula characteristics, sphincter status, anal

Funding: Department of Colorectal Surgery CCF

G. El-Gazzaz : T. Hull : E. Mignanelli : J. Hammel : B. Gurland :
M. Zutshi
Pelvic Floor Unit, Department of Colorectal Surgery—Digestive
Disease Institute, Cleveland Clinic,
Cleveland, OH, USA

T. Hull (*)
Department of Colorectal Surgery A30,
Cleveland Clinic Foundation,
Cleveland, OH 44195, USA
e-mail: hullt@ccf.org

J Gastrointest Surg (2010) 14:824–829
DOI 10.1007/s11605-010-1167-1



canal CD such as strictures and ulcerations, presence of
active CD in the rectum, and the degree of impairment on
quality of life. Many techniques have been developed in the
attempt to treat RVF with a wide range of success rates
quoted in the literature.4 Crohn’s related RVF in particular
have a higher propensity for recurrence than other fistulae
with reported recurrence rates ranging from 25% to 50%.5–8

Data examining long-term surgical success rates and
associated information regarding its effect on quality of life
(QOL), fecal incontinence (FI), and sexual function is limited.

The aim of this study was to obtain long-term follow-up
of surgically treated women with Crohn’s related RVF to
examine variables influencing surgical success and to
determine the effect of surgery on QOL and sexual function.

Methods

Patients

Clinico-pathological data were collected from an IRB-
approved pelvic floor database, which was supplemented
by a review of medical records, patient administered
questionnaires, and direct patient contact in the form of a
telephone call by a trained research nurse. Patient’s
functional outcome and quality-of-life parameters were
obtained from the prospectively maintained database for
all available follow-up visits. Patients were asked to
complete a self- administered, structured questionnaire on
each return visit to the office. If the patient did not attend
for more than 1 year, the information was requested by
means of the same questionnaire delivered by mail.

All women with Crohn’s related RVF who underwent
surgical repair with intent to close the fistula from 1997 to
2007 were contacted for long-term follow-up. Variables
assessed to determine their effect on surgical success rates
included age, body mass index (BMI), smoking, CD
activity (defined clinically by the presence of active
inflammation in the rectum or anal canal, anal/or perineal
ulceration, or anal strictures), type of surgical procedure
performed, use of a preoperative seton or postoperative
diverting stoma, number of previous surgical procedures
performed, time interval between last repair and current
repair, and use of immunomodulators and steroids within
the 3 months prior to surgery.

Long-term closure of RVF was determined by clinical
examination in the office or by more invasive evaluation
such as examination under anesthesia in suspicious cases.
Riddance of preoperative symptoms was also verified by a
telephone questionnaire. RVF were considered closed if all
preoperative symptoms attributable to the fistula had
resolved at the time of follow-up and no fistula was
detected by physical exam at the last office visit.

Patients were excluded from the study if a surgical
procedure was performed where the intent was not fistula
closure such as seton placement, diverting stoma alone, or
definitive proctectomy without reconstruction.

Quality of Life and Sexual Function

QOL was assessed using the SF-12 Health Survey,9 The
Irritable Bowel Disease Quality of Life Instrument (IBD-
QOL),10 and Fecal Incontinence Quality of Life Scale
(FIQL).11

In determining sexual function, we initially asked
patients at the time of direct telephone contact if they were
currently sexually active. For patients who were sexually
active, we further asked if they experienced pain or
discomfort with sexual intercourse. Patients who were
sexually active were then forwarded the Female Sexual
Function Index (FSFI) validated questionnaire. The FSFI
assesses domains of sexual functioning such as sexual
arousal, orgasm, satisfaction, and pain. This provides a
domain score range of (0–36) with a score of zero
indicating no sexual activity and a score of 36 indicating
best sexual function.12

Statistics

Fisher’s exact test, Chi-square test, and multivariable
logistic regression model were used to identify the variables
associated with success or failure. A p value ≤0.05 was
considered as significant.

Results

Patient Demographics

Over a 10-year period between 1997 and 2007, 65 women
with Crohn’s related RVF who had surgical procedures with
intent to close the fistula at our institution were identified.
Median follow-up was 44.6 months (interquartiles, 13.1–
79.1) with a mean age of 42.3±2 years and BMI of 27.5±
12 kg/m2. Information regarding whether a patient’s RVF
had healed at follow-up was available for all 65 patients. At
the time of follow-up, 30 patients (46.2%) were success-
fully healed (Table 1). Twenty-nine (45%) patients (15
healed and 14 unhealed) agreed to complete the QOL
questionnaires, and of the sexually active women, 57.1%
completed the FSFI questionnaire.

Preoperative Symptoms

The most common complaints were fluid drainage per
vagina (75.4%), gas per vagina (64.6%), stool per vagina

J Gastrointest Surg (2010) 14:824–829 825



(56.9%), perineal pain (13.8%), and fecal incontinence
(9.2%). We did not assess preoperative dyspareunia.

Surgical Repair

The overall healing rate of surgical repair at the time of
follow-up was 46.2%. The most common surgical proce-
dures performed were mucosal advancement flaps (72.3%),
episioproctotomy (12.3%), proctectomy and pull-through
procedure with colo-anal anastomosis (Turnbull–Cutait
procedure) (10.8%), fibrin glue (3.1%), and fistula plug
placement (1.5%). There was no significant difference in
type of RVF repairs between healed and unhealed patients
(p=0.6). The median number of attempted repairs between
the healed and unhealed groups was similar (p=0.5).
Eighteen patients received more than three repairs, with
eight patients in this subgroup (44.4%) having their RVF
healed at follow-up. No patients who had five or more
attempts at repair were healed at follow-up.

Healing rates were not significantly affected by age (p=
0.5), BMI (p=0.4), comorbidity (p=0.6), presence of
active anorectal CD (p=0.5), time interval between last
repair and most recent repair (p=0.1), use of a preoper-
ative seton (p=0.08), or postoperative diverting stoma to
protect the RVF repair (p=0.2) (Table 2). On multivariate
analysis, use of immunomodulators such as the biologics
infliximab (Remicade®) and adalimumab (Humira®) as
well as 6-mercaptopurine and azathioprine within the
3 months prior to surgery was the only variable associated
with successful healing (p=0.009). Smoking and cortico-
steroids within the 3 months prior to surgery were both
associated with failure (p=0.04).

Quality of Life and Sexual Function

Twenty-nine (45%) patients, consisting of 15 healed and 14
unhealed RVF, agreed to complete the QOL questionnaires.
The SF-12 questionnaire showed modest scores in both the
healed and unhealed groups with no significant difference
in the categories of physical health (p=0.6) and mental
health (p=0.7) (Table 3). The IBD-QOL also showed
modest scores in both healed (53.7±33.2) and non-healed
(42.6±27.1) groups with no significant difference (p=0.4)
(Table 3). Results from the FIQL questionnaire demonstrat-
ed no significant difference in the overall scores between
the healed and unhealed groups (p=0.9). Likewise, when
the individual components of the FIQL were examined
comparing healed and unhealed women, there was no
significant difference in the areas of lifestyle (p=0.7),
coping behavior (p=0.9), depression and self-perception
(p=0.6), and embarrassment (p=0.5) (Table 3).

Of our total cohort of 65 women, 28 (43.1%) were
sexually active at follow-up. This included 15 patients with
healed RVF and 13 patients with unhealed RVF. Of this
subgroup of sexually active women, nine women (30%)
complained of dyspareunia on direct questioning at the time
of telephone contact. All women who complained of
dyspareunia were in the unhealed group. Of the 28 women
that were sexually active, 16 (57.1%) agreed to complete
the FSFI sexual function questionnaire. There was no
significant difference between healed and unhealed patients
in either the overall FSFI score (p=0.9) or the separate
domains of the FSFI: desire (p=0.8), arousal (p=0.4),
lubrication (p=0.3), orgasm (p=0.5), satisfaction (p=0.4),
and pain (p=0.5) (Table 4).

Table 1 Demographic and Patients Characteristics

Variables Healed, n=30 (46.2%) Unhealed, n=35 (53.8%) p value

Age (mean ± SD) 41.3±13.3 43.1±10.8 0.6

BMI (mean ± SD) 28.4±9.4 26.7 ± 6.6 0.4

Smoking 8 (30.8%) 18 (69.2%) 0.04

ASA (mean ± SD) 2.0±0.5 2.3±0.5 0.06

Ethnic group Caucasian 27 (48.2%) 29 (51.8%) 0.6
African American 3 (42.9%) 4 (57.1%)

Other 0 (0%) 2 (100%)

Steroids 6 (30.0%) 14 (70.0%) 0.05

Immunomodulators use 16 (61.5%) 10 (38.5%) 0.009

Fecal incontinence 3 (50.0%) 3 (50.0%) 0.7

Follow-up time (mean±SD) months 55.1±52.1 47.4±30.6 0.6

Comorbidity Diabetes 3 (100%) 0 (0%) 0.09

Pulmonary 1 (33.3%) 2 (66.7%) 1.0

Cardiovascular 0 (0%) 3 (100%) 0.2

Irritable bowel syndrome 2 (66.7%) 1 (33.3%) 0.6

826 J Gastrointest Surg (2010) 14:824–829



Discussion

Patients with Crohn’s related RVF often have significant
symptoms which affect their quality of life. When possible,
this group of patients should be offered surgical repair in an
attempt to improve symptoms. There is no ideal treatment
option suitable for all patients, and many techniques have
been reported with a wide range of success. Previous
publications on Crohn’s RVF repair from our institution and
others have addressed short term outcomes. This is the first
study to address long-term follow-up for this unique group
of patients.

Published healing rates for Crohn’s associated RVF in
large studies have ranged from 40% to 60%.4,13–18 Sonoda
et al. reported 50% failure rate for Crohn’s related RVF.8

Hull et al. retrospectively reviewed 35 patients with low
anovaginal fistulae in CD.15 Overall, an initial healing rate

of 54% was reported following primary surgical repair.
Ultimately, 68% of patients healed their fistula with the use
of additional repairs. Another study reported 60% of the
Crohn’s RVF were successfully repaired using a sleeve
advancement flap.19 In another report from our institution,
six out of 12 patients (50%) with Crohn’s related RVF
healed after a total of 21 operations.6

In the present study, after variable numbers and types of
repairs, 46.2% of RVF’s healed. This is lower than the
healing rate reported for non-Crohn’s related RVF,8 which
reflects the complexities of the underlying disease process.
This rate of healing is also lower than an earlier report from
our group, which showed healing rates as high as 68%.15

We believe that patients with Crohn’s associated RVF
initially may heal but with longer follow-up, higher failure
rates may be seen. This likely reflects the recrudescent
nature of Crohn’s disease and the variable responses to

Table 2 Preoperative and Operative Details

Variables Healed, n=30 (46.2%) Unhealed, n=35 (53.8%) p value

Seton Yes 12 (57.1%) 9 (42.9%) 0.08
No 12 (33.3%) 24 (66.7%)

Stoma Yes 20 (51.3%) 19 (48.7%) 0.2
No 8 (33.3%) 16 (66.7%)

Crohn’s activity Yes 8 (40.0%) 12 (60.0%) 0.5
No 22 (48.9%) 23 (51.1%)

Type of current surgery Mucosal advancement flap 20 (42.6%) 27 (57.4%) 0.6
Colo-anal anastomosis 4 (57.1%) 3 (42.9%)

Episioproctotomy 5 (71.4%) 3 (28.6%)

Fibrin glue 1 (50.0%) 1 (50.0%)

Plug 0 (0%) 1 (100%)

Number of repairs median (range) 2 (1–5) 2 (1–8) 0.5

Interval from last repair to current (months)a 7.6 (4.1–11.1) 9.7 (4.9–41.5) 0.1

Interval from seton to current repair (months)a 7.3 (5–8.9) 4.2 (3.6–8.2) 0.5

Interval from stoma to current repair (months)a 5.7 (0.6–7.8) 8 (0.9–22.9) 0.1

aMedian interquartiles (IQR)

Variables Healed, n=15 (51.7%) Unhealed, n=14 (48.3%) p value

FIQL 11.0±3.6 10.7±3.4 0.9

Life style 2.9±1.1 3.1±0.8 0.7

Coping 2.5±0.96 2.6±0.9 0.9

Depression 2.85±0.8 2.7±0.9 0.6

Embarrassment 2.69±1.1 2.5±0.9 0.5

IBD-QOL 53.7±33.2 42.4±27.1 0.4

SF-12 Physical health 44.7±11.8 42.6±11.0 0.6

Mental health 44.3±11.9 42.6±16.3 0.7

Sexual activity 15 (50%) 13 (37.1%) 0.06

Dyspareunia 0 (0%) 9 (25.7%) 0.001

Table 3 Patient’s Quality of
Life
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medical treatment. This fact is not fully appreciated in
studies with shorter follow-up.

In our study, the use of immunomodulators was signifi-
cantly associated with successful healing. The use of
immunomodulators has also been reported to aid healing
of Crohn’s RVF in other studies.20–23 The post hoc analysis
of the ACCENT II trial by Sands et al.20 examined 25
women with RVF treated with infliximab. They reported that
72.2% had healed RVF at 14 weeks. However, follow-up of
this same group at 54 weeks found that healing had
decreased to 44.4%. In our study, 61.5% of patients that
were administered immunomodulators within 3 months of
their definitive surgery were healed at a median follow-up
significantly longer than the Sands study. Of note, healing of
RVF in our study involved the use of immunomodulators as
well as definitive surgical management. The Sands study
involved immunomodulator use only. Another study by
Topstad et al.21 looked at using setons with infliximab in
eight patients with RVF and showed only 13% healed after
the setons were removed. We postulate that preoperative use
of immunomodulators followed by curative surgical repair
(as in this study) may provide better RVF closure rates than
immunomodulators alone or immunomodulators combined
with some element of seton drainage. However, direct
comparison between our study and others is difficult.

In our study, smoking and use of steroids were associated
with a higher rate of failure. Smoking has previously been
shown to negatively affect the successful outcome of
mucosal advancement flaps in patients with perianal fistulae
presumably due to reduced rectal mucosal blood flow.24,25

Likewise, other studies have found steroid use to be
associated with a higher failure rate.8

It is unclear how the number of attempted repairs
influence outcome. In this study, patients having four or
five repairs had healing rates similar to the overall healing
rate. This suggests that multiple surgical attempts may still
offer a successful outcome. This is tempered by the finding
that no patients having more than five repairs were healed
at follow-up. Scarring from previous repairs may impede
healing with five repairs being the limit in this study. Other
reports evaluating all types of perineal fistulae, including
RVF, have shown conflicting results on whether the number

of repairs affects the eventual healing rate.24,25 It is possible
that our study, despite enrolling 65 patients, may have
lacked the power to make a definitive statement.

Placement of a preoperative seton has previously been
reported as a factor that improves the healing rate of
perineal fistulas, including RVF.8,26 The benefit has been
speculated to result from drainage of sepsis and promotion
of fibrosis in the tract. This study did not show a significant
benefit, but shows a trend toward increased healing with
seton use (p=0.08).

The response rate for mailed questionnaires was 45% for
QOL and 57.1% for FSFI. This is consistent with typical
response rates for mailed questionnaires in the literature,
which ranges from 40% to 60%.28

Due to the systemic impact of Crohn’s disease, QOL is
generally lower in these patients versus unaffected individ-
uals.27 This may account for the modest QOL scores in the
three QOL questionnaires used in our study. When
comparing the group of women that had healed RVF versus
non-healed, there was no significant difference in QOL
overall or separately in any of the domains within the
questionnaires. This may reflect that the systemic symp-
toms of Crohn’s disease have a more overriding influence
on QOL rather than any one individual complication of the
disease.

Due to the sensitive nature of the topic, evaluation of
female sexual function is difficult and has resulted in a
paucity of data. Moody et al.29 performed a structured
interview of fifty CD patients and compared them to
controls. They showed in the CD group that 24% of
women had infrequent or no sexual intercourse compared
with just 4% of controls. Reasons for sexual inactivity in
Moody’s study included abdominal pain (24%), diarrhea
(20%), and fear of fecal incontinence (14%). In our study,
nearly 67% of women abstained from sexual intercourse.
Our higher abstinence rate may reflect that all women had a
RVF, which may deter them from having sexual inter-
course. In the Moody study, dyspareunia was significantly
more common in women with CD compared to controls,
and this was independent of the enteric site of disease.
Interestingly, they found when women had only perianal
disease or fistulae that there was no significant difference in

Variables Healed, n=6 (37.5%) Unhealed, n=10 (62.5%) p value

FSFI Desire 2.6±1.4 2.4±1.3 0.8

Arousal 3.4±1.6 2.7±1.7 0.4

Lubrication 2.7±1.1 3.6±1.8 0.3

Orgasm 3.3±1.7 2.6±2.0 0.5

Satisfaction 2.5±1.1 3.2±1.7 0.4

Pain 2.9±1.3 3.4±2.1 0.5

Total FSFI 17.3±6.7 17.9±9.4 0.9

Table 4 Female Sexual Func-
tion Index (FSFI)
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dyspareunia versus the control group. Similar to Moody’s
results, this study found that the FSFI scores were similar
between the healed and non-healed RVF groups. In
particular, subset analysis of dysparuenia with the FSFI
found no difference between the two groups. These
findings must be interpreted with caution due to the small
number of people answering this questionnaire. When we
specifically asked all 65 women about dysparuenia at the
time of telephone interview, 30% of sexually active women
in the unhealed group admitted to experiencing dysparuenia
versus zero in the healed group. This may reflect the
difficulty in assessing dysparuenia since we found apparent
differences in questioning patients on paper versus specif-
ically asking over the phone. We do believe however that
an unhealed RVF does contribute to dysparuenia.

Conclusions

Crohn’s related RVF continue to be difficult to treat.
Healing increased when immunomodulators were used
within 3 months prior to surgery. Further prospective trials
are needed to help surgeons decide if and when to consider
immunomodulators before surgical repair of Crohn’s RVF.
Smoking and steroids were predictors of repair failure.
Regardless of successful healing, QOL and sexual function
were similar. Dyspareunia appears to be higher for women
with unhealed fistulas.
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Abstract
Purpose The outlook of surgeons is changing. There has been recent interest in looking at job perception towards general
surgery, which further has been divided into looking at gender differences.
Methods A questionnaire with nine sections/63 questions was mailed to all 1799 ASCRS members (244 women) who were
on the ASCRS mailing list from the USA. The returned questionnaires were analyzed.
Results A total of 498/1,799 (28%) were returned; 109/498 were female (22%), which represented 109/244 (45%) of the
ASCRS female membership vs.389/1,655 (23%) of the ASCRS male membership. The mean age was 49 years (females
42 years, males 51 years, p<0.001). Demographically significant findings were that more female colorectal surgeons (FCR)
were single 12% vs. 2% (p<0.001). Male colorectal surgeons (MCR) overall earned more than their female counterparts
(p<0.001) and 11% FCR's had a salary of >$350,000 vs. 33% MCR. More MCR found work atmosphere (p<0.004) and
casemix (p<0.001) were satisfactory elements of their job. A majority of the colorectal surgeons polled, would not change
their careers however more FCR (21%) than MCR (13%) would do so (p=0.03). When queried specifically, FCR also
indicated they affected the OR in a positive way (p<0.001). FCR were more sensitive to their colleagues opinion of their
capabilities (p<0.001), MCR however felt that their colleagues had a high impression of their capabilities (p<0.001). FCR
agreed that women mentors were few because of lack of time (p<0.001) and also felt their views were not considered when
executive decisions were made (p<0.001).
Conclusions Interestingly, proportionally more younger, single FCR than MCR returned the questionnaires. The
significance of this finding is uncertain. Acknowledgment of these differences will promote more understanding and job
satisfaction in both academic and private practice.

Keywords Colorectal surgeons . Gender . Income .

Career . Disparity

Introduction

The last two decades have seen a trend towards diversity
and changing expectations related to work schedules and

work environment. The surgical specialties of yesteryears
were predictably Caucasian and male dominated. The
evolution from the white male stereotype towards a gender
and racial diversity has changed the perception of a surgeon
in the eyes of the administration, healthcare personnel, and
patients. Today, female surgeons are more visible. In 2003
across the US, 51% of all medical school admissions were
female and accounted for 46% of medical graduates and
41% of all residents.1 Colon and rectal surgery had 18/60
women residents.1 In spite of these numbers, gender
disparity remains an important topic of modern times and
may be more apparent in the surgical specialities.2–5 The
female resident is not expected to work less than her male
counterpart, yet it has been shown that the female surgeon
does more of the expected work at home than her male
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counterpart.6 This inequality of everyday work has deterred
some women from considering a surgical career. The ability
of programs to continue to attract female medical graduates
and then mentor them into community and academic
positions is vital for this diversity to exist. Female role
models in the surgical specialties are not plentiful 7 and the
reasons are related to time and responsibilities at home and
family 8 and are similar to those cited by other high-pressure
careers across the world. With decreasing number of
physicians in the USA, women are essential to adequately
provide sufficient healthcare. It is essential to recognize
women’s perceptions in order to recruit and retain academic
surgeons.9 While some literature is emerging regarding
gender differences in surgery no data examining gender
differences in colorectal surgery exists. Since many colo-
rectal surgeons may have practice patterns different from
orthopedic, cardiothoracic, general, and other surgical
practices, specific study of colorectal surgeons is needed to
discover if issues exist. The aim of this study was to evaluate
if gender disparity among colorectal surgeons towards the
perception and expectations of their career exists, and study
possible causes that lead to any disparity.

Methods

After IRB approval, all members of the American Society of
Colon and Rectal Surgeons (ASCRS) practicing in the USA
were mailed a questionnaire approved by ASCRS (See
Questionnaire). Respondents who were in active practice at
the time of the survey were included. Retired surgeons and
surgeons not practicing in the USA were excluded. The
questionnaire was received anonymously by the research
section of the Department of Colon and Rectal Surgery of
Cleveland Clinic Foundation, Cleveland, Ohio. The question-
naire was mailed to the entire group twice with a 2-month
interval between the two mailings. The questionnaire was
based on similar questionnaires of other surgical specialties
and utilized questions with answers on a Likert scale.10 The
questionnaire was divided into ten headings each of which
had three to four questions. The headings included demo-
graphics, time issues, gender issues, specialty issues, job
satisfaction, vacation and time off, income, research and its
funding, career advancement, and harassment at work. The
answers were entered in a database and sent for statistical
analysis.

Statistical Analysis

Male and female colorectal surgeons were compared with
respect to categorical survey responses using Fisher's exact
test, or a chi-square test if cross-tabulated expected cell

counts were of sufficient size (≥5). Comparisons with respect
to quantitative and ordinal survey variables were performed
using Wilcoxon rank sum tests. Categorical survey responses
were summarized by frequencies and percents, while means,
standard deviations, and/or appropriate percentiles were used
to summarize quantitative and ordinal responses. Analyses
were performed using R version 2.3.1.

Results

Demographics

Five hundred and ten questionnaires out of 1,799 were
received of which 498 (28%) were considered to be
complete. One hundred and nine (29%) of these were
female colorectal surgeons (FCR). The mean age of FCR
was 42 years while that of the male colorectal surgeons
(MCR) was 51 years. Significant demographic parameters
were that more MCR were married (94% vs. 75% p<0.001)
and were in practice significantly more years (17.5 vs. 8
p<0.001). MCR married earlier (27 years vs. 29 years
p<0.001) and had children during residency training (55%
vs. 15% FCR, p<0.001). A majority of FCR had their first
child in the first 3 years of practice or later while a
majority of MCR had their first child in residency (p<
0.001). Forty-three percent of MCR spouses did not work
outside the home compared with 10% of FCR spouses.
Physician spouses were 35% among FCR and 16% among
MCR. Forty-one percent of FCR spouses were in a non-
healthcare profession compared with 15% MCR spouses.
More FCR (75%) than MCR (68%) were board certified
although this was not significant. An equal number of both
groups were not practicing in the town they underwent
their colorectal training. Significantly more FCR would
change their career if they had a chance (22% vs. 13%
MCR, p=0.03; Table 1).

Time Issues

There were no significant differences in time spent at work,
on call, or taking weekend call. However, more FCR
answered yes to the question of whether they felt that they
had inadequate time to spend with their children (52% vs.
36%, p=0.004), time to spend on hobbies (77% vs. 57%,
p<0.001) and time to spend on sports (79% vs. 57% p<
0.001; Table 2).

Gender Issues

In general, FCR felt that gender impacted their job (p<
0.001), especially in the manner the nurses and ancillary staff
reacted to them (p<0.001). FCR also felt they affected the
operating room in a positive way (p<0.001). When queried,
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14% FCR were undecided if their colleagues valued their
opinion (14% vs. 3%, p<0.001). Neither group felt over-
burdened by their job (p=0.06); however, when asked if
colleagues of the opposite sex handled pressure better than

them, more MCR disagreed or strongly disagreed that their
female colleagues handled work pressure better than mem-
bers of the opposite sex (84% vs.69%, p<0.001). More FCR
(32%) than FCR agreed or strongly agreed that their views

Variable Overall (n=498) FCR (n=109) MCR (n=389) p value

Age 48.97±10.40 41.98±6.61 50.89±10.43 <0.001

Sex

Female 109 (21.9%) 109 (100%) 0 (0%) <0.001
Male 389 (78.1%) 0 (0%) 389 (100%)

Years in practice 15.44±10.56 8.04±6.51 17.50±10.55 <0.001

Type of practice

Institutional 135 (28.1%) 40 (38.5%) 95 (25.2%) 0.008
Private practice 346 (71.9%) 64 (61.5%) 282 (74.8%)

Income

<K150 27 (5.5%) 11 (10.4%) 16 (4.2%) <0.001
K150–K250 183 (37.4%) 56 (52.8%) 127 (33.2%)

K250–K350 139 (28.4%) 27 (25.5%) 112 (29.2%)

K350–K500 95 (19.4%) 10 (9.4%) 85 (22.2%)

K500–K700 28 (5.7%) 2 (1.9%) 26 (6.8%)

>K700 17 (3.5%) 0 (0%) 17 (4.4%)

Age: when married 27.88±4.56 29.38±5.34 27.51±4.28 <0.001

Age: first childbirth 31.64±4.66 34.42±4.86 31.14±4.45 <0.001

Timing: first child

Internship 31 (7.2%) 3 (4.3%) 28 (7.7%) <0.001
Medical school 29 (6.7%) 3 (4.3%) 26 (7.2%)

Residency 190 (44.1%) 11 (15.9%) 179 (49.4%)

Fellowship 34 (7.9%) 5 (7.2%) 29 (8.0%)

Practice: years 1–3 90 (20.9%) 25 (36.2%) 65 (18.0%)

Practice: years>3 57 (13.2%) 22 (31.9%) 35 (9.7%)

Table 1 Demographics

Table 2 Work-Related Issues

Variable Overall (n=498) FCR (n=109) MCR (n=389) p value

Total working hours per week 59.40±18.14 58.66±15.69 59.60±18.79 0.28

Total days on call per month 11.67±9.21 10.02±7.95 12.14±9.49 0.07

Male surgeons do not like female mentors (1): strongly agree 8 (1.6%) 3 (2.8%) 5 (1.3%) 0.025
(2): agree 82 (16.8%) 23 (21.7%) 59 (15.4%)

(3): undecided 127 (26.0%) 34 (32.1%) 93 (24.3%)

(4): disagree 230 (47.1%) 36 (34.0%) 194 (50.8%)

(5): strongly disagree 41 (8.4%) 10 (9.4%) 31 (8.1%)

Case mix does not reflect gender (1): strongly agree 94 (19.1%) 9 (8.4%) 85 (22.1%) <0.001
(2): agree 276 (56.2%) 38 (35.5%) 238 (62.0%)

(3): undecided 32 (6.5%) 9 (8.4%) 23 (6.0%)

(4): disagree 73 (14.9%) 38 (35.5%) 35 (9.1%)

(5): strongly disagree 16 (3.3%) 13 (12.1%) 3 (0.78%)

Recommend career to others (1): strongly agree 170 (34.5%) 43 (39.4%) 127 (33.1%) 0.005
(2): agree 277 (56.2%) 49 (45.0%) 228 (59.4%)

(3): undecided 26 (5.3%) 12 (11.0%) 14 (3.6%)

(4): disagree 13 (2.6%) 2 (1.8%) 11 (2.9%)

(5): strongly disagree 7 (1.4%) 3 (2.8%) 4 (1.0%)
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were not considered for executive decisions (p<0.001;
Table 3).

Specialty Issues

FCR perceived that women patients tended to seek them
out (86% vs. 24%, p<0.001), but did not feel that male
patients had a preference. More FCR felt that HIV-positive
patients tended to seek them out (24% vs. 1%) while MCR
did not have this perception (60% vs. 23%, p<0.001).
Further analyses show that surgeons over age 50 were more
likely to express disagreement with the statement that HIV
patients seek them out compared to surgeons 50 and
younger (63% vs. 44%, p<0.001). Given the relationship
between surgeon gender and age, it is reasonable to suspect
that age of the surgeons is an explanatory factor for the
observed association between surgeon gender and the
perception of being sought out by HIV patients, in which
we showed that females were less likely to disagree with
the statement that HIV patients seek them out. A linear
regression model for the numerically coded agreement level
versus gender was fit, with age included as a covariate. The
model results demonstrated that the association between the
surgeon’s gender and the perception of whether HIV
patients seek them out is not reduced by the inclusion of
age as a covariate (i.e., no reduction in the gender model
parameter estimate, and continued strong significance with
p<0.001). Therefore, the association between surgeon
gender and perception is present even when surgeon age
is taken into account. MCR also did not feel that women
were better at handling healthcare issues specific to women
patients (74% vs. 59%, p<0.001).

Job Satisfaction

When questioned about availability of existing opportuni-
ties to advance their careers both genders agreed that they
had adequate chances in their practice (p=0.35). However,
when asked if fewer opportunities existed for female
colorectal surgeons to advance their careers, more FCR
agreed (19% vs. 2%) and more MCR disagreed (83% vs.
62%; p=<0.001). FCR did not perceive that their fewer
numbers caused them to feel restricted (78% vs. 66%).
However, more FCR than MCR answered that female
mentors were few due to time commitments at work and
home (37% vs. 8% p<0.001). MCR did not feel that male
residents disliked female mentors; however, FCR felt that
this was a true statement (p=0.02). On the subject of type
of cases both MCR and FCR were happy with the type of
cases they saw. When asked if their casemix reflected their
gender significantly fewer FCR than MCR agreed or
strongly agreed (44% vs. 88%, p<0.001) implying that
the FCR had a more mixed casemix and did not see only
female patients. Overall, more MCR felt that they were
supported by the FCR (89% vs. 67%, p<0.001) while more
FCR were undecided (14% vs. 5%) or disagreed with this
statement (19% vs. 6%). On the question of whether they
would recommend their career to the female residents more
FCR were undecided (11% vs. 4%, p=0.005).

Vacation and Time Off

Both MCR and FCR felt that they had adequate vacation
and did not feel they took time off to catch up on research.

Table 3 Gender-Related Issues

Variable Overall (n=498) FCR (n=109) MCR (n=398) p value

Gender is an important factor in your job (agree) 25% 20% 42% <0.001

Nurses react positively because of your gender (agree) 97% 96% 97% 0.63

Gender affects the OR atmosphere positively (1): strongly agree 45 (9.1%) 20 (18.5%) 25 (6.5%) <0.001
(2): agree 151 (30.6%) 44 (40.7%) 107 (27.7%)

(3): undecided 139 (28.1%) 30 (27.8%) 109 (28.2%)

(4): disagree 133 (26.9%) 13 (12.0%) 120 (31.1%)

(5): strongly disagree 26 (5.3%) 1 (0.93%) 25 (6.5%)

Residents approach you because of your gender (1): strongly agree 17 (3.9%) 10 (10.8%) 7 (2.1%) <0.001
(2): agree 63 (14.6%) 28 (30.1%) 35 (10.3%)

(3): undecided 134 (31.0%) 30 (32.3%) 104 (30.7%)

(4): disagree 178 (41.2%) 24 (25.8%) 154 (45.4%)

(5): strongly disagree 40 (9.3%) 1 (1.1%) 39 (11.5%)

Colleagues have a high opinion about you (1): strongly agree 173 (35.1%) 33 (30.8%) 140 (36.3%) <0.001
(2): agree 282 (57.2%) 53 (49.5%) 229 (59.3%)

(3): undecided 27 (5.5%) 15 (14.0%) 12 (3.1%)

(4): disagree 7 (1.4%) 4 (3.7%) 3 (0.78%)

(5): strongly disagree 4 (0.81%) 2 (1.9%) 2 (0.52%)
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Both genders felt they took similar time off as their
opposite gender counterpart to attend issues at home.

Income

Significantly more MCR had higher incomes than FCR
(33% MCR earned >$350,000 vs. 11% FCR, 53% FCR
earned between $150,000 and $250,000 vs. 33% MCR; p<
0.001). Overall more MCR felt that they earned more or
equal to others who practiced in their vicinity (p<0.001).
Fifty-six percent of FCR indicated that they earned less
than other colorectal surgeons in their area (vs. 31% MCR);
while 13% of MCR felt that they earned more (compared
with 4% FCR). Further analyses show some interesting
relationships between income level and each of age and
years of service. Among surgeons age 40 years and
younger, 36% made over $250,000, and among surgeons
over age 60, 51% made over $250,000. In the middle age
range between 41 and 60, 67% made over $250,000, so the
relationship between income is not linear, and income is
maximized among surgeons toward the middle of the age
spectrum. Similarly, only 33% of surgeons with five or
fewer years of practice, and 56% of surgeons with over
25 years of experience made over $250,000, while 66% of
surgeons in practice between 6 and 25 years made over
$250,000. Given the relationships we had shown between
surgeon gender and each of age and years of service, it is
reasonable to suspect that age or years of practice are
explanatory factors for the observed association between
surgeon gender and income, in which females tended to
make less than males. Linear regression models for the
numerically coded income level versus gender were fit,
with age and years of service included as covariates in
separate models, including quadratic polynomial terms to
account for the non-linear associations between income
level and each of age and years of service. The model
results demonstrated that the associations between surgeon
gender and income level were only slightly reduced (i.e.,
reduction in the gender model parameter estimate by 26%
when adjusting for age and 18% when adjusting for years
of service, and continued strong significance with p<
0.001). Therefore, the association between surgeon gender
and income level is present even when surgeon age or years
of practice is taken into account.

Research Funding and Grants

There were no differences between the responses of MCR
and FCR with regard to research funding although more
FCR cited inadequate mentoring as a reason for inadequate
funding (22% vs. 11%, p=0.03). Interestingly, MCR
reported publishing significantly more articles (17 vs. 10,
p=0.01).

Career Advancement

An equal number of FCR and MCR agreed or disagreed
with the concept whether their career was at a standstill.
More MCR felt that they had more opportunities to advance
their careers but this was not significant (p=0.35).
However, more MCR than FCR (46% vs. 38%, p=0.03)
did not want to reduce the hours at work as they preferred
to advance their career. Significantly more MCR (90%
vs.77%, p=0.01) indicated relocation was not dependent on
the spouse’s vocation. When asked if they were happy with
their careers more FCR were undecided (19% vs. 10%) and
more MCR were strongly positive towards their careers
(79% vs. 65%, p=0.004).

Harassment at Work

Twenty-three percent of FCR felt strongly that their
colleagues said insensitive things about them versus 3%
MCR (p<0.001). Twenty-five percent FCR vs. 1% MCR
observed that residents were more critical of the opinions of
FCR than their male counterparts.

Discussion

Colorectal surgery focuses on treating a defined region of
the body and disease entities that are characteristic to it. The
patient profile is also different from the regular general
surgery patient and patient issues can also be rather complex.
To make this work environment easier to handle, a good
working relationship within a practice is needed. In the last
decade, more female surgeons have been looking towards
colorectal surgery as a specialty. The success of women in
academic surgery is dependent on the institution and the
leadership development that are available to them.11 This
survey did show that gender disparity existed and the disparity
was not related to workload or individual work ethics.

A comparison with other surveys is not easy but a
comparison was made with surveys from pediatric sur-
gery,12 cardiothoracic surgery 2, and plastic surgery 13 and
some results have been compared (Table 4).

An anonymous survey dealing with a sensitive issue like
gender bias does carry a potential for bias. Surgeons both
male or female and irrespective of their age or years in
practice could be in practices that are not a good fit or work
with colleagues where the relationships are not symbiotic.
There is no good way to evaluate this or exclude it from a
general survey. Non-responders to this survey may also
have been the rather busy colorectal surgeon from the
generation that dealt with their career as their sole
commitment or the dissatisfied surgeon ready to move to
a different field. Some of the issues that this survey brought
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forward maybe the result of a generational difference and a
difference in perception of careers and its implication on the
personal and family lives of both genders.

The survey had a response rate of 27% which is fairly
low; however, response rates of some surveys dealing with
similar issues have been comparable (Troppmann et al 14;
25.5%). This may be due to the sensitive nature of the
questionnaires. Hence, we cannot exclude bias from
extremely satisfied or unhappy surgeons who have partic-
ipated or the surgeon who does not agree that surveys like
this bring forward any issues that can be addressed and
hence are non-responders.

