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Introduction

The participants were asked to describe in a “How
I Do It” session their methods of extended lym-
phadenectomy during pancreaticoduodenectomy for
cancer of the pancreas. Each participant’s lym-
phadenectomy was somewhat different from the oth-
ers. Common elements for the standard resection vs.
the radical lymphadenectomy appear to overlap. The
standard resection of these investigators may be more
radical than the procedure of the reader. The reader
must be familiar with all of the lymph node stations
around the pancreatic head (see Table I for an over-
view). For purposes of discussion, the anatomic loca-
tions of these lymph node stations can be named by
location or the lymph node station numbers used by
the Japanese Pancreas Society can be employed. Once
these lymph node stations are categorized, then the
real controversy can be analyzed—that is, as the lym-
phadenectomy is extended, where is the precarious
balance between survival benefit and quality of life?
The main detriment to extended lymphadenectomy
is the appearance of severe diarrhea resulting in mal-
nutrition and higher death rates as shown in the
Japanese data. These investigators eliminated diarrhea
by limiting the lymph node dissection to the right side
of the superior mesenteric artery, thereby decreasing

the amount of nerve plexi that were removed. Is the
diarrhea related to resection of the lymph nodes or
the nerve plexus? The Italian study was not associated
with severe diarrhea, even though these investigators
performed a more extensive resection than either the
Japanese D1 + a resection or the radical pancreati-
coduodenectomy used at The Johns Hopkins Hospi-
tal. Also intriguing in the Italian study was the im-
provement in survival among the small number of pa-
tients who had positive lymph nodes after extended
resection of the lymph nodes. If a randomized trial
could compare the Italian lymphadenectomy with a
standard resection in a larger number of patients, then
the survival benefit after lymphadenectomy in lymph
node—positive patients could be more adequately sup-
ported. The Johns Hopkins group found no differ-
ence in survival with their radical procedure, which
emphasized the retroperitoneum and did not involve
excision of the celiac axis, common hepatic artery, or
left side of the superior mesenteric artery lymph
nodes (in an attempt to avoid severe diarrhea). After
reading the three reports that follow, the groundwork
for a prospective trial comparing standard lym-
phadenectomy to the ideal extended lymphadenec-
tomy should be better defined.

Presented at the Annual Meeting of the Pancreas Club, Inc., Orlando, Fla., May 16, 1999.
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226  Traverso

Table 1. Japanese Pancreas Society nodal stations

Journal of
Gastrointestinal Surgery

Station No. Nodal location Group*
1 Right cardiac lymph nodes 3
2 Left cardiac lymph nodes 3
3 Nodes along lesser curve 3
4 Nodes along greater curve 3
5 Suprapyloric lymph nodes 3
6 Infrapyloric lymph nodes 1
7 Nodes along left gastric artery 3
8 Nodes along anterior and posterior common hepatic artery 1
9 Lymph nodes along celiac artery 2
10 Lymph nodes at the splenic hilum 3
11 Nodes along the splenic artery 2
12 Nodes in the hepatoduodenal ligament NA
12h Nodes in the hepatic hilum 3
12al Superior hepatic artery nodes 2
12a2 Inferior hepatic artery nodes 1
12pl1 Superior portal vein nodes, dorsal to portal vein 2
12p2 Inferior portal vein nodes, dorsal to portal vein 1
12b1 Superior portal vein nodes anterior to bile duct 2
12b2 Inferior bile duct nodes anterior to bile duct 1
12¢ Nodes around cystic duct 2
13a,b Posterior surface of pancreas, superior and inferior 1
14 Nodes along the mesenteric root NA
14a Superior mesenteric artery nodes (SMA origin) 2
14b-d SMA nodes—remainder distal to first jejunal branch 1
14v Superior mesenteric vein (SMV) nodes 1
15 Middle colic artery nodes 2
16al, b, Para-aortic—above celiac, below IMA 3
16a,, by Middle para-aortic—below celiac, above IMA 2
17a,b Anterior surface of pancreas, superior and inferior 1
18 Inferior pancreas—left of SMV 2

SMA = superior mesenteric artery; SMV = superior mesenteric vein; IMA = internal mammary artery; NA = not applicable.
*When the tumor is in the head of the pancreas.
From Japan Pancreas Society. Classification of Pancreatic Carcinoma, First English ed. Tokyo: Kanehara & Co., Ltd., 1996, p 11.



Modified Standard (D1 + «)

Pancreaticoduodenectomy for Pancreatic Cancer

Yoshifumi Kawarada, M.D., Shuji Isaji, M.D.

In Japan, the extended (D2 operation) has been
performed for pancreatic carcinoma, but the overall
survival has been unsatisfactory.! D2 lymph node dis-
section means dissection of all regional lymph nodes
plus the lymph nodes around the celiac trunk, supe-
rior mesenteric vessels, and middle colic vessels. An-
other description of the D2 operation would be re-
moval of all of the group 1 and 2 nodes according to
the Japanese Pancreas Society classification (EDITOR’S
NOTE: see Table I [column 3] in the Introduction).
The extended operation is a radical resection and a
very stressful operation for patients in that their post-
operative quality of life is severely affected because of
diarrhea. For this reason we developed a modified
standard operation, which is not associated with se-
vere diarrhea. The lymph node dissection is midway
between the standard (group 1 or D1 lymph node dis-
section) and the extended D2 operation, and is re-
ferred to as the D1 + a dissection. We have been per-
forming it since 1993.

D1 + o OPERATIVE PROCEDURE

D1 + « operation is performed when the retro-
peritoneal lymph nodes are grossly negative for ma-
lignancy. First the duodenum is mobilized on the left
side as far as the aorta to allow complete examination
of the head of the pancreas. Before lymph node dis-
section, the root of the mesentery and the lymph
nodes around the superior mesenteric vein (SMV) are
examined by inspection and palpation. A blunt ma-
neuver is undertaken to determine resectability, that
is, whether the portal vein is mobile and free of the
surrounding pancreas.

Lymph nodes around the common hepatic artery
and in the hepatoduodenal ligament are dissected
(nodal stations 8a, 8p, and all of 12 except 12h).
Cholecystectomy is performed. The gastroduodenal
artery is ligated and divided near its origin from the
hepatic artery. The stomach is then divided with a sta-

pler, and the fourth portion of the duodenum is mo-
bilized beneath the mesenteric vessels by incising the
ligament of Treitz. After transecting the jejunum, the
freed jejunum is passed completely beneath the supe-
rior mesenteric vessels. The pancreas is then divided,
and a plastic stent tube is inserted into the remnant
pancreatic duct. The soft tissue on the right lateral as-
pect of the portal vein is carefully divided, and the
right border of the superior mesenteric artery (SMA)
is exposed longitudinally by retracting the portal vein
and SMV to the left to enable dissection of the lymph
nodes on the right side of the SMA (all nodal stations
14 on the right side).

The anterior pancreaticoduodenal lymph nodes
(station 17), posterior pancreaticoduodenal lymph
nodes (station 13), nodes around the pylorus of the
stomach (stations 5 and 6), hepatoduodenal ligament
(station 12 except 12h), common hepatic artery (sta-
tion 8), and the right half of the superior mesenteric
artery (station 14) are dissected. We do not dissect the
lymph nodes around the celiac trunk (station 9), the
left half of the superior mesenteric vessels (station 14
left), the middle colic vessels (station 15), or in the
para-aortic region (station 16) as is done in the D2
resection.

RESULTS

Postoperative quality of life and survival rates after
D2 dissection and D1 + « dissection were compared.
In 1981, all patients undergoing D2 resection (in-
cluded complete resection of the nerve plexus around
the SMA along with D2 lymph node dissection) de-
veloped severe diarrhea that was very difficult to con-
trol even with opium, and resulted in dehydration and
malnutrition. As a result of this experience, complete
removal of the nerve plexus around the SMA was
avoided in the remaining 49 patients in whom D2 dis-
section was performed (only the right half of the
nerve plexus around the SMA was resected along with

From the First Department of Mie University School of Medicine, Mie, Japan.
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lymph node dissection). None of these 49 patients
had severe diarrhea. None of the 20 patients in whom
D1 + «a dissection was performed have had diarrhea.

Comparison of hospital stays and hospital deaths
in the D2 and D1 + « cases revealed a hospital stay of
115 *+ 55 days in the D2 cases, as opposed to 42 * 20
days in the D1 + « cases (P <0.01), and a hospital
death rate of 20.3% in D2 cases vs. only 4.8% in the
D1 + a cases. Significant differences in the 3- and
5-year survival rates were not found between the D2
(18% and 14%, respectively) and the D1 + o 36%
and 26%, respectively) groups.

SUMMARY

We believe that the effect of extended dissection,
especially dissection of the nerve plexi around the
celiac trunk, superior mesenteric vessels, and middle
colic vessels, is impairment of intestinal motility that
results in severe diarrhea postoperatively. Long term
this results in a negative nutritional and possibly im-
munologic effect, which may have a long-term effect
on outcome and patient survival. The best way to pre-

Journal of
Gastrointestinal Surgery

vent severe diarrhea is to avoid complete resection of
the nerve plexus around the SMA. To avoid diarrhea,
we have been especially careful not to dissect the
nerve plexus around the SMA in patients undergoing
D1 + a resection. The most important consideration
is to avoid stripping the SMA bare. Dissection of the
superior mesenteric lymph nodes with preservation of
the superior mesenteric nerve plexus is theoretically
possible because 95% of the lymph nodes are located
outside the nerve plexus.? From survival studies we
concluded that D1 + a dissection for pancreatic can-
cer is an adequate lymph node dissection in terms of
the postoperative quality of life and survival rate for
patients with pancreatic cancer.
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Extent of Lymphadenectomy in the Surgical
Treatment of Adenocarcinoma of the Head

of the Pancreas

Sergio Pedrazzoli, M.D., Fabrizio Michelassi, M.D.

Pancreatic resection is the treatment of choice for
pancreatic cancer. Unfortunately it can be performed
only in 5% to 40% of pancreatic cancer patients un-
dergoing exploratory laparotomy. The extent of lym-
phadenectomy to be associated with pancreatic resec-
tion is widely debated. Palliative, standard, traditional,
extended, D1, D2, D3, regional, extended retroperi-
toneal, standard radical, and extended radical are only
some of the terms used to indicate the extent of lymph
node dissection. To try to overcome the problems cre-
ated by this “Babel” of terms, a Consensus Confer-
ence took place in Castelfranco Veneto, Italy, in May
1998. The results have been published! and are sum-
marized herein (the Japanese Pancreas Society rules
for the study of pancreatic cancer were chosen to de-
fine the lymph node stations to be removed?).

Common Elements of the Kausch-Whipple
Pancreatoduodenectomy*

* Removal of the gallbladder along with transection
of the common hepatic duct

e Transection of the pancreas, at least 1 cm from the
tumor, over the portal vein/superior mesenteric vein
junction (HPV-SMV) for the “standard” procedure
and to the left of the HPM-SMV for the “radical”
and “extended radical” procedures (a tumor-free
margin by frozen section should be obtained)

* The ligament of Treitz is divided and the first part
of the jejunum is transected and divided.

* The pylorus-preserving procedure is to be avoided
for cancers located in the dorsal part of the head of
the pancreas.

*EDITOR’S NOTE: Although A.O. Whipple first popularized pan-
creaticoduodenectomy beginning in 1935, the first successful pro-
cedure was accomplished by W. Kausch in 1909.

* Mesentericoportal vein resection and/or accessory
organ resection (stomach, spleen, colon, kidney, je-
junum) may be necessary to obtain clear margins.

Lymph Nodes Removed With the Standard
Kausch-Whipple Pancreatoduodenectomy

* Kocher maneuver is used to mobilize the head of
the pancreas and to perform an en bloc resection
of the following lymph node groups:

Lymph nodes of the right side of the hepatoduo-
denal ligament (stations 12b1, 12b2, and 12¢)

Anterior (stations 17a and 17b) and posterior (sta-
tions 13a and 13b) pancreaticoduodenal nodes

Nodes to the right side of the superior mesen-
teric artery (stations 14a and 14b)

* Removal of the lymph nodes of the anterior region
of the common hepatic artery (station 8a)

Radical Kausch-Whipple
Pancreatoduodenectomy

* Gerota’s fascia is removed en bloc with the head of
the pancreas and, in addition to the lymph nodes re-
moved with a “standard” pancreatoduodenectomy,
the following lymph node groups are removed:

Circumferentially around the common and
proper hepatic artery (stations 8a and 8p)

Lymph nodes of the celiac axis (station 9)

Lymph nodes of the hepatoduodenal ligament
(all station 12 nodes)

Circumferential superior mesenteric artery (all
station 14 nodes)

Resection of all lymph nodes of the anterolateral
aspect of the aorta and of the inferior vena
cava, in continuity with Gerota’s fascia, be-
tween the celiac axis and the inferior mesen-
teric artery (stations 16a2 and 16 b1)

From the Dipartimento di Scienze Mediche e Chirurgiche, Semeiotica Chirurgica, University of Padua, Padua, Iraly (S.P), and the

Department of Surgery, University of Chicago, Chicago, 1ll. (FEM.).
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Extended Radical Kausch-Whipple
Pancreatoduodenectomy

* En bloc resection of the following lymph node
groups, in addition to those removed with a radical
pancreatoduodenectomy:

All station 16 nodes: Clearance of all connective
and lymphatic tissue, starting from 3 cm to the
right of the duodenum, and extending to the
midportion of the left kidney, and from the in-
ferior margin of the liver across the diaphrag-
matic hiatus, well above the origin of the celiac
trunk to the origin of the common iliac arter-
ies. Clearance of all lymphatic and neurovas-
cular tissue anterior to the aorta including the
tissue around the celiac axis.