Demographics and Gender Issues

Female physicians have often been scrutinized in requiring
time off for childbirth and family matters. Although most
female colorectal surgeons in this study had children after
their training more women are having children during their
residency15 and hence need flexibility in their work
schedules. Work environments should not ignore this trend.
Application of certain environmental changes targeted by

Baumgartner et al.16 which include day care facilities,
limiting important departmental functions that occur at
times spent with the family, and parental leave policies will
benefit both genders. One of the issues many female
surgeons face is pregnancy and its effect on their careers.15

In general, most female physicians seem to consider “after
residency” to be the best time to become pregnant.17

However, having more than one pregnancy will lead to a
break in a women’s career path. In our survey compared to
men less women than men had children in residency
probably due to the same reasons that affect other women
surgeons, and most had children in the first 6 years of their
career. This is the trend among women surgeons in other
fields like pediatric surgery and cardiothoracic surgery. 2, 18

Time Issues

It is apparent that today’s colorectal surgeon may not have the
same attitude toward work as their older peers. Today, work
and family are not independent issues. Although vacation was
not an issue with either gender in this study flexibility of work
schedules may become an important factor. Work satisfaction

Variable Colorectal Plastic surgery 13 Cardothoracic surgery 2 Pediatric surgery 12

Response rate

Overall 29% 60% 51% 75%
Male 22% 57% 44%

Female 45% 73% 61%

Demographics

Average age

Male 51 years 46.5 years 48 years 44 years (41%)
Female 42 years 42.1 years 42 years

Marriage

Male 94% 88.6% 92% 61%
Female 75% 64.6% 51%

Academic practice

Male 28% 31% 52% 60%
Female 38% 26.2% 64%

Salary Male Female Male Female Male Female Female

>$350,000 33% 11% 45% 24% 36% 12% 8.5%

<$250,000 63% 37% 52% 61% 10% 4% 53%

Career satisfaction

Male Yes Yes Yes Yes
Female Yes Yes Yes

Unfair promotion/discrimination by opposite sex

Male No No No NA
Female Yes Yes (59%) Yes

Sexual harassment (training/career)

Male No No No NA
Female Yes Yes Yes

Encouraged by same sex role models/same sex role models needed

Male Yes No No NA
Female Yes Yes Yes

Table 4 Comparison of Some
Responses Among Different
Surgical Specialties
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with a work atmosphere that allows flexibility in timing and a
routine that allows for adequate time away from work is
becoming a trend irrespective of the gender.

Research Funding and Grants and Mentorship

There are many male role models, but female role models
although not scarce are few. In the UK, female pediatric
surgeons cited insufficient research time over lack of
mentorship that hindered development.18 In vascular
surgery however in the USA men and women rarely
reported a female mentor, and that women lacked female
vascular mentors in medical school.19 In this survey female
colorectal surgeons did feel that female mentors were few
and few males had female mentors. In colorectal surgery
female surgeons have been more attracted to the specialty
in the last two decades. This may be the reason the survey
may have generated the response about the lack of female
mentors. It is however vital that mentoring should be an
institutional practice and female mentors encouraged in
order to spark interest of the young female medical
students.20 A recent study has shown that mentored surgical
residency graduates were more likely to enter the same
specialty as the mentor,21 thus mentoring female colorectal
surgeons could be an inspiration for the medical graduates
and keep academic institutions diverse. As women account
for almost 60% of current graduating class, recruitment or
attracting women to surgical specialties is becoming
increasingly important. Neurosurgery has a white paper on
recruitment and retention19 and identifies eliminating
discriminatory practices in hiring and advancement, pro-
moting women to leadership positions, and training
competent female trainees as some of their goals. Hoover
et al.22 also state that institutions must identify barriers that
prevent women from entering surgery and develop leader-
ship skills among women and insure a ‘buy in’ from their
male counterparts.

Job Satisfaction and Vacation/Time Off

Although vacation was not an issue with either gender in this
study flexibility of work schedules may become an important
factor. Work satisfaction with a work atmosphere that allows
flexibility in timing and a routine that allows for adequate time
away from work is becoming a trend irrespective of the
gender. This would in turn address burnout issues 9 that are
often ignored. Balancing work and home issues 23 is the key
to achieving harmony in the life of surgeons irrespective of
gender. Barnett et al. have correlated reduced working hours
with stronger family relationships and professional outcomes
and have shown direct relationship of career satisfaction and
intention to leave with quality of home life in women
physicians who work reduced hours.24

Income

Income disparity between male and female physicians has
been historically noted,25 although women physician’s
salaries have increased and the disparity is less compared
to those 30 years ago. Even in fields like obstetrics and
gynecology an income disparity is present.26, 27 Among
general surgeons gender was independently associated with
a lower income. Race was also an independent factor
leading to income disparity among men. The reason for this
disparity is unclear considering despite that the fact that
both genders train for the same amount of time and sign up
for the same workload. Do income differences exist based
on caseload or work hours? We did not ask this question
but it may be an important factor. However, income
equality should be a goal not determined by gender or race
and income disparity should only be considered discrimi-
natory if case volumes are equal or productivity is equal.

General Issues

Most female surgeons are quite happy with their career
choice 13 and would not change their career; however, most
cite unequal promotion and income are cited as reasons for
discontentment. Burnout was not specifically addressed in
this questionnaire. However, it is intuitive that increased
family pressures and decreased research opportunity may
contribute to burnout. Among surgical oncologists burnout
was reported in 28% of their respondents and burnout was
seen more in the age 50 and younger age group with
respondents having lower physical quality of life.4 Younger
surgeons are more susceptible to burnout and a perceived
imbalance between career family and personal growth has
been reported more than caseload.9 Anderson et al. 28 have
identified a relationship between career development issues,
fellowship training, and type of fellowship training. Atten-
tion to these or acknowledging deficits and helping to
overcome them, may be helpful in career satisfaction and
retaining both male and female surgeons in any type of
practice.

Although disparity in home time commitment based on
gender does exist, it is important to balance work and home
issues to achieve satisfaction in the workplace. Since 42%
of the MCR and 10% of FCR had spouses that did not work
outside the home in this study, more FCR surgeons feel
pressured managing home issues. Therefore, departmental
attitudes towards sensitivity regarding these issues and
creating a work environment to meet these needs may
attract both men and women surgeons and retain them.23

Frank et al.29 found that women physicians are most often
satisfied with their careers, correctable factors include
work stress, harassment, and poor control over work
environment.
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Conclusions

Gender disparity exists amongst colorectal surgeons; how-
ever, it is not based on work load or case mix. Work
environment, disparity in income, involvement in manage-
ment positions, research time, and mentoring opportunity are
some of the areas that have been identified by this survey. It
is essential to recognize that perceptions of male and female

surgeons are different and that the issues need to be addressed
in order to recruit and retain surgeons. In the era where more
women are graduating from medical schools and projections
for future surgeons are expected to decrease, it is vital that
hospitals examine their surgical departments making changes
that will attract and retain both genders. In turn this will lead
to diversity particularly among teaching institutions that will
attract all incoming medical students.

A Questionnaire to Evaluate the Perceived Gender Differences of Surgeons 
 In Colorectal Practice 

Section I - Demographics 
 
1. Age  _______ 

2. Sex   Male  Female 

3. Marital Status   Single  Married   Separated 
 Divorced   Widowed  Living with partner 

 
4.  Years in Practice  _______ 

5.  Board Certified  General Surgery   Colorectal Surgery 

6.  Type of Practice  Private Practice   Institutional Practice 

7.  Income   <150,000    350,000 – 500,000 
 150,000 – 250,000   500,000 – 700,000  
 250-000 – 350,000   >700,000 

8. Spouse Occupation  
 Not employed  Finance    Pharmaceutical
 Physician   Engineering   Marketing/Sales
 Healthcare (Non-physician)   Other ________ 

  
9.  Age at Start of Surgical Residency: __________         

10. Age at time of first/only marriage: __________           

11. Age when 1st child was born  __________ 

12. Any children before/during residency?  Yes    No   No children 

13. Time when first child was born: 
 

Medical School   Internship     Residency 
  Fellowship    Clinical Practice, Years 1-3  Clinical Practice, Years >3 

 
14. Colorectal surgery was my first career choice?   Yes    No  

15. I would change my career choice if I had the opportunity?  Yes    No 

16. My practice is in the town I did my surgical/colorectal training?  Yes    No 
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Section II - Time 

1. Percentage of time spent on:  
a. Clinical work ______% 
b. Teaching  ______% 
c. Research   ______% 
d. Administration ______% 
e. Other  ______% 

2. Total hours spent at work per week: __________hrs 
 
3. Total number of days on call per month: __________days 
 
4. Number of weekends on call per quarter: __________ 
 
5. The time spent with family / children is:     Adequate   Inadequate 
 
6. The time spent on hobbies is:     Adequate   Inadequate 
 
7. The time involved in sports/outdoor activities is:   Adequate   Inadequate 
 
 

Section III - Gender Issues 

1. Gender is an important factor in performing my current job. 
 Strongly agree  Agree   Undecided             Disagree  Strongly disagree

2.  My gender is important to the way the nurses and ancillary staff react to me. 
  Strongly agree  Agree  Undecided             Disagree  Strongly disagree
 
3.  The nurses and ancillary staff react to me in a positive way most of the time. 

 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

4. My gender affects the atmosphere in the OR in a positive way. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

5. Surgical residents approach me readily because of my gender. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

 
6. My colleagues have a high opinion of my capabilities. 

 Strongly agree  Agree  Undecided             Disagree  Strongly disagree
 
7. I feel overburdened by my workload. 

 Strongly agree  Agree  Undecided             Disagree  Strongly disagree
 
8. Colleagues of the opposite sex seem to handle work pressure better than I can. 

 Strongly agree  Agree  Undecided            Disagree  Strongly disagree
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Section IV - Specialty Issues 
  

1. In my specialty: 
 

a. Women patients tend to seek me out. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

 
b. Male patients tend to seek me out. 

 Strongly agree  Agree  Undecided             Disagree  Strongly disagree
 

c. HIV positive patients tend to seek women physicians. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

 

d. Patients rely on their referring doctor for a choice of surgeon. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

 
2. “Colorectal Surgery” is male dominated and women have a limited role.  

 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

3. Women are intimidated by the workload and work hours in Colorectal Surgery. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

 
4. Women are better off handling women’s issues and problems in Colorectal Surgery. 

 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

5. You are happy in your practice because of: 
 

a. Salary       Yes    No 
b. Case Mix       Yes    No  
c. Workload       Yes    No 
d. Part time Work Schedule     Yes    No   
e. No Gender Bias      Yes    No    
f. Relationship with colleagues    Yes    No    
g. Work atmosphere      Yes    No   
h. No academia      Yes    No    
i. Research opportunities     Yes    No 
j. Chances to progress     Yes    No  
k. Opportunities to learn new techniques   Yes    No 
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6.  You are unhappy in your practice because of  
 

a.   Salary       Yes    No 
b. Case Mix       Yes    No  
c. Workload       Yes    No 
d. Part time Work Schedule     Yes    No   
e. No Gender Bias      Yes    No    
f. Relationship with colleagues    Yes    No    
g. Work atmosphere      Yes    No   
h. No academia      Yes    No    
i. Research opportunities     Yes    No 
j. Chances to progress     Yes    No  
k. Opportunities to learn new techniques   Yes    No 
l. No family life      Yes    No 

Section V - Job Satisfaction 

1. Career advancement opportunities are few in Colorectal Surgery for women. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

2. Women feel restricted in Colorectal Surgery because of their numbers and gender. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

3. Female mentors are few because women surgeons are too involved in their job and home to mentor.
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

4. Male residents/surgeons do not like female mentors. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

5. In my practice my case mix does not reflect my gender. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

6. My colleagues support me fully in my daily activities. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

7. I would recommend Colorectal Surgery as a career to female residents. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree
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Section VI - Vacation and Time Off 

1. My vacation time is adequate. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

2. I take more frequent vacations than my opposite gender colleagues. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

3. I take vacations to catch up on office and research work. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

4. I take more vacations than my partners due to issues at home (family illness, etc). 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

Section VII - Income 

 1.  My income is   Comparable to other colorectal surgeons in the area where I practice   
  Less than other colorectal surgeons in the area that I practice  
  More than other colorectal surgeons in the area that I practice 

2. I would work more hours and perform more surgery if it would mean a higher salary. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

3. I would cut down hours and sacrifice income to spend time with my family. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

4. My debts have kept me from cutting down on work hours/income. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

Section VIII - Research & Grant Funding 

 1.  Approximate number of articles published __________ 

2. The number of articles I have published is approximate at this stage of my career. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

 3.  Have you received grant funding?   Yes    No 

4.   If grant funding was not received, it is because of: 

 No time  
 No available funding in my field of interest  
 No interest 
 No research time 
 Inadequate mentoring 
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Section IX - Career Advancement 

1. My career is at a standstill since the past few years. 
   Strongly agree  Agree  Undecided             Disagree  Strongly disagree

2. I have adequate career advancement opportunities in my practice. 
   Strongly agree  Agree  Undecided             Disagree  Strongly disagree

3. I cannot advance my career as I cannot make a location change due to my spouse’s job. 
  Strongly agree  Agree  Undecided             Disagree  Strongly disagree

4. I would prefer to cut down hours to advancing my career. 
   Strongly agree  Agree  Undecided             Disagree  Strongly disagree

5. I am happy with my career at present. 
   Strongly agree  Agree  Undecided             Disagree  Strongly disagree

Section X - Harassment at work 

1. Colleagues of the opposite gender say insensitive things to me. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

2. Residents are more critical of my opinion than that of my opposite gender colleagues. 
 Strongly agree  Agree  Undecided             Disagree  Strongly disagree

3. I sense my opinion is regarded considerably less for executive decision making within my 
department due to my gender. 

 Strongly agree  Agree  Undecided             Disagree  Strongly disagree
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Abstract
Background Traditionally, the common bile duct (CBD) is closed with T-tube drainage after choledochotomy and removal
of CBD stones. However, the insertion of a T-tube is not without complication.
Aim of Work This randomized study was designed to compare the use of T-tube and primary closure of choledochotomy
after laparoscopic choledochotomy to determine whether primary closure can be as safe as closure with T-tube drainage.
Methods Between February 2006 and June 2009, 122 consecutive patients with proven choledocholithiasis had
laparoscopic choledochotomy. They were randomized into two equal groups: T-tube (n=61) and primary closure (n=61).
Demographic data, intraoperative findings, postoperative complications, and postoperative stay were recorded.
Results There was no mortality in both groups. There were no differences in the demographic characteristics or clinical
presentations between the two groups. Compared with the T-tube group, the operative time and postoperative stay were
significantly shorter and the incidences of overall postoperative complications and biliary complications were statistically
and significantly lower in the primary closure group.
Conclusion Laparoscopic common bile duct exploration with primary closure without external drainage after laparoscopic
choledochotomy is feasible, safe, and cost-effective. After verification of ductal clearance, the CBD could be closed
primarily without T-tube insertion.

Keywords T-tube . Common bile duct exploration .

Choledochotomy . Laparoscopic . Primary closure

Introduction

Laparoscopic common bile duct exploration (LCBDE) for
choledocholithiasis has become increasingly popular as
prospective randomized studies have concluded that
LCBDE, as a single-stage procedure, is feasible, safe,
effective, and cost-effective compared to the two-stage
procedure for the management of choledocholithiasis.1–3

The LCBDE can be performed either transcystically or
through a choledochotomy according to specific indications.4

Traditionally, the common bile duct (CBD) is closed with T-
tube drainage after choledochotomy and removal of CBD
stones. Laparoscopic choledochotomy carries a higher
morbidity rate than the transcystic approach, mainly related
to the T-tube insertion at the end of the procedure.5,6 A study
has highlighted the fact that the T-tube-related complication
rate is approximately 15%, without any significant difference
between open and laparoscopic CBD explorations.7 This led
several authors to perform laparoscopic primary duct closure
after choledochotomy.8–10

The purpose of this randomized study is to answer the
question: is it safe to close the CBD after laparoscopic
choledochotomy without insertion of a T-tube?

Patients and Methods

Between February 2006 and June 2009, LCBDE was tried
as a single-stage procedure in a total of 254 consecutive
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patients with proven choledocholithiasis. LCBDE was
successfully completed in 232 cases and the remaining 22
cases required conversion to laparotomy. Of the 232
successfully completed cases, 98 underwent laparoscopic
transcystic stone extraction and 134 required laparoscopic
choledochotomy.

In our work, laparoscopic choledochotomy was indicated
when the CBD was wider than 10 mm, stones were large
(>10 mm), multiple (>4), proximal in location, or after
failure of transcystic duct exploration.11,12 Out of 134
patients with laparoscopic choledochotomy, four patients
underwent laparoscopic choledochoduodenostomy due to
markedly dilated CBD (>15 mm) or benign stricture at the
lower end of CBD. Choledochotomy closure with an
antegrade stent placed under fluoroscopic guidance was
performed in six patients. Closure with leaving the
retrograde stent placed at the previous endoscopic attempt
was carried out in two patients.

The remaining 122 patients with laparoscopic choledo-
chotomy—after fluoroscopic verification of complete CBD
clearance—were randomly divided into two equal groups:
the first group had extrahepatic biliary tree decompression
at the end of the procedure by T-tube placement (T-tube
group, n=61) and the second group had primary closure of
choledochotomy using absorbable sutures without place-
ment of a T-tube or biliary endoprosthesis (primary closure
group, n=61).

All patients were subjected to history taking, clinical
examination, biochemical workup, abdominal ultrasound
examination, and medical fitness for anesthesia. Late in this
work, magnetic resonance cholangiopancreatography
(MRCP) was considered when the diagnosis of CBD stone
was doubtful.

Patients were excluded when there was evidence of
pancreatitis (abdominal pain, nausea/vomiting, and serum
amylase more than triple the normal value) or evidence
of cholangitis (upper abdominal pain, fever/rigors, and
high leukocytic count). Additionally, postcholecystec-
tomy patients and patients with a contraindication to
laparoscopy (associated medical comorbidities, upper
abdominal surgery, morbid obesity, or marked liver
cirrhosis) were excluded.

All procedures, including obtaining written informed
consent from the patient, were conducted in accordance
with the recommendations of the Ethics Committee of the
Faculty of Medicine, Mansoura University. Patients were
randomly assigned to either primary closure or T-tube
drainage by means of the closed envelope method.

Surgical Technique

The patient was positioned in the American position with
head up and table tilt to the left. The surgeon stood to the

left of the patient with the camera holder by his side and the
first assistant to the right side of the patient. We used four
port sites: 10–12 mm at the umbilicus for the 30° camera,
10–12 mm at the epigastrium, 5 mm at the midclavicular
line close to the right costal margin, and 5 mm at the right
anterior axillary line. A fifth port was used optionally to
facilitate the introduction of basket, balloon, and guidewire.

The operation started by dissection at Calot's triangle
exposing the cystic duct and artery. The cystic artery was
divided between clips and the cystic duct was dissected for
a sufficient length. The cystic duct was opened using
scissors for intraoperative cholangiography. For all cases,
operative cholangiography was performed using the Olsen/
Reddich cholangiography forceps with a 4- or 5-Fr ureteric
catheter. Dynamic fluoroscopic images were obtained with
a mobile C-arm.

Choledochotomy was performed by first dissecting the
peritoneal coverage of the anterior wall of the CBD. The
actual wall of the CBD was opened longitudinally by
scissors and the hole was extended by scissors or hook
diathermy. The choledochotomy was located below the
level of the cystic duct and close to the duodenum and it
was made to equal the size of the largest stone.

Stones were removed by suction irrigation, forceps
milking of the CBD, or basket and/or biliary balloon either
blindly or under fluoroscopic guidance. Choledochoscope
was not available at the time of our study so we did not use
choledochoscopy in any case. Duct clearance was con-
firmed by routine completion cholangiography proximally
and distally, using Fogarty balloon catheter.

After radiological verification of complete clearance of
the CBD, patients were randomly assigned to either primary
duct closure or T-tube drainage. In the primary closure
group, the choledochotomy was closed primarily with 4/0
absorbable sutures (4/0 Vicryl; Ethicon, NJ) and intra-
corporeal knotting, whereas in the T-tube drainage group, a
latex rubber T-tube of appropriate size (14–16 Fr) was
inserted into the CBD incision. After the tube had been
positioned in place, the CBD incision was closed using
continuous sutures (4/0 Vicryl; Ethicon). Saline was flushed
through the T-tube to rule out leakage and completion
cholangiography was done to ensure ductal clearance and
proper tube position.

At the end of the procedure, a subhepatic drain was
placed and it was removed on the next morning when there
was no evidence of leak. Patients with T-tube were
discharged on the second postoperative day with the T-
tube patent and connected to a drainage bag. Postoperative
T-tube cholangiograms were obtained at the tenth day in the
outpatient setting, and the tube was removed once clearance
was verified. If there were retained stones, endoscopic
retrograde cholangiopancreatography (ERCP) was ordered
for removal of stones. Patients with primary closure were
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discharged once the peritoneal drain was removed. Follow-up
assessment using liver function tests and ultrasound was
carried out at 2 weeks and 2 months after surgery, withMRCP
or ERCP used when indicated.

Statistical Analysis

All values were expressed as the mean (range). We compared
the two groups of patients in terms of epidemiologic
characteristics, intraoperative findings, and postoperative
outcome. The statistical differences between the two groups
were determined by Student's t test. Statistical significance
was taken at P<0.05. All statistical calculations were
performed using the SPSS statistical package (SPSS 12.0.1
for Windows; SPSS, Chicago, IL) software.

Results

There were no statistically significant differences in
epidemiologic features, preoperative factors (Table 1), or
intraoperative findings (Table 2) between the two groups.
There was no statistically significant difference in CBD
diameter, number of extracted stones, or stone number
between the two groups, but the surgical time and
postoperative hospital stay (and consequently hospital
expenses) in the primary closure group were statistically
lower than that of the T-tube drainage group (Table 2).

We did not experience any technical failure, either on T-
tube or primary closure group and all operations were
completed laparoscopically. There was no mortality in both
groups. Postoperatively, six patients developed complica-
tions, five of whom were in the T-tube group. In the T-tube
group, two patients developed biliary peritonitis on the
second and third postoperative day due to leakage around
the T-tube and was treated by laparotomy, peritoneal
lavage, and T-tube replacement. One patient developed T-
tube dislodgement, which was treated by open reoperation
and T-tube replacement on the third postoperative day, with
an excellent final outcome. One patient had evident internal
hemorrhage and was treated by open exploration and
control of the bleeder at the edge of choledochotomy. In a
fifth patient, a subhepatic collection was successfully
drained percutaneously. In the primary closure group, only
one patient had bile leak in the surgical drain without
peritonitis and he was treated conservatively with stoppage
of leakage after 4 days.

Only one patient in the T-tube group had a retained stone
diagnosed by postoperative T-tube cholangiogram and was
successfully removed by endoscopic sphincterotomy. No
other retained stones were detected at early (2 weeks) or
late (2 months) follow-up in either group. The present
results demonstrate a significantly shorter operative time,
lower postoperative morbidity rate, and shorter postopera-
tive hospital stay for the primary closure group compared to
the T-tube group (Table 2).

Parameter T-tube (n=61) Primary closure (n=61) P valuea

Sex (female/male) 45/16 39/22 0.468

Age in years, mean (range) 39 (20–71) 43 (20–67) 0.846

Indication

Jaundice 52 48 0.063

Biliary colic without jaundice 9 13 0.574

Preoperative failed ERCP 5 4 0.138

Table 1 Characteristics of the
Study

a Student's t test

Table 2 Intraoperative Findings and Postoperative Outcome

Parameter T-tube (n=61) Primary closure (n=61) P valuea

CBD diameter in IOC (mm) 11.6 (10–15.5) 11.2 (10–15) 0.0734

No. of extracted stones 2.3 (1–4) 1.9 (1–3) 0.0812

Operative time (min) 125.1 (100–150) 100.6 (90–120) 0.022

Postoperative complications related to the procedure 5 1 0.035

Retained stones 1 0 0.068

Postoperative hospital stay (days) 5.5 (4–11.25) 2.2 (1–5) 0.005

Significant values are in italics

CBD common bile duct, IOC intraoperative cholangiogram
a Student's t test
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Discussion

The most recent advance in the management of CBD stones is
LCBDE that can be performed either transcystically or
through a choledochotomy according to specific indications.
Laparoscopic choledochotomy is generally indicated in
patients with a wide CBD (>9 mm in diameter) to avoid bile
duct stricture,11,13 large (>10 mm) stones, or multiple,
impacted, and intrahepatic stones,4,14 and also in cases of
unfavorable cystic duct anatomy (e.g., too small, tortuous
cystic duct, low cystic–CBD junction) or when the trans-
cystic approach has failed.9,15

Because instrumentation of the CBD and maneuvers
for stone extraction may cause edema to the papilla,
leading to an increase in pressure inside the biliary
tree,16 temporary postoperative biliary drainage is usually
required and T-tube placement has been historically
chosen as the drainage method of choice.17 The advocates
of the use of a T-tube argue that it allows spasm or edema
of sphincter to settle after the trauma of the exploration.
Postoperative T-tube drainage has been used to prevent
bile stasis, decompress the biliary tree, and minimize the
risk of bile leakage. A T-tube has also provided an easy
percutaneous access for cholangiography and extraction of
retained stones.18

Despite these potential advantages, morbidity rates
related to T-tube presence have been reported to be at a
rate of 4% to 16.4% in the laparoscopic era.2,11 The T-
tube-related complications include accidental T-tube dis-
placement leading to CBD obstruction,19 bile leakage,20

persistent biliary fistulas and excoriation of the skin,21

cholangitis from exogenous sources through the T-tube,
and dehydration and saline depletion.22 Additionally, CBD
stenosis has been reported as a long-term complication
after T-tube removal. After discharge, indwelling T-tubes
become uncomfortable, requiring continuous manage-
ment, thus restricting patient activity because of the risk
of dislodgement.23 The 8.2% morbidity rate in the T-tube
group of patients in the present study is comparable to
those in published reports.7,11

For the above-mentioned disadvantages of T-tube use, a
second option for choledochotomy closure, which is
primary closure of choledochotomy with placement of
biliary endoprosthesis, was proposed.24,25 Biliary endopros-
thesis, as with a T-tube, achieves biliary decompression,
and published results have suggested that this leads to
lower morbidity, shorter postoperative hospital stay, less
postoperative discomfort, and earlier return to full activities,
compared to T-tube placement.15,26,27 Moreover, the pres-
ence of the endoprosthesis in the duodenal lumen makes
postoperative ERCP easier, in the presence of residual CBD
stones.15,23 However, the use of biliary endoprosthesis is
not devoid of complications such as duodenal erosion,28

stent occlusion,29 ampullary stenosis,30 and distant stent
migration, causing intestinal31 or colonic32 perforation.
Moreover, removal of biliary endoprosthesis requires
second-stage endoscopic extraction.

A third option for choledochotomy closure is primary
closure without the use of T-tube or biliary endoprosthesis.
Favorable short-term and long-term results have been
published with this technique.33 This option avoids the
morbidities related to the use of T-tube or biliary stents. In
this study, no postoperative mortality occurred in either
group. The postoperative hospital stay and the operation
time were shorter in the primary closure group than in the
T-tube group. We did not calculate hospital expenses, but
definitely, it is higher with longer operative time and
hospital stay in the T-tube group. We have shown more
complications in the T-tube group than in the primary
closure group. Similar to the findings by other authors,34 in
our study, most complications in the T-tube group were
related to the use of the T-tube.

However, our results do not match with those of some
authors. A study noted higher complication and bile
leakage rates after primary closure than those reported by
this study,9 and an experimental study addressed the issue
of stenosis following primary closure without some form of
drainage.24 In this study, we found that the complication
rate and bile leakage were lower after primary closure. We
need studies with longer follow-up period for the evaluation
of ductal stenosis.

At the end, according to the results of this randomized
study, primary closure did not increase the risk of bile
leakage after the operation. Postoperative hospital stay and
operation time were shorter and the hospital expenses were
lower in the primary closure group than in the T-tube group.
Additionally, with primary closure, we could definitely
avoid T-tube-related complications. Therefore, we can
conclude that primary closure without external drainage
after laparoscopic choledochotomy is feasible, safe, and
cost-effective. After verification of ductal clearance, we can
close the CBD primarily without the use of T-tube.
However, randomized trials on a larger scale of patients
and with a longer follow-up are awaited to address the issue
of stenosis after primary closure.
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Abstract
Background Following hepatectomy for malignancy, the effect of body mass index (BMI) on hepatic and oncologic
outcomes is unknown.
Methods Two hundred seventy-nine post-hepatectomy patients with malignancy from our center were included in the cohort
(1996–2006). BMI was categorized using World Health Organization criteria. The effect of BMI was evaluated using risk-
adjusted Cox models for time to recurrence and overall survival.
Results Seventy-nine patients (28.3%) had primary hepatobiliary cancers, 134 (48.0%) had colorectal metastases, and 66
(25.3%) had other metastases. Thirty-five percent of patients were obese (BMI>30). Obese patients had more hepatic-
specific perioperative complications (27.8% vs. 15.9%, p=0.018), bile leaks (18.6% vs. 9.9%, p=0.030), post-operative
pneumonia (9.3% vs. 2.2%, p=0.0074), intra-abdominal abscesses (7.2% vs. 1.7%, p=0.017), acute renal failure (7.2% vs.
1.7%, p=0.017), urinary tract infections (16.4% vs. 7.7%, p=0.024), and longer lengths of stay (10.5 vs.8.6 days, p=0.029).
Obese and non-obese patients had similar perioperative mortality, time to recurrence, and overall survival on univariate
analysis. However, after adjusting for demographic, tumor, and operative characteristics, and complications, increasing BMI
displayed improved recurrence-free (HR 0.90, 95% CI 0.86–0.95) and overall survival (HR 0.96, 95% CI 0.92–0.99).
Conclusions High BMI patients may have better oncologic outcomes despite higher perioperative morbidity and hepatic
complications following hepatectomy. These findings have important clinical and biological implications.

Keywords Bodymass index . Hepatic malignancy .

Hepatectomy . Survival . Recurrence

Introduction

Obesity is an increasing public health problem in the USA.
Nearly a third of the US population is considered obese,
with more than 66% of individuals being overweight or

obese.1 Significant research has been devoted to studying
the negative health effects of obesity, including cardiovas-
cular disease, dyslipidemia, diabetes mellitus, and, recently,
malignancy.1,2 Several reports have emerged about the
increased lifetime risk of certain types of cancer in obese
patients, including breast, endometrial, prostate, renal cell,
and colorectal cancers.3,4

Obesity, to varying extents, has been shown recently to
be a risk factor for surgical complications following general
surgical operations.5–8 Indeed, hepatic steatosis incidence is
higher for obese patients (∼25%) with subsequent higher
complication rates following hepatic surgery.9,10 Steatosis is
not always quantifiable pre-operatively and is not universal
in its occurrence in patients with a high body mass index
(BMI). The prognostic value of pre-operative BMI to
predict hepatic complications following liver resection is
less defined. Further, the role of BMI in oncologic
outcomes for solid organ malignancies is controversial,
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particularly with regard to hepatobiliary and pancreatic
cancers. Recent data suggest that obesity is correlated with
node-positive disease and worse survival for patients with
pancreatic adenocarcinoma.11,12 With regard to oncologic
outcomes for patients with hepatic malignancies, this
relationship has been largely unexplored. Two large meta-
analyses suggest that obesity is associated with increased
risk of hepatobiliary malignancy,13,14 but the influence of
BMI on oncologic outcomes following hepatectomy for
primary liver tumors and hepatic metastases is unknown.
With the increasing rates of obesity in the US coupled with
the increasing volume of hepatobiliary cancer cases, the
need to further understand this influence is imperative to
understanding biologic determinants of tumor recurrence as
well as tailoring future therapies.

We therefore queried whether patients with high BMIs
would have greater perioperative and hepatic-specific
complications with inferior overall survival and shorter
time to recurrence following hepatic resection. Within this
context, we retrospectively reviewed 279 hepatectomy
cases for primary and metastatic hepatic malignancies at
our center to further understand the relationship between
BMI and oncologic outcomes. In this study, we show that
while perioperative and hepatic-specific complications are
increased in obese patients following hepatectomy, risk-
adjusted oncologic outcomes improved, rather than worsened,
in the presence of high BMI.

Material and Methods

Patient Cohort

We reviewed all patients who underwent hepatectomy at our
center from July 5, 1995 to March 17, 2006. We defined
obesity by adapting the World Health Organization (WHO)
definition, as determined by BMI: underweight less than 18.5,
normal weight 18.5–24.9, overweight 25.0–29.9, class I obese
30.0–34.9, class II obese 35.0–39.9, and class III obese greater
than 40.0. Obese was defined as BMI greater than or equal to
30 for this study. BMI was identified during electronic
medical record review and was considered valid if recorded
before the date of hepatectomy. Three hundred sixty-four
patients were identified with adequate BMI and clinical data
for review. Eighty-five patients were excluded due to the
presence of a benign diagnosis. Patient diagnoses, demo-
graphics, co-morbidities, operative details, radiographic
results, laboratory results, tumor pathology, complications,
and dates of death and recurrence were recorded via
comprehensive medical record review. Dates of death were
further confirmed using the Social Security Death Master File.
The study was performed under local institutional review
board approval.

Diagnostic Classifications and Definitions of Outcomes

Malignant diagnoses included metastatic colorectal cancer,
primary hepatobiliary malignancies (hepatocellular carcino-
ma, gallbladder adenocarcinoma, and cholangiocarcinoma),
and other metastases (neuroendocrine, melanoma, and
sarcoma). Major hepatic resections were defined as lobec-
tomy, extended lobectomy, or resections of greater than
three Couinaud segments. Minor resections were defined as
less than three segments. Patients were included in the
cohort if surgical treatment had the intention of cure by
clinical and stage criteria. Patients who had palliative
operations were excluded. Post-operative complications
were defined as hepatic and non-hepatic. Hepatic compli-
cations included development of ascites, biliary leak,
cholangitis, and hepatic dysfunction. Hepatic dysfunction
between obese and non-obese was measured based on peak
post-operative laboratory values of the international nor-
malized ratio (INR), aspartate transaminase (AST), alanine
transaminase (ALT), and total bilirubin. Non-hepatic
complications included renal failure, pneumonia, urinary
tract infections, and intra-abdominal abscess. Disease
recurrence was determined based on pathologic or radio-
graphic confirmation locally or systemically.

Statistical Analysis

The primary outcomes of interest were time to recurrence
and overall survival. Secondary outcomes were differences
in perioperative complication rates and 30-day post-
operative mortality. Our primary exposure variable was
BMI as a continuous variable. Separate analyses were also
performed with BMI as a categorical variable to identify the
specific risk for patients based on WHO obesity class for
long-term outcomes. Patient demographics, diagnoses,
medical co-morbidities, operative details, and perioperative
complications were compared based on obese or non-obese
status using Student’s t test or chi-square test where
appropriate. For perioperative survival, multivariable logis-
tic regression techniques were used to assess the effect of
BMI. For both recurrence and overall survival, the Kaplan–
Meier method was used to estimate event rates over time.
The log-rank test was used to compare survival between
BMI categories, as well as between diagnosis groups. In
order to evaluate the specific effect of obesity on oncologic
outcomes in the context of other clinical variables, two
multivariable Cox proportional-hazards models were con-
structed, one for time to recurrence and the other for overall
survival, with BMI as the primary exposure. The recurrence
model specifically estimated the time to recurrence,
censored for death or the end of follow-up. The overall
survival model estimated the time to death, censored at the
end of follow-up. Disease recurrence was treated as a time-
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varying covariate in the overall survival model. All models
were adjusted for patient demographics (age, gender), co-
morbidities (history of diabetes, viral hepatitis, cirrhosis, or
other chronic liver disease), tumor characteristics (tumor
size and number), extent of surgical resection (major or
minor), surgical margin status, the presence of various
perioperative complications, use of adjuvant chemotherapy,
and peak post-operative INR, transaminases, and total
bilirubin. The Cox models were also stratified by cancer
diagnosis, given the intrinsic clinical and biological differ-
ences that affect survival and disease recurrence based on
varying tumor biology. Stratified Cox proportional-hazards
models assume varying hazard functions for death within
each stratum, which, in this context, represented the
different cancers for which hepatectomy was required. We
assumed that patients with colorectal metastases, hepato-
cellular carcinoma (HCC), cholangiocarcinoma, gallbladder
adenocarcinoma, metastatic neuroendocrine tumors to the
liver, sarcoma metastases to the liver, and metastatic
melanoma to the liver had intrinsic clinical differences that
affected their potential survival and recurrence, and
specifically how BMI affected their long-term outcomes.
For example, patients who undergo hepatectomy for early
HCC have an inherently different mortality risk than those
who require it for colorectal metastases, due to differences
in tumor biology, specific treatments received based on the
diagnosis pre-operatively, as well as other unknown factors.
The varying survival assumption was assessed graphically.
Using this method, the effect of BMI was essentially tested
for each cancer type, and their effects on the hazard of
death were summarized in a single hazard ratio, without
loss of statistical power that occurs when dividing up the
cohort by each individual diagnosis.

STATA version 10.0 (College Station, TX) was used to
complete all statistical analyses. Statistical significance was
defined at a p-value of <0.05.

Results

Baseline Characteristics and Perioperative Outcomes

The study cohort was comprised of 279 patients who were
surgically treated for hepatic malignancy and had BMI data
for analysis. The distribution of these patients with respect
to obesity status and malignant diagnosis is displayed in
Fig. 1. Thirty-five percent of patients who underwent
hepatectomy for primary or metastatic liver malignancies
were obese. Forty-eight percent of the cohort carried
colorectal metastases as the diagnosis (n=134), 28.3% had
malignant tumors of primary hepatobiliary origin (n=79),
and 23.7% had other metastases (n=66). No significant
differences were noted in the mean BMI by diagnosis, but

some trends were noteworthy in the distribution of obesity
(p=0.187). The primary hepatobiliary patients had a higher
proportion of obese patients (41.8%) than those with
colorectal (34.3%) or other metastases (27.3%). Under-
weight patients made up less than 3% of the cohort.

Obese and non-obese patients had some differences with
regards to baseline demographic, clinical, and perioperative
characteristics after univariate analysis (Table 1). The
overall average BMI for the cohort was 28.5±6.3, with a
range of 14.8–52.5. Non-obese patients had an average
BMI that was the upper limit of the WHO normal weight
classification, and the average obese patient had class II
obesity (BMI 35–40). The obese group also had 14% more
males. Following hepatectomy, obese patients had signifi-
cantly longer lengths of stay, higher post-operative peak
transaminases, and higher post-operative peak bilirubin
levels compared to the non-obese.