Left adrenalectomy is optional.

All participants in the Consensus Conference
agreed that the word “radical” should be avoided for
pancreatoduodenectomies that do not include skele-
tonization of the common and proper hepatic artery
and of the superior mesenteric artery in view of the
frequency of tumor invasion of the nerve plexus
around the pancreatic head (>60%) and metastatic
lymph nodes around the superior mesenteric artery
(23% to 38%).

Appropriate Extent of Lymphadenectomy
Associated With Pancreatoduodenectomy

in the Surgical Treatment of Adenocarcinoma
of the Head of the Pancreas

Between 1991 and 1994, the authors participated
in a multicenter prospective randomized study’ con-
ducted to determine whether the performance of an
extended lymphadenectomy in association with a pan-
creatoduodenal resection improves the long-term sur-
vival of patients with a potentially curable adenocar-
cinoma of the head of the pancreas. The study com-
prised 81 patients randomized to a standard (n = 40)
or extended (n = 41) lymphadenectomy. The stan-
dard and the extended lymphadenectomies performed
during the study were quite similar to the “standard”
and “radical” lymphadenectomy defined by the Con-
sensus Conference! with the only difference repre-
sented by the inclusion of lymph node station 16al of
the Japanese classification (para-aortic above the ori-
gin of the celiac axis) in the extended lymphadenec-
tomy group.

Journal of
Gastrointestinal Surgery

Demographic (age, sex) and histopathologic (tumor
size, stage, differentiation, oncologic clearance) char-
acteristics were similar in the two patient groups. Per-
formance of the extended lymphadenectomy added
time to the procedure, although the difference did not
reach statistical significance. Transfusion require-
ments, postoperative morbidity and mortality rates,
and overall survival did not differ between the two
groups. When subgroups of patients were analyzed us-
ing an 4 posteriori analysis that was not planned at the
time of study design, there was a statistically signifi-
cant (P <0.05) although clinically modest longer sur-
vival rate in the node-positive patients after an ex-
tended rather than a standard lymphadenectomy. The
survival curve of node-positive patients after an ex-
tended lymphadenectomy could be superimposed
onto the curves of node-negative patients. Survival in
node-negative patients did not differ according to the
magnitude of the lymphadenectomy.

Although disabling watery diarrhea has been re-
ported by Ishikawa* as a common postoperative com-
plication after an extended lymphadenectomy, our pa-
tients did not experience this adverse occurrence. In
comparing our technique to that reported by
Ishikawa,* we did not resect the thoracic duct, nor did
we perform a wide excision of the transverse meso-
colon. Although skeletonization of the superior
mesenteric artery is commonly claimed as the reason
for severe postoperative diarrhea, it is possible that
these differences in technique might explain the lack
of disabling postoperative diarrhea in our patients.
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The Johns Hopkins Experience With
Pancreaticoduodenectomy With or Without
Extended Retroperitoneal Lymphadenectomy
for Periampullary Adenocarcinoma

Charles §. Yeo, M.D.

Surgical resection by means of pancreaticoduo-
denectomy provides the only chance for cure in pa-
tients with periampullary adenocarcinoma. In most
reported series of patients treated for periampullary
adenocarcinoma, the results have been obtained us-
ing standard pancreaticoduodenal resection without
radical (extended) lymph node dissection. Radical
pancreatic resection was proposed by Fortner in 1973
as a means of improving the resectability rates and
cure rates for patients with cancer of the pancreas.
Currently, a variety of radical or extended resections
are being performed. These procedures have been
used most extensively in Japan and have gained some
advocates in Europe and the United States. At The
Johns Hopkins Hospital, there is currently an active
and ongoing prospective, randomized study that has
been designed to evaluate the impact of standard vs.
radical pancreaticoduodenal resection on short-term
outcomes (i.e., mortality and postoperative complica-
tions) and long-term outcomes (i.e., survival and qual-
ity-of-life issues).!

Between April 1996 and December 1997, a total of
276 patients underwent pancreaticoduodenectomy at
The Johns Hopkins Hospital, with 190 of these pa-
tients undergoing resection for periampullary adeno-
carcinoma. Of these, 114 patients were enrolled in
this single-institution study. Patients were random-
ized during surgery after standard pancreaticoduode-
nal resection to one of two surgical procedures: (1)
standard pancreaticoduodenal resection (i.e., pylorus
preservation or classic resection, whereas nodal
groups resected included the anterior pancreaticodu-
odenal lymph nodes, posterior pancreaticoduodenal
lymph nodes, nodes in the lower hepatoduodenal lig-
ament, and nodes along the right lateral aspect of the
superior mesenteric vessels) or (2) radical pancreati-
coduodenal resection. For the purposes of this study,

radical pancreaticoduodenal resection included a 30%
to 40% distal gastrectomy, lymph nodes in the corre-
sponding lesser and greater omentum, and a retro-
peritoneal lymph node dissection extending from
the hilum of the right kidney to the left lateral bor-
der of the aorta in the horizontal axis, and from the
portal vein to below the third portion of the duode-
num (level of the internal mammary artery) in the
vertical axis.”

Vagotomy, tube gastrostomy, and feeding jejunos-
tomy were not used. Postoperatively, patients received
histamine H,-receptor antagonists as prophylaxis for
stress and marginal ulceration, and erythromycin lac-
tobionate as prophylaxis against delayed gastric emp-
tying. Approximately 75% of the patients received
postoperative chemoradiation therapy.

Of the 114 patients randomized, 56 underwent the
standard resection and 58 underwent the radical re-
section. The two groups were statistically similar with
respect to age and sex. In regard to intraoperative fac-
tors, the extent of pancreatic resection, type of pan-
creatic-enteric anastomosis, and amount of intraop-
erative blood loss were similar between the two
groups. The operative time was approximately 35
minutes longer in the radical group. In the standard
resection group 70% of patients were found to have
positive lymph nodes, whereas in the radical group
positive nodes were identified in 59% of patients.
Eleven additional lymph nodes were harvested, on av-
erage, in the radical group, but in no patient did the
additional harvested lymph nodes change the tumor
staging.

*EDITOR’S NOTE: A celiac node was removed for histologic analy-
sis; otherwise the nodes around the common hepatic artery, celiac
artery, or to the left of the superior mesenteric artery were not
removed.

From the Johns Hopkins University School of Medicine, Baltimore, Md.
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"The overall postoperative in-hospital and 30-day
mortality rate was 4.4%, and the overall complication
rate was 37%. There were no differences between the
standard and radical groups. The most common post-
operative complication was early delayed gastric emp-
tying (10%) with other complications being pancre-
atic fistula (9%), wound infection (8%), and intra-
abdominal abscess (7%). The median postoperative
hospital length of stay was 10 days in the standard
group and 12 days in the radical group, a difference
that approached significance.

Survival was assessed for the 109 patients who sur-
vived the immediate postoperative period. The 1-year
and 2-year survival rates for all patients were 77% and
47%, respectively, for the standard group and 83%
and 56%, respectively, for the radical group (P = 0.6;
not significant). Assessing only those patients with
pancreatic adenocarcinoma (n = 34), the 1- and 2-
year survival rates were 71% and 39%, respectively,
for the standard group and 80% and 48% for the rad-
ical group (P = 0.5; not significant). For that group
of patients with node-positive pancreatic adenocarci-
noma (n = 36), the 1-year survival rate was 72% for
both the standard and radical groups.

Journal of
Gastrointestinal Surgery

At the time of this report, this series represented
the largest prospective, randomized comparison be-
tween standard and radical pancreaticoduodenectomy.
Enrollment is not yet complete, and the randomiza-
tion has not yet made the two groups statistically sim-
ilar. Nonetheless, with a few exceptions, the current
data support the premise that the addition of a distal
gastrectomy and retroperitoneal lymph node dissec-
tion to a standard pancreaticoduodenal resection is
relatively safe and does not affect overall morbidity
and mortality. The early survival analysis has failed to
confirm a survival benefit for patients with node-pos-
itive pancreatic cancer treated with the radical proce-
dure. However, we continue to accrue patients into
this trial, and the outcomes to be assessed at the final
evaluation include not only morbidity and mortality
but long-term survival and quality of life.

REFERENCE

1. Yeo CJ, Cameron JL, Sohn TA, Coleman J, Sauter PK, Hruban
RH, Pitt HA, Lillemoe KD. Pancreaticoduodenectomy with or
without extended retroperitoneal lymphadenectomy for peri-
ampullary adenocarcinoma: Comparison of morbidity and mor-
tality and short-term outcome. Ann Surg 1999;229:613-624.



Original Avticles

Is CT Angiography Sufficient for Prediction
of Resectability of Periampullary Neoplasms?

Pierre E. Saldinger, M.D., Melissa Reilly, R.N., Kevin Reynolds, M.D., Vassilios Raptopoulos, M.D.,
Ram Chuttani, M.D., Michael L. Steer, M.D., Feffrey B. Matthews, M.D.

The optimal preoperative evaluation of periampullary neoplasms remains controversial. The aim of this
study was to analyze the accuracy of helical computed tomography (CT) and CT angiography with three-
dimensional reconstruction in predicting resectability. Between March 1996 and May 1999, a total of
100 patients with periampullary neoplasms were prospectively staged by helical CT and CT angiography
with three-dimensional reconstruction. Vascular involvement was graded from 0 to 4, with grade 0 rep-
resenting no vascular involvement and grade 4 total encasement of either the superior mesenteric vein or
artery. Patients with grade 4 lesions were considered unresectable. Sixty-eight patients underwent surgi-
cal exploration with intent to perform a pancreaticoduodenectomy. Forty-four lesions were grade 0, five
were grade |, eight were grade 2, and 11 were grade 3. Resectability for grades 0 to 3 was 96%, 100%,
50%, and 9%, respectively, for an overall resectability rate of 76%. Resectability in patients with vascu-
lar encroachment (grade 2) is usually determined by the extent of local disease rather than the presence
of extrapancreatic disease. Resection is rarely possible in patients with evidence of vascular encasement
(grade 3). Additional imaging modalities such as diagnostic laparoscopy are superfluous in patients with
no evidence of local vascular involvement on CT angiography (grades 0 and 1) because of the high re-
sectability rate and infrequency of unsuspected distant metastatic deposits. (J GASTROINTEST SURG

2000;4:233-239.)

KEY WORDS: Pancreas cancer, CT, surgery, pancreaticoduodenectomy

Pancreaticoduodenectomy is currently the only po-
tentially curative treatment for patients with peri-
ampullary neoplasms. Advances in perioperative man-
agement and surgical technique have significantly de-
creased the morbidity and mortality for this opera-
tion.!”? Despite these advances, the overall prognosis
remains bleak.! An important goal of the initial eval-
uation of these patients is to select patients in whom
curative resection is potentially feasible and to avoid
laparotomy in patients with disease that has pro-
gressed beyond the planned resection field or disease
that is technically unresectable because of vascular en-
casement. A number of methods, including helical
computed tomography (CT), magnetic resonance
imaging (MRI), endoscopic ultrasonography, and lap-
aroscopy with or without laparoscopic ultrasonogra-
phy, have been evaluated in recent years to improve

preoperative staging. Several groups have advocated
the use of combinations of these modalities in order
to achieve an accurate perioperative assessment of the
resectability of periampullary neoplasms.’-* The most
important end point of these studies is the avoidance
of unnecessary laparotomy in patients who cannot
benefit from resection. The present study has prospec-
tively evaluated the potential of a single modality,
helical CT with CT angiography, to predict vascular
involvement of periampullary neoplasms and their
resectability.

MATERIAL AND METHODS

Between March 1996 and May 1999, a total of 100
patients (46 men and 54 women; median age 69 years,
range 36 to 80 years) with periampullary neoplasms

From the Division of General and Gastrointestinal Surgery (PES., M.R., M.L.S., and J.B.M.), Department of Surgery, Department of
Radiology (K.R. and V.R.), and Division of Gastroenterology (R.C.), Department of Medicine, Beth Israel Deaconess Medical Center,

Harvard Medical School, Boston, Mass.

Reprint requests: Jeffrey B. Matthews, M.D., Division of General and Gastrointestinal Surgery, Beth Israel Deaconess Medical Center,
330 Brookline Ave., Boston, MA 02215. e-mail: jmatthew@caregroup.harvard.edu
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Table 1. Grading of vascular involvement in 68 patients
undergoing surgical exploration with intent to perform
pancreaticoduodenectomy according to helical CT
with CT angiography*

Grade Finding No.

0 Normal, preserved fat plane around 44
the portal vein, superior mesenteric
vein, their confluence, the superior
mesenteric artery and celiac axis

1 Loss of fat plane, smooth displacement 5
of the vessel

2 Flattening or irregularity on one side 8
of the vessel

3 Encased narrowed vessel with tumor 11
>50% of the circamference

4 Occluded vessel NA

NA=not applicable.

*Adapted from Raptopoulos V, Steer ML, Sheiman RG, et al. The use
of helical CT and CT angiography to predict vascular involvement
from pancreatic cancer: Correlation with findings at surgery. AJR Am
J Roentgenol 1997;168:971-977.

were prospectively staged for resectability by helical
CT and CT angiography with three-dimensional re-
construction. Most of these patients had undergone a
prior study (CT, ultrasonography, or endoscopic ret-
rograde cholangiopancreatography) that suggested
the presence of a periampullary neoplasm, but these
studies had not identified either metastatic disease or
locally unresectable disease. The studies were re-
viewed by a staff radiologist and vascular involvement
was graded from 0 to 4¢ (Table I, Figs. 1 and 2). Pa-
tients with grade O to 3 lesions were considered po-
tentially resectable, and they were scheduled to un-
dergo a potentially curative pancreaticoduodenec-
tomy. Grade 4 vascular involvement was considered
an absolute radiologic criterion for unresectability;
these patients did not undergo surgical exploration.
Laparoscopy was performed at the surgeon’s discre-
tion but not routinely as part of the surgical explo-
ration. Criteria for unresectability at operation in-
cluded hepatic metastases, encasement of the superior
mesenteric vein or artery, encasement of the portal
vein, and hilar or celiac lymph node involvement con-
firmed by frozen section. A key step in the assessment
of resectability was the ability of the surgeon to de-
velop a plane between the anterior surface of the su-
perior mesenteric vein/portal vein and the neck of the
pancreas. Cases in which this was not possible were
considered unresectable. Segmental portal vein resec-
tion for posterolateral involvement of the superior
mesenteric vein/portal vein, as described by others,”
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Fig. 1. Three-dimensional reconstruction of a CT angiogram
showing a grade 2 lesion with flattening on one side of the ves-
sel (arrow).

Fig. 2. Three-dimensional reconstruction of a CT angiogram
showing a grade 3 lesion with narrowing of the vessel by the
tumor of greater than 50% of the circumference (@rvow).

was performed in one case. Patients with resectable
lesions underwent a pancreaticoduodenectomy.
Operative and clinicopathologic data were re-
corded in a prospective pancreaticobiliary database
maintained by the Division of General and Gastroin-
testinal Surgery at Beth Israel Deaconess Medical
Center. Logistic regression was used to assess whether
the CT grade was predictive of resectability. Patients
with grade 4 lesions were not included in this analysis.

RESULTS

Sixty-eight patients were considered potentially re-
sectable on the basis of the CT angiography and un-
derwent surgical exploration with intent to perform a
pancreaticoduodenectomy. There were 32 male and
36 female patients whose mean age was 66 years
(range 44 to 80 years). Fifty-two patients had pancre-
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Table II. Distribution of tumors among all patients undergoing surgical exploration (n = 68)
Tumor Total Grade 0 Grade 1 Grade 2 Grade 3

Pancreatic adenocarcinoma 52 32 3 6 11
Ampullary carcinoma 5 5
Cystic neoplasm 5 3 1 1
Endocrine neoplasm 2 1 1
Duodenal adenoma 2 2
Duodenal carcinoma 1 1
Intraductal papillary tumor 1 1
atic adenocarcinoma, five had ampullary carcinoma, ~ Table IIL Resectability according to tumor type
five had a cystic neoplasm, two had an endocrine neo- Rescctability
plasm, two had a duodenal adenoma, one had a duo- Tumor type No. rate (%)
denal carcinoma, and one had an intraductal papillary Pancreatic adenocarcinoma 52 P
tumor (Table II). Other 16 100

Pancreaticoduodenectomy was performed in 52
patients resulting in an overall resectability rate of
76%. The resectability rates for grades 0 to 3 were
95%, 100%, 50%, and 9%, respectively (Fig. 3). This Table IV. TNM classification of 36 resected
trend was highly significant (P <0.001). The rate of ~ pancreatic cancers”
positive margins in patients with pancreatic adeno-  g,qe No. (%)
carcinoma was 22%. All patients with unresectable
tumors had pancreatic adenocarcinoma, whereas the T1 401
16 patients with other tumors were all resectable T2 1130)
(Table IIT). The TNM classification of 36 resected I3 20(56)

. e . T4 1)

pancreatic cancers is listed in Table IV. Both patients NO 10 28)
with grade 0 lesions who were unresectable had un- N1 26 (72)
suspected liver metastases. In one of these patients,
the hepatic lesions would have been readily apparent ~ “The rate of positive margins for this group was 22%.
on diagnostic laparoscopy, but in the other there was
only a small lesion at the dome of the liver that might
have been difficult to visualize without the aid of pal-  Table V. Reasons for unresectability according
pation. The basis for unresectability in all four pa-  to grade of vascular involvement
tients in.the grade 2 category who did not undergo . Finding Grade
pancreaticoduodenectomy was the degree of local vas-
cular involvement rather than the presence of peri-  V.B. Liver metastases both lobes 0
toneal, nodal, or hepatic tumor deposits. One of the ~ R.D. Liver metastasis, dome 0
10 unresectable patients in the grade 3 group had liver V> SMV encased 2
metastases, one had a malignant celiac node, and the Tg{ : gﬁvv and SA:i[A encased 2
remaining eight had extensive vascular involvement g\/l R SMV enease d ;
(Table V). ] E. SMV Zﬁﬁiiﬁd 3

Four of the 16 patients who were ultimately found 3 p SMV encased 3
to have unresectable disease underwent laparoscopy  Rrs. SMV encased 3
as the first stage of their procedure. In three of them  CS. SMV,, portal vein, splenic vein encased 3
the laparoscopic findings were negative, but these pa-  EM. Liver metastases left lobe 3
tients were found to have extensive vascular involve- ~ WW. SMV encased 3
ment precluding resection. The fourth patient was  J.F SMV encased 3
found to have an enlarged celiac lymph node, but re- ~ M.S. SMV encased . 3
sults of laparoscopic biopsy were inconclusive. Of the C.T. Celiac node encased hepatic artery 3

L.M. Encased SMA, infiltrated aorta, 3

12 unresectable patients who did not undergo lapa-
roscopy, two had liver metastases that could likely
have been detected by laparoscopy.

para-aortic lymph nodes

SMV = superior mesenteric vein; SMA = superior mesenteric artery.
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Fig. 3. Resectability according to CT grading system. Overall
resectability was 76%. For grades 0 to 3 resectability rates were
95%, 100%, 50%, and 9%, respectively (white bars). Re-
sectability for pancreatic adenocarcinoma (gray bars) was 69%.
For grades 0 to 3 resectability rates were 94%, 100%, 33%,
and 9%, respectively.

DISCUSSION

Complete tumor removal by means of pancreati-
coduodenectomy remains the only potentially cura-
tive treatment for periampullary neoplasms. However,
the vast majority of patients who present with this dis-
ease are unresectable because of either distant spread
or locally advanced disease. Many of these patients
suffer from obstructive jaundice, which can be palli-
ated by endoscopic stent placement, obviating the
need for a surgical biliary-enteric bypass.'®!! It is
therefore essential to stage patients preoperatively as
precisely as possible in order to avoid laparotomy in
unresectable patients.

The advent of sophisticated imaging techniques
has improved detection of both locally advanced dis-
ease and liver metastases. However, the specific utility
of these modalities in the preoperative assessment of
patients with periampullary neoplasms remains to be
clearly defined. Published experiences with the use of
CT report resectability rates ranging from 30% to
75%.12-20 No doubt a major factor accounting for the
wide variation in resectability is the quality of the CT
itself. The current state of the art consists of helical
CT plus CT angiography, with images acquired at 3
mm intervals, a technique that has not consistently
been used in most published studies. In many cases
CT scans of questionable quality may have been ob-
tained prior to evaluation by the specialty center at
which the operation is contemplated; repeat imaging
with a specifically tailored CT imaging protocol may
yield substantially more accurate assessment.

Journal of
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Several groups have tried to improve the re-
sectability rate by combining CT with other modal-
ities. Warshaw et al.’ used MRI, angiography, and
laparoscopy in addition to CT. They found a 78% re-
sectability rate if all tests were negative and a 5%
resectability if any of them were positive. The pre-
dominant reason for unresectability was vascular in-
volvement. Conlon et al.!’ were able to increase the
resectability rate from 53% after CT staging to 88%
by adding laparoscopy. Laparoscopic ultrasound can
also be added to conventional diagnostic laparoscopy
to enhance its accuracy. Callery et al.* were able to
markedly increase the predictive value of staging by
using a combination of CT scan, laparoscopy, and
laparoscopic ultrasound in patients with hepatobil-
iary and pancreatic malignancies. This trend has also
been observed in other studies.!82! It is unclear, how-
ever, how information on vascular involvement ob-
tained by laparoscopic ultrasound compares to that
obtained by CT angiography, since some of the stud-
ies included unresectable patients with extensive vas-
cular involvement.

Our study shows that helical CT with CT angiog-
raphy yields accurate information sufficient for pre-
diction of resectability in the vast majority of cases.
Patients with grade 0 and 1 vascular involvement had
a resectability of greater than 96%. The two patients
who were found to be unresectable had liver metas-
tases. Laparoscopy could potentially have been help-
ful in one patient, whereas the single lesion identified
in the other was on the dome and not easily within
reach for laparoscopic visualization or biopsy. Our re-
sectability rate falls to 50% for grade 2 lesions and 9%
tor grade 3 lesions. Most of these patients were unre-
sectable because of locally advanced disease and vas-
cular encasement. Liver metastases were found in
only one of these patients. One patient with encase-
ment of the hepatic artery by a cancerous celiac node
underwent laparoscopy. The node was visualized and
biopsies were performed but frozen sections were in-
conclusive. A limited directed exploration was per-
formed to obtain a definite tissue diagnosis. Of note is
that all patients with unresectable disease had pancre-
atic adenocarcinoma, whereas all patients with other
pathologic findings were resectable (see Table III).

Our results are comparable to those of Friess et
al.!? who analyzed 159 patients scheduled for pancre-
aticoduodenectomy for periampullary neoplasms.
These investigators found that most unresectable pa-
tients had vascular infiltration by the tumor and con-
cluded that routine laparoscopy could not be recom-
mended since it would have achieved benefit in only
10% of their patients. Holzman et al.’” reported com-
parable results in a smaller series.
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Based on our results and the reports of others, we
believe that helical CT scan with CT angiography is
sufficient for the assessment of patients with peri-
ampullary neoplasms. Patients who are found to have
grade 0 or 1 lesions do not require routine laparos-
copy since the resectability rate exceeds 96%. Patients
with signs of vascular encroachment or encasement
(grades 2 and 3, respectively) could potentially bene-
fit from additional investigations including diagnos-
tic laparoscopy in order to decrease the number of
unnecessary laparotomies. However, the most com-
mon factor that determines nonresectability in these
subgroups is the locally advanced disease and not the
presence of unsuspected distant spread.