Following hepatectomy, patients with a BMI greater than
30 had significantly greater perioperative morbidity com-
pared to the non-obese (Fig. 2) by univariate analysis.
These patients had nearly two-fold greater liver-specific
complications compared to the non-obese, with an overall
rate of 20.1%. The biliary leak rate for the cohort was
12.9%. Obese patients had a nearly two-fold higher biliary
leak rate (obese 18.6% vs. non-obese 9.9%). Obese patients
also had significantly higher rates of urosepsis (16.5% vs.
7.7%), pneumonia (9.3% vs. 2.2%), acute renal failure
(7.2% vs. 1.7%), and intra-abdominal abscess (7.2% vs.
1.7%). While there was no statistical difference with
regards to post-operative liver failure by BMI, 5.2% of
obese patients had liver failure vs. 1.7% of non-obese
patients. Additionally, there was no significant difference
between obese and non-obese patients with regards to post-
operative ileus, surgical site infection, ascites, or cholangi-
tis. Neither BMI nor obesity class was associated with a
30-day perioperative mortality in a multivariable logistic
regression model (data not shown).

Influence of Obesity on Oncologic Outcomes Following
Hepatectomy

Median follow-up for the cohort was 31 months, with a
range of 0–143 months. On univariate analysis, obese
patients trended toward a lower cumulative recurrence rate
over time, but this did not reach statistical significance
(Fig. 3). Median survival for the entire cohort was
41 months, with median survival of 48 months for obese
patients and 37.3 months for non-obese patients. No
significant differences were identified in overall survival
or cancer recurrence by obesity status in these unadjusted
analyses. When compared by diagnosis, patients with
colorectal metastases trended toward lower recurrence rates
over time compared to the other groups, particularly in the
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first four years of follow-up, which was nearly statistically
significant (p=0.059; Fig. 4). Three-year unadjusted sur-
vival following hepatectomy was 66.4% for colorectal
metastases patients, 54.4% for patients with primary
hepatobiliary cancers, and 63.6% for patients with other

metastases. These differences were not statistically signif-
icant likely due to the low sample size in each diagnostic
cohort.

The notable covariates identified in the stratified multi-
variate Cox models for time to recurrence and overall

Variable Non-obese (n = 182) Obese (n=97) p-value

Age (years) (SD) 58.8 (12.2) 59.5 (12.6) 0.651

Gender (% male) 48.9 62.9 0.026*

Mean BMI (kg/m2) 24.9 (3.2) 35.3(4.7) <0.001*

Diagnosis

Colorectal metastases (%) (n = 134) 48.4 47.4 0.883

Primary hepatobiliary (%) (n=79) 25.2 34.0 0.123

Other hepatic metastases (%) (n=66) 26.4 18.6 0.145

History of diabetes mellitus (%) 13.7 20.6 0.138

History of hepatitis (%) 7.1 6.2 0.763

History of other chronic liver disease (%) 1.6 5.2 0.09

History of cirrhosis (%) 9.9 10.3 0.912

Mean tumor diameter (cm) (SD) 4.70 (3.76) 4.69 (3.12) 0.977

Mean number of tumors 0.206

1 (%) 52.8 58.8

2 (%) 21.4 24.7

≥3 (%) 25.8 16.5

Positive surgical margins (%) 12.7 9.8 0.481

Major resections (%) 40.1 43.8 0.560

Mean length of stay (days) 8.63 (4.96) 10.54 (9.57) 0.029*

Peak post-operative labs

Mean INR 1.33 1.31 0.581

Mean AST (U/ml) 521 966 0.026*

Mean ALT (U/ml) 442 704 0.002*

Mean total bilirubin (U/ml) 1.98 3.14 0.024*

Table 1 Clinical and Perioper-
ative Characteristics of 279
Patients Undergoing Hepatecto-
my for Malignancy

*p-value < 0.05

Figure 1 Body mass index and
malignancy status of hepatecto-
my patients. The clinical distri-
bution of the study cohort is
summarized here with respect to
obesity and diagnosis. More
than one third of patients had a
BMI in the obese range.
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survival are presented in Tables 2 and 3. For each unit
increase in BMI, the relative risk of disease recurrence
decreased by 10%. After adjusting for BMI and other
factors, male gender more than doubled the risk of
recurrence. With regards to overall survival, BMI decreased
the overall mortality risk by 3.9% for each point increase.
Post-operative peak ALT and longer length of hospital stay
was also associated with higher overall mortality (Table 3).
As expected, disease recurrence was also associated with
increased overall mortality. When BMI was analyzed
categorically, class II and III obesity were significant
predictors of improved recurrence-free survival compared
to being in the normal range (class II=HR 0.286, 95% CI
0.0926–0.889, p=0.031; class III=HR 0.095, 95% CI
0.023–0.393, p=0.001). No specific obesity class was

associated with overall survival. Due to the number of
patients in each group, BMI was not a statistically
significant predictor of outcome when testing the patients
within each diagnostic group.

Discussion

For patients requiring a hepatectomy related to a primary or
metastatic liver tumor, obesity is increasingly common and
has significant implications for perioperative and long-term
prognosis. More than one third of patients in our analysis
had a BMI greater than 30. Obese patients had significantly
more perioperative complications than non-obese patients
with regard to hepatic and non-hepatic complications. With

Figure 2 Perioperative compli-
cation rates by obesity status.
Univariate analysis of obese
(n=97) vs. non-obese patients
(n=182) for the rates of indicated
complications following hepatec-
tomy for malignancy.

Figure 3 Time to recurrence and overall survival by obesity status.
Kaplan–Meier curves for cumulative incidence of recurrence (left) and
overall survival (right) of obese (n=97) vs. non-obese patients

(n=182) following hepatectomy for malignancy. Obese and non-
obese patients had similar recurrence and survival rates on univariate
analysis.
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reasonable long-term follow-up, patients had improved time
to recurrence and overall survival with increasing BMI.
Time to recurrence appeared most improved among those
specifically with class II and class III obesity.

Obesity has been found to be associated with significant
perioperative morbidity following major abdominal surgery
for cancer.8 In studies of pancreas and liver resection,
obesity and steatosis were independent predictors of

Figure 4 Time to recurrence and overall survival by diagnosis.
Kaplan–Meier curves for cumulative incidence of recurrence (left) and
overall survival (right) for patients with primary hepatobiliary cancers
(n=79), colorectal metastases (n=134), and other metastases to the

liver (n=66). On univariate analysis, patients with other metastases
had more rapid recurrence rates than the other groups, and those with
colorectal metastases had the best survival at 40 months.

Time to recurrence

95% confidence interval

Variable Hazard ratio Lower limit Upper limit p-value

Body mass index 0.901 0.860 0.945 <0.001

Male 2.15 1.33 3.49 0.002

Length of stay 1.05 1.01 1.09 0.02

Age 1.00 0.98 1.02 0.71

Major resection 1.05 0.62 1.77 0.86

Positive surgical margin 1.38 0.71 2.71 0.343

Tumor size (cm) 0.97 0.91 1.04 0.365

Tumor number

1 ref Ref Ref Ref

2 1.56 0.897 2.73 0.115

≥3 1.56 0.901 2.70 0.112

Post-operative hepatic failure 3.64 0.36 37.3 0.276

Biliary complication 0.152 0.01 3.08 0.220

Cholangitis 1.03 0.07 16.0 0.981

Ascites 0.51 0.03 9.60 0.653

Diabetes mellitus 1.36 0.71 2.64 0.362

Peak INR 0.90 0.29 2.79 0.850

Peak AST 1.00 0.99 1.01 0.298

Peak ALT 1.01 1.00 1.02 0.075

Peak total bilirubin 1.07 0.90 1.27 0.460

Table 2 Covariates in Time-to-
Recurrence Model Following
Hepatectomy for Primary and
Metastatic Liver Malignancies
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perioperative morbidity.2,5,12,15,16 Kooby et al. have shown
that, while steatosis is associated with greater perioperative
complications, BMI itself was only associated with com-
plication rates on univariate analysis.10 The morbidity in
these studies included greater intraoperative blood transfu-
sion requirements, longer operative times, and worse
post-operative complications including wound infections,
pancreatic fistula, impaired hepatic regeneration, and
respiratory and cardiovascular compromise, resulting in
longer lengths of stay. Our findings concur with previous
work regarding the deleterious effect of obesity on perioper-
ative morbidity, but our study expands the current literature
regarding the prognosis of BMI on liver-specific complica-
tions and oncologic outcomes.

Notably, obesity has been found to influence oncologic
outcomes, but with variable effects in different types of
cancer. Several major reports have evaluated obesity in the
context of oncologic outcomes after curative resections for
pancreatic cancer and renal cell carcinoma.12,17,18 Obese
patients who have undergone pancreatic resection had
poorer recurrence-free and overall survival than non-obese
patients.12 In contrast, renal cell carcinoma risk increases
with obesity, but higher BMI was associated with improved
tumor-specific survival in the renal cell cancer popula-
tion.17,18 The mechanisms of this heterogeneous relation-

ship between obesity and tumor recurrence are unknown,
but host–tumor interactions have been suggested as a
potential contributor in translational studies.19,20 Analogous
studies have not been performed with regard to hepatic
malignancies, likely related to the heterogeneity of tumors
for which hepatic resection is indicated. To our knowledge,
this is the first report describing improved time to
recurrence and overall survival with increasing BMI
following resection for hepatic malignancy.

Our analysis indicates a potential favorable effect of
BMI on oncologic outcomes, but must be considered in a
broader context. The negative effects of obesity on overall
health outcomes are profound, especially in the context of
perioperative general surgical and hepatic-specific compli-
cations. However, the favorable effect of increasing BMI on
oncologic outcomes observed in this study may speak to a
larger issue of patient frailty and possibly the ability to
tolerate adjuvant therapy.21–25 Patients with relatively
higher BMI may have more physiologic reserve than lower
BMI patients, and may thus withstand the various effects of
hepatic resection coupled with other therapies.

Another interesting finding in our analysis was related to
the negative independent effect of post-operative ALT on
survival. This most likely is related to the degree of
ischemic/reperfusion injury that occurs in hepatic resections

Overall mortality
95% confidence interval

Variable Hazard ratio Lower limit Upper limit p-value

Body mass index 0.961 0.923 0.999 0.050

Peak post-operative ALT 1.01 1.00 1.02 0.050

Length of stay 1.04 1.00 1.09 0.050

Disease recurrence 1.03 1.01 1.05 0.003

Diabetes mellitus 1.70 0.931 3.10 0.08

Age 1.00 0.98 1.02 0.89

Major resection 0.80 0.48 1.31 0.384

Positive surgical margin 1.56 0.84 2.92 0.162

Tumor size (cm) 1.00 0.94 1.06 0.99

Tumor number

1 Ref Ref Ref Ref

2 0.99 0.56 1.73 0.972

≥3 1.06 0.59 1.90 0.907

Post-operative hepatic failure 2.15 0.29 16.1 0.461

Biliary complication 1.10 0.97 1.25 0.125

Cholangitis 3.02 0.26 35.7 0.380

Ascites 0.919 0.21 4.00 0.911

Post-operative renal failure 1.58 0.34 7.34 0.555

Post-operative pneumonia 1.78 0.57 5.53 0.317

Peak AST 0.99 0.98 1.00 0.088

Peak total bilirubin 1.10 0.97 1.25 0.125

Table 3 Covariates in Overall
Mortality Model Following
Hepatectomy for Primary and
Metastatic Liver Malignancies
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with temporary occlusion of the porta hepatis. Given the
numerous covariates in the model relative to our sample
size, it may have been driven by significant elevations of
ALT, as occurs in post-operative liver failure, in a limited
number of patients who had died early after surgery. This
data suggests that limiting the period of portal vascular
occlusion or the use of ischemic pre-conditioning techni-
ques has acute benefits with regards to acute mortality risk.
Strategies to limit hepatic ischemic/reperfusion injury in
both obese and non-obese patients are clearly important but
may be of greatest utility in those with steatosis. Steatosis
may portend a greater risk for ischemia–reperfusion
injury,26,27 which has led to broader basic efforts to further
understand this theory. Further understanding of this
relationship will have important clinical implications in
hepatic surgery and transplantation, and the assessment of
patient risk.

As a retrospective study, our analysis is subject to some
limitations. The study design aimed to evaluate BMI and
oncologic outcomes in a single-center heterogeneous
patient population. We attempted to test the effect of BMI
within each diagnosis but did not have the statistical power
to observe an effect secondary to limited patient numbers
for each individual diagnosis. This is a possible explanation
why no difference in overall survival or recurrence rates
between tumor types was noted on the unadjusted analyses
as well. In addition, the effect of adjuvant therapy was not
directly incorporated into our statistical models, given the
differences in utilization between our center and other
centers which may have provided this care to the patients in
the cohort following surgery. However, stratification of the
recurrence and mortality models should account for those
differences. Our study also spans a significant amount of
time, and therefore we cannot completely exclude an era
effect secondary to changes in practice patterns. No specific
data was obtained on weight loss or gain leading up to the
initial evaluation or after the operation. BMI changes over
time were therefore not accounted for in the analysis.
Further, the effect of BMI is observed in a highly selected
group of patients who were considered to be good operative
candidates with resectable tumors that could expect
reasonable post-operative outcome. The effect of BMI
observed in this study may not extend to patients who
were considered too high risk for resection, based on other
co-morbidities or more aggressive tumors.

In the context of the current literature on this topic, one
potential limitation is related to the relationship between
BMI, steatosis, and long-term oncologic outcomes. Stea-
tosis was not recorded in our study, as it was not
specifically noted in the pathological evaluation of the
surgical specimens. Steatosis is of particular clinical
concern in hepatobiliary surgery.2,10,28–32 However, based
on current literature, the relationship between the degree of

hepatic steatosis and morbidity may not always be linear.
El-Badry and colleagues have recently shown that the
quantification of hepatic macro- and micro-steatosis is
highly variable, plagued by low inter-rater reliability even
between highly trained pathologists.32 Studies evaluating
the relationship between steatosis, complications, or long-
term outcomes may not be readily generalizable as a result.
Therefore, if surgeons are unable to depend on this
unreliable pathological determinant of hepatic fat content,
more intuitive clinical metrics to estimate risk may be more
appropriate. The quantification of obesity by BMI is
clinically intuitive, reliably determined, and is considered
a global marker of potential perioperative risk across
surgical specialties. In order to estimate the effect of
obesity on longer term outcomes, it may therefore be more
useful to concentrate on BMI.

The improved overall survival and time to recurrence for
patients with high BMI is certainly significant and has
implications for clinical practice and future research. Our
findings should certainly be considered in the context
arising from a referral population to a large academic center
with an extensive experience in hepatobiliary surgery. Our
data suggests that, for patients with higher BMIs and
hepatic malignancies, surgeons should carefully select
appropriate candidates for hepatectomy but should maintain
an aggressive approach to resecting these patients. If
patients are carefully managed in this context, higher
perioperative complication rates may still be expected, but
long-term outcomes appear to be reasonable. It remains to
be determined whether our findings may be related to the
physiological resilience of patients with higher BMIs,
despite suffering from higher complication rates. The
results of this analysis also allude to the significant
interplay between tumor and patient, which has significant
oncologic research implications. For example, Ogino et al.
have identified a cellular molecule, STMN1, which has a
poor prognosis in obese patients with colorectal cancer.19

Tumor factors such as these may partly explain some of our
findings for high BMI patients. High BMI may predispose
patients to develop a hepatic tumor microenvironment that
retards tumor growth. The relationship identified in this
study is important and is certainly worthy of more clinical
and translational research.

In summary, BMI has significant implications in the
perioperative setting following hepatic resection for malig-
nancy, with general and hepatic complications being more
frequent among the obese. However, relatively higher BMI
displayed a favorable prognosis on oncologic outcomes.
These findings highlight the potential interactions between
BMI and the biology of tumor recurrence and carry
implications toward the design of future therapies. Addi-
tional translational research to evaluate these interactions is
certainly warranted for the future.
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Abstract
Rationale The objective of this study was to retrospectively evaluate the efficacy of a combination of 32P-glass
microsphere-mediated intra-arterial internal radiation and chemoembolization for the treatment of hepatocellular carcinoma.
Methods Twenty-five consecutive patients with primary hepatocellular carcinoma referred for radiation therapy were treated
with intra-arterial infusion of 32P-glass microspheres followed by chemoembolization. β-bremsstrahlung imaging was
performed to monitor microsphere distribution. A partition model and a radiation dose equation were used for determination
of radiation exposure in various tissues. Clinical response was evaluated using computed axial tomography scans.
Results The mean estimated absorption dose in tumor tissue was 137.42±56.69 Gy. A receiver operating characteristic
curve was used to establish 90.65 Gy as the cutoff absorption dose with the best sensitivity and specificity for predicting
response. The overall tumor response rate was 92%, while response in patients with radiation doses >90.65 Gy was 100%.
Overall median patient survival was 15 months.
Conclusion β-bremsstrahlung imaging following intra-arterial infusion of 32P-glass microspheres and chemoembolization
incorporates effective treatment with convenient dosimetry monitoring and manageable adverse events using a single
surgical procedure. This approach is a safe and effective method for ameliorating hepatocellular carcinoma.

Keywords β-bremsstrahlung SPECT. Hepatic cancer .

Internal radiation therapy . 32P-glass microspheres .

Radioembolization

Introduction

Hepatocellular carcinoma is the sixth most common cancer
worldwide and causes more than 500,000 global deaths
annually.1 Despite improvements in cancer diagnosis, the
prognosis for patients with this disease remains poor.
Radioembolization has been evaluated as a novel strategy
for local effective treatment of liver tumors. More recent
versions of this radio-therapeutic treatment have typically
involved the use of radio-isotope (yttrium-90 or phosphorus-
32) glass microspheres for the intra-arterial delivery of
radiation directly to tumors, thus providing localized,
regional treatment of unresectable malignant lesions.2,3 This
approach is particularly applicable to hepatic tumors, since
the tumor blood supply is primarily derived from the
hepatic artery, whereas normal liver tissue is predominantly
supplied with blood through the portal vein.4–8 A recent
review concluded that radioembolization with 90-yttrium
glass microspheres for the treatment of patients with
advanced hepatocellular carcinoma resulted in significant
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antitumor effects and that this promising new approach for
targeted radiation delivery could effectively ameliorate this
malignancy.9

Similar to external radiotherapy, the therapeutic response
of patients receiving internal radiation is closely related to
the absorption of radiation doses within the tumor. Until a
partition model was established,10 it was impossible to
estimate the radiation doses within tumor and non-tumor
liver tissues without the use of laparotomy, which involves
surgical intervention. Indeed, because 32P-glass micro-
spheres applied during intra-arterial infusion distribute
inhomogeneously in the liver, absorbed radiation doses
differ between tumor and non-tumor liver tissues.8 Due to
the limited availability of tools for evaluating the radiation
dose–effect relationship, it was necessary to use absorbed
radiation doses of all liver tissue when evaluating treatment
efficacy, rather than differentiating between tumor versus
non-tumor liver and lung tissues.11,12

Using the partition method,10 the percentage of radioac-
tivity shunted to the lung and the tumor-to-normal liver
tissue ratio (T/N) are obtained using technetium-99m-labeled
macroaggregate albumin (99mTc-MAA scan). Although with
this conventional approach 99mTc-MAA is easily detectable
outside of the body, facilitating the deduction of the
radioactive partition in tumor-to-normal tissue, it requires
selective hepatic angiography prior to radiation therapy,
subjecting the patient to two operations at a greater expense
and the clinician to an expanded workload. This approach
was also recently reported as not being ideal in cases
involving microsphere-mediated treatments.13

An alternative approach incorporating β-bremsstrahlung
imaging14,15 is recognized as a powerful method for
determining the distribution of weak 32P radiation emanating
from radio-isotopes in tumor versus non-tumor liver tissues
during treatment. This technique can be used to observe the
distribution of 32P glass microspheres. Indeed, in a case of
hepatic metastasis, an injection of yttrium-90 microspheres
was followed in the liver using β-bremsstrahlung imaging
and showed that the microspheres were primarily localized in
the tumor tissue within the liver.16 This observation was
confirmed using histopathological methods. Thus this report
demonstrated that the injected, radiolabeled microspheres
exhibited very little circulation in the healthy liver tissues
and mainly accumulated in the tumor tissue.16 32P glass
microsphere-mediated radioembolization was recently shown
to suppress growth of human hepatocellular carcinoma
xenografts implanted in nude mice17 and to prevent
hepatocellular carcinoma recurrence following hepatectomy
in patients with massive hepatocellular carcinomas.8

Here, we investigated a novel and effective method for
treating patients with hepatocellular carcinoma using intra-
arterial 32P-glass microspheres and chemoembolization.
Using β-bremsstrahlung imaging of 32P radiation and a

partition model for assessing glass bead distribution, we
estimated the radiation doses within tumor tissue, non-
tumor liver tissue, and non-tumor lung tissue during
treatment and evaluated patient clinical outcomes and
possible adverse treatment effects following combined
radio- and chemoembolization.

Patients and Methods

Patients

A total of 25 patients (22 males and three females) with
hepatocellular carcinoma treated between March 2001
and June 2003 were included in this retrospective
review of a prospectively set database study. The mean
patient age was 55 years (range, 41 to 73 years). The
patient cohort consisted of 14 patients with Child-Pugh
Grade A and 11 patients with Child-Pugh Grade B.18

All patients were diagnosed with hepatic cancer based on
clinical features, past history of chronic hepatitis and
cirrhosis of the liver, abdominal enhanced computed
tomography (CT) and AFP, cranial computed tomography
scans, sternite, and bone scan with single photon emission
computed tomography (SPECT) to exclude extrahepatic
disease. CT scans were obtained using the parameters of
10-mm slice thickness, 130 kV, and 85 mA. While
positron emission tomography is a typical method of
choice,19 its application was not feasible in the present
study, which was carried out in the People’s Republic of
China. All patients either had unresectable tumors or were
unwilling to undergo surgery. The high cost of liver
transplantation eliminated this procedure as a possibility
for the vast majority of patients. Because this study used a
procedure similar to transcatheter arterial chemoemboliza-
tion (TACE) with lipiodol, patients with Child-Pugh
Grade C were excluded due to an elevated risk of serious
hepatic damage as a result of treatment.18 All patients
signed their informed consent prior to voluntary partici-
pation in the study. All treatment protocols and procedures
were approved by the local Institutional Internal Review
Board.

Preparation of 32P-Glass Microspheres

32P is a pure β-particle emitter with a half-life of 14.28±
0.02 days. Its average penetration in tissue is 3.2 mm, with
a maximum penetration depth of 8 mm, depending on the
tissue type and composition. The average 32P energy is
0.695 MeV, with a maximum of 1.711 MeV. 32P-glass
microspheres (Chengdu Gaotong Isotope Corporation,
Chengdu, China) are solid microspheres with diameter of
46–76 μm and a density of 2.0–2.5 g/cm3. The radioactivity
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inside the microspheres is higher than 99% and the
releasing rate of 32P from the microspheres is less than
0.1% per month per manufacturer instructions. The 32P
glass microsphere suspension (10 to 15 mCi depending on
the tumor size, Table 1) was mixed with 10-mL lipiodol
ultra fluid and 10 mg pirarubicin (THP) in 1 mL iopromide
immediately prior to use.

Interventional Therapy

The femoral artery was punctured using the Seldinger
technique16 and hepatic arteriography was performed in
order to observe the tumor vascular system and tumor
staining, which facilitates superselective catheterization. In
cases where the tumor was not well displayed, additional
approaches were applied, including angiography of the
superior mesenteric artery, inferior phrenic artery, and right

renal artery to identify other arteries supplying blood flow
to the tumor. The suspension of 32P glass microspheres
described above was infused via a catheter. Following this
infusion, 1,000 mg 5-fluorouracil, 2.0 g ifosfamide, and
10 mg THP were infused sequentially.

To the best of our knowledge, there is no standard or
commonly accepted chemotherapy plan for the treatment of
hepatocellular carcinoma. The chemotherapeutical ap-
proach utilized in the present study was based on the
collective experience of physicians in our hospital (data not
shown). Hepatocellular carcinomas are highly dependent on
a rich blood supply. Embolization alone is an effective
treatment, but application of gel foam can be used to
enforce treatment efficacy.8 Therefore, when rich blood
supplies were observed following infusion, 1×1-mm gel
foam granules were used during the embolization. Six
patients were embolized via hepatic segmental artery, nine

Table 1 Patient Clinical Characteristics

Patient Tumor
type

Tumor sizea

(%)
Tumor absorption dose
(Gy)

Absorption dose T/N
ratio

Tumor
response

Follow upb

(months)

1 Nodules >75 98.1 3.4 PD 7

2 Large mass <25 146 3.5 PR 22

3 Large mass <25 245 4.2 PR 19

4 Nodules >75 88.5 2 SD 8

5 Large mass <25 169 3.5 MR 12

6 Large mass <25 176 4.7 PR 21

7 Large mass <25 160 3.1 MR 20

8 Nodules >75 63.7 1.9 SD 14

9 Nodules 50–75 115 2.5 PR 13

10 Nodules 25–55 89.3 2.7 PD 3

11 Nodules 25–55 180 3.4 PR 19

12 Large mass 25–55 75.4 3.16 MR 18

13 Large mass <25 211 4.3 PR 19

14 Large mass 25–55 147 3.5 MR 18

15 Large mass <25 238 3.6 PR 23

16 Diffuse 50–75 80.1 2 SD 9

17 Nodules 50–75 65.2 2.9 SD 12

18 Nodules 25–55 98.3 3.4 SD 10

19 Large mass <25 194 3 PR 19

20 Nodules 50–75 92.2 2 MR 13

21 Large mass <25 194 4 PR 16

22 Nodules 50–75 92 2.8 SD 9

23 Nodules 25–55 78.8 3.2 MR 12

24 Large mass <25 208 5.8 PR 18

25 Large mass 25–55 131 4 MR 15

Large mass diameter of a single tumor >5 cm, nodules diameter of a single tumor <5 cm, diffuse diameter of a single tumor <3 cm with multiple
tumors, PR partial response, MR minor response, SD static disease, PD progressive disease
a Tumor size is presented as a percentage of liver volume
b Survival at the time of final follow-up is indicated in bold and italic font
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via the hepatic left or right artery, and ten via the hepatic
proper artery. β-bremsstrahlung imaging was performed to
determine the ratio of activity in tumor/normal tissue (T/N
ratio) and L% (the percentage of activity shunted to the
lung) 2 days after treatment. CT scans were performed
monthly to determine residual tumor volume.

Estimation of the Radiation Dose

Based on the principle of Medical Internal Radiation
Dose,17–19 the formula to calculate the radiation dose with
32P as radionucleotide was as follows:

Dt ¼ 34:6� T � C0 �
Xi

i¼1

Δi 1� e
�0:693t

T

n o

where Δi ¼ 1:4799 g � rad=mCi � h, T=14.3 d, assuming
that all 32P was absorbed at the original site, and 34.6 is a
constant in the formula. The formula was further simplified
as D radð Þ ¼ 732:22� C0 mCi=gð Þ, and transformed using
the formula:

D Gyð Þ ¼ 0:1979� A0 Bqð Þ
M gð Þ ð1Þ

where D (Gy) represents radiation doses received by tissue;
A0 (mCi) represents radioactivity of radionuclide in tissue;
M (g) represents the mass of the tissue.

Two formulas were acquired as follows based on
partition modeling10:

A� 1� L%ð Þ ¼ AT þ AN ð2Þ

T=N ¼ DT

DN
¼ r ¼ AT=MT

AN=MN
ð3Þ

where L% represents the lung shunt percentage, A repre-
sents the radioactivity of infused radionuclide, AT and AN

represent radioactivity of radionuclide in tumor tissue and
non-tumor liver tissue, DT and DN represent the radiation
doses of tumor tissue and non-tumor liver tissue, respec-
tively, and MT and MN represent the mass of tumor tissue
and non-tumor liver tissue, respectively.

CT examination and manual segmentation were per-
formed to determine liver or tumor volume using the
following formula: Volume mm3ð Þ ¼ p=6� a� b2, where
a is the long radius and b is the short radius. Then, the mass
of tumor and non-tumor liver tissue was estimated
following the formula M gð Þ ¼ volume cm3ð Þ � 1:03. T/N
ratio and L% were measured using bremsstrahlung imaging,
which incorporated SPECT with low-energy general pur-
pose collimators. The voltage for these measurements was
140 keV and the anteroposterior image was acquired at

counts of 800 K. The values obtained were used in Eqs. 1,
2, and 3 mentioned above and the radiation doses in tumor
tissue, non-tumor liver tissue, and lung tissue were
acquired. The tumor lesions identified in CT images and
hepatic arterial angiograms corresponded with those ob-
served in the bremsstrahlung images.

Treatment Efficacy

The results of the therapeutic interventions were classi-
fied based on the World Health Organization criteria as
follows: complete response, the visible tumor disap-
peared completely for at least 4 weeks; partial response,
the tumor size decreased more than 50% for at least
4 weeks; minor response, the tumor size decreased 25%
to 50% for at least 4 weeks; static disease, the tumor size
decreased less than 25% or increased less than 25%;
progressive disease, the tumor size increased at least
25% or new lesions appeared.

Statistical Analysis

The receiver operating characteristic curve was used to
determine the cutoff absorption dose with the best sensitivity
and specificity for predicting response. Patient survival status
was compared using the Kaplan–Meier method, and Fisher’s
exact test was used to compare response and dosage. Data
were analyzed using SAS 9.0 (SAS Institute, Inc., Cary, NC,
USA) and a p value <0.05 was considered to be statistically
significant.

Results

Estimated Absorption Dose

Patient and tumor characteristics are listed in Table 1. T/N
ratios ranged from 1.9 to 5.8 (mean 3.30±0.91) and the
corresponding L% ranged from 1.8% to 11.6% (mean
4.6%). Estimated absorption doses in tumor tissue ranged
from 63.70 to 245.00 Gy (mean 137.42±56.69 Gy).

Clinical Response

The total treatment response rate was 92%, with ten partial
responses, seven minor responses, six patients with stable
disease, and two patients with progressive disease (Table 1).
In Fig. 1, a liver CT scan is shown of patient case 3
(Table 1), demonstrating the presence of a liver tumor. The
liver tumor was injected with 32P glass microspheres, the
radioactivity of which was primarily included in the tumor
tissue. After 4 weeks of treatment, the tumor size had
substantially decreased (Fig. 1).
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In 13 patients, the tumor tissue radiation dose was
greater than 120 Gy, the cutoff point established from
conventional radiation therapy. Among this group, nine
patients had a partial response and four patients showed a
minor response. Stable disease and progressive disease
were not observed within this subgroup. Thus, the
cumulative response rate for this group was 100% (Table 2).
In the 12 patients with tumor radiation doses of less than
120 Gy, partial response was observed in one patient, minor
response in three, no change in six, and progressive disease

in two patients. The response rate for this group was 48%
(Table 2).

Using a cutoff point determined by receiver operating
characteristic curve analysis, where the area under curve is
0.70 with a sensitivity of 73.91 and a specificity of 50.00,
18 patients had tumor radiation doses greater than
90.65 Gy. Among this subgroup, partial response was
observed in 10 patients, minor response in five, stable
disease in two, and progressive disease in one. The
response rate for this group was 100% (Table 2). Seven

Figure 1 Images of a 66-year-
old male with a hepatocellular
carcinoma. a CT scan of the
liver of patient case 3 (docu-
mented history of chronic type
B hepatitis, alpha-fetoprotein=
183.25 ng/mL) demonstrating
the presence of a tumor (round
low-density area in the left lat-
eral lobe). b Image from left
lateral lobar arteriography dem-
onstrating the presence of thick
and tortuous tumor vessels, with
tumor staining observed in the
venous phases. c CT scan of the
patient’s liver after 4 weeks of
treatment demonstrating that tu-
mor size was significantly de-
creased. d β-bremsstrahlung
gamma camera image showing
that the 32P-glass microsphere
distribution was primarily in the
tumor tissue.

Table 2 Patient Responses in Patients Receiving Different Tumor Radiation Doses

Tumor radiation dose (Gy) Partial response Minor response Static disease Progressive disease Response rate (%)

<120 1 3 6 2 48*

>120 9 4 0 0 100

<90.65 0 2 4 1 28**

>90.65 10 5 2 1 100

*p=0.0007 versus >120 GY, Fisher’s exact test; **p=0.0122 versus >90.65 GY, Fisher’s exact test
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patients had tumor radiation doses of less than 90.65 Gy,
with two patients with minor responses, four with static
disease, and one with progressive disease. The response
rate for this group was 28% (Table 2). Thus, there was a
clear correlation between dosage and outcome using
90.65 Gy as a cutoff point.

All estimated absorption doses in normal tissues were
less than 20 Gy, with values ranging from 22.35 to
68.64 Gy (mean 36.55±12.41 Gy) in non-cancerous liver
and from 2.1 to 16.3 Gy (mean 7.2±5.6 Gy) in healthy lung
tissue.

Patient Survival

All study patients were followed for 3 to 23 months
following treatment and Kaplan–Meier survival analysis
was performed (Figs. 2 and 3). Patient survival at 6, 12, and
18 months was 96%, 76%, and 48%, respectively, with a
median survival period of 15 months. The median survival
period was 21 months in the 13 patients who received
tumor radiation doses of >120 Gy and 10 months in the 12
patients who received tumor radiation doses of <120 Gy.
Using the receiver operating characteristic curve cutoff
point, median survival period was 21 months in the 18
patients who received a tumor radiation dose of >90.65 Gy
and 12 months in the seven patients who received tumor
radiation doses of <90.65 Gy.

Adverse Events

All patients received a combined radioembolization and
chemoembolizaiton treatment and experienced adverse
events. These events included fever with temperatures of

38.2±0.9°C, abdominal pain, and abdominal distension,
typically caused by intestinal gas accumulation. These
symptoms were observed for 3 to 4 days following
treatment. Symptoms of abdominal pain and abdominal
distension also occurred in five patients. Different degrees
of impairment in liver function observed within 5 to 10 days
following interventional therapy. Liver function returned to
pre-surgery levels after 2 weeks in 27 patients, but
irreversible deteriorations in liver function were apparent
in three patients who had Child-Pugh Grade B disease. No
respiratory system symptoms, radiation-mediated pneumo-
nitis, or gastric or duodenal ulcer development was
observed.

Threshold Dose for Tumor Response Based on the Clinical
Outcome

Based on the estimated radiation doses in the respective
tumors, the cumulative response rate of patients who
received radiation doses of >90.65 Gy (100%) was
significantly higher than the response rate in patients who
received radiation doses of <90.65 Gy (28%, p=0.0122).
Although one patient had an estimated absorption dose in
normal liver tissue higher than 60 Gy (68.64 Gy), no
hepatocirrhosis was observed. In three patients with
irreversible impairment of liver functions, the estimated
radiation doses in non-tumor liver tissues were 34.63,
38.94, and 63.69 Gy, respectively. No respiratory system
symptoms or radiation-mediated pneumonitis were ob-

Figure 2 Kaplan–Meier analysis of patient survival. Tumor radiation
doses were greater than 120 Gy in 13 patients and lower than 120 Gy
in the other 12 patients (log-rank test, p<0.0001).

Figure 3 Kaplan–Meier curve of patient survival following treatment.
The receiver operating characteristic (ROC) curve was used to
determine the cutoff absorption dose with the best sensitivity and
specificity in predicting patient response to treatment. The radiation
doses in tumor tissue were greater than 90.65 Gy in 18 patients and
lower than 90.65 Gy in the remaining seven patients. The ROC curve
had an area under the curve of 0.7469, a sensitivity of 73.91, and a
specificity of 50.00 (log-rank test, p=0.0019).
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served and the estimated absorption dose in lung tissue was
less than 20 Gy in all patients. Furthermore, no gastric or
duodenal ulcer formation occurred, and no radioactivity
was detected within the gastroduodenal region based on β-
bremsstrahlung-mediated imaging.

Discussion

The present study establishes and validates a more conve-
nient method of monitoring effective therapeutic radiation
dosage for the treatment of hepatocellular carcinoma.
Patients were treated with intra-arterial 32P-glass micro-
spheres followed by chemoembolization. The weak 32P
radiation was monitored outside of the body using brems-
strahlung imaging during treatment, with dosage deduced by
calculating the doses delivered to the tumor and to the
surrounding organ, checks of radiopharmaceutical distribu-
tion, and follow-up measurements of this distribution over
time. Subsequent statistical analyses showed a clear dosage–
outcome correlation. A unique tumor radiation cutoff dosage
was also established which compared favorably with the
conventional method.

One significant result of the present study is that this
new methodology incorporates monitoring of the radiation
dosage delivered to the tumor during treatment, facilitating
repeat treatment as applicable if the optimal dosage is not
achieved in the first treatment without the requirement of a
repeat surgery. Also, by controlling the dosage, treatment
complications and the potential side effects of overdose and
bystander effects resulting in damage to normal tissue are
much easier to avoid. β-bremsstrahlung-mediated imaging
demonstrated that most of the 32P was localized within the
tumor tissue and radiation exposure outside of the body was
also very limited. All of the adverse effects that were
observed after combined radioembolization and chemo-
embolization treatment were manageable.

Another important aspect of this study was that the
radioactivity is specifically localized in the tumor tissues,
eliciting a maximum antitumor effect. Although 120 Gy is
often the target for the treatment of HCC with radio-
embolization, a lower radiation dose could be applied due
to possible synergistic effects of the combined radioembo-
lization and chemoembolization treatment, potentially in-
creasing efficacy while reducing patient risk. Considering
potential synergistic effect of this combined treatment, we
identified a cutoff of 90.65 Gy, which was derived from
retrospective survival curve analysis. This lower value
might reflect the possible beneficial synergistic effects of
the combined treatment approach used in the present study.

Cases have been reported in which clinical response and
adverse effects were investigated without assessing the
possible contribution of radioactivity present in other non-

target tissues into account.9,20–23 Because infused radioac-
tive microspheres distribute inhomogeneously in the liver,
absorbed radiation doses in tumor and non-tumor liver
tissues are different.24 Moreover, microspheres could
possibly be shunted to lung tissues, so the tolerance of
normal liver tissues and the occurrence of radiation-
mediated pneumonitis are also directly related to the
radiation doses of normal liver tissue and lung tissue,
respectively. Using the partition model combined with β-
bremsstrahlung imaging, L% and T/N ratios were calculated
by estimating the radiation doses following treatment with
intra-arterial 32P glass microspheres. Our observations are
in accordance with those reported by Lau et al.24 where the
radiation doses of tumor tissue were measured using a β-
probe during an operation.