We emphasize that all patients included in our
study underwent imaging at our institution according
to an identical CT protocol. This series thus has al-
lowed the establishment of a standard against which
other methods can be more directly compared. Stud-
ies reporting a high yield for laparoscopy have not
uniformly applied state-of-the-art CT technology;
these series may have included patients who would
have been excluded from our study by the presence of
more advanced vascular involvement (grade 4) or
metastatic lesions below the limits of resolution of
other studies, including earlier generation CT.5 1518

Helical CT with CT angiography represents a
powerful tool for the evaluation of periampullary neo-
plasms. The absence of vascular involvement (grades
0 and 1) demonstrable by this modality is highly pre-
dictive of resectability, rendering additional preoper-
ative staging studies superfluous. Imaging technology
is ever-improving, and it is likely that newly emerging
techniques will eventually equal or eclipse CT. In this
regard, endoscopic ultrasound has shown promising
results that may complement or refine the informa-
tion currently obtainable by CT angiography.?
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Discussion

Dr. M. Callery (Worcester, Mass.). You have shown that
helical CT is a powerful tool for predicting resectability. I
imagine that we would probably all pick this as our first
choice if we were given one study for evaluating these pa-
tients. The goals of this and all staging modalities are re-
ally twofold. The first is to try to equalize the rates of op-
erability and resectability, and then to eliminate unneces-
sary laparotomy in patients who cannot benefit if their le-
sions are unresectable.

I would like you to reconcile some of the differences be-
tween this study and several others with respect to the use
of laparoscopy in staging. Dr. Conlon from the group at
Memorial Sloan-Kettering Cancer Center has done a great
deal of work identifying the value of laparoscopy. Also,
Warshaw et al.> demonstrated a 20% rate of occult tumor
spread in patients with pancreatic neoplasms. I would agree
that for early-grade lesions (0 through 2Y2) laparoscopy
may be superfluous. But if laparoscopy is used critically in
your grade 2Y2 to 3 lesions, based on the images you pre-
sented, unnecessary laparotomy can be avoided in those pa-
tients, not only on the basis of miliary disease but also be-
cause there will be a higher yield with the use of the lapa-
roscopic ultrasound probe in determining unresectability
based on local vascular invasion. Thus the patient can be
spared additional procedures such as endoscopic stenting
by using laparoscopic palliative biliary and gastric bypass
techniques.

Dr. P. Saldinger. 1 absolutely agree that the weakness of
this method lies with patients who have lesions that are
grade 2 and higher. If these patients can be identified be-
forehand, they can certainly benefit from either laparoscopy
or laparoscopic ultrasound, or possibly endoscopic ultra-
sound, in an attempt to avoid surgery.

Dr. . Bowen (New Orleans, La.). Can you clarify what
you mean by local invasion preventing recurrence, specifi-
cally in regard to the superior mesenteric vein. There are
cases where the superior mesenteric vein is involved to
some degree and the tumor is still resectable. I would like to
know if tumors with vein involvement were considered un-
resectable in your study or were you sometimes able to re-
sect a portion of the vein with the tumor?

Dr. Saldinger. Intraoperatively, tumors were considered
unresectable if we were unable to mobilize the superior
mesenteric vein off the pancreatic neck. We have not en-
countered any cases where once the neck was transected,
the vein was attached to the side of the uncinate process and
one could consider resection of the vein. That did not occur
in this series. If we deemed a patient to be unresectable be-
cause of local invasion, it was essentially because we were
unable to mobilize the pancreatic neck.

Dr. M. Sarr (Rochester, Minn.). Can you tell us more
about the grade 3 findings? In those patients, did you note
the formation of any collateral vessels? Collateral vessels
are a good sign of functional obstruction of the vein and
equate with local unresectability.

Dr. Saldinger. There was no sign of collateral vessels in
these patients. There were 11 of these patients and one un-

derwent resection and 10 did not. One might ask whether it
makes sense for these patients to undergo surgical explo-
ration at all. In fact, the one patient who had a resection
had a questionable grade 3 lesion according to one cut, so it
was more of a grade 2+ than a grade 3 lesion. If we con-
tinue to analyze patients of this sort, at some point we
might find that it is not justified to subject them to surgical
exploration at all. If these patients are taken out of the
analysis, of course, then the prediction of resectability with
CT scan will go way up.

Dr. C. Fernandez-del Castillo (Boston, Mass.). I would
like you to clarify your resectability rate for pancreatic can-
cer. Your overall resectability rate was 76%, but that in-
cluded other periampullary tumors, which we know have a
much higher likelihood of resectability. To underscore the
value of laparoscopy in the group of patients with pancre-
atic cancer, not ampullary, bile duct, or duodenal carci-
noma, our data show that 19% of patients with pancreatic
head tumors will have unsuspected metastasis detected at
the time of laparoscopy. Thus laparotomy will be avoided in
19% and if, in addition, peritoneal cytologic studies are also
considered, there will be another 6% or 7% of patients who
will not benefit from laparotomy. It is true that the applica-
tion of laparoscopy can be stratified. If the tumor is smaller
than 2 cm, the yield is very low. This is not just based on
whether the tumor is touching the vein or not, because it is
possible to have a 3 cm tumor that is not touching the vein,
but the chance that these patients will have peritoneal or
liver metastasis is probably about 20% or more.

Dr. Saldinger. 'The resectability rate for pancreatic can-
cer was 69%. All patients who were unresectable had pan-
creatic cancer. You are correct about laparoscopy and dis-
tant metastases. We had only three patients with liver
metastasis and that caused some bias in our series. In two of
them the lesions certainly could have been visualized by
laparoscopy; the third patent had a lesion high up on the
dome that probably could not have been seen or biopsied.
For low-grade lesions, we probably still would not perform
laparoscopy, but in the others its use is certainly justified.

Dr. Y. Fong (New York, N.Y.). In these patients, how ef-
fective was CT angiography in terms of depicting aberrant
arterial anatomy? Could you see celiac stenosis or replaced
right hepatic arteries coming behind the pancreas, to help
you in planning surgery?

Dr. Saldinger. Absolutely. Virtually all of the anatomic
variations can be seen with this method.

Dr. . Hoffiman (Philadelphia, Pa.). The vein is impor-
tant, but I am not sure it is the only important criterion for
determining local resectability. The status of the superior
mesenteric artery and the celiac axis and hepatic artery
would be just as important and you have not given us any
details of those assessments. Second, I wonder if the pro-
cedure would identify patients with reversal of flow due to
celiac axis compression.

Dr. Saldinger. With respect to the superior mesenteric
artery, I did not mention that a grade 4 lesion indicates ei-
ther superior mesenteric vein, portal vein, or superior
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mesenteric artery involvement and we had, in fact, two pa-
tients with encasement of the superior mesenteric artery
who were excluded prior to surgery. I do not know whether
reversal of flow could be seen on the CT angiogram.

Dr. H. Reber (Los Angeles, Calif.). Your experience is
very similar to what we have reported. We have more than
100 patients with pancreatic adenocarcinoma in the head
of the gland in which helical CT prediction of resectability
is approximately 85%. Dr. Warshaw and I have discussed
the issue of the additional value of laparoscopy many times.
His conclusions are different from ours, which probably re-
flects different institutional experiences with the reliability
of CT. In our experience, with a high accuracy of prediction
of resectability by CT, to perform laparoscopy after the CT
is simply not economical.

You mentioned using CT angiography with three-
dimensional reconstructions to obtain the reconstituted
computerized image of the vessels. Our radiologists initially
did this as well, but as they gained more experience, they
found that simply interpreting the plain CT images without
performing reconstructions is just as accurate and is less ex-
pensive because of the time and additional effort spent in
trying to create the reconstructed images. Have your radi-
ologists had a similar experience or do you still think it nec-
essary to perform the reconstruction?

Dr. Saldinger. In many cases, just studying at the cuts is
sufficient. If the lesion is grade 0 or 1, the fancy recon-
struction is not necessary to figure out that the tumor is re-
sectable. But we used reconstructions in all of the patients,
and in a fair number of patients it really helps to determine
more precisely where the problem will be.

Dr. A. Warshaw (Boston, Mass.). It may come as no sur-
prise to you that my experience has been very similar to that
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of Dr. Fernandez. I guess it is a question of whether the
glass is half full or half empty.

Dr. L. Traverso (Seattle, Wash.). Your data emphasize
the radiologist’s assessment of the superior mesenteric vein/
portal vein system, not the arterial system. Is that true?

Dr. Saldinger. No, it includes the superior mesenteric
artery as well.

Dr. Traverso. In a recent issue of American Fournal of
Surgery (1999;177:428-432), the UCLA, Mayo Clinic, and
Virginia Mason Medical Center experience with predicting
operative findings by CT scans for pancreatic cancer was
published. We show that portal vein involvement is fre-
quently overcalled, but when arterial involvement is noted,
it is important and it affects long-term survival. If you could
divide your data into venous and arterial assessment, you
might find different resectability rates.

I have a caveat for those who rely on helical CT angiog-
raphy. As you know, the helical CT captures the arterial
phase on the way down and the portal venous phase on the
way back. But the hypodense tumor may be totally missed.
The tumor will not be seen in many cases unless it is cap-
tured right in the middle, somewhere between the arterial
phase and the portal venous phase. Even if CT angiogra-
phy is performed and the extra time and the extra cuts and
the extra interpretation and reconstruction are used, the tu-
mor will not be seen. That is a problem that should be
worked out with the radiologist, to actually design the CT
study so that the tumor can be seen, rather that just the loss
of fat planes.

Dr. L. Way (San Francisco, Calif.). Despite the accuracy
of the helical CT, occasionally there are studies that are dif-
ficult to interpret. I want to mention that magnetic reso-
nance angiography usually resolves the ambiguity.



Therapy for Microcirculatory Disorders
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Many of the complications in severe acute pancreatitis result from the amplifying effects of microcircu-
latory disruption. The pathogenesis of these microcirculatory disorders is multifactorial and involves var-
ious vasoactive mediators. Thus questions arise as to which vasoactive mediators are most important and
how long after the onset of disease vasoactive mediator blockade may be effective. The present study
compares the effect of delayed therapy with two vasoactive mediator antagonists, previously tested with
promising results in other studies in a well-established rodent model of severe acute pancreatitis. Twelve
hours after induction of acute pancreatitis, rats were randomized to therapy with intracellular adhesion
molecule-1 (ICAM-1) antibody (2 mg/kg IA-29), endothelin A receptor antagonist (ET-RA) (40 mg/kg
LU 135252), or saline solution (volume equivalent). After 12 hours of fluid resuscitation, animals under-
went repeat laparotomy for intravital microscopic determination of capillary blood flow, leukocyte rolling,
and capillary permeability in the pancreas and colon. Other measurements included cardiorespiratory
parameters, hematocrit, pleural effusions, ascites, urine production, and survival. Compared to saline
treatment, both ICAM antibody and ET-RA significantly enhanced capillary blood flow in the pancreas
and colon, reduced leukocyte rolling, and stabilized capillary permeability. These beneficial effects on
microcirculation were associated with decreased fluid loss into the third space and improved renal func-
tion and survival. Although both antagonists likewise enhanced capillary blood flow and reduced leuko-
cyte rolling, ET-RA was significantly more effective than ICAM antbody in counteracting capillary leak-
age, thereby further reducing fluid sequestration. The present study confirms the beneficial effects of en-
dothelin and ICAM antagonists in severe acute pancreatitis, even with delayed therapy, suggesting that both
compounds are candidates for further clinical testing. Selective endothelin A receptor blockade appears to
be especially attractive for clinical use not only because it was superior to ICAM antibody in the present
study but also because of its favorable pharmacologic properties and (preliminary) positive results in clini-
cal phase 2 studies currently underway for other diseases. (] GASTROINTEST SURG 2000;4:240-247.)

KEY wWORDS: Acute pancreatitis (experimental), microcirculation, vasoactive mediators, endothelin,
adhesion molecules

Microcirculatory disorders are a hallmark of severe
acute pancreatitis. They are not confined to the pan-
creas, where they may promote acinar cell necrosis,
but have also been demonstrated in the colon, lung,
and liver, where they are believed to contribute to or-
gan dysfunction.!-* Assuming that many of the com-
plications and deaths associated with acute pancreati-
tis result from the amplifying effects of organ-specific
microcirculatory impairment, improving microcircu-

lation appears to be a logical therapeutic approach. In
addition to adequate fluid resuscitation, which is es-
sential for compensating hypovolemia and hemocon-
centration, novel strategies are aimed at inhibiting the
vasoactive substances that cause vasoconstriction,
higher vascular permeability, and pathologic interac-
tion between blood cells and the endothelium. Va-
soactive substances activated during acute pancreatitis
include cytokines such as interleukins (IL-1, IL-6,
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IL-8), tumor necrosis factor, and platelet-activating
factor, as well as secondary mediators such as bra-
dykinin, prostaglandin, nitric oxide, endothelin, and
adhesion molecules.!”” This study is part of a series
evaluating which of these vasoactive mediators are
most important for the microcirculatory disorders
seen in acute pancreatitis and which factor, when
blocked, is most effective in counteracting these mi-
crocirculatory changes and subsequent organ dysfunc-
tion. We also investigated which component of dis-
turbed microcirculation (capillary blood flow, capil-
lary permeability, or leukocyte-endothelial interac-
tion) is mainly affected and how long after the onset
of disease vasoactive mediator blockade can be effec-
tive. The study applies a well-established model of
acute necrotizing pancreatitis in the rat that has proved
suitable for evaluating therapy in previous studies.® 1
The model involves extended organ monitoring and
intravital microscopy using a novel computer-assisted
image analysis system for the quantitative assessment
of microcirculation.!! The tested vasoactive media-
tor inhibitors are a specific endothelin A antagonist
(ET-RA) and a monoclonal antibody against inter-
cellular adhesion molecule-1 (ICAM-AB), which
were previously shown to be most effective in this
model of acute pancreatitis.!>!?

MATERIAL AND METHODS

All experiments were conducted in accordance with
the national guidelines for the use and care of labora-
tory animals and approved by the local ethics commit-
tee. After overnight fasting, 40 male Sprague-Dawley
rats (300 to 350 kg), housed individually in metabolic
cages, were anesthetized with intraperitoneal pento-
barbital (20 mg/kg) and ketamine (40 mg/kg). Poly-
ethylene catheters (inside diameter 0.5 mm) were in-
serted into both jugular veins and the left carotid artery,
subcutaneously tunneled to the neck, and advanced
through a steel tether, which allowed blood sampling
and intravenous access in the unrestrained animals.

Severe (necrotizing) acute pancreatitis was induced
by a standardized retrograde infusion of 0.5 ml of 10
mmol/L glycodeoxycholic acid (GDOC; Sigma, St.
Louis, Mo.) into the biliopancreatic duct for 10 min-
utes, followed by intravenous infusion of 5 pgrkg/hr
cerulein (Farmitalia, Freiburg, Germany) over 6 hours.

After 6 hours of acute pancreatitis induction, ani-
mals were observed for another 6 hours without any
intervention or therapy. After 12 hours, cardiorespi-
ratory parameters were monitored and blood was
drawn to determine hematocrit and trypsinogen acti-
vation peptide (TAP) values in plasma.!* There-
after animals were randomized to therapy with the
ICAM-1 antibody IA-29 (Boehringer, Ingelheim,
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Germany; Ridgefield Branch, Conn.; 2 mg/kg in-
travenous; n = 10), the specific endothelin A receptor
antagonist LU 135252 (Knoll AG, Ludwigshafen,
Germany; 50 mg/kg; slow intravenous injection;
n = 10), or normal saline solution (volume equivalent;
n = 12). After 24 hours (12 hours after the start of
therapy), during which time the animals received con-
tinuous fluid resuscitation with Ringer’s lactate
(4 ml/kg/hr), cardiorespiratory and laboratory param-
eters were reevaluated and animals underwent repeat
laparotomy to determine ascites and for intravital
microscopy. Other measurements included pleural ef-
fusion determination at autopsy, urine collection from
the metabolic cages, and histologic examination of
pancreatic specimens harvested at autopsy.

Healthy sham-operated animals (intraductal and
intravenous saline infusion) treated with saline, ICAM
antibody, and ET-RA served as additional control
subjects (data not shown). The dosage and type of an-
tagonist administration were chosen according to the
experience gained with these specific compounds in
previous studies.!?!3

Assessment of disease severity included the amount
of trypsinogen activation and the extent of acinar cell
necrosis as indicators of pancreatic injury, as well as
systemic measurements representing the animals’ fluid
status and organ functions. TAP levels in plasma re-
flecting premature intrapancreatic protease activation
were measured 12 hours after the start of acute pan-
creatitis induction (before therapy) using an enzyme-
linked immunosorbent assay with affinity-purified
rabbit anti-TAP antibodies.'* Pancreatic acinar cell
necrosis was evaluated by histologic examination and
scored according to previously described criteria.?
Fluid sequestration into the third space was estimated
from repeated hematocrit measurements and the
amount of free fluid collected from the abdomen be-
fore intravital microscopy and the thorax at autopsy.
Cardiorespiratory function was assessed by monitor-
ing arterial blood gases, mean arterial pressure, and
heart rate at several time points during the experi-
ment (0, 12, 18, and 24 hours before and after intra-
vital microscopic examination), and renal function by
collecting urine from the metabolic cages.

For intravital microscopy, animals were placed on a
heated operating table. The abdomen was opened by
a small midline incision. First, the duodenum and the
head of the pancreas were mobilized and exteriorized,
placed in an immersion chamber with Ringer’s lactate
maintained at 37° C, and positioned under a fluores-
cence microscope (Leitz, Wetzlar, Germany) with a
heat protection and excitation filter (450 to 490 nm)
connected to a video recorder. Following exposure
of the pancreas, 0.5 ml/kg erythrocytes labeled with

fluorescein isothiocyanate (FITC; Sigma, Deisen-
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hofen, Germany) was injected intravenously. After a
5-minute stabilization period, three randomly chosen
regions in the head of the pancreas (400 X 325 pm)
were recorded for off-line analysis of pancreatic cap-
illary blood flow. Thereafter the duodenal loop was
repositioned, and the ascending colon was exposed
for assessment of colonic capillary blood flow in the
mucosa. Following the assessment of capillary blood
flow, leukocyte-endothelial interaction was recorded
in postcapillary venules of the adjacent mesentery af-
ter injection of 1 ml/kg 0.02% rhodamine (Sigma,
Deisenhofen, Germany). Leukocyte rolling, defined
as the number of cells passing a previously defined
vessel segment within 1 minute, was assessed off line
in 8 to 10 video segments per animal. Leukocyte
sticking, defined as the number of cells attached to the
endothelial lining with no movement over a longer
observation period, was not assessed in this experi-
ment to limit recording time. Capillary permeability
was determined in the ascending colon following an
injection of 0.2 ml 5% FITC-Dextran 150 (Sigma,
Deisenhofen, Germany; molecular weight 150,000
daltons) by quantifying the increase in perivascu-
lar fluorescein intensity in the same field (5 fields
per animal) over 30 minutes by means of CAP-
Image (Zeintl, Heidelberg, Germany).!" This novel
computer-assisted video frame analysis system for
dynamic capillaroscopy allows off-line analysis of a
variety of microcirculatory parameters and calculates
capillary permeability from the changes in perivascu-
lar density caused by extravasation of the fluorescent-
labeled dextran (molecular weight 150,000 daltons)
over a defined observation period. Details of the
equipment, techniques, and methods of calculating
the microcirculatory parameters have been described
elsewhere.’>'¢ Since continuous extravasation of
FITC-dextran obliterates the microscopic image,
which compromises further measurements, capillary
permeability could only be determined at the end of
the experiment in one organ bed per animal. The
colon (rather than the pancreas, which we examined
in previous studies) was chosen because its extensive
surface and capillary density make it a major site of
fluid extravasation in capillary leakage syndrome. The
total time needed for exposure and recording of the
microcirculatory beds was 90 to 120 minutes per ani-
mal. Heart rate, arterial pressure, and blood gases
were measured before and after intravital microscopy.

Only data from animals with stable cardiorespira-
tory conditions were included in the analysis of the
microcirculatory parameters to avoid bias possibly re-
sulting from systemic cardiorespiratory derangement.
Exclusion criteria were mean arterial pressure less
than 80 mm Hg, pO, less than 80 mm Hg, pco, more
than 50 mm Hg, and pH <7.3 or >7.5.
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Statistical Analysis

All results are expressed as mean * standard error
of the mean (SEM). Variables were tested for group
differences by means of Student’s ¢ test, Mann-
Whitney rank-sum test, and chi-square test where ap-
propriate. A P value <0.05 was considered significant.

RESULTS

Eight of the 40 animals died within 12 hours, leav-
ing 32 animals that were randomized to the three
treatment groups. Seven of 12 saline-treated animals
died before intravital microscopy after 24 hours, and
one died at the end of the observation period. With
ICAM antibody and ET-RA, two animals died and
one in each group developed signs of severe car-
diorespiratory distress during intravital microscopy
and were subsequently excluded from further analysis
(see exclusion criteria).

Compared to healthy control animals, rats with se-
vere acute pancreatitis developed a significant decrease
in urine production and an increase in hematocrit and
plasma TAP levels (data not shown). The comparison
of mean arterial pressure, respiratory parameters, urine
production, hematocrit (data not shown), and TAP
levels in plasma (saline, 4.6 * 0.6 nmol/L; ICAM an-
tibody, 4.4 * 0.8 nmol/L; and ET-RA, 4.8 = 0.9
nmol/L) before the administration of the test sub-
stances showed no significant group differences, indi-
cating that the severity of pancreatitis was comparable
in all animals at the time of randomization.

After 24 hours (12 hours after the start of therapy),
animals treated with either ICAM antibody or
ET-RA had a higher urine output, lower hematocrit,
and less ascites and pleural effusion than animals
given normal saline solution (Table I). Differences be-
tween animals treated with ICAM antibody and those
treated with ET-RA were significant (P <0.05) for
hematocrit values and urine production.

TAP values determined in plasma after 24 hours
were lower than those measured after 12 hours and did
not differ between treatment groups (data not shown).
Scores for acinar cell necrosis likewise showed no dif-
ferences (see Table I).

Compared to values in healthy control rats, pancre-
atic capillary blood flow was significantly reduced 24
hours after induction of acute pancreatitis (2.0 * 0.04
vs. 1.3 £ 0.04 nl/min/cap; P <0.05). ICAM antibody
significantly improved pancreatic capillary blood flow
by 24% (1.6 * 0.04 nl/min/cap; P <0.05) and ET-RA
by 36% (1.9 = 0.05 nl/min/cap; P <0.05 vs. ICAM an-
tibody. The increase in capillary blood flow in the
colon was 10% in the ICAM antibody group, and 15%
in the ET-RA group (P <0.05 vs. saline-treated con-
trol rats; E'T-RA vs. ICAM antibody P = NS).
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Fig. 1. Capillary permeability in the colonic mucosa in healthy
control animals and animals with severe acute pancreatitis
treated with saline (SAL), intracellular adhesion molecule-1
antibody (ICAM-AB), and endothelin A receptor antagonist
(ET-RA) (mean = SEM). * = P <0.05 vs. SAL; t+ = P <0.05
ET-RA vs. ICAM-AB.

Table I. Target parameters after treatment with normal saline (SAL), IA 29 ICAM-AB), or LU 135252 (ET-RA)

(mean = SEM)

SAL (n = 5) ICAM-AB (n = 8) ET-RA (n = 8)
Mean arterial pressure (mm Hg) 118 £ 10 116 = 7 114 £ 4
PO, (mm Hg) 90 £S5 94 £ 8 96 + 4
pH 7.42 = 0.05 7.43 = 0.04 7.40 + 0.03
Urine (ml)* 1.6 x 0.5 2.5 0.5¢% 3.3+ 0.51%
Hematocrit (%) 49 + 1 45 > 1t 42 * 1t
Ascites (ml) 2003 1.4+ 0.3 1.1 £0.2¢
Pleural effusion (ml) 1.4+ 0.1 0.7 + 0.2t 0.7 + 0.3t
Necrosis (points) 24+03 2.1+0.2 2.2+0.2

*Collected between 12 and 24 hours.
tP <0.05 compared to saline.
P <0.05 ET-RA vs. ICAM-AB.

Leukocyte endothelial interaction was markedly
enhanced in saline-treated animals with acute pancre-
atitis (16 = 2 vs. 4 = 1 rolling cells/min in healthy
control rats). ICAM antibody and ET-RA signifi-
cantly reduced the number of rolling leukocytes to
7 * 2 and 8 * 2, respectively.

Capillary permeability in the colon (Fig. 1) was
significantly increased in saline-treated animals with
acute pancreatitis (235 = 14% vs. 68 = 8% in healthy
control rats). ICAM antibody reduced permeabil-
ity by 25% (176 * 8% vs. 235 + 14; P <0.001) and
ET-RA by 37% (147 = 12%; P <0.05 vs. ICAM
antibody).