Recommendations for tolerable radiation doses in nor-
mal liver tissue are generally in the range of 30 Gy.25

However, Gray et al.26 reported that patients treated with
yttrium-90 received radiation doses in non-tumor liver
tissues as high as 138.9 Gy without the occurrence of
radiation-mediated hepatitis. Therefore, a safe radiation
dose of non-tumor liver tissues was recommended to be in
the range of 80 Gy.26 In the present study, the radiation
doses of non-tumor liver tissue ranged from 22.35 to
68.64 Gy. The liver functions of three patients with Child-
Pugh Grade B were irreversibly deteriorated. Among this
group, one patient had a radiation dose in non-tumor liver
tissue greater than 60 Gy, while exposure in the two other
patients was greater than 40 Gy. The liver function of one
patient with Child-Pugh Grade A who received radiation
doses of non-tumor liver tissue of 68.64 Gy gradually
recovered following surgical intervention. Thus, in the
present study, the radiation tolerance of non-tumor liver
tissue was not only related to the radiation dose, but also to
basic liver function or the incidence of hepatocirrhosis.

Furthermore, we observed that the estimated radiation
dose of lung tissue could predict the occurrence of radiation
pneumonitis. Ho et al.27 reported that with the use of
yttrium-90 glass microspheres to treat hepatic cancer,
among three patients whose estimated radiation doses in
lung tissue were higher than 30 Gy, there was one
occurrence of radiation pneumonitis. In contrast, no patients
with a radiation dose in lung tissue lower than 30 Gy were
diagnosed with pneumonitis due to radiation. As a result,
the report recommended that the safe level of radiation dose
in lung tissue was below 30 Gy27 following internal
radiotherapy. In the present study, the radiation dose of
lung tissue was below 20 Gy in all patients and radiation
pneumonitis was not observed.

The procedure described in this report provides a
favorable method of estimating radiation doses for intra-
arterial internal radiation with 32P-glass microspheres for
treatment of hepatic cancer. The median survival of
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15 months achieved by this group of patients is also
encouraging. However, this survival rate is lower than 40–
86% 5-year survival achieved with hepatic resection,
depending on the tumor size, extent of disease, vascular
involvement, surgical margins, and presence of confound-
ing factors such as viral infection or cirrhosis.28 The
patients enrolled in this retrospective review of a prospec-
tive clinical study only represent approximately 30% of all
the patients with hepatocellular carcinoma seen at our
institution during the period of study. Comparison with
surgical outcomes following resection for eligible patients
would also be appropriate. Thus, assessment of the impact
of this form of treatment on survival will require a larger
patient cohort participating in a randomized, controlled
trial.

The results of this trial were further influenced by the
chemotherapy and embolization of lipiodol and were not
precluded by previous nonradioactive embolization proce-
dures. In addition, due to economic restrictions, follow-up
antitumor therapy (including TACE) was not possible for
some patients, which may have impacted patient survival
time. We postulated that the combined treatment using
radioembolization and chemoembolization would be more
effective than radioembolization alone; however, this
approach may also have limitations stemming from the
possible enhancement of the hepatotoxic effects of both the
radiation and chemotherapeutic agents. The latter might
explain the irreversible deterioration of liver function
observed in three patients.

Furthermore, lipiodol has the ability to selectively deposit
in tumor tissues and was shown to decrease the hepatocellular
carcinoma recurrence rate in patients after hepatectomy,
thereby improving patient survival.8 Its viscosity is higher
than that of contrast agents, allowing the microspheres to be
efficiently carried to the tumor. Lipiodol is an X-ray
radiopaque and thus functions well as a contrast agent.
Embolization was achieved through superselective catheter-
ization downstream of the opening of the gastroduodenal
artery and right gastric artery. To avoid back flow, emboli-
zation should be performed under X-rays. However, addi-
tional studies are required which incorporate a more
extensive group of patients with hepatic cancer who are
observed over a more extended period of time. Besides
providing a more robust approach and additional safety data
pertaining to radioembolization and chemoembolization, this
potential future clinical study will also facilitate the investi-
gation of whether the more uncommon adverse effects
observed in the present study are more or less frequent in a
larger population.

In conclusion, β-bremsstrahlung imaging following intra-
arterial infusion of 32P-glass microspheres and chemoembo-
lization incorporates effective treatment with convenient
dosimetry monitoring with manageable adverse events using

a single surgical procedure. This approach resulted in an
overall median patient survival period of 15 months and is a
safe and effective method for ameliorating hepatocellular
carcinoma.
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Abstract
Introduction Although it is accepted that the immune system plays a role in the prognosis of hepatocellular carcinoma
(HCC), the exact mechanisms of leukocyte recruitment into HCC are poorly understood. Progress in the study of this aspect
has been hindered by technical limitations.
Materials and Methods In the present study, we describe the use of 4D intravital microscopy which represents an
advantageous technology for the investigation of the microvascular system and leukocyte migration in HCC. To establish
4D intravital microscopy, we used a HCC tumor model in transgenic mice expressing enhanced green fluorescent protein in
specific leukocyte subpopulations and combined digital time-lapse recording, laser scanning confocal microscopy, and 3D
reconstruction. Using this technology, we studied the intra- and extravascular leukocyte adhesion and migration in HCC in
vivo at the single-cell level.
Results We showed that although vessel density in HCC was lower than in normal liver, tumor tissue was moderately
infiltrated with leukocytes of lymphoid and myeloid origin. Most tumor-infiltrating leukocytes migrated in a random
manner frequently changing direction of migration in the tumor tissue. The migration velocity of myeloid and lymphoid
leukocytes in HCC tissue was not different.
Discussion These results demonstrated that 4D intravital microscopy has potential to be a powerful tool in the study of
mechanisms of leukocyte recruitment and intratumoral migration in HCC.

Keywords Hepatocellular cancer . Leukocyte recruitment .

Model . 4D . Time-lapse intravital microscopy

Abbreviations
HCC Hepatocellular carcinoma
EGFP Enhanced green fluorescent protein
4D 4-Dimensional
TRITC Tetramethylrhodamine isothiocyanate

Introduction

There is increasing evidence that the immune response to
hepatocellular cancer (HCC) may impact on the develop-
ment and progression of HCC. It has been shown that
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marked T-cell infiltration was associated with better
prognosis in HCC patients.1 HCC is characterized by
different immunosuppressive mechanisms such as overpro-
duction of interleukin-10,2,3 decreased functional activity of
dendritic cells,4 and activation of regulatory T cells in
tumor tissue.5,6 In fact, the intratumoral balance between
regulatory and cytotoxic T cells predicts recurrence and
survival in HCC.6,7 Recent studies also described an
increase in myeloid-derived suppressor cells in the blood
and in tumor tissue of HCC patients. This heterogeneous
leukocyte population exerts effective immunosuppression
through induction of CD4+CD25+Foxp3+regulatory T
cells.8

Circulating leukocytes are considered a constituent part
of the blood with the potential to leave the vasculature and
migrate into tissue to fulfill their role as anticancer immune
cells. The term “leukocyte recruitment” encompasses all
events that bring circulating leukocytes into inflamed
tissue. According to the current paradigm, leukocyte
recruitment represents an important step of the antitumor
immune response which follows a well-defined cascade of
events,9 starting with the capture of free-flowing leukocytes
and leukocyte rolling along the endothelium. Triggered by
chemotactic signals, leukocytes then attach to the vascular
endothelium and prepare for their migration into the tissue.9

Recent findings recognized that post-arrest leukocyte
activation is a complex and extremely dynamic process
which includes intraluminal leukocyte migration (crawling)
and paracellular/transcellular migration.9 In the final step,
leukocytes exit the vascular basement membrane through
regions of low matrix protein expression.10

Although a modulatory role of the immune system in
HCC is accepted, exact mechanisms of leukocyte
recruitment into HCC tissue have been poorly investi-
gated. In almost all previous studies, the leukocyte–
endothelium interaction was documented in real-time
mode and was considered the major functional parameter
to assess the capacity of the tumor endothelium in
leukocyte recruitment. The dynamic investigation of
leukocyte penetration into the tissue was not studied
because of technical limitations.

Based on the current progress in digital and in
microscopic technologies, we established a novel technique
of multicolor 4D intravital microscopy (3D+time-lapse) to
visualize and analyze the dynamic interactions of leuko-
cytes, tumor cells, and the microvascular system (including
intravascular, transendothelial, and extravascular migration)
in tumor tissue over long time periods. We have previously
utilized this technology to investigate intravascular, trans-
endothelial, and extravascular leukocyte migration in the
pancreas.11 In the present study, we evaluated 4D intravital
microscopy for study of leukocyte recruitment and migra-
tion in HCC tissue in mice.

Materials and Methods

HCC Cell Line

The HCC cell line, Hep55.1C, was used. This cell line was
established from primary HCC in C57BL/6J mice.12 Tumor
cells were grown in Iscove’s medium supplemented with
penicillin (10,000 IU), streptomycin (10 mg/mL), L-gluta-
mine (200 mM), and 10% heat-inactivated fetal calf serum
(CCPro, Oberdorla, Germany). Cells were cultured for
4 days prior to inoculation.

Leukocyte Visualization

Leukocytes of both myeloid and lymphoid immune systems
participate in the infiltration of HCC tissue. Therefore,
differential visualization of myeloid and lymphoid leuko-
cytes was performed. Thus, two strains of transgenic mice
expressing enhanced green fluorescent protein (EGFP)-
labeled leukocytes were used. The first strain was CD2-
EGFP+ mice.13 This knock-in mouse strain expresses EGFP
under the CD2 promoter leading to excellent visualization
of lymphoid cells by fluorescence microscopy. The second
strain, lys-EGFP-ki, expresses EGFP under the lysozyme M
promoter and allows microscopic identification of leuko-
cytes of myeloid origin, in particular neutrophils and
monocytes.14

Tumor Inoculation

All animal experiments were approved by the local
committee of animal care, Regierungspräsidium Karlsruhe.
For tumor inoculation, six animals of every strain were
used. Each animal was anesthetized using intraperitoneal
injection of xylazine (10 mg/kg, Rompun®, Bayer, Lev-
erkusen, Germany) and ketamine (40 mg/kg, KetanestS®,
Parke Davis, Berlin, Germany). After midline incision,
HCC was induced by an orthotopic inoculation of tumor
cells (10 µL of tumor cell suspension containing 5×106

cells) into the liver using a 20-μL microsyringe (Hamilton,
Reno, USA). After a defined period of growth (12–14 days),
inoculated cells formed solid well-vascularized tumors of
up to 10 mm at the implantation site.

4D Intravital Microscopy

For intravital microscopy, animals were anesthetized as
described above. A small polyethylene catheter was
inserted into the right internal jugular vein for venous
access. Attention was paid to preserve sterile conditions
during the surgical preparation and during intravital
microscopy. After midline incision, tumors were identified
macroscopically. The tumor-bearing liver lobe was slightly
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exteriorized through the incision, placed on the cover slide in a
flat position, and examined under the microscope system
(C1si confocal on Nikon Eclipse Ti-inverted microscope,
Nikon GmbH, Düsseldorf, Germany). The flat position
allowed the exteriorized tissue to be kept still during any
movement caused by breathing. Attention was also given to
avoidance of any tension in the exteriorized tissue. Capillary
perfusion was visualized using intravenous injection of
tetramethylrhodamine isothiocyanate (TRITC)-labeled albu-
min (50 mg/kg, Sigma Aldrich, Deisenhofen, Germany). Two
lasers (488 and 561 nm) allowed simultaneous multicolor
imaging of fluorescence-labeled blood vessels and leukocytes.
Capillary perfusion and leukocytes were recorded by parallel
photomultipliers for 30 min/field. Digital images were saved
on a personal computer in time-lapse mode as a line of
consecutive 4D images (x–y–z-time axes). For every animal,
images from two different tumor fields were recorded. The
surface of one field was 0.4 mm2. The images were
superimposed and processed to video sequences. These
sequences showed microperfusion and the 3D leukocyte
movement with optional acceleration. Measurements were
performed using software (NIS Elements, Nikon). Measured

parameters were: density of perfused blood vessels, density
and velocity of migrating leukocytes. Migration velocity of
10 migrating leukocytes/field was measured and expressed in
micrometers per minute.

Statistics

Results were expressed as the mean ± SD. Analysis was
performed using the Mann–Whitney U test. A p value <0.05
was considered to be significant.

Results

Inoculated hepatoma cells formed a solid tumor which had
a clear border with the normal liver and no adhesions with
surrounding organs. Intravenous injection of TRITC-
labeled albumin led to excellent visualization of perfused
blood vessels in the normal liver (Fig. 1a), in tissue
surrounding the tumor (Fig. 1b), and in the HCC (Fig. 1c
and d). The microvascular system of normal liver showed a
dense and regular network of hepatic sinusoids and

a

d
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c

1

3

2

Figure 1 Representative
images of intravital microscopy.
Blood vessels were labeled
using intravenous injection of
TRITC-labeled albumin and
appear in red. EGFP-fluorescent
leukocytes are green. a Dense
network of sinusoids in normal
liver. b Simultaneous imaging
of the normal liver,1 tumor
tissue,2 and tumor border
area.3 HCC showed regions with
high (c) and low (d) vessel
density.
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collecting venules. The tumor border and normal liver
tissue were clearly distinguishable. In contrast to normal
liver, HCC blood vessels showed an irregular angioarchi-
tecture. The vessel density in HCC was significantly lower
than in normal liver (p<0.01, Fig. 2). The vessel distribu-
tion in HCC was heterogeneous: there were areas with high
and low vessel density (Fig. 1c, d, Fig. 2). The density of
100 vessels per square millimeters was identified as a cutoff
between low and high vessel density areas in tumor tissue
(Fig. 2). There was no significant difference in vessel
density between HCC in CD2-EGFP+ and in lys-EGFP-ki
mice (81.3±30.5 and 110.4±38.8 vessels per square
millimeters, respectively). EGFP fluorescence allowed
excellent visualization and quantification of the movement
of intravascular and extravascular leukocytes. Surprisingly,

peritumoral blood vessels were the major site of leukocyte
recruitment, whereas low extravasation rates of single
leukocytes in intratumoral blood vessels were found. Once
recruited into the peritumoral tissues, extravasated leuko-
cytes penetrated the tumor tissue, migrated actively, and
disseminated within HCC tumor tissues. The density of
lymphoid leukocytes (CD2-EGFP+ mice) was significantly
higher than the density of myeloid leukocytes (lys-EGFP-ki
mice; Fig. 3a). Most intratumoral leukocytes migrated
randomly and changed direction of migration many times
during the observation period of 30 min (Suppl. Movie 1,
2). The mean velocities of myeloid and lymphoid leuko-
cytes were not significantly different (Fig. 3b).

Discussion

In the present study, a new method of 4D intravital
microscopy was used to analyze the microvascular system
and leukocyte migration in HCC. The current progress in
digital and microscopic technologies allows leukocyte
imaging in living animals in tumor models. Recently, the
first employment of 4D intravital imaging for studies of
dynamic interactions between leukocytes, tumor blood
vessels, and tumor tissue was reported.15,16 It was described
in a model of malignant thymoma and showed that antigen
expression by tumor cells determines both T-cell motility
and T-cell infiltration.15 In the present study, digital time-
lapse imaging and transgenic technologies were combined
with laser scanning confocal imaging to analyze leukocyte
recruitment and migration in HCC in vivo. Using the
intravenous injection of TRITC-labeled albumin, blood
vessels and EGFP-expressing leukocytes were observed in
different fluorescence spectra.

In the present study, 4D microscopy was utilized for
Hep-55.1C hepatoma cells which were orthotopically
inoculated into the liver. This model has shown several

normal 
liver

low vessel
density
HCC area

high vessel
density
HCC area

p<0.01

p<0.05

100

200

1.000

1.250

0

ve
ss

el
de

ns
ity

(n
/m

m
2 )

Figure 2 Vessel density in normal liver and in HCC: Vessel density
in normal liver was significantly higher than in HCC. The vessel
density of 100 vessels per square millimeters was determined as a
cutoff between low and high vessel density areas in HCC.

0

200

400

600

800

1000

density

le
uk

oc
yt

e 
de

ns
ity

 (
n/

m
m

2 )

myeloid
lymphoid

migration

m
ig

ra
tio

n 
ve

lo
ci

ty
(µ

m
/m

in
)

2

4

6
p<0.05 n.s.

A. B.Figure 3 Density and migration
velocity of myeloid and lym-
phoid leukocytes in HCC. The
density of lymphoid leukocytes
was significantly higher than the
density of myeloid leukocytes
(a) whereas no difference in
leukocyte migration velocities
was found (b).
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important immunological features. It showed a baseline
infiltration of tumor tissue by both lymphoid and myeloid
leukocytes. This infiltration may be considered as a
moderate cellular immune response against HCC which
may allow the study of leukocyte recruitment under basic
conditions with no requirement for additional immunolog-
ical stimulation. Despite this moderate immune response,
stable tumor progression was observed.

Conventional fluorescence microscopy displays a signal
from the tissue, but its depth cannot be exactly defined. It
does not allow differentiation between extravascular and
intravascular leukocytes if they migrate along the blood
vessel or in the projection of the blood vessel. In contrast to
conventional microscopy, laser scanning confocal micros-
copy provides a signal from a thin tissue layer of less than
1 µm and allows identification of the exact position of
single leukocytes in the microvascular lumen. In combina-
tion with 3D reconstruction and time-lapse recording, this
method allowed the exact assessment of several important
parameters such as the direction, distance, time, and
velocity of leukocyte movement. Furthermore, the method
allowed analysis of leukocyte migration in relation to its
spatial distribution which is divided into the intra-, trans-,
and extravascular space.

The Hep55.1C hepatoma showed heterogeneous and
partial high vascularization. It may, in general, be identified
as a well-vascularized tumor, although the vessel density in
the normal liver was significantly higher than in HCC.
Heterogeneous vessel density in HCC corresponds well
with results of previous studies.17,18 As expected, tumor
angiogenesis was not altered by EGFP-transgenic leuko-
cytes since no significant differences in vessel density
between lys-EGFP-ki and CD2-EGFP+ mice were found.

Using transgenic mice, we achieved a differential
visualization of lymphoid (in CD2-EGFP+ mice) and
myeloid (in lysEGFP-ki mice) leukocytes. It is the first
model which demonstrated that leukocytes can also be
recruited in peritumoral blood vessel and became to tumor-
infiltrating cells after active penetration of tumor tissue.
Furthermore, intratumoral leukocytes of both lymphoid and
myeloid origin showed an active non-altered migration in
the tumor interstitium. This can be relevant to human
situations and reflects the dynamic properties of leukocytes.
Conventional analysis of leukocyte status is based on static
assessment of leukocyte infiltration in histological sections.
The present model demonstrated that leukocytes seen on
histological slides are actually migrating cells before tissue
removal, fixation, and staining. Interestingly, the velocity of
intratumoral migration between these leukocyte populations
did not differ. It indicates that mechanisms of leukocyte
migration in the tumor interstitium are likely to be similar.

In conclusion, 4D intravital microscopy represents an
advantageous technology for the investigation of dynamic

interactions between the tumor microvascular system and
leukocytes in HCC. This method may represent a powerful
tool for the study of mechanisms of leukocyte recruitment
in this type of tumor.
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Abstract
Introduction Stilbenes are phenolic compounds present in grapes and blueberries. Resveratrol, a naturally occurring
compound present in grapes, has been shown to have potent antioxidant properties as well as an ability to induce apoptosis.
Resveratrol has also been reported to have significant inhibitory effects against a variety of primary tumors including breast,
colon, and prostate. Pterostilbene, a naturally occurring analogue of resveratrol found in blueberries, also has antioxidant
and antiproliferative properties. It is also substantially more bioavailable orally than resveratrol. These effects have not been
studied in pancreatic cancer. We hypothesized that pterostilbene would inhibit pancreatic cancer cell growth in vitro.
Materials and Methods Two pancreatic cancer cell lines (MIA PaCa and PANC-1) were cultured using standard techniques.
Cells were treated with graduated doses of pterostilbene ranging from 10 to 100 μM. Cell viability was measured by MTT at
24, 48, and 72 h.
Results Pterostilbene decreases cell viability in both cancer cell lines in a concentration- and time-dependent manner.
Higher doses (75–100 μM) caused a significant reduction in cell viability at 24 and 48 h. However, by 72 h, all tested
concentrations of pterostilbene (10 to 100 μM) resulted in significantly reduced cell viability in both pancreatic cancer cell
lines in a dose-dependent fashion. Pterostilbene caused a dose-dependent 10–63% inhibition in MIA PaCa-2 cells and 10–75%
inhibition in PANC-1 cells.
Discussion Treatment of pancreatic cancer cells in vitro with Pterostilbene leads to inhibition of cell proliferation and/or cell
death, cell cycle arrrest, mitochondrial membrane depolarization, and activation of effector caspases. This naturally
occurring agent may have a role in treating pancreatic cancer.
Conclusions Pterostilbene inhibits the growth of pancreatic cancer in vitro. Further, in vitro mechanistic studies and in vivo
experiments are warranted to determine its potential for the treatment of pancreatic cancer.

Keywords Pterostilbene . Pancreatic cancer .

Phytochemical . Resveratrol

Introduction

Pancreatic adenocarcinoma is the fourth leading cause of
cancer-related death in the USA with an overall 5-year

survival of less than 5%. Jemal et al. estimate 21,050 new
cases for men and 21,420 new cases for women in 2009
with 6% of all cancer deaths for both sexes being
attributable to pancreatic cancer.1 This poor prognosis is
attributed to the late presentation of pancreatic cancer,
aggressive local invasion, early metastases, and poor
response to conventional chemotherapy and radiotherapy.
Despite advances in surgery, radiotherapy, and chemother-
apy, greater than 90% of patients with pancreatic cancer die
of chemotherapy insensitive disease. The nucleoside ana-
logue gemcitabine is currently the most effective drug
available for pancreatic cancer, yet it is only able to induce
a 5% response rate.2 Its effects are mostly palliative, with
the majority of patients succumbing to their disease within
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6 months. Development of novel chemopreventive and/or
chemotherapeutic agents and adjuncts is clearly warranted
to improve the prognosis of this devastating disease.

Resistance to apoptosis is a commonly observed phe-
nomenon in many cancers. Neoplastic cells are able to
overcome apoptotic cell signaling and avoid natural
selection for elimination. Because many therapeutic modal-
ities principally act by promoting apoptosis, alterations in
the intracellular signaling cascade can render neoplastic
cancer cells resistant to therapy. In pancreatic cancer,
various survival mechanisms act to prevent cell death,
resulting in promotion of tumor growth and metastasis.
Resistance of pancreatic cancer to apoptosis is a major
factor preventing response to therapies. Strategies designed
to attenuate this resistance to apoptosis-inducing stimuli
may result in sensitization of the tumor to conventional
modalities of cancer therapy.

Epidemiologic studies have suggested that a diet rich in
fruits and vegetables is associated with a reduced risk for a
number of common cancers. Case–control studies suggest
that a higher intake of fruits and vegetables may decrease
risk of pancreatic cancer.3,4 Phytochemicals are non-
nutritive chemicals found in plants that have protective or
disease preventive properties. Stilbenes are one class of
phytochemicals that have been shown to have antioxidant
and antiproliferative properties. Resveratrol, a stilbene
found in grapes, has been shown to inhibit a variety of
primary tumors.5–9 Pterostilbene, an analogue of resveratrol
found in blueberries, has been shown to inhibit gastric,
colon, and breast cancer as well as leukemia and melanoma
in various in vitro and animal model systems.10–15

Furthermore, its molecular structure makes it substantially
more bioavailable than resveratrol upon oral ingestion.
Little is known about its effects on cancer of the pancreas.
We tested the hypothesis that pterostilbene would inhibit
the growth of pancreatic tumor cells, in vitro.

Materials and Methods

Chemicals

Pterostilbene (3,5-dimethoxy-4-hydroxystilbene) and MTT,
a tetrazolium dye (thiazolyl Blue tetrazolium bromide),
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
5-[(S)-(+)-2-(Methoxymethyl)pyrrolidino]sulfonylisatin, a
reversible inhibitor of caspase-3 and caspase-7, as well as
an irreversible pan-caspase inhibitor (Z-VAD-fmk), were
obtained from Calbiochem (La Jolla, CA, USA). Com-
pounds were dissolved in dimethyl sulfoxide (DMSO) and
further diluted in sterile culture medium immediately prior to
use. Cyclosporin A was obtained from BioMol (Plymouth
Meeting, PA, USA).

Cell Culture

Pancreatic cancer cell lines (MIA PaCa-2 and PANC-1)
were purchased from the American Type Culture Collection
(Manassas, VA, USA). Cells were maintained as mono-
layers in T-25 flasks in Dulbecco’s modification Eagle’s
medium (Mediatech, Inc., Herndon, VA, USA) supplemented
with 10% fetal bovine serum (HyClone, Logan, UT, USA),
and 1% penicillin streptomycin (Mediatech, Inc.). Flasks were
kept at 37°C in a water-jacketed 5% CO2 incubator (Fischer
Scientific, Houston, TX, USA). For experiments, cells were
harvested from culture monolayers at 80–90% confluency.
Cells were rinsed with sterile phosphate-buffered saline
(PBS; Mediatech, Inc.), and live cells were detached using
0.25% trypsin in 0.1% EDTA (Mediatech, Inc). Cells were
then centrifuged at 1,000 rpm for 5 min and resuspended in
growth medium. Cells were then plated and treated as
described in each of the following sections.

Growth Inhibition

Cells were added to 24-well plates at 104 cells/well and
incubated to allow for adherence. After 24 h, half of the
media was changed, and cells were treated with pterostil-
bene or DMSO (vehicle control in all experiments is
DMSO equal to the highest concentration of pterostilbene)
at 20–100 μM for 24, 48, and 72 h. Cells were then
harvested and counted by hemocytometer. The growth of
treated cells was expressed as a percentage of untreated
control cells. The concentration of pterostilbene that
decreased cell count by 50% (IC50) was calculated by
nonlinear least-squares curve fitting of experimental data
utilizing Graphpad Software (San Diego, CA, USA).

Cell Viability Assay

Cells were seeded at 104 cells per well in 96-well plates and
allowed to attach overnight. Cells were then exposed to
various doses of pterostilbene (10–100 μM) or DMSO. The
MTT colorimetric assay was performed to detect cell
viability after 24, 48, and 72 h of exposure to pterostilbene
(10–100 μM). Culture media were removed, and MTT
diluted in culture media was added to each well. Plates
were incubated at 37°C in the CO2 incubator for 1 h.
Mitochondrial dehydrogenase activity reduced the yellow
MTT dye to a purple formazan, which was solubilized in
DMSO (Sigma), and absorbance was read at 540 nm on an
ELISA plate reader.

DNA Fragmentation Assay

The Cell Death Detection ELISA kit (Roche, Mannheim,
Germany), a sandwich enzyme immunoassay-based method,
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was used to detect the occurrence of nuclear DNA fragmen-
tation. This kit employs mouse monoclonal antibodies
directed against DNA and histones. This allows the specific
determination of mono- and oligonuclecleosomes in the
cytoplasm fraction of cell lysates. Cells were plated 104 cells
per well into 96-well plates and allowed to adhere for 24 h.
Cells were then exposed to various doses of pterostilbene
and DMSO control. After18 h, adherent cells were lysed, and
lysates were then centrifuged to produce a nucleosome-
containing supernatant to test for apoptosis. Samples were
transferred to a streptavidin-coated microplate and incubated
with anti-histone and anti-DNA antibodies followed by a
peroxidase substrate resulting in color change. Color
development was proportional to the amount of nucleosomes
captured in the antibody sandwich and was measured
spectrophotometrically at 405 nm.

Caspase Activity Assay

Cells were seeded at 104 cells per well into 96-well plates
with opaque sidewalls. After an allotted 24 h for cell
adherence, half of the media was replaced, and cells were
exposed to pterostilbene (75 μM) or DMSO for 24 h. The
Apo-ONETM homogeneous caspase-3/7 assay substrate
(Promega, Madison, WI, USA) was utilized to evaluate
the activities of caspase-3 and caspase-7. The caspase-3/7
substrate rhodamine 110,bis-(N-CBZ-L-aspartyl-L-glutamyl-
L-valyl-L-aspartic acid amide; Z-DEVD-R110) is acted
upon by caspase-3 and caspase-7 resulting in a fluorescent
leaving group. The amount of fluorescent product generated
is proportional to the amount of caspase-3/7 cleavage
activity present in the sample. Caspase-3/7 substrate was
added to each well and incubated at room temperature for
1–2 h. A spectrofluorometer was used to measure fluores-
cence (excitation wavelength 485±20 nm, emission wave-
length 528±20 nm).

Caspase Inhibition

Cells were plated 104 cells per well into 96-well plates and
allowed to adhere for 24 h. Cells were then pretreated for
30 min with 50 µM of caspase-3/7 inhibitor or with a pan-
caspase inhibitor or with an equal concentration of DMSO.
Next, cells were treated with DMSO and 50 or 75 µM
pterostilbene for 24 to 48 h. Cell viability was assayed
using MTT assay as described previously.

Mitochondrial Depolarization

Cells were seeded at 3×105 cells per well into a six-well
plate. After 24 h for cell adherence, 2 µM of JC-1
(Molecular Probes, Eugene, OR, USA) was added to each
well for 20 min at 37°C. Cells were washed with PBS and

treated with DMSO control or pterostilbene (25, 50, 75, or
100 µM) for an additional 30 min. Cells were then
trypsinized, resuspended in PBS, and run on a Coulter
Elite Flow Cytometer. The excitation peak of JC-1 is
488 nm. The approximate emission peaks of monometric
and J-aggregate forms are 529 and 590 nm, respectively.

Cell Cycle

Cells were seeded at 3×105 cells per well into a six-well plate.
The next day, cells were treated with DMSO or pterostilbene
for 24 h then washed in PBS, trypsinized, and fixed in cold
ethanol for 2 h. Cells were then washed and resuspended in
PBS + 0.1% Triton x-100 + 100 μg/mL RNase A (Sigma,
St. Louis, MO, USA) + 40 μg/mL propidium iodide (MP
Biomedicals Solon, OH) for 30 min at 37°C in the dark. Cells
were run on a Coulter Elite Flow Cytometer. Propidium
iodide, when bound to nucleic acids, has an excitation
maximum at 535 nm and emission maximum at 617 nm.
Cell populations were analyzed and categorized into cell
cycle phases using Modfit LT 3.0 software.

Cell Viability Assay with Cyclosporin Pretreatment

Cells were seeded at 104 cells per well in 96-well plates and
allowed to adhere for 24 h. The cells were then pretreated
with 25 μM cyclosporine A or DMSO for 30 min, followed
by 24 h of DMSO or 75 μM pterostilbene. The remainder
of the MTT assay was performed according to the sequence
outlined previously.

Statistical Analysis

Data were presented as mean values ± standard error.
Statistical comparisons among groups were performed by
Student’s t test or analysis of variance (ANOVA) followed
by Bonferonni post-tests for multiple comparisons.

Results

In Vitro Antitumor Activity of Pterostilbene

Pterostilbene induced a significant concentration- and time-
dependent decrease in MIA PaCa-2 and PANC-1 cell
viability (Fig. 1). The values of the inhibitory concentration
at 50% effect level (IC50) shown in Table 1 indicate the
antitumor potency of this agent in both pancreatic cell lines.
Potency was similar in both cell lines. Pterostilbene
treatment for 24, 48, and 72 h required concentrations of
72, 51, and 32 μM, respectively, to inhibit cancer cell
growth by 50% of control values in MIA PaCa-2, and 84,
33, and 29 μM for PANC-1.
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Pterostilbene Induces Apoptosis in MIA PaCa-2
Cancer Cells

Programmed cell death is characterized by chromatin
condensation, membrane blebbing, inter-nucleosomal deg-
radation of DNA, and apoptotic body formation. To
investigate whether cytotoxic effects of pterostilbene were
due to necrosis or apoptosis, an assay looking at released
nucleosomes was performed (Fig. 2). There was a statisti-
cally significant 4.04±2.17-fold increase in released nucle-
osomes in MIA PaCa-2 cells exposed to pterostilbene. This
trend was not seen in PANC-1 cells.

Caspase Activity Following Pterostilbene

To ascertain whether the biologic activity of pterostilbene
could involve effector caspases, an assay was performed

looking at the activity of two enzymes involved in the
effector phase of apoptosis: caspase-3 and caspase-7. After
treatment with 75 μM pterostilbene, both MIA PaCa-2 and
PANC-1 cells were shown to have a significant increase in
caspase-3/7 activity compared with vehicle-alone treated
controls (Fig. 3). Caspase-3/7 activity in MIA PaCa-2
cells (3.21±0.90-fold increase versus vehicle-alone treated
controls, p<0.01) was slightly greater than the activity in
PANC-1 cells (1.81±0.36) fold increase versus vehicle-
alone treated controls, p<0.01.
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Figure 2 Cell death assay. MIA PaCa-2 cells exposed to DMSO or
pterostilbene (25 μM) for 18 h have significantly increased released
nucleosomes compared to control (vehicle-alone) treated cells,
indicative of increased apoptosis. PANC-1 cells did not increase
released nucleosomes with pterostilbene treatment. Data are repre-
sented as means plus SEM (n=3: Student’s t test: *p<0.05).

Table 1 Pterostilbene-Mediated Cell Growth Inhibition After 24, 48,
and 72 h

IC50 (μM), mean ± SEM

MIA PaCa-2 PANC

24 h 72±10.6 84±25.2

48 h 51±31.1 33±2.5

72 h 32±9 29±6.1

Experiments were performed in triplicate and values expressed as
means ± SEM
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Figure 1 Cell viability assay. Pterostilbene treatment (10–100 μM)
resulted in a significant concentration and time-dependent decrease in
cell viability in both pancreatic cancer cell lines (ANOVA p<0.001).

Data shown as means with SEM (n=6: *p<0.001 versus control).
Representative data from experiments run in triplicate.
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Caspase Inhibition

To evaluate the effect of pterostilbene on caspase dependent
pathways, both a caspase-3/7 inhibitor and pan-caspase
inhibitor were utilized in an MTT assay. The results were
mixed with the caspase-3/7 inhibitor demonstrating no
ability to prevent pterostilbene-induced cell death, but the
pan-caspase inhibitor blocking a larger proportion of cell
death due to pterostilbene in the MIA but not in the PANC
cells. Our results show that a pan-caspase inhibitor does
save MIA cells from pterostilbene-induced cell death, while
the PANC cells were not saved by the pan-caspase inhibitor
(Fig. 4).

Mitochondrial Depolarization

Both the MIA and PANC cells treated with pterostilbene
were found to have rapidly depolarizing mitochondrial
membranes (within 20 min of treatment with JC-1)
(Table 2). The depolarization was found to be linearly
related to the increasing dose of pterostilbene within the
cell culture. The amount of depolarization was found to be
more pronounced, or the amount of pterostilbene needed
was less, in the PANC-1 versus MIA cells.

Cell Cycle

The cell cycle analysis of MIA and PANC-1 treated with
pterostilbene shows the MIA cells arrested in the S phase
when treated with 25 and 50 µM of pterostilbene. At a
higher concentration (75 µM), MIA cells underwent G0/G1
arrest. The PANC cells were found to have S phase arrest at
all doses of pterostilbene (Table 3).

Cyclosporin A Prevents Pterostilbene-Induced Cell Death

In both pancreatic cell lines, pretreatment with 25 μM cyclo-
sporine A significantly protected cells from pterostilbene-

induced death. Cyclosporin A (CsA) inhibits cyclophilin D
and is a potent inhibitor of the mitochondrial permeability
transition pore.19 This stabilization of the mitochondrial
membrane may stop ROS formation and/or pro-apoptotic
proteins from reaching the cytosol, therefore preventing cell
death (Fig. 5).
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Figure 4 Caspase inhibition. Cells were pretreated with 50 μM of
either a caspase-3/7 or a pan-caspase inhibitor for 30 min, then treated
with pterostilbene for 24 h. DMSO controls were equal concentration
to treatment. MIA cell viability was significantly increased when
pretreated with the pan-caspase inhibitor. Data are represented as
means plus SEM (n=6: Student’s t test, *p<0.01).
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Figure 3 Caspase-3/7 activity. Pterostilbene treatment (75 μM)
significantly increased caspase-3/7 activity in both pancreatic cancer
cell lines when compared to vehicle-only treated controls. Data are
represented as means plus SEM (n=6: Student’s t test: *p<0.01).

Table 2 Mitochondrial Depolarization with Pterostilbene

Red/green ratio

MIA PaCa-2 PANC-1

DMSO 2.45 2.03

50 μM pterostilbene 1.00 0.36

75 μM pterostilbene 0.18 0.41

100 μM pterostilbene 0.08 0.08

JC-1 labeled cells after 20 min DMSO or pterostilbene treatment were
run on a flow cytometer, and the percent red (normal mitochondria)
and green (depolarized mitochondria) were evaluated. Mitochondrial
depolarization is indicated by a decrease in the red/green ratio
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Discussion

The present study demonstrates the in vitro anticancer
activity of pterostilbene on two different pancreatic cancer
cell lines, MIA PaCa-2 and PANC-1. Treatment with
pterostilbene leads to inhibition of cell proliferation and/or
cell death, cell cycle arrest, mitochondrial membrane
depolarization, and activation of effector caspases.

Initially we hypothesized that the anticancer effect of
pterostilbene may be mediated via the induction of apopto-
sis. During our study, when looking at inter-nucleosomal
fragmentation as a feature indicative of apoptosis, pteros-
tilbene induced apoptotic inter-nucleosomal fragmentation
in MIA PaCa-2 cells but not PANC-1 cells. To follow up on
this observation, we assessed whether caspase-3/7, two
enzymes involved in the effector phase of apoptosis, were
activated in either cell line. Our results demonstrated an
increase in caspase-3/7 activity in both cell groups,
indicating that pterostilbene interacts with caspase path-
ways in both pancreatic cancer cell lines, although
perhaps at a higher rate in the MIA cells versus the
PANC cells. However, the addition of the pan-caspase
inhibitor rescued MIA cells treated with pterostilbene but
were unable to reverse cellular death in similarly treated
PANC cells. It appears that pterostilbene may achieve
cellular demise that is unrelated to caspase pathways in
certain cell types.