DISCUSSION

Impairment of pancreatic blood supply, microcir-
culation, and tissue oxygenation contributes to the de-
velopment of severe acute pancreatitis.!”»!® Microcir-
culatory disorders, however, are not confined to the
pancreas. In animals, at least, they can also be demon-
strated in the colon, lung, and liver, where they have
been associated with organ dysfunction.!-* Therefore
improving microcirculation appears to be a logical
therapeutic approach. Because the pathogenesis of
microcirculatory disorders in acute pancreatitis in-
volves several components and causes, different ther-

apeutic measures may be suitable, for example, he-
modilution and the use of low-molecular-weight col-
loids, which directly counteract hypercoagulability
and reduce abnormal leukocyte-endothelial interac-
tion at the microcirculatory level.!%1° Better under-
standing of the cytokine cascade activated during the
systemic inflammatory response to pancreatic injury
has given rise to novel strategies for directly interfer-
ing with the vasoactive substances that cause vaso-
constriction, increased vascular permeability, and
pathologic interaction between blood cells and the
endothelium at the capillary level. Candidates that
may be influenced include interleukins, tumor necro-
sis factor, and platelet-activating factor released
mainly from tissue macrophages and monocytes, as
well as secondary mediators such as endothelin and
nitric oxide released directly from the endothelial cells
in response to cytokine activation, endothelial injury,
circulating substances (including proteases liberated
from the injured pancreas), and changes in tissue per-
fusion.?-5:12.13.20-23 Adhesion molecules that affect
leukocyte-endothelial cell interaction at the capillary
level have likewise been postulated to play a crucial
role in causing microvascular dysfunction and inflam-
matory tissue injury in acute pancreatitis. They are
expressed by a variety of cells (including the vascular
endothelium), for example, in response to endotoxin
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or cytokines, and are likewise activated during acute
acute pancreatitis both in animals and humans.?4-26
'The significance of these vasoactive factors for the de-
velopment and course of severe acute pancreatitis has
been underlined by studies demonstrating that va-
soactive mediator blockade not only improves micro-
circulation inside and outside the pancreas, but also or-
gan function, local pancreatic and systemic (e.g., lung)
injury, and survival in acute pancreatitis.>!1320-23 Thus
the question arises as to which vasoactive mediators
are most important and how long after the onset of
disease vasoactive mediator blockade is effective.
Monoclonal ICAM-1 antibodies and a specific en-
dothelin-A receptor antagonist (ET-RA) were chosen
for the present experiment because of positive experi-
ence reported with these specific compounds in re-
cent studies. Werner et al.!? found reduced leukocyte
infiltration and tissue injury in the pancreas and lungs
after treatment with ICAM-1 antibodies initiated 6
hours after disease onset in the same model of acute
pancreatitis as that used in the present study. Studies
by Frossard et al.?s performed in wild-type and
ICAM-1-deficient mice with secretagogue- and diet-
induced acute pancreatitis likewise underlined the
role of ICAM-1 for neutrophil-mediated local and
systemic injury. In addition, they found evidence of
an ICAM-1-induced increase in microvascular per-
meability in the lungs (which is in accordance with
our present findings in the colon). However, their re-
sults also made it clear that neither pancreatitis nor
pancreatitis-associated injury (including changes in
permeability) are completely prevented by ICAM-1
deficiency, which supports the opinion that multiple
mediators are involved. Our hypothesis that endothe-
lin-1 is one of the decisive candidates has recently
been confined by Plusczyk et al.,?” who found that
topical superinfusion of the exteriorized pancreas with
endothelin-1 dramatically reduces functional capillary
density and red blood cell velocity. This leads to focal
acinar cell necrosis similar to that seen in acute pan-
creatitis. Beneficial effects of ET-RA in acute pancre-
atitis have previously been reported by Todd et al.,?}
who used a nonselective endothelin A and endothelin
B receptor antagonist. Our most recent study,?®
however, suggests that endothelin A and endothelin
B receptors mediate different even adverse effects and
that combined endothelin A and endothelin B recep-
tor blockade is less effective than selective endothe-
lin A receptor blockade. This appears to explain the
even better results achieved with the specific antago-
nist used in this study and previous ones in which we
demonstrated improved survival in association with
enhanced microcirculation (especially stabilized cap-
illary permeability) inside and outside the pancreas,
less intravascular fluid loss and extravascular fluid se-
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questration, as well as better renal and respiratory
function in ET-RA-treated animals with acute pan-
creatitis than in untreated control animals.!?2?

In addition to the question of which mediator is
most important for the microcirculatory changes seen
in severe acute pancreatitis, there is controversy as to
which microcirculatory component (capillary blood
flow, permeability, or postcapillary leukocyte-en-
dothelial interaction) is crucial for the development
of tissue injury and organ dysfunction. Our group
found that ET-RA was especially effective probably
because it almost normalized increased capillary per-
meability in severe experimental pancreatitis, which
we believe is responsible for many of the systemic dis-
ease sequelae.?? Other groups postulated that patho-
logic leukocyte-endothelial interaction is the crucial
step in pancreatitis-associated tissue injury and organ
dysfunction and suggested that ICAM antibodies are
the superior treatment.’* Consequently the present
study compares the effect of ET-RA and ICAM-1 an-
tibodies on capillary blood flow and permeability,
leukocyte-endothelial interaction, fluid homeostasis,
and organ function in the same model of severe acute
pancreatitis, applying a protocol in which therapy was
delayed until 12 hours after the onset of disease. The
suitability of the model for evaluating therapy in se-
vere acute pancreatitis has been demonstrated previ-
ously in several studies.®!® Comparing the time
course of trypsinogen activation, enzyme release, cy-
tokine activation, and the development of necrosis
and systemic disease sequelae in small rodents and hu-
mans, the 12-hour therapy-free interval is supposed
to be equivalent to more than 48 hours in the clinical
setting. Organ function was monitored by standard
measurements (mean arterial pressure, heart rate, ar-
terial blood gases, urine output, creatinine, hemat-
ocrit, pleural effusion and ascites) also reflecting clin-
ical practice. At the microcirculatory level we focused
on the intestine because its large surface and capillary
density make it a major site for fluid loss and because
previous findings suggested that decreased capillary
blood flow in the colonic mucosa contributes to gut
failure with increased bacterial translocation.!3
Furthermore, the gastrointestinal tract seemed espe-
cially interesting for our experiment for two reasons:
(1) the splanchnic circulation is one of the largest
sources of soluble adhesion molecules such as isoform
ICAM-1, and (2) the gastrointestinal tract has been
shown to exhibit marked increases in endothelial
ICAM-1 expression in response to endotoxin and cy-
tokine stimulation.?>3"32

Despite comparable macrohemodynamic parame-
ters (with 4 ml/kg/hr fluid resuscitation), animals
given either ICAM antibody or ET-RA had signifi-
cantly better microcirculatory parameters than saline-
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treated rats. Stabilizing microcirculation was associ-
ated with increased intravascular volume (as assessed
by hematocrit values), decreased fluid loss into the
third space (as assessed by ascites and pleural effu-
sion), and improved renal function and survival. In
contrast (and despite the improvement seen at the
capillary level), treatment with the antagonists had no
significant impact on the extent of acinar cell injury.
These findings agree with previously discussed obser-
vations'??? and suggest that pancreatic injury may not
be influenced by delayed therapy because by then
necrosis has already developed. The beneficial effects
seen with ICAM antibody and ET-RA therapy can be
explained by an improvement in systemic disease se-
quelae associated with the stabilization of systemic
microcirculation. The hypothesis that systemic rather
than local disease sequelae determine the outcome has
recently been supported by clinical studies, which did
not confirm a causal relationship between the extent
of pancreatic necrosis and systemic complications.*?
Although both ICAM antibody and ET-RA im-
proved capillary blood flow and reduced leukocyte en-
dothelial interaction, ET-RA was significantly more
effective in counteracting capillary permeability. The
latter was associated with improved intravascular vol-
ume reflected by lower hematocrit values and trans-
lated into improved urine output. This appears to
strengthen our hypothesis that capillary leakage
(rather than leukocyte endothelial interaction) is a
crucial factor in the development of systemic disease
sequelae in severe acute pancreatitis. The clinical
finding that capillary leakage persists long after the
initial events triggering pancreatic injury have sub-
sided also explains why blockade of ET-RA (and
ICAM antibody) is still effective with delayed therapy.
The observation that ICAM antibody reduces capil-
lary permeability supports the hypothesis that there
is a correlation between leukocyte-endothelial inter-
action and increased capillary permeability, although
the mechanism is not known at present.?® It is like-
wise unknown how endothelin affects capillary per-
meability. An endothelin-associated increase in post-
capillary resistance might elevate the hydrostatic pres-
sure in the capillary bed, thereby enhancing fluid
transfer from the intravascular to the extravascular
space.’* Alternatively, capillary leakage may be ex-
plained by increased hydraulic conductivity of the mi-
crovascular membrane secondary to interendothelial
cell gap formation.*’ Majno et al.?*é postulated that
mediators of capillary leakage contract vascular ele-
ments such as actin and myosin contained in en-
dothelial cells and surrounding pericytes to open
these gaps. Calcium required for contraction could be
released by endothelin, since endothelin has been
found to mobilize intracellular calcium and open cal-
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cium channels.’” Although its precise mechanism of
action remains unknown, this study and previous ones
have clearly identified endothelin as a major and pre-
viously not well-recognized mediator of capillary per-
meability. Endothelin (rather than ICAM) may there-
fore be blocked to reverse capillary leakage, which ac-
counts for many of the local and systemic sequelae of
severe acute pancreatitis.

CONCLUSION

The present findings underline the role of ICAM
and endothelin in the development of severe acute
pancreatitis and suggest that [CAM antibody and
ET-RA may become powerful new tools in the treat-
ment of severe acute pancreatitis. This assumption is
supported by the fact that both compounds were ef-
fective even after a therapy-free interval of 12 hours
(equivalent to approximately 48 hours in human acute
pancreatitis) and may be explained by the observation
that they stabilize increased capillary permeability,
which contributes to many of the sequelae of acute
pancreatitis that develop and persist after the initial
events triggering pancreatic injury have subsided. En-
dothelin receptor blockade may be especially attrac-
tive for clinical use not only because it was superior
to ICAM antibody in the present study but also be-
cause of its favorable pharmacologic properties and
(preliminary) positive results in several of the clinical
phase 2 studies that are currently underway.
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Discussion

Dr. 7. Werner (Heidelberg, Germany). I think it is im-
portant to stress the significance of microcirculatory disor-
ders in pancreatitis—that is, once the microcirculatory dis-
order is treated, the pancreas is actually treated as well,
thereby reducing mortality. I was very surprised that you
were so successful in reducing mortality with endothelin
antagonist, because your earlier studies did not show such a
great reduction. I have two questions. First, in our previ-
ous studies we demonstrated not only a reduction in sys-
temic complications with the use of monoclonal antibodies
against ICAM-1, but also a reduction in local pancreatic in-
jury and by this, in the long run, a reduction in pancreatic
infection. So treatment with monoclonal antibodies
against ICAM-1 showed both local effects and systemic re-
duction of injury and mortality, which has not been shown
for endothelin antagonists. Thus inhibition of ICAM-1
seems to be more effective. Do you see a role for the com-
bination of those two agents in this respect? My second
question concerns capillary leakage, which you measured
in the colon, and what it really means in terms of severity in
acute pancreatitis?

Dr. T. Foitzik. In this experimental setting, we did not
see any significant effect on pancreatic necrosis, and this is
probably because we started the therapy very late. In your
experiments and in our previous experiments, therapy was
started 6 hours after the onset of disease, or the antago-
nists were even given prophylactically. In such a setting
necrosis can be reduced. Regarding your question of
whether we should combine ET-RA and ICAM antibodies,
these experiments are currently underway in our labora-
tory. The problem with the ICAM antibody is that it is
very expensive. To treat one rat costs us about $300 and 1
have no idea how expensive it would be to treat humans.
To answer your second question, about capillary perme-
ability, we believe that capillary leakage is very important.
For example, if a patient is admitted for severe pancreatitis
and has a hematocrit value of 55, he or she is likely to de-
velop renal insufficiency, and therefore large amounts
(sometimes 10 liters) of Ringer’s lactate must be infused.
We stabilize renal function by restoring the intravascular
volume, but by the next day pulmonary edema can develop
if we have not counteracted the capillary leakage. We have
been confronted with this capillary leakage problem even
during the second week after disease onset, so we believe
treating it is very important.

Dr. M. Sarr (Rochester, Minn.). Have you evaluated an
endothelin-2 receptor antagonist? Have you studied other
models of pancreatitis that do not involve cerulein infusion?

Dr. Foitzik. We have tried other endothelin receptor
antagonists; we have blocked endothelin-B receptors and
observed different effects. It is important to selectively
block endothelin-A receptors. Blocking endothelin-B re-
ceptors produces adverse effects, and blocking endothelin-
A A and B receptors combined diminishes the beneficial ef-
fects of endothelin-A receptor blockade on capillary per-
meability. We are currently performing studies in a closed
duodenal loop model of acute pancreatitis.

Dr. R. Prinz (Chicago, Il1.). Do you have any informa-
tion on how effective your ICAM antibody or your ET-RA
is in accomplishing your goal of blocking each of these spe-
cific pathways?

Dr. Foitzik. We have been performing experiments with
endothelin receptor antagonists for the past 3 years, so we
have gotten some information on how they act and what
dosages we must use to avoid pressor effects and influence
capillary permeability. As far as the ICAM antibodies are
concerned, we do not have that information. These anti-
bodies are pretested by the pharmaceutical company from
which they are obtained, and we used exactly the same dose
that was used by other groups who saw positive effects with
this specific compound. How ICAM antibodies affect vas-
cular permeability is not known.

Dr. M. Zenilman (Bronx, N.Y.). The other mediator of
microvascular collapse or disorder during acute pancreati-
tis is platelet-activating factor. How does ICAM-1 recep-
tor relate to platelet-activating factor receptor? Are they
two separate mechanisms?® Are you treating one entity?

Dr. Foitzik. There are not just two or three factors that
increase capillary permeability; there are many, and nobody
knows their mechanisms, how these mediators work, or
how they interact. We are currently conducting several ex-
periments in an attempt to investigate the effects of all fac-
tors we have knowledge of. For example, my colleague Dr.
Eibl presented a paper yesterday in which he compared the
effects of a platelet-activating factor receptor antagonist,
our endothelin receptor antagonist, and ICAM antibodies
and showed that the platelet-activating factor antagonist
was not as effective in this model. There are other sub-
stances, however, such as bradykinin and substance P, which
should also be investigated.
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Acute lung injury remains a major complication of
severe acute pancreatitis (AP). Death in patients with
severe forms of AP is commonly associated with res-
piratory failure, which mimics adult respiratory dis-
tress syndrome.!? Lacking specific therapies that tar-
get the pathogenesis of acute lung injury, supportive

management remains the only treatment option for
morbid complications associated with the disease.
Nonspecific and general supportive measures, how-
ever, still cannot prevent the morbid pulmonary com-
plications, and mortality rates remain at 30% to 50%
in severe cases.’
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The central role of inflammatory cytokines in me-
diating the progression of distant organ injury during
AP is well documented.*7 It is believed that these
mediators, which are released in response to pancre-
atic injury, are responsible for the systemic manifesta-
tions including acute lung injury.® The mechanism of
distant organ injury is thought to be related to upreg-
ulation of adhesion molecule expression and leuko-
cyte infiltration in cytokine-stimulated tissues.”!? The
first step for inflammatory cell migration requires
the P- and E-selectin expression on endothelial cells,
which mediates leukocyte cellular rolling. Once this
step occurs, endothelial cell intracellular adhesion
molecule (ICAM-1) and vascular cellular adhesion
molecule (VCAM-1) expression mediates leukocyte
attachment and migration into the tissue.!! It is widely
believed that stimulated leukocytes release harmful
products such as reactive oxygen species, which sub-
sequently cause organ injury through this cascade of
events.!?!* This hypothesis is supported by the fact
that inhibitors of cytokines,*'*!’ leukocyte function,
and/or migration'®!” tend to ameliorate organ injury
associated with AP and other inflammatory disorders.

This study was designed to evaluate the kinetics of
pulmonary ICAM-1 and VCAM-1 molecule expres-
sion in animals with severe AP and to determine the
temporal relationship of upregulation of these mole-
cules to neutrophil infiltration and progressive lung
injury. Understanding the role of ICAM-1 and
VCAM-1 molecules with regard to organ injury can
afford novel and effective treatments of AP.

MATERIAL AND METHODS
Animals

Young female Swiss-Webster mice were purchased
from Harlan-Teklad (Madison, Wis.) and used for all
subsequent experiments. All animals were housed
in wire-bottom cages and fed standard mouse chow
and water ad libitum until the beginning of the ex-
periment. The room was maintained at 21° C with
12-hour light/dark cycles, and strict biohazard pre-
cautions were observed. Animals were cared for in ac-
cordance with the “Guidelines for the Care and Use
of Laboratory Animals” (NIH Publication 85-23, re-
vised 1985).

Induction of Acute Pancreatitis

All mice (n = 140) were fasted for 24 hours before
tfeeding with the choline-deficient/ethionine-supple-
mented (CDE) diet was begun. The CDE diet was
obtained from Harlan-Teklad and DL-ethionine (USB
Specialty Biochemicals, Cleveland, Ohio) was supple-

mented at a concentration of 0.5%, as described by
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Lombardi et al.!® This was kept at 4° C in powder
form. Control animals (n = 20) were fed mouse chow
ad libitum.

Experimental Protocol

Experimental animals (n = 120) were fed the CDE
diet and killed at 24-hour intervals until 144 hours
was reached (n = 20 per each time period). Groups 1
and 2 were used to measure the expression of [CAM-
1 and VCAM-1 molecules in lung tissue. Group 3 was
used to evaluate biochemical parameters as well as
serum cytokines, lung myeloperoxidase activity, his-
tologic findings, and wet/dry ratios of lung tissue.

Antibodies and Radiolabeling Procedure

Monoclonal antibodies used for ICAM-1 and
VCAM-1 measurements were YN-1 and MK1.9.1,
respectively (Pharmingen, San Diego, Calif.). Using
the iodogen method,!” the monoclonal antibodies
used in this study, both binding and nonbinding, were
radiolabeled with %I and V'], respectively (DuPont
NEN, Boston, Mass.). Iodogen was dissolved in chlo-
roform at a concentration of 0.5 mg/ml. A total of 125
pg of iodogen was added to 250 pg of the monoclonal
antibody and then incubated with 250 wCi for 20
minutes at 4° C to get a 1 nCi/pg protein mixture.
The radiolabeled monoclonal antibodies were then
filtered through a Sephadex PD-10 column (Pharma-
cia, Uppsala, Sweden) to separate the monoclonal
antibody from the free 12’ and V'I. After equilibration
of the column, 1% bovine serum albumin was used to
elute the column. The second of four fractions (2.5 ml)
was collected and contained the radiolabeled anti-
body. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis analysis showed normal heavy- and
light-chain moieties of expected molecular weight.
Previous studies have shown that the iodogen method
for labeling mAbs does not interfere with their func-
tional activity.?°

Surgical Procedure

For quantitative evaluation of ICAM-1 and
VCAM-1 adhesion molecules, animals were anes-
thetized and their jugular vein and carotid artery were
cannulated using polyethylene (PE) PE10 and poly-
ethylene PE50 tubing, respectively. For measurement
of ICAM-1 expression, 10 pg of radiolabeled ICAM-1
and 40 pg of cold ICAM-1 were used with 0.5 to 5 pg
of the nonbinding monoclonal antibody P-23 labeled
with B, VCAM-1 measurement required 10 pg of
radiolabeled monoclonal antibody and 20 wg of non-
radiolabeled antibody. This mixture was injected into
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the animal through the venous catheter. A blood sam-
ple was obtained from the carotid artery 5 minutes af-
ter the initial injection of the monoclonal antibody
mixture. The animals were then heparinized with 40
units of heparin and exsanguinated through the
carotid artery catheter while a bicarbonate-buffer
saline solution was infused through the venous
catheter. At this point the organs of interest were har-
vested and weighed (wet and dry).

Adhesion Molecule Expression

The method used to determine the expression of
ICAM-1 and VCAM-1 has been described in previ-
ous studies.’! Briefly, the '°T binding and *'I non-
binding monoclonal antibody activities are measured
in different tissues, and 50 wl samples of serum are
counted in a 14800 Wizard 3 gamma counter (Wal-
lace, Turku, Finland), with correction for background
activity and spillover. The activity of the injected dose
is measured prior to injection into the animal. The
activity remaining in the tube used for mixing the
monoclonal antibodies and the activity in the syringe
used to inject the mixture into the animal are counted
and subtracted from the total injected activity. On av-
erage, this is less than 1% of the total injected activity.
The accumulated activity of each monoclonal anti-
body in an organ is expressed as the percentage of the
injected dose (%ID) per gram of dry weight of tissue.
Expression in terms of micrograms of monoclonal an-
tibody per dry tissue (ug mAb/g) can then be calcu-
lated. The equation used to calculate ICAM-1 and
VCAM-1 expression is as follows:

Expression _ _ ("I %ID/g)
(ug mAb/g) (1251 %ID injected)
(B %ID/g) Total injected % 100
(%ID B injected) ~ binding mAb (ug)

Tumor Necrosis Factor Assay

TNF-a in serum samples was measured by the
enzyme-linked immunosorbent assay. A 96-well plate
was prepared using the coating antibody (clone XT3;
Endogen, Woburn, Mass.) and allowed to incubate
overnight at room temperature. After this step was
completed, the plate was blocked with assay buffer for
1 hour. Serum samples and standards were placed in
the wells in duplicate with the biotin-labeled antibody
(clone XT22; Endogen) and allowed to incubate for
2 hours at room temperature. Following this step,
streptavidin enzyme was added to each well and the
plate was allowed to incubate for 30 minutes. The
substrate tetramethylbenzidine (TMB; Sigma, St.
Louis, Mo.) was added to each well for 30 minutes,
and the reaction was stopped with 0.18 mol/L H,S50,.
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Absorbency of the plate was read at 450 nm. Levels
are reported as picograms per milliliter * standard
error.

Histologic Findings

At the time of sacrifice, the pancreatic tissue was
removed and placed in formalin fixative until paraffin
embedding was performed. Following this step, 4 um
paraffin sections were cut and stained with hema-
toxylin and eosin (H and E) at which time morpho-
logic changes were assessed by a pathologist who was
blinded to the animals’ groupings.

For histologic evaluation of lung tissue, the trachea
of each animal was cannulated with a 20-gauge an-
giocatheter, and 10% formalin solution was injected
into the lung tissue under slow constant pressure to
ensure homogeneous lung distention. Once fully in-
flated, the lung tissue was excised and placed into a
formalin solution until paraffin embedding and H and
E staining were performed. At this time, 4 pm sec-
tions were cut and stained with H and E and subse-
quently examined by a pathologist who was blinded
to the animals’ groupings. As previously described,??
lung sections were examined for extent of alveolar
collapse, hypercellularity of the alveolar membrane,
and alveolar septal thickening. A total of five differ-
ent sections from each specimen were examined to
obtain an overall injury score. A numerical score rang-
ing from 1 to 4 was assigned based on the severity of
morphologic changes, which were viewed by light mi-
croscopy under an oil immersion lens at 100X mag-
nification. Lung morphology was scored as follows:
1 = normal; 2 = mild; 3 = moderate; and 4 = severe

injury.

Lung Edema

The wet/dry ratio of tissue (lung edema) was cal-
culated by Welghlng portions of wet lung and then
taking successive measurements of oven-dried lung
tissue. When the weight of the lung tissue remained
unchanged after further drying, values were used as
organ dry weight.

Neutrophil Quantitation

Myeloperoxidase extraction was performed ac-
cording to previously described methodology.??
Frozen tissue was thawed and placed in 20 mmol/L
(pH 7.4) potassium phosphate buffer. Homogeniza-
tion with subsequent centrifugation at 20,000 relative
centrifugal force was performed at 4° C for 15 min-
utes. The supernate was discarded and the pellet was
resuspended in 50 mmol/L phosphate buffer (pH 6.0)
containing 0.5% hexadecylmethylammonium bro-
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mide (HETAB; Sigma). Sonication was performed
on the samples for 40 seconds while they were on
ice. The samples were recentrifuged and the super-
nate was assayed for myeloperoxidase activity using a
mixture of water, HETAB 0.5%, TMB, sodium ac-
etate buffer, and H,0,. The reaction was stopped
with catalase and the samples were placed on ice.
Myeloperoxidase activity was measured at 655 nm
after 3 minutes of incubation. Activity units per gram
of tissue (AU/g) were calculated and to ensure the
quality of the assay reagents, a standard curve was
constructed using human myeloperoxidase (Sigma).

Biochemical Measurements

Amylase was measured by a quantitative enzymatic
assay (Sigma, No. 575-UV). Ten microliters are re-
quired per determination, and results are expressed as
International units per liter (U/L). Serum glucose lev-
els were measured by the Accu-check 111 kit
(Boehringer-Mannheim Biochemica, Indianapolis,
Ind.) and reported in milligrams per deciliter.

Statistical Methods

All values are reported as the mean * standard er-
ror (SE). To determine statistical significance, analysis
of variance (ANOVA) was performed on all paramet-
ric data and significance was set at P <0.05 to deter-
mine the significance of data within each group; Stu-
dent’s ¢ test was performed to determine significance
between different time points within each group. The
Mann-Whitney U test was used to determine the sig-
nificance of nonparametric data (histologic grading).