Mitochondria are emerging as promising targets for
intervention and treatment of cancer.16,17 Pan et al. 18 used
transcript profiling techniques to identify cellular pathways
targeted by pterostilbene and found that it up-regulated the
expression of genes involved in mitochondrial functions.
Our data show that pterostilbene causes pancreatic cancer

cell mitochondrial depolarization early (within 20 min) and
in a dose-dependent manner.

CsA is a transient modulator of mitochondrial membrane
permeabilization. CsA inhibits cyclophilin D and is a potent
inhibitor of the permeability transition pore.19 Our data
show that cells pretreated with 25 μM CsA are saved from
pterostilbene-induced cell death. This stabilization of the
mitochondrial membrane may stop ROS formation and/or
pro-apoptotic proteins from reaching the cytosol, therefore
preventing cell death.

Another area that will need to be further researched if
the mechanism of pterostilbene is to be elucidated is the
cessation of the cell cycle in cells treated with the
compound. Inhibition of cell cycle progression is one
possible target for chemopreventive agents. The cell cycle
is regulated by cyclins and cyclin-dependent kinases.20 The
effect of resveratrol on the cell cycle of many tumor cells
focuses on the S phase. A cell cycle arrest in the S phase
has been reported for various cell types but appears to be
cell line dependent.18,21 We previously reported that
pterostilbene treatment leads to an S phase arrest in the
breast cancer line MCF7, but no such change in cell cycle
was seen with MDA cells.22 Opipari et al. 23 reported that
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Figure 5 Cyclosporin A protects against pterostilbene-induced cell
death. Cells were pretreated with 25 μM cyclosporin A for 30 min
then 75 μM pterostilbene for 24 h (*p<0.01). Portions of this work
were presented at the 4th Annual Academic Surgical Conference in
Fort Meyers, Florida in February 2009.

Table 3 Cell Cycle Analysis

Cell cycle analysis (%)

G0/G1 S G2/M

MIA PaCa-2

DMSO 53 23 24

25 μM Pterostilbene 37 46 17

50 μM Pterostilbene 52 34 16

75 μM Pterostilbene 64 20 16

PANC-1

DMSO 52 28 20

25 μM Pterostilbene 49 34 17

50 μM Pterostilbene 52 34 16

75 μM Pterostilbene 44 39 17

MIA or PANC cells were treated with DMSO or pterostilbene for
24 h, then treated with propidium iodide, and run on the flow
cytometer. Cell cycle phases were analyzed using Modfit LT 3.0
Software
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resveratrol at a concentration of 50 µM accumulated
ovarian cancer cells in S phase, but at 100 µM, the cells
instead accumulated in the G0–G1 phase. This is similar to
what our study shows with MIA cells: an S phase arrest
with lower concentration (25 and 50 µM) of pterostilbene
and G0/G1 arrest with higher concentrations. Low concen-
trations of pterostilbene often initially induce cells to
proliferate before their numbers are reduced over time. Since
PANC cells exhibited S phase arrest at all concentrations of
pterostilbene, while the MIA cells demonstrated cell cycle
arrest in the G0/G1 phase at a higher dose, pterostilbene may
act via different pathways in each cell line.

In conclusion, our data indicate that pterostilbene induces
cell death in pancreatic cancer cells. However, apoptosis is
an inherently complex signaling cascade with multiple
triggers and unique interactions that eventually lead to
cellular demise. Further insights into pterostilbene’s molec-
ular mechanism of action is warranted in order to judge
whether this naturally occurring compound could play a role
as a chemopreventative agent or more importantly as an
adjunct to help sensitize resistant pancreatic cancer cells to
currently available chemotherapy regimens. Additionally,
pterostilbene’s effect in vivo is promising, and future studies
in animals are warranted given the abundance of data to
support its in vitro effectiveness.
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Abstract
Background Duodenal gastrointestinal stromal tumors (GISTs) are uncommon and relatively small subset of GISTs whose
optimal surgical procedure has not been well defined. We conducted this study to present the surgical experience in our
institution and to analyze the postoperative outcome of duodenal GISTs.
Methods A retrospective clinicopathologic analysis was performed for nine duodenal GIST patients who underwent surgery
from May 2001 to April 2009. The median follow-up period was 22 months (range: 13–61 months).
Results A total of nine patients (six males/three females) with a median age of 52 years (range: 45-73 years) were treated.
The most common presentation was abdominal pain (45%), and the second portion of duodenum (45%) was most common
dominant site. All of the patients underwent limited resection: there were seven wedge resections with primary closures
(five open/two laparoscopic) and two segmental resections with end-to-end duodenojejunostomies. The median tumor size
was 3.5 cm (range: 1.9-5.5 cm), and the mitotic count was less than fivemitoses/50 high power fields (HPF) in all cases.
None patients had neoadjuvant or adjuvant therapy. All of the patients were alive and disease-free.
Conclusion We obtained excellent disease-free survival following limited resection with clear margins. Limited resection
should be considered a treatment option for duodenal GIST.

Keywords Gastrointestinal stromal tumor . Duodenum .

Surgery

Introduction

Gastrointestinal stromal tumors (GISTs) are currently
defined as specific mesenchymal neoplasms of the digestive
tract containing spindle cells and showing KIT (CD117)
positivity.1,2 GISTs are uncommon malignant neoplasms.
However, these represent the most common subset of
mesenchymal tumors arising within the gastrointestinal

tract.3,4 The commonest site of origin is the stomach (60-
70% of cases), followed by the small intestine (30%) and
rarely from the rectum (5%), esophagus, colon, and
appendix.5,6 GISTs may arise in extra intestinal sites in up
to 5% of cases.5,6 Duodenal GISTs comprise a relatively
small subset of GISTs with a reported frequency of 6-21%
of surgically resected GISTs.2,7

The optimal management of GISTs is surgical resection
with clear margins.4,7 The wide margins with extensive
lymphadenectomy may not be required in GISTs as GISTs
are associated with negligible submucosal spread and
lymphatic involvement is rare.3,4 Unlike GISTs involving
other sites of the gastrointestinal tract, the optimal surgical
procedure for duodenal GISTs has not been well-
characterized in the surgical literature.7 There are currently
very few reports in the English literature addressing the
surgical procedures for duodenal GISTs.4 The purpose of
this study was to present the surgical experience in our
institution and to analyze the postoperative outcome of
duodenal GISTs.
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Patients and Methods

Between May 2001 and April 2009, 101 patients who
underwent surgical resection of a GIST at the Department
of Surgery, Soonchunhyang University Bucheon Hospital,
Soonchunhyang University College of Medicine were
retrospectively reviewed. Among the 101 patients of GIST,
nine patients with duodenal GIST were enrolled in this
study. The diagnosis of GIST was based on the standard
histology obtained from the postoperative biopsy of the
resected specimen.1 Complete tumor removal was the
management principle in each case. Limited resection with
clear margins was the operation of choice whenever it was
deemed technically feasible. The following characteristics
were collected and analyzed on each patient: age, sex,
presentation, location, operation, size, mitotic count, adju-
vant therapy, and the recent follow-up details.

Results

During the study period, nine (9%) patients underwent
surgery for GIST involving the duodenum (Table 1). There
were six (67%) men and three (33%) women with a median
age of 52 years (range: 45-73 years). Of the nine patients, 6
(67%) patients had clinical symptoms and three (33%)
patients had no symptoms associated with the tumor. The
tumors that had no symptom (incidental finding) were
detected by routine health checkup. The most common
presentation was abdominal pain (n=4, 45%), followed by
incidental finding (n=3, 33%), and bleeding (n=2, 22%).
Among the four patients who had complained of abdominal
pain, one patient had jaundice. He had multiple stones in the
common bile duct, so endoscopic retrograde cholangiopan-
creatography with endoscopic sphincterotomy was done
before operation. The tumors were detected via endoscopy
(n=6) and computed tomography (n=9). The tumors were
located in the first (n=2, 22%), second (n=4, 45%), third

(n=2, 22%), and fourth portion of duodenum (n=1, 11%).
According the tumor location and size, nine patients
underwent various procedures: there were five wedge
resections with primary closures, two laparoscopic wedge
resections with primary closures, and two segmental resec-
tions with end-to-end duodenojejunostomies (Table 2). Sur-
gical margins were free of tumor in all cases. The tumor size
varied from 1.9 to 5.5 cm (median 3.5 cm), and the tumors
were described as well circumscribed or encapsulated. The
mitotic count was less than five mitoses/50 high power fields
(HPF) in all cases (Table 3). Two patients (22%) developed
complications, including abdominal fluid collection and
wound infection. Abdominal fluid collection was treated
successfully with percutaneous drainage, which was re-
moved after 2 weeks. Wound infection was recovered from
conservative management. The median postoperative hospi-
tal stay was 9 days, with its range from 5 to 24 days. No
patients had neoadjuvant or adjuvant therapy with imatinib
mesylate or other systemic chemotherapy. No patients in this
series were treated with adjuvant radiotherapy. The median
follow-up period of nine patients with duodenal GIST that
underwent surgical resection was 22 months (range: 13-
61 months). All of the patients were alive and disease-free.

Discussion

GISTs are low-grade malignant mesenchymal tumors of
gastrointestinal tract and are believed to originate from the
pluripotential mesenchymal stem cells programmed to
differentiate into the interstitial cells of Cajal.6,8 These
tumors are characterized by expression of a transmembrane
receptor tyrosine kinase KIT, a product of the c-kit proto-
oncogene, and identified by expression of CD117 antigen.1

GISTs can occur anywhere throughout the gastrointesti-
nal tract but are most commonly found in the stomach or
small intestine.5,6 These tumors may also occur in the
peritoneum and extragastrointestinal sites.9 The small

Stomach Duodenum Jejunum and ileum

Number of patients 88 (87%) 9 (9%) 4 (4%)

Age (years) 52 (31-79) 52 (45-73) 58 (39-69)

Sex (male) 46 (52%) 6 (67%) 1 (25%)

Size (cm) 2.5 (0.8-13.0) 3.5 (1.9-5.5) 4.3 (2.5-6.3)

Symptomatic 33 (38%) 6 (67%) 4 (100%)

Presentation

Incidental finding 55 (63%) 3 (33%) 0 (0%)

Abdominal discomfort 11 (12%) 0 (0%) 0 (0%)

Abdominal pain 9 (10%) 4 (45%) 2 (50%)

Obstruction 4 (5%) 0 (0%) 1 (25%)

Bleeding 9 (10%) 2 (22%) 1 (25%)

Table 1 Clinical Features
of GISTs by Tumor Location
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intestine is the second most common site of GISTs, of
which approximately 20% are found in the duodenum.8

Duodenal GISTs are uncommon tumors, representing only
nine of the 101 tumors (9%) in this series. Duodenal GISTs
most frequently involve the second portion of the duode-
num, followed by the third portion, fourth portion, and first
portion.2 Also, in this study, the second portion of the
duodenum (45%) was most commonly involved.

The clinical presentations of duodenal GISTs are highly
variable according to their size and the existence of
mucosal ulceration. The most common clinical presentation
of duodenal GISTs has been reported to be gastrointestinal
bleeding or abdominal pain.2,4,7 In this series, the most
common presentation was abdominal pain (45%), followed
by incidental finding (33%) and bleeding (22%).

For GISTs of the foregut, gastrointestinal endoscopy may
be diagnostic whenever the tumor is located in the stomach or
in the upper duodenum. On the other hand, GISTs of the distal
duodenum may remain undetected at gastrointestinal endos-
copy. Alternative diagnostic means include computed tomog-
raphy (CT), magnetic resonance imaging (MRI), barium
study, or ultrasonography.9 However, CT and MRI seem to
be the best imaging modalities for assessment of the primary
lesion and detection of metastases.10 In this study, only six

tumors in the first and second portion of the duodenum were
detected via endoscopy. On CT findings, GISTs are hyper-
vascular and may have cystic and necrotic components.
Small tumors typically appear as sharply marginated smooth
masses with moderate contrast enhancement. On the con-
trary, large tumors tend to have mucosal ulceration, central
necrosis, and cavitations with heterogeneous contrast en-
hancement.10,11 In contrast, the MRI features of GISTs vary.
Necrosis and hemorrhage can influence the signal intensity
of MR images.9

Surgical resection with clear margins is the desirable
primary treatment of GISTs.3 As submucosal spread and
local lymph node involvement is infrequent in GISTs, wide
margins with routine lymph node dissection may not be
required.3,4 Unlike GISTs involving other sites of the
gastrointestinal tract, the optimal surgical procedure for
duodenal GISTs has not been well-characterized.7 Surgical
removal of duodenal GISTs may be accomplished by several
options, ranging from the minimal to major procedures.
Limited resection should be considered a viable treatment
option for duodenal GISTs when technically feasible.4,8

Various techniques of limited resection for duodenal GISTs
have been advocated depending on the site and the size of
the tumors. Wedge resection with primary closure can be

Case Age (years) Sex Symptom Location Operation

1 73 Female Abdominal pain Second Wedge resection

2 45 Male Abdominal pain Second Wedge resection

3 52 Male Incidental finding Third Wedge resection

4 65 Male Abdominal pain, jaundice Third Segmental resection

5 64 Male Incidental finding Second Wedge resection

6 45 Male Bleeding First Laparoscopic wedge resection

7 47 Female Abdominal pain Second Wedge resection

8 69 Male Incidental finding First Laparoscopic wedge resection

9 49 Female Bleeding Fourth Segmental resection

Table 2 Characteristics
of Patients with Duodenal
GISTs

Table 3 Follow-up Data of Duodenal GISTs in Relation to Tumor Size and Mitotic count

Case Size (cm) Mitotic count per 50 HPF Risk Adjuvant therapy Status

1 2 <5 Low risk None NED at 61 months

2 2.7 3 Low risk None NED at 57 months

3 3.5 <5 Low risk None NED at 53 months

4 4 <5 Low risk None NED at 42 months

5 5.5 1 Intermediate risk None NED at 22 months

6 1.9 <5 Very low risk None NED at 22 months

7 5 1 Intermediate risk None NED at 21 months

8 2.5 <5 Low risk None NED at 17 months

9 4.5 0 Low risk None NED at 13 months

HPF high power field, NED no evidence of disease
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performed for small lesions if the resulting lumen is adequate
and the ampulla of Vater can be preserved.2,4 Segmental
duodenectomy with side-to-end or end-to-end duodenojeju-
nostomy can be performed for larger tumors located at the
third and fourth portion of the duodenum.4,12 Partial
duodenectomy with Roux-en-Y duodenojejunostomy can
be performed for larger tumors involving the antimesenteric
border of the second and third portion of the duodenum.8 An
aggressive surgical approach may be required for complete
removal. Major resection via a pancreaticoduodenectomy or
a pancreas-sparing duodenectomy is indicated when the
tumors are located at the second portion of the duode-
num.7,13 In this study, limited resection with clear margins
was routinely performed for the treatment of duodenal GIST.
Wedge resection with primary closure was the most
commonly performed operation in this series. In two
patients, segmental duodenectomy with end-to-end duode-
nojejunostomys were performed because the tumors were
located below the infra-ampullary portion of the duodenum
and were relatively larger in size (>4 cm).

The finding of low mitotic count in duodenal GISTs in
this series is consistent with the findings reported by others.
Miettenen et al. reported that 72% of duodenal GISTs had
mitotic count less than or equal to five mitoses/50 HPF.2

Winfield et al. reported that 75% of duodenal GISTs had
mitotic count less than five mitoses/50 HPF.7

The use of imatinib mesylate, a competitive inhibitor of
KIT, has been shown to be effective in patients with advanced
or metastatic GISTs, and is currently being evaluated in the
adjuvant therapy setting following complete resection.14,15

The use of neoadjuvant imatinib mesylate has been shown to
downstage tumors.16 The role of neoadjuvant imatinib
mesylate in the management of GISTs is currently the
subject of an ongoing multicenter trial.4,17

Duodenal GISTs are relatively uncommon mesenchymal
tumors that present most commonly with abdominal pain.
Disease-free survival could be achieved by performing
curative surgical resection with clear margins. Limited
resection should be considered a treatment option for
duodenal GISTs when technically feasible.
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Abstract
Objective The purpose of this nonrandomized retrospective study was to report our new procedures using polyethylene
glycolic acid (PGA) felt with fibrin sealant to prevent severe pancreatic fistula in patients undergoing pancreatic surgery.
Methods From 2000 to 2008, 54 and 63 patients underwent pancreaticoduodenectomy (PD) and distal pancreatectomy
(DP), respectively. Of those patients, we applied PGA felt with fibrin sealant to 18 PD patients and 26 DP patients. In PD
patients, the PGA felt was wrapped around the pancreatic suture site, while in DP patients, the PGA felt was wrapped
around the predictive division site. The pancreaticojejunostomy site in PD patients and the cut stump in DP patients were
coated with fibrin sealant. We compared the occurrence rates for severe postoperative pancreatic fistula (POPF) that
occurred after PD or DP both with and without our new procedures.
Results Before introduction of our procedures, severe POPF developed in 14 of 36 PD patients (39%) and 10 of 37 DP
patients (27%). In contrast, after introduction of our procedures, the incidence of POPF was only one in both of 18 PD (6%;
P=0.016) and 26 DP (4%; P=0.017) patients.
Conclusion In summary, our procedure using PGA felt with fibrin sealant may reduce the risk of severe POPF.

Keywords POPF. PGA felt . Fibrin sealant .

Pancreatic surgery

Introduction

Postoperative pancreatic fistula (POPF) is the most frequent
complication after pancreaticoduodenectomy (PD) and
distal pancreatectomy (DP), occurring in 3–26%1–3 and 0–
>60% of cases,3–5 respectively. POPF often develops into
further complications such as fluid collection or intra-

abdominal abscesses, wound infection, and sepsis. Accord-
ing to the 2005 International Study Group on Pancreatic
Fistula classification,2 grade A pancreatic fistula have no
clinical impact, whereas grade B and grade C pancreatic
fistula require changes in clinical management or deviation
from the normal clinical pathway. Thus, from a clinical
perspective, it is important to reduce the risk of developing
grade B or C POPF in patients undergoing pancreatectomy.

Herein, we describe our new surgical technique of
applying polyethylene glycolic acid (PGA) felt with a
fibrin sealant to reduce severe POPF of grade B or C, and
evaluated the efficacy of these procedures in pancreatico-
jejunostomy and pancreatic transection patients receiving
PD and DP for the prevention of grade B or C POPF.

Material and Methods

From May 2003 to April 2008, 54 and 63 patients
underwent PD and DP, respectively, at the Department of
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Surgery, Kyoto Prefectural University of Medicine. Of
these patients, the last 18 PD and 26 DP patients received a
new surgical procedure involving application of PGA felt
with fibrin sealant. POPFs were classified according to the
internationally accepted definition of the International
Study Group on Pancreatic Fistula.2 We retrospectively
compared the perioperative morbidity rate of grade B or C
POPF in the 36 PD and 37 DP cases without our new
procedure (no-procedure group), and in the 18 PD and 25
DP cases with our new procedure (procedure group); in the
no-procedure group, we never used PGA felt or fibrin
sealant at the anastomotic site of pancreaticojejunostomy in
the 36 PD cases, or both PGA felt and fibrin sealant at the
same time in the 37 DP cases. We identified the pancreatic
duct using a binocular loupe or an intraoperative ultraso-
nography and placed a pancreatic duct stent for external
drainage in all PD cases. We used a stapler for 26 of the 37
DP cases in the no-procedure group after transection and
closure of the pancreatic stump. The combined use of PGA
felt and fibrin sealant cost approximately $170 in Japan.

New Surgical Procedure of Pancreaticojejunostomy

The child's reconstruction was performed in all 63 PD
patients. The pancreas was transected with a knife or an
ultrasonic dissector, followed by identification of the main
pancreatic duct. A tube was transiently inserted into the
pancreatic duct. The bleeding from the cut surface of the
parenchyma was then closed using single stitches of 4-0
Polydioxanon monofilament absorbable sutures (PDS)
(Ethicon Endosurgery; Johnson & Johnson, Cincinnati,
OH, USA), and the suture site wrapped by laying PGA
felt (Gunze Co., Kyoto, Japan). The pancreatic parenchyma
was sutured penetratingly using straight needles with 4-0
monofilament nonabsorbable threads through the PGA felt
and the seromuscular layer of the jejunum. After anasto-
mosis between the pancreatic main duct and the jejunal wall
using four to 12 stitches with 6-0 monofilament absorbable
threads, the previous 4-0 threads were tied and the
pancreaticojejunostomy finished (Fig. 1). The anastomotic
site was reinforced by laying a fibrinogen/thrombin-coated
collagen patch (Kaketsuken, Kumamoto, Japan; dose range
0.01–0.5 ml) onto the wrapped PGA felt.

New Surgical Procedure of Pancreatic Transaction in DP

A stapling device is useful for pancreatic transection. In the
staple method, we used devices that gave a staple line
consisting of a triple row of closely placed staples. Before
stapling, PGA felt was wrapped around the predictive staple
line. The staple line was reinforced by laying a fibrinogen/
thrombin-coated collagen patch onto the transected stump
(Fig. 2a, b). In some cases, transection was also performed

using the Echelon 60 with PGA felt (Gunze Co.) stocking
type (Fig. 3a, b). The closure jaw of the staple was clamped
carefully and slowly at a fixed speed, taking more than
approximately 5 min. This procedure reduced the thickness
of the pancreatic parenchyma at the site of planned
resection and facilitated the subsequent application of the
linear stapler across the pancreas. To ensure hemostasis
from the pancreatic stump, the stapler was not released
immediately after firing, and the jaws of the stapler were
held shut for approximately 2 min. A ligation of the main
pancreatic duct was unnecessary, and minor bleeding from
the stump could be easily controlled by either compression
or coagulation using electrocautery. This staple procedure
with the above-described techniques provides a secure
staple line without any tissue damage. Routine postopera-
tive prophylactic octreotide was not used.

Postoperative Follow-up

Postoperative assessment included repeated measurement
(days 1, 3, 4, and 5) of the amylase concentration in serum
and drainage fluid while the drain was in place. Computed
tomography was performed if the patient had any symp-
toms suggestive of abdominal collection (pain, fever,
vomiting) or if major hyperleukocytosis was present. Oral
feeding was allowed after the return of bowel function,
usually before complete drain removal, except in cases of

Figure 1 In PD patients, the suture site was wrapped by laying PGA
felt. The pancreatic parenchyma was sutured penetratingly using
straight needles with 4-0 monofilament nonabsorbable threads through
the PGA felt and the seromuscular layer of the jejunum. After
anastomosis between the pancreatic main duct and the jejunal wall
using four to 12 stitches with 6-0 monofilament absorbable threads,
the former 4-0 threads were tied and the pancreaticojejunostomy
finished.
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suspected or confirmed POPF. Conservative management
of POPF was attempted whenever possible as initial
treatment, and included total parenteral nutrition, percuta-
neous drainage of intra-abdominal fluid collection, anti-
biotics, and octreotide administration.

Statistical Methods

The perioperative morbidity rates were compared using the
Mann–Whitney U test. Statistical significance was defined
as P<0.05. All statistical analyses were performed using
statistical software (StatView 5.0; SAS Institute, Cary, NC,
USA).

Results

Tumor pathology and morbidity in all 117 cases are shown
in Tables 1 and 2. The clinicopathologic features of the 36

Figure 3 a, b In some cases, transection was performed using the
Echelon 60 with PGA felt stocking type.

Figure 2 a, b Before stapling in DP, the PGA felt was wrapped
around the predictive staple line to reduce compression tissue damage
by a stapler device. The staple line was reinforced by laying a
fibrinogen/thrombin-coated collagen patch onto the transected stump.

Table 1 Indication for Pancreatectomy

N=117

Pancreatic disease

Ductal adenocarcinoma 51

Intraductal papillary mucinous neoplasm 23

Pseudocyst 8

Mucinous cystic neoplasm 5

Endocrine tumor 3

Solid papillary neoplasm 2

Serous cystadenoma 1

Islet cell tumor 1

Epidermoid cyst 1

Arteriovenous malformation 1

Nonpancreatic disease

Gastric cancer 4

Gastrointestinal stromal tumor of the stomach 1

Bile duct cancer 15

Duodenal cancer 1
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PD and 37 DP cases in the no-procedure group and of the
18 PD and 26 DP in the procedure group are shown in
Tables 3 and 4. There were no significant differences in
morbidity rates and patterns between cases in the two
groups, except for grade B and C POPF.

There were four cases of postoperative mortality in the
36 no-procedure group PD cases (11.1%), but none in the
18 procedure group PD cases. Among all perioperative
morbidities, POPF was the most frequent complication,
occurring in 21 (58.3%) of the 36 no-procedure group PD
cases and in ten (55.6%) of the 18 procedure group PD
cases (Table 3). However, grade B and C POPF occurred in
14 (38.9%) of the 36 no-procedure group PD cases and in
one (5.6%) of the 18 procedure group PD cases (Table 3).
The occurrence rate of severe POPF in PD cases with PGA
felt with fibrin sealant was significantly lower than in PD
cases without PGA felt (P=0.016). Four patients with grade
C in the no-procedure group PD cases also had sepsis with
postoperative intra-abdominal abscess; one of those patients
unsuccessfully treated by percutaneous drainage required
an operative drainage.

Table 2 Perioperative Morbidity Rates and Patterns

PD DP
N=54 N=63
No. of patients

Complications

Absent 23 (42.6) 25 (39.7)

Present 31 (57.4) 38 (60.3)

Pancreatic fistula 31 (57.4) 32 (50.8)

Grade A 16 (29.6) 21 (33.3)

Grade B 11 (20.4) 9 (14.3)

Grade B 4 (7.4) 2 (3.2)

Intra-abdominal abscess

SSI 6 (11.1) 3 (4.8)

Urinary infection 0 2 (3.2)

Cholecystitis – 1 (1.6)

Chylous leakage 0 1 (1.6)

Bile leakage 1 (1.9) 0

SSI surgical site infection (excluding SSI associated with pancreatic
fistula)

Table 3 Clinicopathologic Factors in PD

Clinicopathologic factors
in PD

Patients
(N=54)

No PGA or fibrin
sealant (N=36) former

With PGA and fibrin
sealant (N=18) latter

P value

Patients-related factors

Age

≥60 43 (79.6) 28 (77.8) 15 (83.3) 0.63

<60 11 (20.4) 8 (22.2) 3 (16.7)

Histology

Benign 5 (9.3) 0 5 (27.8)

Malignant 49 (90.7) 36 (100) 13 (72.2)

Diameter of main pancreatic duct

≥3 mm 36 23 13 0.54

<3 mm 18 13 5

Pancreatic texture

Soft 25 (46.3) 17 (47.2) 8 (44.4) 0.84

Firm 29 (53.7) 19 (52.8) 10 (55.6)

Surgery-related factors

Blood loss (g)

≥1,000 g 33 (61.1) 22 (58.3) 11 (61.1) 0.90

<1,000 g 21 (38.9) 14 (41.7) 7 (38.9)

Operation time

≥420 41 (75.9) 27 (75.0) 14 (77.8) 0.82

<420 13 (24.1) 9 (25.0) 4 (22.2)

POPF grade A, B, and C

Present 31 (57.4) 21 (58.3) 10 (55.6) 0.85

Absent 23 (42.6) 15 (41.7) 8 (44.4)

POPF grade B and C

Present 15 (27.8) 14 (38.9) 1 (5.6) 0.016

Absent 39 (72.2) 22 (61.1) 17 (94.4)

J Gastrointest Surg (2010) 14:884–890 887



There was no postoperative mortality in DP cases. POPF
occurred in 21 (56.8%) of the 37 no-procedure group DP
cases and in 11 (42.3%) of the 26 procedure group DP
cases (Table 4). However, grade B and C POPF occurred in
ten (27.0%) of the no-procedure group DP cases and in
only one (3.8%) of the procedure group DP cases. The
occurrence rate of severe POPF in cases with PGA felt with
fibrin sealant was significantly lower than in cases without
(P=0.017). Severe POPF occurred in 11 of the 63 DP
patients (Table 4); nine of the fistulas (14%) were classified
as grade B. Both patients with grade C POPF also had
sepsis with postoperative intra-abdominal abscess. No
patients required operative drainage.

Discussion

Pancreatic fistula remains a problem after PD and DP, with
several technical variations failing to reduce its incidence.3

Most patients with this complication are treated conserva-

tively or by interventional radiology, and if treated in a
timely fashion, pancreatic fistula does not lead to mortality.
Nevertheless, pancreatic fistula formation is a major source
of subsequent morbidity and associated complications
including abscess pseudo aneurysm, hemorrhage, and
sepsis, with considerable health-care expenditure.6,7

We have previously examined the efficacy of various
procedures to prevent severe POPF in both PD and DP
patients. In pancreaticojejunostomy of PD, we first tried
suturing between the seromuscular layer of the jejunum and
the anterior–posterior faces of the remnant pancreas. We
also started a modified Kakita's procedure8 or duct-to-
mucosa pancreaticojejunostomy. However, there were no
significant differences in the occurrence rates of severe
POPF using the different of anastomotic procedures.
Reported risk factors of POPF in PD in patients older than
60 years of age include nondilated duct size, longer
operative time, greater intraoperative red blood cell trans-
fusions, lower surgical volume, and soft texture.9–11 With
regard to the anastomotic procedure, duct-to-mucosa

Table 4 Clinicopathologic Factors in DP

Clinicopathologic factors
in PD

Patients
(N=63)

No PGA or fibrin
sealant (N=37) former

With PGA and fibrin
sealant (N=26) latter

P value

Patients-related factors

Age

≥60 36 (57.1) 22 (59.5) 14 (53.8) 0.66

<60 27 (42.9) 15 (40.5) 12 (46.2)

Histology

Benign 30 (47.6) 15 (40.5) 15 (57.7) 0.18

Malignant 33 (52.4) 22 (59.5) 11 (42.3)

Pancreatic texture

Soft 35 (55.6) 19 (51.4) 16 (61.5) 0.42

Firm 28 (44.4) 18 (48.6) 10 (38.5)

Surgery-related factors

Blood loss (g)

≥400 g 33 (52.4) 19 (51.4) 14 (53.8) 0.85

<400 g 30 (47.6) 18 (48.6) 12 (46.2)

Operation time (min)

≥210 36 (57.1) 23 (62.2) 13 (50.0) 0.34

<210 27 (42.9) 14 (37.8) 13 (50.0)

Stump closure

Staple 52 (82.5) 26 (70.3) 26 (100.0) 0.002

Suture 11 (17.5) 11 (29.7) 0 (0.0)

POPF grade A, B, and C

Present 32 (50.8) 21 (56.8) 11 (42.3) 0.26

Absent 31 (49.2) 16 (43.2) 15 (57.7)

POPF grade B and C

Present 11 (17.5) 10 (27.0) 1 (3.8) 0.017

Absent 52 (82.5) 27 (73.0) 25 (96.2)
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pancreaticojejunostomy and external drainage of the pan-
creatic duct with a stent have been recommended;12 the
efficacy of those procedures, however, remains controver-
sial. In DP, we previously cut the stump of the remnant
pancreas using a knife, then subsequently ligated the main
pancreatic duct and sutured the tissue of the pancreas to
close. A recently published systematic review appraised the
available surgical alternatives for the management of the
pancreatic stump after DP, which included duct ligation,
ultrasonic dissection, the use of fibrin sealant, patches and
meshes, pancreaticoenteric anastomosis, and hand-sewn
and stapler closure,4 reflecting the clinical heterogeneity
in this field. The benefits of staple transection for the
pancreas as a simple, quick, and secure method for closing
the proximal pancreas have been well described.13,14

However, only the randomized clinical trial of stapling vs.
hand sewing showed no significant advantage of stapling
(incidence of pancreatic fistula: 14% vs. 33%, respective-
ly).4,15 For POPF, an occurrence rate of 23% for stapled
closure after DP was observed in a meta-analysis, which
was slightly lower than for hand-sewn closure.15 Further-
more, a significant reduction in the fistula rate after staple
closure (using the Powered Multifire Endo GIA 60)
compared with suture closure was reported (pancreatic
fistula: stapler, 0% vs. suture, 35%),14 although the
opposite pattern was also demonstrated (pancreatic fistula:
stapler, 25% vs. suture, 14%).6

Fibrin sealant is used clinically to prevent the leakage of
gastrointestinal anastomoses and hemorrhages in parenchy-
mal organs.16–18 Suzuki et al.19 reported that intraoperative
fibrin sealant of the pancreatic stump prevented POPF in
patients who underwent pancreatic surgery. A randomized
clinical trial showed that POPF occurred in 15% of patients
in the fibrin sealant group and in 40% of the control
group.19 Ohwada et al.20 recommended a fibrin sealant
sandwich technique for preventing POPF. This unique
technique sandwiches fibrin sealant between the dorsal
and ventral edges of the remnant pancreas. The incidence of
POPF in that study was 9% in the sandwich technique
group vs. 27% in the simple sealing group. Fibrin sealant is
a biologic adhesive that can be used conveniently by
spraying onto the cut surface of the pancreas.19 However,
fibrin sealant may not sufficiently block openings of small
branches of the pancreatic duct that are not ligated.
Therefore, in some cases, continuous exocrine pancreatic
secretion from these small pancreatic ducts could lead to
POPF after DP, despite the use of fibrin glue. On the other
hand, Reuben et al.21 recommended a PGA felt of a stapled
pancreatic transaction line for preventing pancreatic fistulas
(pancreatic fistula: PGA felt, 3.5% vs. no PGA felt, 27.5%).

We recently started applying PGA felt with fibrin sealant
at the pancreaticojejunostomy and pancreatic stump for
reinforcement. In PD or DP, the PGA felt worked as a

cushion for a thread knot or a stapler to prevent tissue
damage. If a pancreatic tissue tearing occurs, it is thought to
be repaired by the fibrin sealant. The PGA felt can be easily
hydrolyzed in wet conditions by fibrin glue, and the PGA
felt is absorbed within 3 months.22 In addition, because the
rate of water absorption is high in the PGA felt, the fibrin
glue is thought to attach firmly to the cut surface of the
pancreas compared with the application of the fibrin sealant
or PGA felt only. The PGA felt may focus the fibrin sealant
to the cut surface of the pancreas to prevent early
detachment of the fibrin sealant from the pancreas,
enhancing the effects of the fibrin sealant. In the present
study, the combination of the PGA felt and fibrin sealant
was a significant independent factor for the prevention of
severe POPF, despite the use of various procedures such as
stapling or suturing with or without this combination (data
not shown). The combined use of fibrin sealant and a
polyethylene glycolic acid mesh patch is common for the
prevention of air leakage from the lung during thoracic
surgery,23 while a PGA felt with fibrin sealant was used for
hepatectomy to prevent bile leakage, although there are no
reports for pancreatectomy. This is the first report of
combined use of fibrin sealant and a PGA mesh patch in
pancreatic surgery. In future, a prospective randomized
control study is necessary to confirm the efficacy of this
procedure.

In conclusion, the application of this procedure using
fibrin sealant and a PGA mesh patch to the pancreaticoje-
junostomy and pancreatic stump could reduce severe POPF
after pancreatic surgery.
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Abstract
Background The aims of this study were to evaluate contemporary outcomes associated with the surgical management of
pancreatic neuroendocrine tumors (PNETs) and to assess the prognostic value of the World Health Organization (WHO)
classification and TNM staging for PNETs.
Methods The medical records of 73 consecutive patients with PNETs treated at a single institution from January 1992
through September 2006 were reviewed. Survival was analyzed with the Kaplan-Meier method (median follow-up:
43 months).
Results Median patient age was 52 years (range, 19-83 years), and 36 (49%) patients were male. Thirty-three patients had a
well-differentiated neuroendocrine tumor (WDT), 26 had a well-differentiated neuroendocrine carcinoma (WDCa), and 14
had a poorly differentiated neuroendocrine carcinoma (PDCa). Fifty (68%) patients underwent potentially curative
resection, and the 5-year disease-specific survival (DSS) rate for the entire cohort was 62%. WHO classification and TNM
staging system provided good prognostic stratification of patients; 5-year DSS rates were 100% for WDT, 57% for WDCa,
8% for PDCa, respectively, by WHO classification (p<0.001), and 100% for stage 1, 90% for stage 2, 57% for stage 3, and
8% for stage 4, respectively, by TNM stage (p<0.001). Among the patients who underwent potentially curative resection,
nodal status, distant metastasis, and tumor grade were significant prognostic factors.
Conclusion WHO classification and TNM staging are useful for prognostic stratification among patients with PNETs.

Keywords Pancreatic neuroendocrine tumor . Surgery .

Staging

Introduction

Pancreatic neuroendocrine tumors (PNETs) are rare, with
an estimated incidence of four to five cases per million
individuals annually in the USA. These tumors account for
less than 3% of all pancreatic neoplasms, although the

diagnosis is increasing in frequency.1–3 In addition, PNETs
are heterogeneous collection of tumors encompassing a
wide biological spectrum. As a result, reported outcomes
associated with surgical therapy for PNETs are varied, and
it has been challenging to identify factors affecting the
long-term survival of patients with PNETs.4 Furthermore, a
widely accepted staging system to stratify patients with
PNET is not yet established.

The World Health Organization (WHO) introduced a
system to classify PNETs in 2000.5 This classification
defines three types of PNETs according to their clinical
and histopathological features: “well-differentiated endo-
crine tumor (WDT)”, “well-differentiated endocrine carci-
noma (WDCa)”, and “poorly differentiated endocrine
carcinoma (PDCa)”. In 2006, a new TNM staging system
for PNETs was proposed by the European Neuroendocrine
Tumor Society (ENETS).6 This system is analogous to the
TNM classification systems used for other solid tumors,
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enabling patient stratification using basic clinicopatholog-
ical information.

The purpose of this study was to document our
institutional surgical experience with PNETs. Our goals
were to identify clinical factors associated with prolonged
survival of patients with PNETs following surgical treat-
ment and to assess the prognostic utility of the WHO
classification and TNM staging systems.

Material and Methods

The medical records of all patients with PNETs admitted to
the inpatient unit of Brigham and Women’s Hospital during
the period spanning January 1992 through August 2006 were
analyzed. Patients were identified using the International
Classification of Disease-9 codes for malignant and benign
pancreatic neoplasms (codes 157.× and 211.6) and the
computer-assisted hospitalization analysis for the study of
efficacy management system. All patients with histologically
confirmed PNETs were included in this study. This study
protocol was approved by our Institutional Review Board.

Parameters obtained from the medical records included
demographic data (patient age and gender), signs and
symptoms present at the time of diagnosis, the operation
performed and whether it was curative (complete resection
with no gross residual cancer present at the completion of
surgery) or palliative (gross residual cancer present at the
completion of surgery), and pathological findings. Patho-
logical parameters analyzed were tumor diameter, regional
lymph node status (N), margin status, tumor grade, and
presence of lymphovascular invasion (LVI).

Patients with appropriate signs, symptoms, and bio-
chemical evidence of hormonal excess were classified as
having a functional tumor. Patients without a recognizable
clinical syndrome or with normal serum hormone levels
were classified as having a nonfunctional tumor, regardless
of results on specimen immunohistochemistry. The criterion
for malignancy was the identification of nodal or distant
metastasis at the time of surgery or during follow-up.

WHO classification and TNM staging systems are
summarized in Tables 1 and 2.5,6 The criteria for WHO
classification includes tumor size, tumor grade (mitotic
index), vascular invasion on histology, and Ki-67 index. As
Ki-67 staining was not routinely performed for PNETs at
our institution during the study period, we omitted Ki-67
index from our analysis. Ki-67 usually correlates with
mitotic rate. It is unusual to have a high number of Ki-67-
positive cells in the setting of a low mitotic rate.7

Disease-specific survival (DSS) was calculated from
time of operation (or time of diagnosis for patients who did
not undergo any surgery) through last follow-up.
Recurrence-free survival (RFS) was calculated from time
of pancreatic resection to time when first recurrence was
detected. The survival curves for selected patient groups
were derived using the method of Kaplan-Meier.8 Survival
durations for these groups were determined from the
corresponding Kaplan-Meier curves and compared using
the log-rank test.

Comparison of categorical variables was performed
using Fisher’s exact test and Pearson chi-square test as
appropriate. Continuous variables are presented as mean
values ± standard error unless otherwise indicated, and
were compared using t tests. A p value <0.05 was
considered significant.

Results

Patients

During the study period, 73 patients with PNETs were
identified. The median age for this patient cohort was 52 years
(range, 19-82 years). Thirty-six (49%) patients were male.

Presenting Symptoms and Signs

The frequencies with which symptoms and signs were
present at the time of diagnosis are summarized in
Table 3. Twenty-six (36%) patients had clinical manifes-

Table 1 WHO Classification and TNM Staging

WHO classification

Tumor type Size Mitotic index
(/10HPF)

LVI Metastasis
(N1 or M1)

Ki-67 index

Well differentiated endocrine tumor (WDT)

Benign <2 cm <2 − − <2%

Uncertain ≥2 cm 2-10 + − >2%

Well-differentiated endocrine carcinoma (WDCa) <10 + + >2%

Poorly differentiated endocrine carcinoma (PDCa) >10 + + >30%
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tations of hormonal excess: neuroglycopenia (n=15) for
insulinoma, diarrhea (n=6) for gastrinoma and PPoma,
peptic ulcer (n=5) for gastrinoma, dermatitis (n=3) for
glucagonoma, palpitations (n=2) for insulinoma, and
Cushing’s syndrome (n=1) for ACTHoma. The distribu-
tion of tumor types according to their hormonal function is
shown in Table 4. Among the 47 (64%) patients with
nonfunctional tumors, more than half (64%) had abdom-
inal pain; other symptoms and signs included weight loss
(9%), jaundice (8%), nausea and vomiting (6%), and
palpable abdominal mass (6%). Eight (17%) patients were
found to have PNETs incidentally, during workup for
unrelated conditions.

Surgical Procedures

Eighteen (23%) patients were found to have extensive
liver metastasis (n=15) and/or locally advanced disease
(n=3) at the time of presentation and were deemed
unresectable. Sixteen of these patients underwent biopsy
only, and two underwent biliary and gastric bypass
procedures.

Fifty-five patients underwent primary pancreatic tumor
resection: 32 (58%) patients underwent distal pancrea-
tectomy, 12 (22%) patients underwent pancreaticoduo-
denectomy, 10 (18%) patients underwent enucleation,
and one (2%) patient underwent central pancreatectomy.
Three patients with liver metastasis underwent liver
resection or radio frequency ablation (RFA) along with
their pancreatic resection. One patient with adrenal
metastasis underwent adrenalectomy and colectomy en-bloc

in addition to pancreatic resection. There were no peri-
operative deaths.

Tumor Characteristics

Clinicopathological characteristics of tumors are summa-
rized in Table 5. Thirty-one (42%) tumors were located in
the head of the pancreas and 42 (58%) tumors were located
in the body or tail. Forty-one (56%) tumors were classified
as malignant because of the presence either of regional
lymph node metastasis or distant metastasis (n=35) at time
of diagnosis or exploration or detection of metastasis during
follow-up (n=6). Mean tumor diameter was greater for
malignant than for benign tumors (5.1±0.47 vs. 2.8±
0.58 cm, p=0.002). The median tumor diameter for our
entire cohort was 3.0 cm (range 0.4-15 cm) and 22 patients
(30%) had a tumor less than 2 cm in maximal diameter.
Histological lymph node status was assessed in 38 patients;
11 patients (31%) had metastasis to regional lymph nodes
(N1). There was no significant correlation between size of
the primary tumor and N stage (mean diameter of primary
tumor: 4.2±0.80 cm for N0 vs. 5.2±0.63 cm for N1, p=
0.38). Fourteen (19%) patients had tumor classified as high
grade and 22 (30%) patients had tumors with documented
LVI. In terms of WHO classification, 33 (45%) patients had
tumors classified as WDT, and 40 (55%) patients had
endocrine carcinoma (26 WECa and 14 PECa). WDT were
further sub-classified into benign tumor (ten) and uncertain
tumor (16). It was not possible to subclassify seven patients

Table 2 TNM Staging

T-primary tumor

T1 Tumor contained to the pancreas and size <2 cm

T2 Tumor contained to the pancreas and size 2-4 cm

T3 Tumor contained to the pancreas and size >4 cm
or invading to duodenum/bile duct

T4 Tumor invading adjacent organs, or large vessels

N-regional lymph nodes

N0 Metastasis absent

N1 Metastasis present

M-distant metastasis

M0 Metastasis absent

M1 Metastasis present

Overall stagea

Stage 1 T1N0M0

Stage 2 T2/3N0M0

Stage 3 T4N0M0 or TanyN1M0

Stage 4 TanyNanyM1

a Patients with pNx were designated as N0 for overall staging

Table 3 Symptoms and Signs at Presentation

Symptoms and sign Functioning,
n=26

Nonfunctioning,
n=47

Abdominal or back pain 4 (16) 30 (64)

Weight loss 3 (10) 4 (9)

Jaundice 0 (0) 3 (6)

Nausea/vomit 0 (0) 3 (6)

Palpable mass 0 (0) 3 (6)

Fatigue/weakness 6 (20) 2 (4)

Ascites 0 (0) 1 (2)

Asymptomatic 0 (0) 8 (17)

Other 1 (3) 5 (11)

Hormone-related

Neuroglycopenia 15 (50)

Diarrhea 6 (20)

Peptic ulcer 5 (19)

Dermatitis 3 (10)

Palpitations 2 (7)

Cushing syndrome 1 (3)

Some patients presented with more than one symptom.
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with WDT due to lack of complete histological information.
In terms of TNM stage, 39 (53%) patients were assigned to
stages 1 or 2 and 34 (47%) patients were assigned to stages
3 or 4 (metastatic to regional lymph nodes or distant organ).

Complete resection (R0) was achieved in 48 (86%) of 55
patients who underwent primary tumor resection; a micro-
scopic positive margin was present in two (4%) patients.
Five patients (9%) underwent primary tumor resection with
distant metastatic disease left alone.

The relationship between WHO classification and TNM
stage is shown on Table 6. Most patients with PDCa were
stage 4 at presentation, with few of these patients undergoing
complete resection, while patients with WDT were either
stage 1 or 2, with all of them achieving complete resection.

Survival and Prognostic Factors

The median follow-up period was 43 months (range, 1-
216 months). The 5-year DSS rate for our entire cohort was
62%. The 5-year DSS rates for patients with WDT, WDCa,
and PDCa by WHO classification were 100%, 57%, and
8%, respectively (p<0.001, Fig. 1a). The 5-year DSS rates
for patients stratified by TNM stage 1, 2, 3, and 4 were
100%, 90%, 75%, and 21%, respectively, (p<0.001,
Fig. 1b). The 5-year DSS rates among patients who
underwent R0/1 resection, those who underwent R2
resection and those who did not undergo resection were
87%, 30%, and 16%, respectively (p<0.001, Fig. 1c).

During follow-up, ten patients among the 48 patients
who underwent R0/1 resection developed recurrence; two
in the remnant pancreas, six in the liver, one in both
pancreas and liver, and one in the retroperitoneal lymph
nodes. Repeat resection was performed for four patients
(distal pancreatectomy (two), completion pancreatectomy
(one), and liver segmentectomy (one)). One patient with
recurrence in the liver underwent RFA, and the remainder
received chemotherapy only. The 5-year RFS rate for
patients following R0/1 resection was 74%. Among patients
with WDT, 5-year RFS for patients with benign tumor and
those with tumor of uncertain behavior were 100% and
68%, respectively (p=0.04, Fig. 2).

We analyzed potential clinical prognostic factors for
impact on survival following pancreatic resection. As
shown in Table 7, nodal metastasis, distant metastasis, and
tumor grade had significant impact on survival on univar-
iate analysis. Tumor functional status, tumor size, and
extent of resection (enucleation or formal resection) were
not found to be significant prognostic predictors.

Discussion

Although the reported incidence of PNETs has increased
over two- to threefold in the last 16 years,9 PNETs are still

Table 4 Distribution of Tumor Types

Type of tumor Patients (%)

Functional 26 (36)

Insulinoma 16

Gastrinoma 6

Glucagonoma 3

ACTHoma 1

Nonfunctional 47 (64)

Table 5 Clinicopathological Features of Tumors

N (%)

Location Head 31 (42)

Body/tail 42 (58)

Malignancy Benign 32 (44)

Malignant 41 (56)

Hormonal function Functional 26 (36)

Nonfunctional 47 (64)

Size (cm) <2 cm 22 (30)

2-4 cm 26 (36)

>4 cm 25 (34)

Regional node N0 26 (36)

N1 12 (16)

NX 35 (48)

Distant metastasis M0 47 (64)

M1 26 (36)

Tumor grade Low 22 (30)

Intermediate 13 (18)

High 14 (19)

Unknown 24 (33)

LVI Yes 22 (30)

No 19 (26)

Unknown 32 (44)

Completeness of Resection R0/1 50 (69)

R2 or No resection 23 (31)

WHO classification WDTa 33 (45)

Benign 10

Uncertain 16

WDCa 26 (36)

PDCa 14 (19)

TNM stage 1 21 (29)

2 18 (25)

3 8 (11)

4 26 (36)

a Some patients had missing data to be distinguish between benign or
uncertain category
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rare and encompasses a wide spectrum of biological
behavior from benign to frankly malignant. Given the lack
of a widely accepted staging or classification system,
compilation and comparison of surgical outcomes from
individual institutions have been difficult (Table 8). In this
study, we evaluated our experience of patients with PNETs
using WHO classification and the new TNM staging system
and demonstrated the utility of these schemes to risk-
stratify patients with PNETs according to long-term
prognosis.

Traditionally, the term “malignant” neuroendocrine
tumor has been defined as neuroendocrine tumors with
evidence of metastasis to regional lymph nodes or distant
organs at presentation or during follow-up.10–12 In our
series, 56% of patients fell into this category (48% of them
had metastasis either to lymph nodes or distant organs at
presentation, and 8% developed metastasis during follow-
up (median 28 months, range 9-56 months)) and, as
expected, these patients had poorer prognosis than patients
with a “benign” tumor (5-year DSS: 44% vs. 100%, p<
0.001). However, this traditional classification has limited
utility in predicting prognosis among individual patients
undergoing surgical resection for PNET. Because some
PNETs without evidence of metastasis at presentation may
recur years after surgery, the term “benign” at the time of
initial operation may not reflect their inherent malignant
potential.

In contrast, the WHO classification incorporates histo-
pathological criteria and provides a distinction between
benign and malignant tumors that can be applied shortly
after surgical resection. In our study, patients with “benign”
WDT (defined by size <2 cm, low mitotic index and
absence of LVI) developed no recurrences following
surgical resection, while five of 14 patients with “uncer-
tain” WDT (defined by presence of LVI or intermediate
mitotic index) developed recurrence during follow-up.
Similar observations were reported in a series from
Memorial Sloan-Kettering.7 Long-term follow-up to detect

recurrences is therefore warranted for patients having
undergone resection of “uncertain” WDTs, as it is for
patients with PDCa or WDCa.

The TNM staging system for PNETs, proposed by the
ENETS,6 provides good patient stratification, is widely
applicable, and may be more objective than systems that
depend on subjective interpretation of immunohistochemi-
cal data. Our cohort included patients with advanced
disease that precluded surgical resection or patients with

Figure 1 a Kaplan-Meier estimates of DSS for patients stratified by
WHO classification. Five-year survival rates among patients with
WDT, WDCa, and PDCa, were 100%, 57%, and 8%, respectively (p<
0.001). b Kaplan-Meier estimates of DSS for patients stratified by
TNM stage. Five-year survival rates among patients with each stage
(1-4), were 100%, 90%, 88%, and 21%, respectively (p<0.001). c
Kaplan-Meier estimates of DSS for patients stratified by completeness
of resection (R0/1 resection, R2 resection and no resection). Five-year
survival rates for these patient groups were 87%, 30%, and 16%,
respectively (p<0.001 by log-rank test).

Table 6 TNM Stage and Type of Surgery According to WHO
Classification

WDT (n=33) WDCa (n=26) PDCa (n=14)

TNM stage

1 19 (58%) 2 (8%) 0

2 14 (42%) 4 (15%) 0

3 0 7 (27%) 1 (7%)

4 0 13 (50%) 13 (93%)

Surgery

R0/1 resection 33 (100%) 14 (54%) 3 (21%)

R2 resection 0 3 (12%) 2 (14%)

No resection 0 9 (35%) 9 (64%)
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small tumors that were locally excised without regional
lymph node sampling. As a result, approximately half of
the patients had missing information required for other
classification. Nonetheless, cTNM staging was possible in
all patients. This issue is particularly useful for multi-
institutional trials in which accurate staging across multiple
institutions is needed or evaluation of a national database
including patient outcomes over multiple institutions.

Billimoria et al. tested the applicability of the TNM
staging system designed for pancreatic adenocarcinoma by
American Joint Committee for Cancer (AJCC) to PNETs.13

Although AJCC TNM staging provided stage-dependent
survival discrimination, nearly all of this discrimination was
provided by the absence or the presence of distant
metastasis. We favor the ENETS TNM staging system as
it takes into consideration the more indolent course of
PNETs (relative to pancreatic adenocarcinomas) and strati-
fies potentially respectable disease into three stages (stages
1, 2, and 3). However, we realize that our data does not
allow us to determine which staging system provides most
robust prognostic stratification.

We found that tumor grade, M and N stages significant
as significant prognostic factors among patients having
undergone resection of their PNET. Although tumor grade
and distant metastasis are uniformly accepted as prognostic
factors (Table 8), the prognostic significance of regional
lymph node metastasis is controversial. There is conflicting
evidence in the literature; Tomassetti et al. reported
significantly worse outcomes for patients with regional
lymph node metastasis than without such metastasis,14

while Kazanijan et al. reported no difference in survival
among these groups of patients.10 In the study by Bilimoria
et al., in which more than 3,500 patients with PNET in a
national cancer database were analyzed, lymph node
metastasis was a significant prognostic factor on univariate
analysis, but not on multivariate analysis.4 These disparate
results can be explained at least partially by sample size

considerations and the wide spectrum of biological aggres-
siveness of PNETs. For example, patients with small
insulinomas or gastrinomas have an excellent prognosis
and metastasis limited to regional lymph nodes may have
minimal, if any, impact on long-term outcome.15,16

An important limitation of our study is incompleteness
in data recorded by our pathologists for several variables
(missing in 30-40% of patients for tumor grage or LVI). To
detect possible bias in study findings due these missing
data, we compared TNM stage distribution among patients
with or without complete tumor grade and LVI data. For
tumor grade, the stage distribution for patients with
complete data was not different from that of patients
without complete data (26% for stage 1, 28% for stage 2,
8% for stage 3, and 38% for stage 4, respectively, for
patients with complete data, and 35% for stage 1, 17% for
stage 2, 17% for stage 3, and 31% for stage 4, respectively,
for those without complete data, p=0.45 by chi-square test).

Figure 2 Kaplan-Meier estimates of RFS for patients with WDT and
WDCa following surgical resection. Five-year RSS rates among
patients with WDT (benign), WDT (uncertain), and WDCa were
100%, 68%, and 60%, respectively (p=0.041 by log-rank test).

Table 7 Univariate Analysis of Potential Prognostic Factors
Predicting Survival of the Patients with PNET who Underwent
R0/1 Resection (N=50)

Clinical prognostic factors n 5-year DSS rate (%) P

Age

≥50 years 23 96 0.10
<50 years 27 77

Gender

Male 25 90 0.48
Female 25 84

Functional tumor

Yes 23 89 0.78
No 27 85

Tumor size

≥2 cm 28 82 0.26
<2 cm 22 93

Nodal metastasis

Positive 11 60 0.011
Negative 23 93

Distant metastasis

Positive 3 33 <0.001
Negative 47 92

Grade

Low 20 93 0.002
Intermediate 10 86

High 3 33

LVI

Yes 19 79 0.103
No 19 100

Procedure

Formal resection 40 84 0.27
Enucleation 10 100

Data were not available for all patients.
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For LVI, 64% of patients with missing data were stage 4,
while only 23% of those with complete data were stage 4
(p<0.001). When we eliminated patients with unresectable
tumors from analysis, the distributions of TNM stage were
similar among these two groups (p=0.821). (Note: patients
with unresectable tumors had their diagnosis confirmed on
biopsy alone; these biopsy specimens were not examined
for presence or absence of LVI by our pathologists.) Based
on the similar distributions of TNM stage among patients
with or without complete data, missing data-related bias is
unlikely to have had significant impact on the findings of
our analysis of prognostic factors (which included only
patients who underwent primary tumor resection).

For patients with small PNETs, the extent of surgical
resection is somewhat controversial. In this study, ten
patients underwent simple enucleation and achieved
excellent long-term outcomes. Pitt et al. recently ana-
lyzed the series of 122 patients with neuroendocrine
tumors <3 cm and showed comparable long-term out-
comes with less perioperative morbidity rate in patients
who underwent enucleation compared to outcomes in

those who underwent formal resection.17 Despite several
reports with excellent outcomes for enucleation, the
oncologic efficacy of enucleation for all patients with
small PNETs remains unclear. First, the reported outcomes
were of highly selected patients: for example, in this study,
enucleation was only selected for insulinomas or gastri-
nomas <2.5 cm. Second, regional lymph node metastasis
has been reported in the range from 30% to 40% of
patients with PNETs4,7,18 and the size criteria cannot
exclude the chance of metastasis as Ferrone showed a 25%
chance of nodal metastasis for PNET <2 cm.7 Lastly,
whether lymphadenectomy makes a difference in long-
term survival is uncertain. This may depend on the
biological aggressiveness of the tumor and no preopera-
tive clinical markers capable of predicting malignant
behavior are currently available. Although more data is
necessary to make definitive recommendations for the
surgical extent for small PNETs, our practice is to limit
enucleation or limited segmental resection to small
insulinomas or gastrinomas without macroscopic features
of malignancy.

Table 8 Recently Reported Series of PNET Predictive Indicators Documented

Authors Year N Nonfunctional
tumor (%)

Malignancy
(%)

R0/1 resection
(%)

5-year OS
rate (%)

Identified prognostic factorsa

Lo et al.19 1996 64 53 100b 26 49 M status

Phan et al.12 1997 125 48 52 N/D 65 “Malignant” tumor, Resection
margin

Solorzano et al.20 2001 163 100 N/D 25 43 Liver metastasis

Chu et al.21 2002 50 58 >78c N/D 36 Liver metastasis

Hochwald et al.22 2002 136 64 N/D 64 N/D Mitotic index

Kazanjian et al.10 2006 70 71 53 N/D 89 LVI

Bloomston et al.23 2006 120 46 76 77 62d Tumor differentiation

Schurr et al.18 2007 62 74 63 73 49 WHO classification

Teh et al.24 2007 33 55 39 N/D N/D

Nguyen et al.11 2007 73 70 100a 35e 44

Vagefi et al.25 2007 168 58 23 85 77 “Malignant” tumor

Ferrone et al.7 2007 183 71 N/D 100 87 T stage based on size/metastasis,
tumor grade

Bilimoria et al.4 2008 3851f N/D 84 96 59 Age, tumor grade, metastasis,
hormonal function

Fischer et al.26 2008 118 N/D 65 87 N/D

Current study 2009 73 64 56 68 66 Lymph node metastasis, distant
metastasis, tumor grade

N/D not documented
a Among the patients who underwent curative resection
b Benign tumor was excluded
c Based on% of liver metastasis
d Outcomes following R0/1 resection
e R0 resection only
f National cancer data base
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In summary, we report our institutional experience of
PNETs based on WHO classification and TNM staging
system. Both staging schemes are useful for the prognos-
tically significant risk stratification for patients with PNETs.
Standardized categorization is essential to compare one
individual institutional experience to others and to develop
evidence-based therapeutic strategies for this rare disease
with a wide spectrum of biological behavior.
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Abstract
Background Bariatric surgery is the most effective long-term treatment for morbid obesity, reducing obesity-associated
comorbidities. The purpose of the present study was to evaluate Lys656Asn polymorphism of leptin receptor gene on
outcomes 1 year after biliopancreatic diversion.
Methods A sample of 41 morbidly obese patients (body mass index (BMI)>40 kg/m2) were operated on. Biochemical and
anthropometric evaluation were realized at basal visit and at each visit. The frequency of patients with diabetes mellitus,
hypertension, and hyperlipidemia was recorded at each visit.
Results Thirty-two patients (78%) had genotype Lys656/Lys656, eight patients (19.5%) Lys656/Asn656 genotype, and one
patient (2.4%) Asn656/Asn656 genotype. In the wild-type group, body mass index, weight, glucose, total cholesterol, LDL
cholesterol, triacylglycerol, and systolic blood pressure decreased. In the mutant group, the same parameters improved.
Initial weight percent loss at 1 year of follow-up was higher in mutant group than in wild-type group (38.9% vs 29.9%; p<
0.05). Total weight loss was higher in mutant group than wild-type group (50.7 vs 37.2 kg; p<0.05). Basal weight and BMI
were higher in mutant group than wild type.
Conclusion Weight loss was higher in mutant group (Lys656Asn and Asn656Asn) than wild-type group (Lys656Lys) after
bariatric surgery. Carriers of the allelic variant (Asn) had higher basal weight.

Keywords Biliopancreatic diversion . Lys656asn .

Polymorphism of leptin receptor gene .Morbid obesity .

Surgery

Introduction

The prevalence of obesity is rising.1 Bariatric surgery is the
most effective long-term treatment for morbid obesity,
reducing obesity-associated comorbidities.2

Biliopancreatic diversion (BPD) as described by Scopi-
naro3 is a mixed operation that has shown good results
regarding weight loss. Nevertheless, long-term follow-up is
known to be poor in some surgery studies. Perhaps the
genetic background of these patients could influence
follow-up and outcomes. Recently, a lack of association
between Ala54Thr polymorphism of fatty acid-binding
protein-2 and clinical results of biliopancreatic diversion
has been described.4

The etiology of common obesity is complex because
many genetic, environmental, and metabolic factors might
act. Human obesity is characterized by high levels of leptin,
and it has been suggested that obese patients may be leptin
resistant. One of the explanations could be a decrease in
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leptin receptor (LEPR) signaling due to a mutant leptin
receptor.5 This has been demonstrated in some severely
obese humans who are homozygous for a mutation in the
leptin receptor, who have very high leptin levels.6 These
mutations are extremely rare and cannot be responsible for
obesity in the general population. These data suggest that
less severe alterations of the normal leptin receptor gene are
involved in the development of obesity.7 Different poly-
morphisms in leptin receptor gene have been studied with
unclear results.8 The polymorphism on codon 656 produces
a change in charge, making this change a possibility to be
functional.

The purpose of the present study was to evaluate
lys656asn polymorphism of leptin receptor gene outcomes
1 year after biliopancreatic diversion in morbidly obese
patients.

Materials and Methods

Subjects and Surgical Procedure

Forty-one morbidly obese patients (body mass index (BMI)
>40) were operated on from December 2005 to December
2007 (Table 1). We analyzed a consecutive series of
patients who underwent open BPD by the Scopinaro
technique.2

The BPD consisted of an average of 200-cm alimentary
limb and 80-cm common limb. Gastric volume was
measured with sterile water after stapling. Intestinal limbs
were measured during surgery with a sterile tape measure.

Follow-up visits were carried out at intervals (3, 9, and
12 months). The following variables were specifically
recorded: age, weight, (BMI), waist circumference, and
associated morbidities.

Evaluation and Follow-up Time

Weight, BMI, fat mass, blood pressure, basal glucose,
triacylglycerides, total cholesterol, LDL cholesterol, and

HDL-cholesterol were measured at basal visit (before
surgery) and at each visit (3, 9, and 12 months).

The frequency of patients with diabetes mellitus,
hypertension, and hyperlipidemia was recorded at each
visit (3, 9, and 12 months after surgery).

Hypertesion and hyperlipidemia were diagnosed in
patients taking hypotensive and hypolipemic drugs, respec-
tively. Hypertension or hyperlipidemia was diagnosed
according to National Choleterol Education Program stand-
ards.9 Diabetes mellitus was diagnosed in patients taking
hypoglycemic drugs or insulin or according to the Amer-
ican Diabetes Association standard of diagnosis.10

Methods Used for Each Determination

Plasma glucose levels were determined by using an
automated glucose oxidase method (Glucose analyser 2,
Beckman Instruments, Fullerton, CA).

Serum total cholesterol, HDL-cholesterol, and triacylgly-
ceride concentrations were determined by enzymatic colori-
metric assay (Roche Diagnostics, Mannheim, Germany).

Blood pressure was measured twice after a 10-min rest with
a sphygmomanometer OMRON Mx3 (Omron Matsusaka Co.
Ld, Tokio Japan) and averaged.

Previous to the surgery and at 1 year after surgery, leptin
was measured in frozen serum samples. Leptin was
measured by ELISA (Diagnostic Systems Laboratories,
Inc., TX, USA) with a sensitivity of 0.05 ng/ml and a
normal range of 10–100 ng/ml.

Genotyping of LEPR Gene Polymorphism

Oligonucleotide primers and probes were designed with the
Beacon Designer 4.0 (Premier Biosoft International ®, LA,
CA). Polymerase chain reaction (PCR) was carried out with
250 ng of genomic DNA, 0.5 µl of each oligonucleotide
primer (forward primer: 5′-GCA GTT CCTATG AGA GGA
CC-3′; reverse primer: 5′-AAA TTG GGA ATA CCT TCC
AAA GT-3′), and 0.25 µl of each probe (wild probe: 5′-Fam-
AGT GAC ATT TTT CTC CTT TTT CATAGTATC-Tamra-
3′ and mutant probe: 5′-Hex-AGT GAC ATT TTT CTC GTT
TTT CAT AGT AT- Tamra-3′) in a 25-µl final volume
(Termociclador iCycler IQ (Bio-Rad®), Hercules, CA).
DNA was denaturized at 95°C for 3 min; this was followed
by 50 cycles of denaturation at 95°C for 15 s and annealing at
59.3°C for 45 s). The PCR were run in a 25-µl final volume
containing 12.5 µl of IQTM Super mix (Bio-Rad®, Hercules,
CA) with hot start Taq DNA polymerase.

Body Composition Measurements

Body weight was measured to an accuracy of 0.1 kg and
body mass index computed as body weight/(height2).

Table 1 Preoperative Characteristics of the Patients

Morbidly obese 35

Super-obese 6

Gender (men/women) 9/32

Age (years) 42.8±12.9

BMI (kg/m2) 46.8±6.3

Hypertension (%) 46.3%

Diabetes mellitus (%) 9.8%

Dyslipemia (%) 14.6%
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Statistical Analysis

The results were expressed as average ± standard deviation.
The normal distribution of variables was analyzed with
Kolmogorov–Smirnov test. Quantitative variables with
normal distribution were analyzed with a two-tailed paired
Student's t test. Nonparametric variables were analyzed
with the Mann–Whitney and Wilcoxon tests. Qualitative
variables were analyzed with the chi-square test, with Yates
correction as necessary, and Fisher's test. Sample size
estimation was performed based on the effects on weight
loss using polymorphism frequency (30%) in obese
subjects. A p value under 0.05 was considered statistically
significant.

Results

Thirty-two patients (78%) had genotype Lys656/Lys656,
eight patients (19.5%) had genotype Lys656/Asn656 or
Asn656/Asn656 genotype (one patient (2.4%)). Patients
with Lys656/Asn656 and Asn656/Asn656 genotypes were
included in the some group (mutant-type group), and
patients with Lys656/Lys656 genotype were included in
the wild-type group (dominant model).

The wild-type group consisted of seven men and 25
women (mean age was 43.6±7.3 years). The mutant-type
group consisted of two men and seven women (mean age
was 42.3±8.4 years). There were no statistical differences
between groups. The preoperative characteristics of the
patients are listed in Table 1.

Table 2 lists anthropometric parameters and blood
pressure levels. In the wild-type group, body mass index,
weight, and systolic blood pressure decreased. In the
mutant group, the same parameters improved. Initial weight
percent loss at 1 year of follow-up was higher in mutant
group than in wild-type group (38.9% vs 29.9%; p<0.05).

Total weight loss was higher in mutant-type group than
wild-type group (50.7 vs 37.2 kg; p<0.05). Basal weight
and BMI were higher in mutant-type group than wild type.

Table 3 presents biochemical parameters. In the wild-
type group, glucose, total cholesterol, LDL cholesterol, and
triacylglyceride concentrations decreased. In the mutant
group, the same parameters improved. No differences were
detected between mutant and wild genotypes in all these
parameters. Leptin levels decreased in both groups. The
decrease in leptin was higher in wild-type group (61.2±31
vs 23±20 ng/ml; p<0.05) than mutant-type group (71.5±26
vs 53±25 ng/ml; p<0.05).

A decrease in the frequency of cardiovascular risk
factors was detected in both groups. Hypertension remained
in 12.5% of wild-type patients and 11.1% of mutant-type
patients. Diabetes mellitus disappeared in all patients (wild
and mutant genotypes). Oral drugs or subcutaneous insulin
were discontinued in all patients after surgery. Dyslipemia
remained only in 9.4% of wild-type patients and 11.1% of
mutant-type patients.

Discussion

The present study demonstrates that weight loss was higher
in mutant group (Lys656Asn and Asn656Asn) than wild-
type group (Lys656Lys) after bariatric surgery. Glycemia,
plasma lipid levels, and systolic blood pressure improved
during follow-up after BPD in both genotypes. Carriers of
the allelic variant (Asn) had higher basal weight.

Several population-based studies have been conducted,
but few studies on the functionality of this polymorphism
have been reported.11 A meta-analytic investigation of
linkage and association of LEPR polymorphisms with body
mass index and waist circumference concluded that,
although certain genotypic effects could be population-
specific, there was no statistical evidence that any allele

Characteristics Basal time 3 months 9 months 12 months

Wild-type group (Lys656Lys)

BMI(kg/m2) 48.2±6.2 42.1±6.3* 37.3±6.1* 34.6±7.4*

Weight (kg) 124.4±19.8 105.2±16.4* 95.3±14* 87.2±17*

IEWL% – 15.4 23.4 29.9

SBP mmHg 149±31 139.2±18* 134±15* 130.5±12*

DBP mmHg 90±28 84.1±9.5 81.2±7.9 81.2±6.5

Mutant-type group (Lys656/Asn656 and Asn656/Asn656)

BMI(kg/m2) 53.1±11.4 43.6±8.4* 36.5±5.1* 35.7±7.6*

Weight (kg) 131±22 104.1±30* 91.6±20* 80.3±17*

IEWL% – 20.5 30.1 38.9

SBP (mmHg) 138±31 119±18* 120±12* 118±13*

DBP (mmHg) 91±19 79.8±11 78±5.6 75±6.9

Table 2 Anthropometric and
Blood Pressure Course

IEWL% initial excess weight
percent loss; SBP systolic blood
pressure; DBP diastolic pressure

*p<0.05 with basal value in
each group
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(Lys109Arg, Gln223Arg, Lys656Asn) is associated with
BMI or weight.12 Another study in British males showed
that there was no evidence for a significant effect of the
common variants on obesity or obesity-related pheno-
types.13 However, other studies have detected an associa-
tion between polymorphism on codon 656 and obesity
phenotypes. In postmenopausal women with intolerance of
glucose (ITG), associations were found with Lys656Asn for
fasting insulin. In premenopausal women with ITG,
associations were found with Lys656Asn for overall
glucose response to the glucose load.14,15 An interaction
has been described, too.16 Our results have shown higher
weight and BMI in Asn carrier patients.

Interventional studies with this polymorphism are limited.
Lakka et al.17 showed in Caucasian patients that exercise
increased sensitivity to insulin and decreased fasting glucose
in the LEPR Asn65Asn homozygotes but did not influence
glucose homeostasis in Lys656Asn and Lys656Lys patients.
Rossum et al.18 did not find an association between
Lys656Asn polymorphism and weight gain in a large cohort.
Another study has demonstrated that, in patients on a
hypocaloric diet, there was a significant decrease of weight
and fat mass in wild-type group as well as mutant group, but
a decline in leptin levels was only observed in the wild-type
group.19 Only one other research group20 has studied the
response to a hypocaloric diet in relationship to a different
LEPR polymorphism (Thr343Ser). No effect of the assessed
polymorphism in the LEPR gene on the acute decline in
leptin or weight loss after energy restriction was observed.

Our results have showed a higher weight loss in
mutant group than wild-type group. However, these
mutant-type patients had a higher basal weight than
wild-type patients. The higher weight loss could be
explained by the higher basal weight. Biliopancreatic
diversion is a potent surgery to lose weight in all
morbidly patients, but it is indicated in super morbid
patients (BMI>50) with greater weight loss.

The effects of different polymorphisms after bariatric
surgery are an unclear area of investigation. Some authors
have recently demonstrated that melanocortin-4 receptor
gene variant determines the outcome of bariatric treatment
of severe obesity.21,22 Sesti et al.23 have demonstrated that,
after laparoscopic adjustable gastric banding, carriers of G-
174G IL-6 genotype had lost more weight than G-174C or
C-174C, and carriers of A866A uncoupling protein 2
genotype have lost more weight as compared with
G866G. However, polymorphism Gly972Arg of insulin
receptor substrate-1 gene and Pro12 Ala of the proliferator-
activated receptor gamma gene did not have significant
effect on weight loss.24

Perhaps these discrepancies could be explained by
different inclusion criteria of subjects in these previous
studies. First, the average BMI was different in bariatric
surgery studies than hypocaloric diet studies. Second,
weight loss and maintenance are different. Therefore, the
question arises of whether weight loss achieved by a BPD
in our study overrides the subtle polymorphism-dependent
effects.

Recently, polymorphisms in a panel of obesity-related
candidate genes play a minor role, if any, in modulating
weight changes induced by a moderate hypo-energetic low-
fat vs high-fat diet.25 However, the vast amount of recently
published data on the leptin receptor showed unexpected
data, for example, association of bone mass with
Gln223Arg polymorphism,26 risk of developing breast
cancer,27 and a relationship with body mass index in
persons with schizophrenia treated with olanzapine.28

A potential limitation of our study is the small size of
our sample and the unequal size of the groups. However,
considering the difficulty to study large groups in this area,
it is important to learn of this small pilot studies. Another
methodological limitation of our data is the unequal initial
weight between the two groups; the difference in the degree
of weight loss may well stem from the difference in initial

Characteristics Basal time 3 months 9 months 12 months

Wild-type group (Lys656Lys)

Glucose (mg/dl) 104.6±18 92.6±9* 87.7±5.1* 85±6.2*

Total ch. (mg/dl) 190.9±35 134.2±34* 127.2±30* 130±37*

LDL ch. (mg/dl) 89.8±28 63.2±34* 63.8±34* 52.6±20*

HDL ch. (mg/dl) 50±15 43.5±19 44.8±16 52.4±8

TG (mg/dl) 140.5±66 135±50 105±42* 107±40*

Mutant-type group (Lys656/Asn656 and Asn656/Asn656)

Glucose (mg/dl) 114.6±25 98±21* 79.6±17* 90±8.7*

Total ch. (mg/dl) 195.3±37 147.6±42* 120±20* 118±24*

LDL ch. (mg/dl) 119±35 72.5±36* 60.4±31* 62.2±26*

HDL ch. (mg/dl) 50.4±7.4 45.1±15 46.2±8 51.8±18

TG (mg/dl) 123.7±61 125±22* 84±37* 100±58*

Table 3 Biochemical Parameters

TG triacylglycerol; ch.
cholesterol

*p<0.05 with basal value
in each group

902 J Gastrointest Surg (2010) 14:899–903



weight between the two groups or by the polymorphism.
However, an interesting question is if the surgeon will think
about what type of surgery must apply to a morbid patient
taking to account the grade of obesity and the genotype of
the patient, too.

In conclusion, the present study demonstrates that
weight loss was higher in mutant group (Lys656Asn and
Asn656Asn) than wild-type group (Lys656Lys) after
bariatric surgery. Carriers of the allelic variant (Asn) had
higher basal weight.
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Abstract
Introduction Randomized trials, meta-analyses, and guidelines form the basis of clinical decision making. We queried a
small sample of surgeons at three academic medical centers to determine whether key elements of surgical practice were
concordant with available evidence.
Materials and Methods A French Society of Digestive Surgery (FSDS) questionnaire was submitted to general surgery
trainees and faculty at the University of South Florida and University of Chicago and to surgical oncology fellows at the
Memorial Sloan–Kettering Cancer Center. Participants were asked to respond “never,” “rarely,” “often,” or “always” to 13
questions involving different aspects of gastrointestinal surgery. For each question, a correct evidence-based answer was
available from published studies.
Results and Discussion One hundred ten surgeons (79% of eligible participants) completed the survey. Only 60% of the
answers were concordant with existing data. The percentages of correct answers did not differ significantly according to
institution or level of experience of participants. The low frequency of correct responses in our subjects paralleled the
findings from the 2004 FSDS study. Variability in the quality of evidence and ambiguity in the survey questions may have
influenced the responses, but evidence-based medicine does not appear to uniformly influence clinical decision making.

Keywords Evidence-based practice . Surgery . Surveys

Introduction

In theory, randomized trials, meta-analyses, and guidelines
should form the basis of clinical decision making and
routine surgical practices. However, little is known on the
impact of such data on surgical practices. Historically,
surgeons have shown reluctance to accept evidence from
randomized controlled trials that might alter their estab-
lished practice.1 In 2004, a survey conducted among
members of the French Society of Digestive Surgery
(FSDS) was published in the Journal of Gastrointestinal
Surgery. The questionnaire included 13 questions focusing
on several aspects of gastrointestinal surgery and for which
level I evidence was available in the literature. The authors
found that <60% of the responses were in accordance with
scientific evidence.2 Using the same questionnaire previ-
ously used by Slim et al., we queried a sample of surgeons
at three separate academic medical centers to determine
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whether key elements of surgical practice were concordant
with available evidence. Our aim was to measure the level
of implementation of available evidence in clinical practice
among US surgeons.

Material and Methods

A survey was conducted among faculty and trainees
(fellows and residents) from the surgical departments of
the University of South Florida (Tampa, FL), the University
of Chicago Pritzker School of Medicine (Chicago, IL), and
among surgical oncology fellows at Memorial Sloan–
Kettering Cancer Center (New York, NY). The question-
naire included 13 questions for which Slim et al. selected
the correct answers on the basis of level I evidence (meta-
analyses or prospective randomized trials) available at the
time of their study. Table 1 shows the questions included in
the questionnaire, with the relative answers as considered
“correct” by Slim et al. (references are listed in the third
column of Table 1). Participants were asked to choose one
of four possible responses (never, rarely, often, or always)
that most closely reflected their daily routines. In agreement
with the methods used by Slim et al., our answers were
analyzed using a binary system: responses “never” and
“rarely” were considered together indicating a negative
response and answers “often” and “always” indicated a
positive response; the one exception was question 13 where
the answers that were grouped together were “never” with
“always” and “rarely” with “often.”

Participants were also asked to indicate their rank as
“junior resident” (postgraduate year [PGY] 1–2), “senior

resident/fellow” (PGY 3–7), or “faculty”. Questionnaires
were distributed and collected in anonymous fashion during
one of the department educational meetings.

Differences in answers between groups were analyzed
with two-sided chi-squared tests and declared at the 5%
significance level. Statistical analysis was performed with
PASW Statistics 17.0 (SPSS, Chicago, IL).

Results

One hundred ten surgeons (79% of eligible participants)
completed the survey. Using the French criteria, only 60%
of the answers were “correct” (Tables 2 and 3). Six answers
(1, 3, 5, 6, 8, and 12) were in agreement with scientific
evidence in the majority of participants: no preoperative
chest radiograph before an appendectomy in a young male
patient (87%); no intra-abdominal drainage after right
hemicolectomy (95%); fascial midline closure using a
running monofilament suture (87%); skin closure using
staples (81%); mesh herniorrhaphy in a 45-year-old man
(90%); no routine cholangiography during cholecystectomy
in the absence of dilated bile duct or abnormal liver
function tests (83%). Two questions (2 and 13) were
answered “correctly” by slightly more than half of
participants: no gastric tube after left hemicolectomy
(77%) and short gastric vessels ligation “on demand”
during fundoplication (54%). However, there were five
questions (4, 7, 9, 10, and 11) that only a minority of
respondents answered “correctly”: handsewn intraperitoneal
colorectal anastomosis (6%), oral feeding permitted on the
first postlaparotomy day (35%), no polyethylene glycol

Table 1 Thirteen Questions Presented, with Correct Answers and Confirming Evidence

Evidence-based
answer

References

1. Do you obtain a CXR before operating on a 25 y.o. male for acute appendicitis? Never or rarely 21

2. Do you use postoperative nasogastric aspiration for left colectomy? Never or rarely 22–24

3. Do you leave an abdominal drain during right colectomy? Never or rarely 25

4. Do you perform a mechanical anastomosis for intraperitoneal colorectal anastomosis? Never or rarely 4

5. Do you close the midline laparotomy using an interrupted suture of braided thread? Never or rarely 26,27

6. Do you use staples for cutaneous suturing? Often or always 9–11

7. Do you permit enteral feeding on the first post-laparotomy day? Often or always 28

8. Do you repair an inguinal hernia in a 45 y.o. man using the Shouldice technique? Never or rarely 29,30

9. Do you prepare the colon before elective surgery by means of oral polyethylene glycol? Never or rarely 31,32

10. Do you leave the skin open after an appendectomy for gangrenous appendicitis? Never or rarely 27

11. Do you perform a mechanical anastomosis for small intestine resection? Never or rarely 3,5,6

12. Do you perform intra-operative cholangiography in a patient with biliary lithiasis, normal serum liver
enzymes, and a small CBD?

Never or rarely 33–35

13. Do you ligate short gastric vessels during laparoscopic total fundoplication? Rarely or often (on
demand)

36–39
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Table 2 Percentage of Answers in Agreement with Scientific Evidence, According to Rank of Participants

Overall,
N=110

Junior
residents,
N=31

Senior residents or
fellows, N=58

Faculty,
N=21

p
value

1. Do you obtain a CXR before operating on a 25 y.o. male for acute
appendicitis?

87% 87% 93% 71% 0.04

2. Do you use postoperative nasogastric aspiration for left colectomy? 77% 52% 88% 86% 0.01

3. Do you leave an abdominal drain during right colectomy? 95% 87% 98% 100% 0.03

4. Do you perform a mechanical anastomosis for intraperitoneal colorectal
anastomosis?

6% 11% 5% 0% 0.2

5. Do you close the midline laparotomy using an interrupted suture of braided
thread?

87% 83% 90% 86% 0.7

6. Do you use staples for cutaneous suturing? 81% 77% 84% 76% 0.5

7. Do you permit enteral feeding on the first post-laparotomy day? 35% 26% 40% 33% 0.4

8. Do you repair an inguinal hernia in a 45 y.o. man using the Shouldice
technique?

90% 86% 91% 90% 0.7

9. Do you prepare the colon before elective surgery by means of oral
polyethylene glycol?

28% 17% 31% 38% 0.2

10. Do you leave the skin open after an appendectomy for gangrenous
appendicitis?

41% 33% 45% 43% 0.5

11. Do you perform a mechanical anastomosis for small intestine resection? 15% 27% 9% 14% 0.07

12. Do you perform intra-operative cholangiography in a patient with biliary
lithiasis, normal serum liver enzymes, and a small CBD?

83% 70% 90% 85% 0.06

13. Do you ligate short gastric vessels during laparoscopic total
fundoplication?

54% 67% 45% 60% 0.1

Overall 60% 56% 62% 60% 0.1

Table 3 Percentage of Answers in Agreement with Scientific Evidence, According to Institution of Participants

Overall,
N=110

USF,
N=57

UoC,
N=38

MSKCC,
N=15

p
value

1. Do you obtain a CXR before operating on a 25 y.o. male for acute appendicitis? 87% 84% 95% 80% 0.2

2. Do you use postoperative nasogastric aspiration for left colectomy? 77% 71% 76% 100% 0.06

3. Do you leave an abdominal drain during right colectomy? 95% 96% 92% 100% 0.4

4. Do you perform a mechanical anastomosis for intraperitoneal colorectal
anastomosis?

6% 4% 6% 13% 0.3

5. Do you close the midline laparotomy using an interrupted suture of braided
thread?

87% 96% 68% 100% 0.01

6. Do you use staples for cutaneous suturing? 81% 67% 95% 100% 0.01

7. Do you permit enteral feeding on the first post-laparotomy day? 35% 37% 24% 53% 0.1

8. Do you repair an inguinal hernia in a 45 y.o. man using the Shouldice technique? 90% 88% 89% 100% 0.3

9. Do you prepare the colon before elective surgery by means of oral polyethylene
glycol?

28% 34% 21% 27% 0.4

10. Do you leave the skin open after an appendectomy for gangrenous appendicitis? 41% 39% 42% 46% 0.7

11. Do you perform a mechanical anastomosis for small intestine resection? 15% 11% 16% 27% 0.3

12. Do you perform intra-operative cholangiography in a patient with biliary
lithiasis, normal serum liver enzymes, and a small CBD?

83% 89% 76% 80% 0.2

13. Do you ligate short gastric vessels during laparoscopic total fundoplication? 54% 53% 76% 0% 0.01

Overall 60% 59% 60% 64% 0.5
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preparation before elective colectomy (28%), primary skin
closure for gangrenous appendicitis (41%), and handsewn
small bowel anastomoses (15%). Overall, the percentages
of correct answers did not differ significantly according to
institution (59% vs. 60% vs. 54%, p=0.5) or level of
experience of participants (56% vs. 62% vs. 60%, p=0.1).
However, when examining the single answers by level of
training or by institution, small differences appeared. Any-
level trainees were less likely to request a chest radiograph
before appendectomy (p=0.004); junior residents were
more likely to leave a nasogastric or an intraperitoneal
drain after colectomy (p=0.001 and 0.003, respectively). A
lower percentage of surgeons from University of Chicago
used monofilament running sutures for abdominal closure
(p=0.01), and a lower percentage of surgeons from
University of South Florida used staples for skin closure
(p=0.01). Comparing our study with the survey from Slim
et al., it appears that, overall, French and US surgeons
answered correctly the same percentage of questions (60%
vs. 59%, p=0.8); however, the two communities tended to
answer differently each question. US and French surgeons
showed similar rates of correct answers in only five
questions (1, 5, 7, 9, and 13; Table 4).

Discussion

We recently conducted a survey among trainees and
faculty surgeons from three American academic training
institutions to determine variations in the practice of
“evidence-based” surgery. We adopted a questionnaire

used by Slim et al. in 2004 in which practices queried
were substantiated by level I evidence. Overall, only 60%
of the answers were concordant with existing data. The
relatively low frequency of overall correct responses in
our subjects parallels the findings from the original study
performed in France. Percentages of correct answers did
not differ significantly according to institution (59% vs.
60% vs. 54%, p=0.5) or level of experience of participants
(56% vs. 62% vs. 60%, p=0.1).

Prior to a critical analysis of these results, we should
first acknowledge that, despite the fact that all questions
have level I evidence-based answers, the questionnaire
proposed by Slim et al. has several intrinsic flaws. Several
questions concerned topics with controversial or equivocal
answers. For example, while studies available at the time
of the French study suggested that handsewn anastomoses
were less expensive and less prone to late stenosis,3–6

widespread clinical experience supports that both mechan-
ical and handsewn bowel anastomoses are safe, effective,
and reliable. Furthermore, two Cochrane reviews pub-
lished in 2009 confirmed that overall clinical outcomes
and leak rates are equivalent with either technique.7,8 The
observed “evidence-opposed” responses for question 4
(colorectal anastomosis) and question 11 (small bowel
anastomosis) likely reflect the current ubiquitous use of
mechanical staplers in open and laparoscopic gastrointes-
tinal procedures and the recent surge in minimally
invasive operations. If we hypothetically omitted those
questions from the survey, the percentage of correct
answers would rise to 69%. If we assumed, unlike the
French study, “often” or “always” as the correct answers to

Table 4 Percentage of Answers in Agreement with Scientific Evidence in the Current Study Compared to the Previous French Survey

Our study,
N=110

Slim et al.,
N=283

p value

1. Do you obtain a CXR before operating on a 25 y.o. male for acute appendicitis? 87% 91% 0.3

2. Do you use postoperative nasogastric aspiration for left colectomy? 77% 54% 0.001

3. Do you leave an abdominal drain during right colectomy? 95% 60% 0.001

4. Do you perform a mechanical anastomosis for intraperitoneal colorectal anastomosis? 6% 42% 0.001

5. Do you close the midline laparotomy using an interrupted suture of braided thread? 87% 87% 0.9

6. Do you use staples for cutaneous suturing? 81% 49% 0.001

7. Do you permit enteral feeding on the first post-laparotomy day? 35% 30% 0.3

8. Do you repair an inguinal hernia in a 45 y.o. man using the Shouldice technique? 90% 63% 0.001

9. Do you prepare the colon before elective surgery by means of oral polyethylene glycol? 28% 25% 0.6

10. Do you leave the skin open after an appendectomy for gangrenous appendicitis? 41% 77% 0.001

11. Do you perform a mechanical anastomosis for small intestine resection? 15% 83% 0.001

12. Do you perform intra-operative cholangiography in a patient with biliary lithiasis, normal
serum liver enzymes, and a small CBD?

83% 35% 0.001

13. Do you ligate short gastric vessels during laparoscopic total fundoplication? 54% 51% 0.7

Overall 60% 59% 0.8
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the same questions, the percentage of correct answers
would be even higher (72%).

Questions that assessed noncritical decision making (i.e.,
cost, cosmetic results, etc.) may have also skewed the
overall percentage of correct responses. For example,
available studies reveal that staple closure of the skin
(question 6) offers the advantage of speed and convenience,
but this should be balanced by the increased cost of the
devices; cosmesis was equivalent in all studies.9–11 We
believe that, in the absence of studies showing a blatant
superiority of a particular intervention, alternative practices
probably should not be designated as “evidence-opposed.”

Question 12 (intraoperative cholangiography) assesses a
very controversial topic in the general surgery community.
The decision to perform an intraoperative cholangiogram is
multifactorial (i.e., uncertain or variable biliary anatomy, the
risk of choledocholithiasis, or medicolegal ramifications) and
can involve subjective factors. Published evidence has not
shown a definitive advantage for the routine use of
cholangiogram during elective cholecystectomy.12

However, the fact remains that only 60% of the answers
were in agreement with scientific evidence. Even if we take in
consideration the potential questionnaire flaws and exclude
the topics on bowel anastomoses and intraoperative cholan-
giography, the percentage of correct answers only increases to
67%. This relatively low rate of “correct” responses is actually
consistent with other studies which have previously shown a
low level of acceptance of scientific evidence among
surgeons. For instance, despite solid data regarding the use
of drains, antibiotic prophylaxis, and subcutaneous heparin to
prevent thromboembolic complications in colorectal surgery,
Wasey and coworkers have clearly demonstrated overuse of
drains, underuse of heparin, and misuse of antibiotics (timing,
duration) on a colorectal service.13 A recent survey of
perioperative practices in five European countries showed
wide variation in practice, with the majority of practice at
odds with current best evidence.14

Our survey showed minimal variations between the
institutions and among trainees and their instructors. The
influence of the apprenticeship model of surgical training
likely creates modeled behavior. The use of this survey in
three academic medical centers represents an extreme form
of undercoverage bias. The results might have been
different if conducted in private practice hospitals or hybrid
medical centers where premiums on cosmesis, efficiency, or
resource allocation may differ.

We observed a percentage of overall correct answers
similar to the 2004 FSDS study. Although we used the
same questionnaire utilized by Slim et al., a comparison
with their study is limited by the fact that we have queried
different populations in a different country and at different
times; but even with these limits, our data suggests that
despite the 5 years that have lapsed since the French study,

implementation of certain evidences among the surgical
community remains low.

Adherence to evidence-based practices, as measured by
the number of “correct” responses, is reported here, but this
is not the only relevant issue. It may be more important to
understand if relatively low adherence is due to a knowledge
gap or if it is due to entrenched practice patterns.

Ideally, medical and surgical decision making should be
guided by sound, reliable, and current evidence. The medical
community has been placing a high value on synthesizing
evidence into systematic reviews, developing computerized
clinical evidence-based decision algorithms, and improving
electronic access to this information.15 Despite these efforts,
dissemination and implementation of evidence-based
guidelines into clinical practice remains slow and incon-
sistent.16–18 Overcoming bias, habitual practice, and surgical
dogma may contribute to this delay; surgeons in particular
often make choices according to their personal experience
and with regard to available resources. Ultimately, adherence
to evidence-based practices will be measured and such
metrics may influence quality rates and decisions about
payment or reimbursement. It is not unconceivable that, in
the near future, following approval of the healthcare reform
in the USA, national regulatory agencies might generate a
list of nonevidence-based approaches, in order to deny
reimbursements to certain treatments.

In medicine and surgery, clinical judgment represents an
amalgam of knowledge, bias, and experience. Scientific
evidence will continue to influence decision making.
Recent vagaries in clinical trials (e.g., perioperative beta-
blockade and tight serum glucose control)19,20 support
skepticism and restraint. It is paramount that we remain
vigilant and continue to critically analyze all “evidence-
based” data before altering our clinical practice.

Conclusions

The low frequency of correct responses in our subjects
paralleled the findings from the 2004 FSDS study as well
as other publications on the implementation of scientific
evidence into clinical practice. Evidence-based results do
not appear to uniformly influence clinical decision
making.
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Remnant Torsion Causing Budd-Chiari Syndrome
After Right Hepatectomy
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Abstract
Introduction Torsion or rotation of the remnant left liver after right hepatectomy is a potential cause of venous outflow
obstruction. This can occur by external compression on the inferior vena cava or kinking of the left hepatic vein.
Discussion We report a case of a young female who underwent right hepatectomy for stage IV colorectal metastases and
suffered remnant left liver torsion causing acute Budd-Chiari syndrome. She was managed by placement of a metal stent
across the area of stenosis which resolved her ascites and hyperbilirubinemia.

Keywords Torsion . Budd-Chiari . Liver failure .

Hepatectomy . Stent

Case Report

A 46-year-old female underwent right hepatectomy for stage
IV colorectal metastases following 12 weeks of neoadjuvant
fluorouracil (Pharmacia and Upjohn, Kalamazoo, MI, USA),
oxaliplatin (Sanofi-Aventis, Bridgewater, NJ, USA), and
bevacizumab (Genentech, South San Francisco, CA, USA).
After mobilization of the right lobe and falciform ligament,
the operation was performed in a standard fashion with both
inflow (right hepatic artery and portal vein) and outflow (right
hepatic vein) ligation prior to transection. Parenchymal
transection was performed with the CUSA ultrasonic surgical
aspiration system (Valleylab, Boulder, CO, USA), and
crossing tributaries were clamped and suture ligated. Routine
low central venous pressure anesthesia was provided, and no

inflow (Pringle) occlusion was used with an estimated blood
loss of 150 ml. Pathology revealed five nodules of metastatic
colonic adenocarcinoma without evidence of chemotherapy-
associated liver injury. At our institution, we do not routinely
reapproximate the remnant liver to the abdominal wall using
the divided falciform ligament.

On the day following surgery, her serum total bilirubin was
4.8 mg/dl (0.6 mg/dl preoperatively) and had progressively
increased, peaking at 10.7 mg/dl on hospital day 13, although
she remained asymptomatic other than mild postoperative
ascites. She underwent extensive workup, including abdomi-
nal ultrasound with Doppler, magnetic resonance cholangio-
pancreatography, endoscopic retrograde cholangiography with
sphincterotomy, and abdominal computed tomography scan,
all of which failed to reveal an etiology for her postoperative
hyperbilirubinemia except for a nearly occlusive thrombus of a
posterior branch of the left hepatic vein and moderate ascites.
She was started on therapeutic anticoagulation with low-
molecular-weight heparin.

A decision was made on hospital day 15 to pursue
hepatic venography including an inferior venacavogram
which revealed a significant narrowing (Fig. 1, white
arrow) within the retrohepatic inferior vena cava (IVC).
The level of stenosis appeared cephalad to the left hepatic
vein given the position of the diaphragm (Fig. 1, black
arrow) and right atrium (Fig. 1, box). We believed that
torsion of the remnant left liver around the IVC caused
clinically significant outflow obstruction. There was a
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significant 10 mmHg gradient across this lesion. A 20-mm
self-expanding Gianturco stent (Cook Medical, Bloomington,
IN, USA) was placed across the stenosis (Fig. 2, white
bracket) which decreased the pressure gradient to 1 mmHg.

After this procedure, the patient’s total bilirubin gradually
decreased, and she was discharged on hospital day 18 with a
level of 6.5 mg/dl. At follow-up appointments at 2 and
8 weeks, she had total bilirubin levels of 3.0 and 1.6 mg/dl,
respectively.

Discussion

Torsion or rotation of the remnant left liver into the right
subphrenic space is a potential cause of venous outflow
obstruction (Fig. 3). This can occur by external compres-
sion on the IVC or kinking of the left hepatic vein. The
phenomenon has only been reported in case reports.1–4 One
group examined the left hepatic venous outflow by Doppler
ultrasound immediately after right hepatectomy and found
significant decreases in flow velocity with the remnant liver
in the spontaneous position.5 Their solution is hepatopexy
of the remnant liver by fixing the divided falciform
ligament to the abdominal wall, thereby returning the liver
to its anatomical position.

Critics of routine pexy of the remnant liver argue that portal
flow to the liver should improve because of the more vertical
and thus aligned left portal vein. While this may be
theoretically true, it does not account for the left hepatic vein
which can kink and contribute to hepatic outflow obstruction.

The long-term data demonstrate that IVC stent place-
ment for the treatment of Budd-Chiari syndrome is effective
and reliable. This treatment modality is specifically useful
when there is a short segment of obstruction either at the
IVC or ostium of a main hepatic vein. Over a 7-year
follow-up period, one group had a 96.7% patency rate.6

Figure 1 The white arrow on this inferior venacavogram demon-
strates the area of narrowing within the retrohepatic vena cava. The
black arrow delineates the left diaphragm. The boxed “RA” represents
the right atrium.

Figure 2 The white bracket in this contrast-enhanced fluoroscopic
image demonstrates the 20-mm self-expanding Gianturco stent has
been deployed across the area of stenosis within the retrohepatic
inferior vena cava.

Figure 3 This is a depiction of the proposed mechanism of injury:
torsion of the remnant left liver about the IVC causing outflow
obstruction and Budd-Chiari syndrome.
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Various reports of metallic stent placement for treatment of
other causes of venous outflow obstruction abound the
literature including patients with intractable ascites due to
polycystic liver disease,7 patients with malignant liver
tumors,8 and post-right lateral sector living-donor liver
transplantation.9 Patients should be maintained on anticoagu-
lation for at least 6 months following placement of the stent.

Kishi et al. analyzed the physiologic effects of stent
placement for caval obstruction secondary to malignancy.8

As expected, the immediate effect of IVC stent was recovery
of caval flow. Secondary effects included increased atrial
filling potentially leading to pulmonary edema and tachyar-
rhythmias, prominent diuresis secondary to increased renal
blood flow and decrease in edema and ascites caused by
migration of extravascular fluid into the intravascular space.
Our patient did not experience the cardiac effects, but she did
diurese 3.5 L of urine on post-procedure day 1, and her
ascites did decrease following stent placement.

In summary, we report the case of a 46-year-old female
who experienced hyperbilirubinemia following right hepa-
tectomy for colorectal metastases. Extensive workup re-
vealed a stenosis in the retrohepatic inferior vena cava likely
secondary to torsion of the remnant liver. She was managed
successfully with placement of a metallic stent across the
area of stenosis with resultant normalization of her hyper-
bilirubinemia. We suggest that hepatopexy using the divided
falciform ligament should be considered routine practice
following right hepatectomy to prevent this rare but
potentially deadly complication of remnant liver torsion
and outflow obstruction.
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Abstract Arterial involvement by a periampullary adenocarcinoma is often a contraindication for resection, since an R0
resection cannot be achieved. This is usually observed in cases with involvement of the superior mesenteric artery.
Involvement of the common hepatic artery, however, requires a bypass procedure if the gastroduodenal artery was divided
during the resection. In such cases, the splenic artery can be used as an inflow-source provided that there is no stenosis of
the celiac trunk and the splenic blood flow is preserved via the short gastric arteries. We describe a technique used in four
cases for the reconstruction of the common hepatic artery following a segmental resection of this vessel en bloc with a
periampullary tumor during pancreatectomy. The inflow is maintained by a splenohepatic bypass using the splenic artery.

Keywords Common hepatic artery . Pancreatectomy .

Splenohepatic bypass

Introduction

The standard procedure for resection of periampullary
tumors is a pancreaticoduodenectomy according to the
classic technique of Whipple or in the pylorus-preserving
modification of Traverso–Longmire. In cases of locally
advanced or multicentric tumors, or when the remaining
pancreas is not suitable for a pancreaticojejunostomy, a
total pancreatectomy with splenectomy may be performed.1

Such a procedure carries the risk of significant morbidity,
but mortality has recently fallen to less than 5% for
pancreaticoduodenectomy at high-volume centers of excel-
lence for pancreatic surgery.2 As experience has increased,
even multivisceral resections or resections involving ve-
nous and/or arterial reconstructions for locally advanced
tumors can nowadays be performed without significantly

increasing the perioperative risk. However, wedge resec-
tions or complete resections with end-to-end anastomosis of
the superior mesenteric or the portal vein are still much
more common than arterial reconstructions for local tumor
involvement.3 In general, involvement of the celiac trunk or
the superior mesenteric artery is regarded as a sign of
unresectability. A thorough evaluation of the visceral
arteries using a computed tomography (CT) or magnetic
resonance angiography is mandatory before any pancreatic
resection since recent data confirmed that undetected
stenoses are more often present than anticipated and may
lead to significant postoperative ischemic complications.4,5

However, it should be clear that not all stenoses become
problematic. This is particularly true if the patient has a
replaced right hepatic artery that often is well outside of the
resection zone.

Stitzenberg et al. reported on 12 patients with resection
of the celiac trunk (n=10) or the hepatic artery (n=2)
during resection of pancreatic adenocarcinoma following
neoadjuvant radiochemotherapy. Reconstruction was per-
formed using venous interposition grafts. There was no
postoperative death, and median survival following resec-
tion was 17 months (1–36 months) with a 3-year survival of
17%.6

Besides venous or prosthetic interposition grafts, the
proper hepatic artery may be reconstructed by using the
gastroduodenal artery.7 However, this technique can only
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be chosen when the common hepatic artery is intact. When
the common hepatic artery has to be sacrificed for
oncologic reasons, the splenic artery is a potential option
for reconstruction. It is occasionally possible to excise the
common hepatic artery but leave the gastroduodenal artery
intact, thus maintaining the arterial flow in the proper
hepatic artery via the gastroduodenal artery.

When a vascular reconstruction is required, prosthetic
material should be avoided in general due to potential risk
of infection. Venous interposition grafts require additional
harvesting from somewhere in the abdomen or from the
extremities, and two anastomoses have to be performed.
The use of the splenic artery described herein can easily be
performed and requires only one anastomosis.

Technique

In order to proceed with this procedure, tumor involvement
of the common hepatic artery must be verified. An isolated
stenosis of the splenic artery must also be excluded in the
preoperative imaging. The tumor should otherwise be
resectable. In the course of a standard pancreatoduodenec-
tomy, the gastroduodenal artery is isolated, clamped, and
then divided between 4-0 nonresorbable polypropylene
ligatures. For this procedure, the gastroduodenal artery
need not be divided, as it is being resected en bloc with the
common hepatic artery. The patient is heparinized, and after
obtaining proximal and distal vascular control, the common
hepatic artery is divided proximally near the celiac trunk.
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Fig. 1 a Intraoperative image of the final spleno-hepatic bypass. A bulldog clamp is placed on the proximal common bile duct. The forceps point
to the splenic artery. b Explanation of the intraoperative image. SMV superior mesenteric vein, CBD common bile duct.
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Fig. 2 Technique of the spleno-
hepatic bypass after resection of
the common hepatic artery. a A
large T4N1M0 cancer infiltrat-
ing the common hepatic artery.
b Final view of the completed
reconstruction. c Close view of
the arterial transfer from the
celiac trunk.
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The distal transection site lies just proximal to the bifurcation
of the proper hepatic artery. The pancreatic head resection is
completed as usual, after division of the common bile duct
and the duodenum in the post-pyloric region. Care should be
taken to divide only the proximal part of the gastrocolic
ligament in order to preserve a sufficient blood flow to the
spleen via the short gastric vessels if a spleen preserving
pancreatectomy is intended. When a distal pancreatic
resection is required as in cases of positive resection margins,
multicentric tumors, or very soft pancreatic tissue, the
pancreatic tail should meticulously be dissected from the
splenic artery. The splenic vein may be divided near
the venous confluence using 2-0 polypropylene ligatures.
The splenic artery is then completely mobilized over a
segment of about 5–6 cm. The length should allow a tension-
free anastomosis to the proximal hepatic artery. The splenic
artery is divided, its distal end being closed with a 2-0
nonresorbable suture. The proximal part is bent over from
the left to the porta hepatis on the right. A spatulated end-to-
end anastomosis between the splenic artery and the proper
hepatic artery is performed using interrupted 7-0 polypro-

pylene sutures (Figs. 1 and 2). After completion of the
anastomosis, a pulsatile flow is confirmed by palpation in
the hepatic artery. Figure 3 shows a CT angiography of the
bypass during a follow-up examination.

Comment

Reconstructions of the hepatic artery are usually performed
using a saphenous vein graft, which can be easily
anastomosed to any artery that allows a sufficient inflow.
A drawback is the fact that two anastomoses have to be
performed. A prosthetic graft carries also the risk of
potential contamination. The splenic artery usually offers
plenty of length required to reach the porta hepatis.
Furthermore, only a single anastomosis has to be per-
formed, and there is no mismatch of the vessel diameter.
Care should be taken to prevent a kinking of the artery,
which may result in an early thrombosis. As long as the
short gastric arteries are preserved in a spleen preserving
pancreatectomy, a splenic infarction is not to be expected.
However, the spleen will usually be removed en bloc with
the specimen for oncologic reasons. The reported technique
of reconstruction of the hepatic artery widens the arma-
mentarium of the pancreatic surgeon in selected cases
where an R0 resection can only be achieved by resecting
the common hepatic artery together with the pancreas.
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Abstract
Introduction Congenital anomalies of the gastrointestinal tract are a significant cause of morbidity in children and less
frequently in adults. In rare cases, they may run undetected during childhood and may present during adolescence. These
abnormalities include developmental obstructive defects of the duodenum and the small intestine, anomalies of rotation and
fixation, intestinal duplications, and anomalies of the colon and rectum.
Discussion When detected in adulthood, they may require different evaluation and surgical correction. Some of these
anomalies should be managed surgically as soon as they cause symptoms. Others may cause persistent problems in
adulthood requiring medical management for years. Herein, we present a comprehensive review of all the different ways of
diagnosis and management of these anomalies reported in the literature.

Keywords Congenital anomalies . Gastrointestinal tract .

Adult

Introduction

Congenital anomalies of the gastrointestinal (GI) tract
commonly present in the neonatal period or early infancy.
Some of them can have life-threatening consequences if
diagnosis is delayed. Therefore, the prognosis is largely
dependent upon early diagnosis and appropriate manage-
ment and surgical treatment. However, in rare cases, they
can present de novo during adolescence. These lesions may
form an important part of pathology in patients along time
out of the cradle. When diagnosed in adulthood, they may

require a different perspective than in children regarding
management and surgical correction. In this study, we
present descriptions of the most common anomalies which
may be encountered in the adult. We propose management
options according to the current medical literature.

Congenital Anomalies

Adult Idiopathic Hypertrophic Pyloric Stenosis

Congenital hypertrophic pyloric stenosis is a benign disease
caused by hypertrophy of the circular muscle fibers of the
pylorus. It is manifested usually during the first 2 months of
life. Its incidence is approximately 0.25–0.5% of all births.
A mild form of congenital pyloric stenosis may occasion-
ally present later in adult life.1 The exact occurrence of this
form cannot be estimated accurately, since the majority of
these patients are asymptomatic for years. Zavala et al.2

reported on a family with both congenital and adult type of
hypertrophic pyloric stenosis. This hypothesis is further
supported by the fact that approximately 80% of patients
with the adult form of the disease are men, which is in
accordance with the male predominance of congenital
pyloric stenosis.3 In addition, this form of primary pyloric
stenosis should be differentiated from the secondary form,
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which is caused by other diseases of the gastrointestinal
tract, such as peptic ulcer disease, hypertrophic gastritis, or
malignancy.4

In the adult idiopathic hypertrophic pyloric stenosis
(AIHPS), the pylorus is bulbous or fusiform, with its
thickest portion at the pyloroduodenal junction5 (Fig. 1).
Microscopically, there is a substantial hypertrophy of the
circular and occasionally of the longitudinal muscle in a
focal or diffuse fashion.6,7

Clinical diagnosis depends primarily on the specific
symptomatology, which consists of symptoms of delayed
gastric emptying, without the presence of pain. Other
diseases which may cause delayed gastric emptying such
as diabetes mellitus, scleroderma, gastroparesis, or second-
ary pyloric stenosis should be ruled out.8

AIHPS can coexist with other rare congenital anomalies,
such as congenital hypothyroidism, congenital diaphrag-
matic hernia, congenital short bowel, jejunal atresia, and
recessive polycystic kidney disease.2,9

The radiologic and endoscopic studies are often nonspe-
cific. In upper GI series, the diagnosis should be suspected
in case there is elongation of the pyloric canal accompanied
often by a marked dilatation of the stomach.7,9 In AIHPS,
the narrowed pyloric canal may be seen as an extremely
thin line of barium (string sign).10 A marked thickening of
the pyloric muscle may produce a convex indentation at the
base of the duodenal bulb, causing a mushroom-like
deformity (Kirklin’s sign).11 In addition, the presence of a
barium-filled cleft between the hypertrophied muscle and
the fibers of the pylorus itself can project into either one or
both sides of the pylorus proximal to the base of the bulb
(Twining’s sign).12 However, none of the above signs are
pathognomonic, whereas the presence of two or more of
them strengthens the radiologic diagnosis.7 Endoscopy is
also useful for diagnosis: a fixed narrowed pylorus with a
smooth border is the classic finding and is described as a
“donut” or as the cervix sign.5,13 Another feature is the

failure of the pylorus to close completely.14 Moreover,
intubation of the duodenum with the endoscope can be
unfeasible.

As for therapy, the first aim is to rule out carcinoma
histologically, with a full thickness biopsy.15 Endoscopic
dilatation of the pylorus has been suggested for patients
with a high surgical risk but carries a high recurrence
rate.6,14 The Ramstedt pyloromyotomy, which is often used
in children, is troublesome in adults because it may cause
mucosal ulceration or pyloric scarring with only partial
relief.4,14

Pyloroplasty is an acceptable option (Fig. 1); however,
there is a trend for recurrent obstruction. Brahos et al.16 first
performed the double pyloroplasty technique, a posterior
myotomy combined with the classical Weinberg modifica-
tion of the Heineke-Miculicz pyloroplasty. This technique
enables the surgeon to obtain biopsies, and it helps to avoid
a gastric resection, especially in high-risk patients.

However, a distal gastric resection with Billroth I and II
anastomosis is the most recommended procedure,5,15

especially for patients with a thick pylorus, which renders
a pyloroplasty technically difficult (Table 1).

The introduction of laparoscopic pyloromyotomy by
Alain et al. in 199117 has opened new horizons in the
treatment of hypertrophic pyloric stenosis. The laparoscopic
approach carried the general advantages of laparoscopic
surgery, but it had a considerable complication rate when it
was first applied in children.18 There are scattered reports of
adult cases with AIHPS, which were treated laparoscopi-
cally with satisfactory results.14,19

Congenital Duodenal Anomalies

Congenital duodenal anomalies are defects in the embryo-
logic development of the foregut. While the primitive
foregut undergoes lengthening and rotation in the early
embryonic life, the hepatobiliary and pancreatic anlagen
begin as buds at the middle of the duodenum and gradually
grow and rotate. During this period, duodenal atresias,
intraluminal webs, annular pancreata, and various malrota-
tions may develop. The annulus may completely or
partially encircle the duodenum and may loosely be
attached to the duodenal serosa or occasionally may be
interdigitated with the muscularis mucosa of the duodenum.
As for the webs, there are complete duodenal atresias or
imperforate webs, intraluminal imperforate webs, and
perforated webs with eccentric or central apertures. Most
of the webs occur in areas of fusion or visceral outgrowth,
hence their propensity to occur in the ampullary region.20

The incidence of these anomalies in the pediatric popula-
tion is estimated to be one in 20,000 to 40,000 births, with
incomplete obstructive lesions accounting for only 2% of
them.20,21 Duodenal stenosis from annular pancreas is also

Figure 1 In AIHPS, the pylorus is bulbous or fusiform, with its
thickest portion at the pyloroduodenal junction (A=pyloroduodenal
junction, B=pylorogastric junction).
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very rare in adults. In fact, Ravitch22 found only three cases
of this anomaly in 20,000 autopsies in John Hopkins
Hospital.

The delayed presentation of these anomalies in the
adolescent or adult period can hardly be explained. Total
duodenal obstruction is not compatible with long-term
survival. However, there are numerous reports describing
annular pancreata and duodenal webs in the second, third,
and later decades of life. These isolated cases may survive
with liquid diet for years.21 In such cases, the presence of a
dilated stomach with a proximal duodenal bulb suggests a
gradual loss of peristaltic action to overcome a narrowing
of the descending portion of the duodenum.

Clinical symptomatology consists of postprandial
epigastric fullness, nausea, vomiting, and weight loss.
Duodenal web patients may suffer from peptic ulcer
disease, but this is not the case in patients with annular
pancreata.21 In the latter group of patients, the develop-
ment of acute pancreatitis in the annulus causes acute
duodenal obstruction, with subsequent resolution of the
pancreatic inflammation allowing relief of the obstruc-
tion.23 In some patients with annular pancreata, true
duodenal stenosis may gradually develop, due to repeated
attacks of pancreatitis in the annular tissue or from
reactive fibrosis in the duodenal wall.24

Diagnosis of both lesions is efficiently done with upper
GI contrast studies. A transverse diaphragm in the
descending duodenum with an eccentric or central aperture
may be seen in patients with webs. The annular pancreas
can be diagnosed with computed tomography (CT) and
magnetic resonance imaging, whereas in upper GI series a
smooth or tapered narrowing of the second part of the
duodenum with dilatation of the proximal bulb can be
seen.24 In addition, endoscopic retrograde cholangiopan-
creatography can delineate the ductal system of the annulus
and its junction with the ventral pancreatic and biliary
ducts.20

In the treatment of duodenal webs, bypass procedures
were used in the past but have been largely abandoned. The
most widely used procedure now is longitudinal duodenot-
omy followed by excision of the web, mucosal reapprox-
imation, and transverse closure of the duodenum. During
the excision of the web, intubation of the bile duct and the
ampulla with a probe should be done, as to avoid damage in
the biliopancreatic sphincteric mechanism.20 As for the
annular pancreas, resection of the annulus was done
frequently in the past and was often followed by pancreatic
fistula formation. In addition, division of the annulus did
not necessarily relieve the obstruction, since the narrowed
duodenum might be permanently stenotic due to the
intermingling of the annular tissue with the duodenal
wall.24 Nowadays, the annular constriction of the
duodenum could be bypassed by duodenoduodenostomy
or duodenojejunostomy to the first duodenal portion.20 A
retrocolic duodenojejunostomy, favored by Warren and
associates,24 is the procedure of choice in adults, as it
offers decompression of the proximal duodenum and a
satisfactory bypass.

The laparoscopic approach has been introduced in the
treatment of congenital duodenal anomalies in adults. There
has been a report of two cases of annular pancreas treated
successfully with laparoscopic gastrojejunostomy.25

Intestinal Malrotation

The term “intestinal malrotation” refers to a spectrum of
anomalies involving the position and peritoneal attachments
of the small and the large bowel. A wide diversity of
anatomic anomalies, ranging from a not-quite-normal
intestinal position to complete nonrotation or to reverse
rotation, results in a wide variety of clinical manifestations.
Progress in the understanding of the pathogenesis of
intestinal malrotation was done only after normal embryol-
ogy of the gastrointestinal tract was described, first by

Congenital anomaly Surgical treatment GR LE

Hypertrophic pyloric stenosis Distal gastric resection, pyloroplasty C 4

Duodenal webs Duodenotomy, web excision C 4

Annular pancreas Duodenojejunostomy C 4

Intestinal malrotation

Intestinal obstruction Ladd procedure A 1c

Chronic obstruction Ladd procedure C 4

Asymptomatic second look C 4

Gastrointestinal duplication Cyst excision, intestinal resection C 4

Jejunoileal atresia and stenosis Intestinal resection (infanthood) A 1c

Meckel’s diverticulum

Complicated Ileal resection, diverticulectomy A 1c

Incidental finding Observation B 3a

Table 1 Treatment Modalities
of the Main Congenital
Anomalies of the GI Tract
in Adults

GR grade of recommendation,
LE level of evidence
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Meckel in 1817 and then more extensively by Mall in
1987.26,27

However, the embryological analysis of the disease was
not completely understood until 1923, when Dott28 de-
scribed the anatomic variations of malrotation and corre-
lated them with points of aberrant or failed embryologic
development. The incidence of malrotation in the general
population is not known. It is estimated to range from one
in 6,000 to one in 200 of live births.29,30 Most cases (90%)
present during the first year of life. However, a small
percentage of individuals with malrotation enter adulthood
with it undetected.29,31

The most significant anomalies of rotation and fixation
are nonrotation, malrotation, and reverse fixation. In non-
rotation, the most frequently encountered anomaly, the
midgut returns to the peritoneal cavity after rotating only
180° instead of the normal 270°. The postarterial limb
returns to the abdominal cavity first instead of last.
Therefore, the small intestine lies on the right side of the
abdomen and the colon on the left. The ileum crosses the
midline from right to left to enter the cecum. Adult patients
with nonrotation are usually asymptomatic, but often
volvulus may accompany this anomaly.32 In malrotation,
the prearterial segment, which returns to the abdomen first,
is usually in a normal position, and the degree of
malrotation is indicated by the position of the cecum. Thus,
the cecum may be on the left side, higher than normal on
the right side, or in an intermediate position (Fig. 2).
Reverse rotation occurs when the postarterial segment of
the midgut returns to the abdomen first. The cecum begins
its migration and passes to the right behind the superior
mesenteric artery. Finally, the transverse colon lies behind
the duodenum and is separated from it by the superior
mesenteric artery.31,32

Clinical presentation varies according to the degree and
type of malrotation. In itself, abnormal positioning of the
intestine does not cause symptoms. These arise from the
abnormal position and fixation of the bowel, which allow
the bowel to twist. The obstruction may be complete or
partial and results from midgut volvulus or, less frequently,
Ladd bands or internal hernia. Therefore, the clinical
manifestations of rotation anomalies may be identical to
those of proximal small-bowel obstruction (complete or
partial), with or/without symptoms secondary to vascular
occlusion.32

Moreover, there are patients with chronic abdominal
complaints, including pain and intermittent obstruction or
with atypical symptoms similar to those of common
abdominal conditions.31 Patients presenting with bilious
vomiting, acute abdominal pain, fever, tachycardia, and
peritoneal tenderness on physical examination should be
suspected of having an abdominal disaster. Confirmatory
laboratory tests include an elevated white blood cell count

and acidosis with an elevated base deficit and lactate level.
In addition, abdominal pain usually cannot be relieved with
nasogastric decompression. These patients require immedi-
ate exploratory laparotomy, which usually reveals midgut
volvulus and vascular compromise with resultant intestinal
ischemia. Patients with chronic abdominal complaints
usually present with recurrent episodes of crampy abdom-
inal pain, nausea, and bilious vomiting. These episodes may
have been present or may have a more recent onset. Delay
in diagnosis is common in the majority of these
patients.31,33 Anatomic finding at surgery in these patients
include mixed rotation or nonrotation with intermittent or
partial midgut volvulus, partial intestinal obstruction due to
Ladd bands (Fig. 3), or internal hernias. A third group of
patients may be asymptomatic or have atypical complaints
and suddenly come to our attention with an acute
abdominal condition unrelated to malrotation but with
bizarre abdominal findings due to their unusual gastroin-
testinal anatomy. For example, we may have cecal
perforation in a patient with nonrotation with pain localized
to the left abdominal quadrant or appendicitis in a patient
with a subhepatic cecum with pain localized in the right
upper quadrant.31 Preoperative diagnosis may be difficult in
these patients and usually is done intraoperatively.

The diagnosis of these anomalies in adults usually
requires a variety of diagnostic modalities, such as plain
abdominal radiographs, upper GI series, and CT scan.

Plain abdominal radiography may show signs of abnor-
mally located bowel, i.e., small-bowel markings mainly on
the right and large-bowel markings mainly on the left. Such
X-rays may prompt further evaluation. Upper GI series is
the standard of reference in the diagnosis of malrotation. It

Figure 2 In malrotation, the cecum most frequently lies on the left
side of the abdomen; the anomaly is frequently associated with the
presence of Ladd bands, which may compress the duodenum.
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can indicate the level and nature of obstruction. They may
show a duodenal–jejunal junction which fails to cross
midline and is located below the level of the duodenal bulb
or malposition of the right colon and the cecum. When a
volvulus is present, the small bowel usually has a
“corkscrew” appearance because it twists around the
superior mesenteric artery.32 CT scan may reveal right-
sided small intestine and a left-sided cecum, with/without
an inverse relationship of the superior mesenteric artery and
superior mesenteric vein, a highly indicative sign of
malrotation. Midgut volvulus is seen as a dilated fluid-
filled stomach, thick-walled loops of ischemic right-sided
small intestine, and often free intraperitoneal fluid.34 Three-
dimensional helical CT may reveal twisting of the superior
mesenteric vein about the superior mesenteric artery. In
general, identification of an abnormality requires meticu-
lous diagnostic evaluation with additional diagnostic
modalities.

Treatment should be addressed to each individual patient
according to the degree and severity of malrotation and the
timing of diagnosis. Patients with intestinal obstruction
should undergo an explorative laparotomy. At surgery, the
volvulus should be reduced and any nonviable bowel
should be resected. Treatment of the underlying malrotation
includes lysis of all adhesions and abnormal bands,
straightening of the duodenum so it descends directly into
the right lower quadrant, appendectomy, and widening of
the small-bowel mesentery (Ladd procedure)35,36 (Table 1).
Cecopexy is not recommended since there is no proof it has
anything to offer in terms of perioperative or postoperative
morbidity.31,33,37 Patients with chronic abdominal com-
plaints should undergo a thorough radiologic evaluation
before proceeding to surgical intervention. At surgery,
when the obstruction is found secondary to Ladd bands,

all abnormal intestinal attachments should be lysed. When
an internal hernia is found, the hernia should be reduced;
the sac should be resected; and the hernia defect should be
closed. When there is reverse rotation, any adhesions
between the mesentery of the small and the large intestine
should be lysed, and the intestine should be rotated
clockwise 360°, so as to create a condition of nonrotation.
A Ladd procedure should be added in all above cases31

(Table 1).
There is an increasing use of laparoscopy for the

treatment of malrotation in children as well as in adults.38

The Mayo Clinic series,39 the largest one reported for
adults, confirmed that laparoscopic Ladd procedure is safe,
feasible, and effective. In addition, it offers the patients the
benefits of laparoscopy, such as early recovery and short
hospital stay. Laparoscopy also is helpful when the
diagnosis of malrotation is not certain. Mazziotti et al.40

have developed a method to determine whether laparoscop-
ic Ladd procedure is indicated: if the length between the
duodenojejunal junction and the ileocecal valve is less than
half the transverse diameter of the peritoneal cavity, the
procedure is indicated to prevent volvulus. However, when
laparoscopy is used, conversion to open procedure is
common because of the difficulties encountered. Neverthe-
less, some authors41 support that laparoscopy is not suitable
for acute conditions, such as midgut volvulus, due to the
excessive intestinal distension.

Malrotation that is discovered at the time of exploratory
laparotomy/laparoscopy for an emergency condition, such
as appendicitis or hollow viscus perforation, should be left
to treat on an elective basis. If malrotation subsequently
gives rise to symptoms or if the patient decides its
correction, then malrotation can be treated on a later date.

There is a substantial controversy regarding the surgical
correction of malrotation in case it is discovered inciden-
tally on radiologic examination, while the patient is
asymptomatic. Since many patients remain asymptomatic
for their entire life, certain authors support that operation is
not justified unless the patients develops symptoms directly
related to malrotation.42,43 However, others advocate that
surgical intervention is required anyway, due to the
significant risk of midgut volvulus, even years after a
symptom-free period.44,45

Several studies have indicated that certain anatomic
characteristics, such as an abnormal position of the
duodenal–jejunal junction or isolated malrotation of
the cecum, may have some predictive value regarding the
possibility of volvulus.46 However, there are no official
criteria by which the risk of volvulus can be predicted. In
general, the decision for surgery in patients with asymptom-
atic malrotation should be made by the surgeon and the
patient, after having discussed extensively the risks and
benefits of the operative and nonoperative approaches.

Figure 3 Complete dissection of the Ladd bands (LB), before
division, on both the lateral and medial aspect of the duodenum (D).
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Gastrointestinal Duplication

Gastrointestinal duplications are congenital malformations
that can be encountered anywhere throughout the gastroin-
testinal tract, from the mouth to the anus. They occur
mostly in pediatric patients but may occasionally run
asymptomatic for years and present later in the adult life.
They can be spherical cysts (Fig. 4) or tubular structures.
They are attached to the wall of an adjacent part of the
gastrointestinal tract and possess at least one exterior layer
of smooth muscle and are lined with various types of
gastrointestinal mucosa.47 The lumen of the duplication
cysts usually lies between the leaves of the mesentery but
may be entirely separated, with a mesentery of its own,
formed by splitting of the original. There have been many
theories regarding its pathogenesis. The most dominant one
supports that duplication cysts appear at an early stage of
embryological development due to incomplete separation of
the primitive gut from the notochord. This theory is
supported by the fact that these formations often coexist
with osseous anomalies of the axial skeleton.48,49

Gastric duplications are noncommunicating cysts usually
located along the greater curvature of the stomach. Gastric
cysts are very rare as they account for 2% to 7% of all
gastrointestinal duplications.50 They most often present
with pain and vomiting.51,52 They are usually diagnosed as
a result of a complication, such as gastrointestinal bleed-
ing.51 Bleeding within the gastrointestinal tract may result
from intussusception, peptic ulceration of the cyst lining, or
necrosis of the cystic mucosa due to continuous pressure
from the expanding cyst.53,54 Gastric duplications commu-
nicating with the pancreatic duct may be a cause of
recurrent pancreatitis or peptic ulceration.55,56 Computed
tomography and magnetic resonance imaging are common
methods for evaluating tumors along the upper GI tract and
may raise the suspicion for gastric duplication.57 99Tc

scintigraphy is also a valuable diagnostic tool because of its
high specificity to identify gastric mucosa.58 Very few
reports so far have presented the use of laparoscopic
surgery in the treatment of gastric duplications.59 In the
laparoscopic approach, the goal is to excise completely the
gastric duplication without violation of the gastric lumen,
whenever possible.

The small intestine is a more common site for these
formations. Ileum is the most common site for gastrointes-
tinal duplication, accounting for over 60% of cases.60

Duplication in the small intestine can be asymptomatic for
years but can present abruptly with lower gastrointestinal
bleeding. These cases should undergo the routine diagnostic
evaluation for gastrointestinal bleeding, but usually the
source of bleeding is identified at laparotomy.61 At surgery,
the lesions should be resected along with a portion of the
adjacent intestine. The mucosa of the duplication should be
completely removed because, when mucosa remains, acid
peptic ulceration from ectopic gastric mucosa may lead to
bleeding and often requires reoperation.53

Colonic duplications are rare, accounting for 4–18% of
all gastrointestinal duplications, with the cecum being the
most common location. Colonic duplications are also
asymptomatic for prolonged periods but may result in
significant morbidity and mortality in case of complica-
tions, such as acute bowel obstruction or severe gastroin-
testinal hemorrhage.61 Colonic cysts can be asymptomatic
for years but usually present with pain and/or obstructive
symptoms.62 Occasionally, they may present with a
complication, such as obstruction, bleeding, or constipation.
Abrupt hemorrhage with hemodynamic instability may
occur in case of a cyst lined with ulcerated mucosa which
erodes into adjacent organs and/or vessels.53,63 Cystic
duplications can cause obstruction of the colon as a result
of direct compression, intussusception, or volvulus whereas
tubular duplications of the rectum may have direct
communication with the perineum.61,63 There are several
reports of intestinal carcinomas found within duplication
cysts.62,64 Preoperative diagnosis is often difficult, and the
radiographic findings may be nonspecific. Ultrasonography
and computed tomography may be useful in obtaining a
diagnosis.53,63

Treatment is reserved for symptomatic cases and usually
includes excision of the cyst with the neighboring part of
the intestine because of the intimate attachment of the
common wall or because isolated resection of the cyst
would compromise blood flow to the adjacent segment of
the colon.61,63,65 Cyst excision is mandatory for the
possibility of malignant degeneration. Postoperative com-
plications are nonspecific and include postoperative bleed-
ing, infection, and bowel obstruction. However, in case of
large duplication segments, injury to the normal intestine
with resultant short bowel syndrome is also a possibility.53

Figure 4 A spherical type of duplication cyst in the small bowel of an
adolescent boy.
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Despite these problems, the overall outcome after surgery
for intestinal duplications is generally favorable.

The laparoscopic approach has also been introduced in
the treatment of duplications of the small and the large
bowel in children60 as well as in adults66–68 with promising
results.

Jejunoileal Atresia and Stenosis

Atresia and stenosis are common birth effects affecting the
small intestine. The duodenum is the most common site,
followed by the jejunum and the ileum; however, it can also
affect multiple sites in the small intestine.69 The approxi-
mate incidence in the Western societies has been reported to
be approximately three to four per 10,000 births in the
general population.69–71 The mechanism responsible for its
pathogenesis is not well clarified. Although in the 1950s the
dominant theory was that intestinal atresia was the result of
vascular accidents during the fetal life,72 today most
researchers support the hypothesis of the pivotal role of
genetic and embryogenetic factors which lead to the
development of this anomaly.73

This defect may take several forms, such as the apple-
peel atresia, multiple intestinal atresia with short-gut
syndrome, proximal jejunal atresia with megaduodenum,
and colon atresia.73,74 All above formations are usually
discovered during the neonatal or infantile life and require
immediate correction. However, long-term complications in
these patients may present later during childhood or
adolescence and may require reintervention.75

Meckel’s Diverticulum

Meckel’s diverticulum is a congenital blind pouch in the
small bowel, which results from an incomplete obliteration
of the vitelline duct during the fifth week of gestation. This
entity took its name after Johann Friedrich Meckel the
younger who first studied the diverticulum’s anatomy and
embryology.76 For Meckel’s diverticulum, the common rule
found in every review book for general surgery is the “rule
of twos,” i.e., it is found in 2% of the population, twice as
common in males, most frequently found in those less than
2 years of age, and usually 2 ft from the ileocecal valve.77

For that reason, surgical residents begin searching for this
anomaly with their first surgical exploration. However, a
true diverticulum is rarely discovered in the adult (Fig. 5),
and complications related to this anomaly rarely occur with
increasing age.78

The development of this anomaly occurs with the failure
of obliteration of the proximal vitelline duct during the
seventh to eighth week of gestation. This diverticulum is
categorized as a true diverticulum because it contains the
normal layers of the small bowel. It may contain ectopic

mucosa, such as gastric mucosa which is responsible for the
adjacent ulceration of the ileum.77 Pancreatic mucosa is the
second most common ectopic mucosa found in this
diverticulum. Occasionally, the diverticulum may be the
site of a malignant tumor. Weinstein et al.78 published the
most thorough description of malignancy in Meckel’s
diverticulum: in a series of 80 malignant cases, there were
35 sarcomas, 29 carcinoids, and 16 adenocarcinomas.

Meckel’s diverticulum usually does not give symptoms.
A small percentage of patients may give symptoms, with
the obstructive symptoms being the most prevalent in the
adult, and they are most commonly due to intussusception,
volvulus, inflammatory adhesions, diverticular strictures,
enteroliths, or incarcerated hernia.78–81 Inflammation (di-
verticulitis) and/or perforation are found in up to 20–30%
of symptomatic patients and are often indistinguishable
from acute appendicitis.80 Bleeding is the most common
complication in children and is reported in over 50% of
cases.82,83 In adults, bleeding is the presenting complaint in
only 11.8% of cases.79 Bleeding is usually minor, resulting
in chronic anemia. Occasionally, it may cause massive
lower gastrointestinal bleeding in adults, as several case
reports describe in the literature.77,84 However, it occurs
less often than obstruction. Yamaguchi et al.79, in a series
comprising almost 50% adults, showed hemorrhage as
being less common than obstruction at a rate of approxi-
mately 5:1 (54%:12%). Preoperative evaluation of Meckel’s
diverticulum is difficult, and routine radiological studies,
such as plain abdominal radiograph, arteriography, upper
GI series, and computed tomography, are often nondiag-
nostic and theretofore of limited diagnostic value.85 In
suspected symptomatic Meckel’s diverticulum, preoperative
evaluation includes 99mTc (technetium-99m pertechnetate)

Figure 5 A Meckel’s diverticulum discovered incidentally in a 16-
year-old boy during an exploratory laparotomy for acute pain in the
right iliac fossa.
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scanning, which relies on the presence of ectopic gastric
mucosa.86 In this study, 99mTc is injected intravenously, and
over time it accumulates in the gastric mucosa. Because
complications such as bleeding are caused by the ectopic
gastric tissue, diagnosis may be helped in symptomatic
cases. In children, the scan has a sensitivity of 85% and
specificity of 95%, but in adults, the sensitivity drops to
62.5% and the specificity to 9%. The accuracy of the scan
can be improved with the use of pentagastrin or cimeti-
dine.85,87 When the scan is nondiagnostic or in patients with
nonbleeding presentation, ultrasonography is perhaps the
most useful noninvasive method of achieving diagnosis.88

The choice of treatment of Meckel’s diverticulum
depends on whether it was discovered incidentally or it
caused symptoms. Ileal resection including the diverticulum
is the treatment of choice for asymptomatic diverticulum
because the extent of heterotopic tissue cannot be deter-
mined safely by palpation, and ulcerations may recur in
case the ectopic tissue persists. Ileal resection permits the
removal of any inflamed or heterotopic tissue.89

The most controversial issue in the management of
Meckel’s diverticulum is the decision of surgical resection
in asymptomatic cases discovered incidentally. Postopera-
tive morbidity and mortality depend on the indication for
removal. While the mortality after surgical excision is
almost zero, morbidity in asymptomatic patients is 8.6%,
which is close to the 8.3% morbidity found in symptomatic
patients (8.5% overall).77 Those who support incidental
excision believe the relatively high mortality and morbidity
rates with symptomatic disease justify the associated
morbidity of elective excision. The opponents of incidental
excision quote the low (4.2%) lifetime risk of symptoms
development.90 In addition, a recent systematic review has
shown that there is no compelling evidence to support
prophylactic resection.91 In fact, resection of incidentally
detected Meckel’s diverticulum has a significantly higher
early morbidity rate than leaving the diverticulum in situ
(5.3% vs 1.3%, P<0.0001; Table 1).92

Nowadays, the advent of laparoscopy may have changed
this scenario. Laparoscopy permits a complete abdominal
exploration, increasing the number of incidentally found
diverticula. The laparoscopic approach is extremely useful
as it permits the removal of an incidentally found diverticulum
with a gastrointestinal stapling device.93 Nevertheless, lapa-
roscopy has been used to treat patients with Meckel’s
diverticulum complicated by intestinal obstruction or bleed-
ing caused by heterotopic gastric mucosa.94,95

Conclusions

Diagnosis of a congenital anomaly of the GI tract in an
adult is not a rare event. Some of these anomalies may

remain undetected for years and are diagnosed on the basis
of incidental findings at routine examination in the adult
life. Indeed, congenital anomalies can form an important
part of the daily practice of the general surgeon on patients
in the adult life. A thorough knowledge of basic embryol-
ogy is necessary to understand these lesions. Management
considerations in the adult patients are often different
compared to the pediatric group. Some of these patients
may have persistent problems in adulthood requiring
medical attention for years. In addition, there is a large
variety of available therapeutic options to offer to adult
patients with congenital anomalies of the GI tract. For most
of the reviewed diseases, evidence-based management
directions are difficult, due to a lack of randomized trials
and long-term follow-up.
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Abstract
Introduction Portal pyaemia is a rare phenomenon that can complicate a variety of pathologies and surgical procedures. It
has a predilection for elderly and immunocompromised patients.
Discussion We present a review of the related literature and report an exceptional case of fulminant portal pyaemia, with an
atypical presentation in a patient with few typical risk factors, complicating an elective surgical procedure for benign disease.
Conclusion Portal pyaemia is a condition which can lead to acute overwhelming sepsis and carries a high mortality. It
should be considered a differential in abdominal sepsis when no overt abdominal source is found.

Keywords Portal pyemia . Portal vein thrombosis .

Portal vein septic thrombophlebitis . Pneumatosis intestinalis

Introduction

Portal pyemia is the combination of infection and throm-
bosis within the portal vein. It is a condition which carries a
grave prognosis and, prior to the liberal use of antibiotics,
was invariably fatal. It has been reported in all age groups
and as a secondary phenomenon of numerous pathologies;
it continues to carry significant diagnostic and therapeutic
challenges. We present a review of the literature and a
report of an unusual presentation of fulminant portal
pyemia in a 70-year-old man.

Case Report

A 70-year-old man underwent a right hemicolectomy and
ileocolic anastomosis for diverticulosis and colonic polyps.
There was no evidence of tumor invasion or lymphadenopathy
and no intraoperative complications.

Initial postoperative recovery was uneventful. By day 6,
the patient had developed diarrhea, worsening renal
impairment, and confusion. There was no complaint of
abdominal pain or fever. He was admitted to the intensive
treatment unit (ITU) that day with multiorgan failure.

Computed tomography (CT) scan was performed
which showed air throughout the portal venous system
(Figs. 1 and 2). There was also gas in the superior
mesenteric vein and pneumatosis intestinalis affecting the
greater part of the distal small bowel (Fig. 3). The
ileocolic anastomosis was intact. There was no free fluid
or air in the abdomen or pelvis. The appearance was
consistent with infarction of the small bowel with gas in
the bowel wall and the portal venous system.

The patient underwent an emergency laparotomy on
day 6. This demonstrated extensive intramural gas through-
out small bowel and, despite internal herniation of the small
bowel through the mesentery, there was no evidence of
ischemia or infarction. The bowel was decompressed and
the mesenteric defect repaired.
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The patient continued to deteriorate on ITU and died 2 days
later following a cardiac arrest. A postmortem declared the
cause of death as acute respiratory distress syndrome, but
could not identify an underlying pathology. Blood and fecal
cultures taken preoperatively and postoperatively yielded no
positive results. Histology from the initial operation confirmed
low-grade tubular adenomas, hyperplastic polyps, and lymph
nodes which showed no malignancy.

Discussion

Portal pyemia is the combination of infection and throm-
bosis within the portal vein. It occurs when pyogenic
bacteria gain access to the liver by direct extension from
contiguous organs or by embolization of septic foci from
parts of the gastrointestinal tract drained by the portal vein.
Hepatic clearance of bacteria via the portal system is a
normal phenomenon in healthy individuals; however, biliary
obstruction, poor perfusion, or microembolization can lead
to bacterial proliferation, tissue invasion, and abscess
formation within the portal vein. Our study adds to the small
bank of reported cases of portal pyemia in medical literature.

According to a report by Plemmons et al. in 1973,
diverticulitis accounts for 68% of cases.1 Appendicitis,
inflammatory bowel disease, intestinal obstruction, and
liver abscesses have also been described as antecedents in
portal pyemia, as have infected pancreatic necrosis and
sepsis affecting the biliary tree.1–3 It has also been reported
in noninfective illnesses such as rectal carcinoma, by
Ritchie et al. in 1971.4

Portal pyemia is classically of insidious onset and expected
to present with typical symptoms and signs of pain, icterus,
and fever.3 This was not the case with our patient whose
primary presentation was acute in onset with subtle and
secondary signs of sepsis such as confusion and renal failure.
This was a case of fulminant portal pyemia and rapid
deterioration, despite immediate antibiotic therapy and
surgical intervention. In young and previously healthy
patients, subtle signs may herald the onset of severe
disease.

The incidence and epidemiology of portal pyemia has
not been accurately documented; however, past reports
have demonstrated a predilection for elderly, immunocom-
promised, and diabetic patients. The incidence is likely to
be higher in countries where premium health care is not
readily available. However, as this case demonstrates, the
diagnosis should not be overlooked in patients without
significant past medical history or risk factors. The majority
of cases previously reported have been either as a direct
consequence of intra-abdominal sepsis or secondary to
existing intestinal disease, such as inflammatory bowel
disease. There have been no previous reports of fatal portal
pyemia complicating an elective surgical procedure for
benign disease in the absence of chronic illness.

CT scan is the imaging study of choice for detecting
portal pyemia and is useful in ruling out other differential
diagnoses.3 The usefulness of ultrasound scanning for
detecting portal pyemia is unproven. A report by von

Figure 3 CT scan showing gas in the superior mesenteric vein and
pneumatosis intestinalis affecting the greater part of the distal small
bowel.

Figure 2 CT scan showing air throughout the portal venous system.

Figure 1 CT scan showing air throughout the portal venous system.
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Bertele in 1993 found that ultrasound was not a reliable or
viable alternative.2 In fulminant abdominal sepsis, it may be
possible to diagnose on plain abdominal X-ray by the
presence of branching radiolucency in the liver.

The earliest reported case of portal pyemia in 1949 was
secondary to staphylococcal infection; however, the organ-
isms isolated most often are Escherichia coli, Klebsiella
pneumonia, and Bacteroides anaerobes. Polymicrobial
cultures involving different streptococcal species are char-
acteristic.5 In this case, there was no evidence of underlying
intestinal sepsis to account for the extensive intramural gas
and portal pyemia that was seen intraoperatively. Gas
within the biliary tree as demonstrated on CT would
indicate the presence of gas-forming organisms; however,
no pus was seen intraoperatively and cultures failed to
demonstrate the presence of such organisms. Blood and
swab cultures commonly do not yield positive results due to
the prior use of potent antibiotics.

Treatment should be started if portal pyemia is suspected
clinically. The patient should be managed in a high
dependency unit with antibiotics, fluid resuscitation, and
thromboembolism anticoagulant prophylaxis.1 This should
be followed by drainage or resection of any primary septic
source. Prolonged antibiotic courses are required especially
when treating infection within a thrombus. This was
highlighted by Al-Jahdali et al. in 1994 who treated patients
with aggressive antibiotic therapy for 2 weeks and
thereafter the primary septic source was resected.3

Surgical intervention is usually by way of percutaneous
drainage, although laparotomy and washout is indicated in
cases where percutaneous drainage is not possible or has
failed, when antibiotic therapy has failed, or with the
coexistence of intra-abdominal disease that requires opera-
tive management.3,5

Complications of portal pyemia include hepatic abscess
formation, which may rupture into adjacent organs or body

cavities, with consequent pleuropulmonary and intra-
abdominal sequelae. These include pleural empyema,
bronchohepatic fistula, and subphrenic abscess. Other
potential complications are venous infarction of the bowel,
which is the main rationale for anticoagulation, and portal
hypertension (Budd–Chiari syndrome) when a large abscess
compresses the inferior vena cava and the hepatic veins.
Rupture into the pericardium or brain abscess from
hematogenous spread are rare complications.5

In summary, portal pyemia is a rare phenomenon
associated with multiple clinical conditions and a high
mortality rate. It should be considered a differential in
abdominal sepsis when no overt abdominal source is found.
Patients should be commenced on antibiotics early and
surgical intervention is often indicated. It is a condition
which can lead to acute overwhelming sepsis and carries a
high mortality. We have highlighted an exceptional case of
fulminant portal pyemia with an atypical presentation in a
patient with few typical risk factors, complicating an
elective surgical procedure for benign disease.
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Case Report

A 59-year-old woman with alcoholic chronic pancreatitis
and multiple readmissions for exacerbation developed acute
shortness of breath. Chest X-ray showed massive right-
sided pleural effusion, and a thoracocentisis revealed
amylase content of 12,000 U/L. Magnetic resonance
cholangiopancreatography (MRCP) suggested presence of
the pancreatic pseudocyst in the porta hepatitis with
possible pancreaticopleural fistula (PPF). Pleural effusion
recurred soon after thoracocentesis despite treatment with
total parenteral nutrition (TPN) and somatostatin. An
endoscopic retrograde cholangiopancreatography (ERCP)
was not possible secondary to duodenal stenosis caused by
the inflammatory pancreatic head mass. The patient
underwent an exploratory laparatomy during which a direct
pancreatic ductogram demonstrated the PPF tract (Figs. 1
and 2). Fistula was outlined by the methylene blue injection
into the main pancreatic duct. A Frey procedure (pancreatic
head local resection and pancreatojejunostomy), to provide
decompression of the pancreatic duct, as well a gastro-
jejunostomy and feeding jejunostomy were performed.
Postoperative course was complicated by bleeding from
pancreatic branches of the splenic artery, requiring embo-
lization per interventional radiology. There was no recur-
rence of PPF on subsequent 3 years follow-up.

Discussion

PPF is the rare complication of pancreatitis, with the
incidence of 0.4–4.5%.1–3 Only 63 cases have been
reported so far in the English literature. Majority of patients
are alcoholics with chronic pancreatitis in which PPF
develops as the sequela of the incompletely formed/
ruptured pancreatic pseudocyst or direct pancreatic duct
leak. Most common presenting symptom is shortness of
breath due to the pleural effusion. Thoracocentesis reveals
elevated amylase content. PPF could be demonstrated by
ERCP, MRCP, or CT with sensitivity 78%, 80%, and 47%,
respectively.2 Medical therapy with TPN and somatostatin
is effective in only 30–60% of the cases. ERCP with
pancreatic stent placement results in resolution of PPF in
majority of the cases.4 In our patient, ERCP was not
possible because of the duodenal stenosis. Surgery is used

Figure 1 Intraoperative photo showing cored pancreatic head and
longitudinal opening of the pancreatic duct. PPFC indicates catheter in
pancreaticopleural fistula, PDC-catheter in main pancreatic duct.
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if stent placement and/or medical therapy fails and usually
includes distal pancreatectomy or pancreatojejunostomy.
When surgery is used to treat PPF, success rate is vastly
superior to the medical treatment (94% vs. 31%), and more
than 80% of the patients recover without any sequela.1 In

cases of pancreatic head inflammatory mass, compressing
adjacent structures, Frey procedure provides effective
decompression of both pancreatic duct and duodenal/bile
duct stenosis. To our knowledge, only one case of Frey
procedure to treat PPF was reported to date in English
literature.5
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To the Editor:
We read with great interest the article by Malik and Bari
recently published on your journal1 regarding the conser-
vative management of acute appendicitis (AA). We con-
gratulate the authors that performed this randomized
controlled trial (RCT) comparing antibiotic treatment to
appendectomy in unselected patients with noncomplicated
AA, most probably even in a difficult setting with limited
resources.

The authors' conclusions—that antibiotic treatment in
the patients with AA is quite effective, and these patients
may not need surgery, experiencing less pain and requiring
less analgesia, but have high recurrent rate1—has the
potential for significant clinical implications. However, we
have developed serious concerns with regard to the study,
which questions the validity of these conclusions.

First, the inclusion of patients has not been properly
accounted for. It is not stated how many eligible patients in
the study period were those from which the 80 enrolled
were extracted. In particular, it is not declared how many
patients with AA refused to participate in the study, how
many decided by themselves after the enrolment to change
the study group (from antibiotic treatment to appendectomy
and from appendectomy to antibiotic treatment), and
finally, how many were not included in the study for the
surgeon's decision. All these figures in a RCT should be
known and taken in account when extrapolating results and
drawing conclusions for the general population.

Further, the authors stated that “the appropriate sample
size was determined by considering a power of 80% and an
alpha error of 5%.”1 Sample size calculation requires four
components: the type I error (or α; 0.05 in the study), the
power (1−β), and the event rate in both groups.2

Unfortunately, the authors did not declare the event and
its rates in the two groups from which they calculated the
sample size of 80 patients (40 for each group).

Moreover, it is not affirmed if an “intention to treat”
analysis has been used in comparing the outcomes in the
two groups. In particular, it should be interesting to know
where the authors wrote: “There was a significant decrease
in analgesic consumption in patients managed with anti-
biotics (p<0.001) and significantly less pain was observed
after 12 h of conservative treatment (p<0.001). Significant-
ly lower pain scores were also noted by the surgeon. The
WBC count declined significantly faster in patients treated
with antibiotics, and mean temperature was significantly
lower on days 1 and 2 (p<0.05) with not more than 0.5°C
difference. However, the pattern of CRP levels in both
groups was the same,”1 if the two patients operated on
within 24 h in the antibiotic group were also included in the
analysis of the outcomes of the antibiotic group. By the
way, we note that it should be more correct and effective in
the results sections to express the numerical data of both
groups, more than only the statistical significance of their
inference.

Besides, we question the authors' conclusion in the
abstract where they stated “that antibiotic treatment in the
patients with AA is quite effective, and these patients may
not need surgery.”1 If efficacy for antibiotic treatment is
defined as definite improvement without the need for
surgery within a median follow-up of at least 1 year,
considering that, in the antibiotic group, two patients were
operated on within 24 h because of peritonitis due to

L. Ansaloni (*) : F. Catena : F. Coccolini : F. Gazzotti :
A. D. Pinna
Unit of General, Emergency and Transplant Surgery,
University of Bologna, Sant’Orsola-Malpighi Hospital,
Via Massarenti 9,
40138 Bologna, Italy
e-mail: luca.ansaloni@aosp.bo.it

J Gastrointest Surg (2010) 14:931–932
DOI 10.1007/s11605-010-1159-1



perforated AA and four patients operated on within 1 year
as a result of recurrent AA, it can be calculated as 85% (34
out of 40, 95% confidence interval 70–93%, Wald method).
This means that these patients may need surgery with high
probability up to 30% of cases.

Based on the results, although we agree with the authors
that a “conservative approach for AA seems to be of special
benefit to peripheral health centers especially in developing
countries with poor health services and other areas still
lacking operating facilities,”1 we would not recommend
antibiotic treatment as an alternative to surgery in the
general population. Although this study may indicate that
conservative antibiotic treatment could be cost-effective,
avoiding unnecessary surgery and associated morbidity and
mortality, its data cannot change the statement that surgery
remains the golden standard for AA, despite its continuing
clinical challenges.

Further, it should be considered that, in the literature,
there are two other RCTs on the same subject, both
performed in Sweden, including respectively 252 adult
male and 369 unselected patients,3,4 but they are both
burdened by obvious methodological errors.5,6

So all considered in the final, well-designed RCTs in
larger populations are still needed to establish the superi-
ority of antibiotic treatment over surgery in AA.
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To the editor
We have gone through the letter sent to the editor by our

esteemed readers regarding the conservative management of
acute appendicitis (AA). We are highly thankful for their
valuable suggestions which are well-taken. We also appre-
ciate their concerns and their keen interest in the study. Here,
we would like to mention that none of our patients refused to
accept the study and none of our patients requested for any
change in the line of treatment. Only two patients were
excluded from the study because of increasing abdominal

pain and generalized peritonitis and subsequent data was
discounted.

We agree with the view that despite the fact that
conservative treatment could be cost-effective, avoiding
the unnecessary surgery and associated morbidity and
mortality, surgery is still the gold standard for AA. Further,
as we have already mentioned in the manuscript, well-
designed randomized controlled trials in a large population
are still needed to establish the superiority of antibiotic
treatment over surgery in AA.
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