RESULTS

Acute pancreatitis occurred in all CDE-fed ani-
mals. Biochemical measurements consistent with this
model of AP included elevated serum amylase and
decreased serum glucose levels (Table I). Peak amy-
lase was observed at 72 hours during the feeding pe-
riod. Glucose levels decreased throughout the study
reaching 80 = 25 mg/dl vs. control values (277 + 88

Table I. Biochemical markers of acute pancreatitis
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mg/dl; P <0.0001). Mild to moderate histologic
changes occurred in the pancreas as early as 24 to 48
hours after the CDE diet was begun (data not shown).
When compared to pancreatic tissue from normal an-
imals (Fig. 1, A), CDE-fed mice had evidence of se-
vere injury in the pancreas at 72 hours, with charac-
teristic histologic changes including acinar cell vac-
uolization, pyknosis, cellular necrosis, and intralobu-

lar hemorrhage (Fig. 1, B).

Fig. 1. Histologic sections of pancreatic tissue from normal
(A) and CDE-fed (B) mice. The normal mouse was fed standard
mouse chow. Pancreatic tissue from the CDE-fed mouse demon-
strates widespread vacuolization and necrosis of the acinar cells.
Edema of the interlobular septae accompanied by inflammatory
infiltrates and extravasation of red blood cells is readily apparent.
(Hematoxylin and eosin stain; original magnification X20.)

Time (hours)
0 24 48 72 96 120 144
Amylase (U/L) 1659 =268 1033 =568 9230 = 6013* 20791 = 7505* 5182 = 5019 848 338 1339 = 927
Glucose (mg/dl) 277 = 88 275 =91 101 * 34t 88 + 23t 108 = 33¢ 80 = 25¢ 97 = 34t

*P <0.0001 by analysis of variance.
1P <0.0001 by analysis of variance.
All values are expressed as means * standard error.

Analysis of variance for the entire group compared to baselines (0 hours).
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Fig. 2. Serum cytokine (TINF-a) levels in animals with acute
pancreatitis {values are expressed as pg/ml + SE). Statistical
significance of the group was determined by ANOVA. * =
values that are significant compared to baseline (0 hours)
(P <0.0001).
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Fig. 3. ICAM-1 and VCAM-1 expression in lung tissue of mice with acute pancreatitis. A, Pulmonary
ICAM-1 expression in mice with acute pancreatitis caused by the CDE diet (values are expressed as pug
mAb/gram dry tissue weight + SE). Statistical significance of the group was determined by ANOVA.
* = P <0.0001 for the entire group; individual Student’ 7 tests were performed between each group
and compared to baseline values at 0 hours. Significance was less than 0.05 for experimental groups at 48
hours and beyond. B, Pulmonary VCAM-1 expression in mice with acute pancreatitis. * = P <0.0001 for
this group, and starting at 48 hours all groups were demonstrated to have P values <<0.05 as calculated

by Student’s  test.

Serum TNF-a levels increased by 24 hours and
significance was reached by 48 hours (P <0.0001)
(Fig. 2). Peak levels were elevated 100-fold over base-
line values (0 vs. 105 = 11 pg/ml; P <0.01) at 72
hours. Pulmonary ICAM-1 and VCAM-1 expression
paralleled serum TNF-« levels (Fig. 3). [CAM-1 ex-
pression in lung tissue increased 1.5-fold over base-
line by 48 hours (95.5 * 5.2 vs. 64.1 * 6.2 pg mAb/g

tissue; 2 <0.02). Peak expression was observed at 120
hours after the CDE dict was begun (146.3 *+ 16.3 pg
mAb/g tissue; P <0.0001 compared to baseline).
Concomitantly, VCAM-1 expression in lung tissue
increased threefold over baseline values by 48 hours
(P <0.0001) and continued to remain elevated
throughout the remainder of the study. Lung neu-
trophil sequestration as measured by myeloperox-
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Fig. 4. Neutrophil sequestration in lung tissue of
mice with acute pancreatitis. Lung neutrophil se-
question, measured by myeloperoxidase (MPO) ac-
tivity, is elevated in mice with acute pancreatitis and
is expressed as activity units (4.U.)/gram of tissue
(mean values = SE are shown). Statistical signifi-
cance for the group was determined by ANOVA
(* = P <0.0001). Student’ ¢ test was performed to
determine differences between each group and base-
line values; significance was reached at 72 hours with
a P value <0.05.

144

Fig. 5. Lung edema in animals with acute pancreatitis.
Wet/dry ratios were recorded and expressed without units.
* = Statistical significance for the group at 120 and 144 hours
compared to baseline (0 hours) (P <0.005) as determined by
the Student’s ¢ test.
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Fig. 6. Graded histologic lung injury in animals with acute pancreatitis. Hematoxylin and eosin-stained
sections of lung tissue were graded based on the amount of alveolar collapse, hypercellularity of the alve-
olar membrane, and septal thickening. Lung sections were examined under an oil immersion lens at
100X magnification. Scores of 1 to 4 were assigned based on the relative extent of injury in comparison
to normal lung tissue (score = 1). Mild to moderate changes were observed at 72 hours and progressed
to severe changes by 144 hours. Significance between the groups in comparison to baseline normal con-
trol values was determined by the Mann-Whitney U test. Significance was set at P <0.05 and all values

marked with an asterisk (+) were <0.005.

idase activity increased over baseline levels at 72 hours
(7.2 = 1.2 vs. 18.1 = 2.2 AU/g; P <0.05. Peak
myeloperoxidase levels were observed at 144 hours
(26.2 = 3.3 AU/g; P <0.0001) (Fig. 4).

Pulmonary edema as measured by the wet/dry ratio
of lung tissue increased from 5.9 * 0.1 to 6.8 * 0.4
(P < 0.003) by 120 hours (Fig. 5) and remained ele-

vated, indicating an increase in lung edema concomi-
tant with progression of AP.

Lung injury was histologically graded from pre-
pared lung sections. Severity of injury progressively
worsened throughout the study (Fig. 6). Significant
alveolar collapse and hypercellularity of mild to mod-
erate severity was noted by 72 hours (P <0.005) after
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Fig. 7. Representative sections of lung tissue (4 wm) from animals with acute pancreatitis at 0, 72, and
144 hours after the CDE diet was started. Normal lung tissue (A) at 0 hours was observed to have thin
alveolar membranes and very few cells in the septae (#7row), whereas lung tissue at 72 hours (B) was
demonstrated to have significant alveolar collapse and the alveolar membranes were hypercellular (a7-
row). Lung tissue collected at 144 hours (C) was demonstrated to have thickened alveolar seprae and
hypercellular alveolar membranes (@rvow) with alveolar collapse. (Hematoxylin and eosin stain; original
magnification X4{.)

the CDE diet was begun. By 144 hours, the condition
of the lungs had progressively worsened to severe in-
jury (P <0.004); changes included severe alveolar col-
lapse, hypercellularity, and alveolar septal thickening.
Fig. 7 demonstrates the changes that occur in the lung
after the CDE diet is begun.

DISCUSSION

Severe forms of AP can result in life-threatening
distant organ dysfunction including acute lung in-
jury.?* The pathophysiology of the resulting organ
dysfunction remains to be elucidated. However, be-
cause of the similarities between lung injury associ-
ated with AP and lung injury seen in sepsis, it is be-
lieved that adhesion molecule upregulation is, in part,
a mediator of the systemic manifestations in AP

through the recruitment and activation of leuko-
cytes.?’?6 In this study, we demonstrated a correlation
between the expression of serum TNF-a, pulmonary
endothelial cell adhesion molecules, neutrophil re-
cruitment, and organ injury, which supports this the-
ory. Although ICAM-1 cell surface expression has
been demonstrated to be upregulated in AP by stain-
ing and immunofluorescence, this is the first study to
show a quantitative measurement of cell surface ex-
pression of ICAM-1 and VCAM-1 molecules in ani-
mals with AP by using the sensitive radiolabeled dual
monoclonal antibody technique. From these results
we can determine the temporal relationship between
the onset of inflammatory cell infiltration and organ
injury with TNF-a expression and endothelial cell
adhesion molecule expression. Inasmuch as our find-

ings show that upregulation of ICAM-1 and VCAM-



Vol. 4, No. 3
2000

Inflammatory response

Pancreatitis-Associated Lung Injury 255

96 120 144

Time (hours)

Fig. 8. Schematic diagram demonstrating the temporal kinetics between serum TNF-qa, pulmonary
ICAM-1 and VCAM-1, lung neutrophil sequestration, morphologic changes, and lung edema.

1 precedes neutrophil sequestration and lung injury,
our data suggest that these adhesion molecules may
be a good target for clinical intervention.

The CDE diet model of AP has been previously
demonstrated to cause a severe hemorrhagic necro-
tizing pancreatitis and results in 100% mortality in
young female mice by day 5.1827 It has been reported
that altering the model with respect to age and weight
of the animals and duration of feeding the animals
decreases mortality.”®?° In this study we modified the
model described by Lombardi and Rao?® by using
older and larger mice, and this resulted in a mortality
rate of less than 50%. In addition, we provided bio-
chemical and histologic characterization of the
changes associated with AP in this modified model.
We observed that feeding the CDE diet to 18 g female
mice causes manifestations of severe AP that are read-
ily apparent, but the mortality rate is reduced to 15%
by day 6. Therefore the modified CDE diet model has
many advantages including its noninvasiveness, re-
producibility, and slow progression, all of which allow
comprehensive evaluation of the morphologic and in-
flammatory changes that occur in pancreatitis.’%-3

The goal of this study was to characterize specific
immunologic and inflammatory events preceding lung
injury in AP. We reasoned that elucidating the tempo-
ral events leading to systemic manifestations could
provide insight into appropriate and practical targets
for clinical intervention. Inflammatory cytokines are
produced in response to pancreatic injury®? and appear
to be important mediators of distant organ injury in
APS3% In this model of AP, serum TNF-a levels be-
gan to rise by 24 hours and were significantly elevated
by 48 hours. The rise in serum TNF-a levels appeared
to precede other inflammatory manifestations of dis-
ease including the upregulation of ICAM-1 and
VCAM-1 in lung tissue.!!

The cell surface expression of ICAM-1 and
VCAM-1 on pulmonary endothelia preceded the cas-
cade of events that ultimately resulted in lung injury
during AP. A significant upregulation of pulmonary
ICAM-1 and VCAM-1 occurred at 48 hours. This
was followed by neutrophil migration into the lung
tissue at 72 hours. Only at the time of neutrophil in-
filtration (72 hours), did we begin to see significant
morphologic changes in the lung tissue. These find-
ings are different from our previously reported ob-
servations?? in that neutrophil infiltration and organ
injury occurred at an earlier time period. However,
we can account for this difference because the animals
that were used were a different species and the CDE
diet model is modified in this study. The development
of edema in the lung was demonstrated to be the final
event, which becomes significant by 120 hours after
the CDE diet is begun. Edema appears to be a direct
result of fluid shifts out of the intravascular space and
into the interstitial space, which implies pulmonary
endothelial cell injury and capillary leakage. This
finding suggests that neutrophil-mediated injury is re-
quired prior to endothelial cell damage and subse-
quent capillary leakage and edema.

Several recent studies have implicated the neu-
trophil as an important effector cell in lung injury as-
sociated with AP,’° because elimination of the neu-
trophil prior to the onset of AP results in reduced
lung injury.!”*¢ We propose that once the inflamma-
tory response is triggered and inflammatory mediators
are upregulated, tissue infiltration of neutrophils and
other leukocytes occurs though adhesion molecule-
directed mechanisms. Thus our results, which de-
monstrate a temporal correlation of adhesion mole-
cule expression, neutrophil migration, and organ in-
jury, support this hypothesis. A schematic diagram of
these events can be reviewed in Fig. 8.
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Other investigators have provided evidence that
supports our results, which indicate that blocking
jury associated with AP.173738 However, none of the
studies show complete amelioratdon of AP-associated
injury, thereby suggesting that multiple pathways for
leukocyte recruitment and organ injury exist in this
disease.!63%% Other possible mediators in leukocyte
recruitment include the P- and E-selectin molecules,
which we have demonstrated to be upregulated in
multiple organs during AP.?? However, it appears that
the selectin molecules are not fully accountable for
the organ injury observed in AP. This suggests the
role of other adhesion molecules, which also regulate
inflammatory cell migration. The participation of nu-
merous components of the inflammatory cascade in
causing systemic injury in AP may explain why many
investigators cannot fully decrease AP-associated in-
jury by eliminating one arm of the cascade.#16#! It
also appears that chemokines have a direct chemoat-
tractant effect on leukocytes without utilizing adhe-
sion molecules.??*2% We believe that effective ther-
apy may be achieved by targeting a combination of
molecules that may synergize in producing the sys-
temic injury in AP.

Unlike selectin and ICAM-1 upregulation, expres-
sion of VCAM-1 had not yet been studied in pancre-
atitis in vivo. Although several investigators have
demonstrated the important actions of VCAM-1 ex-
pression through blocking studies in acute and
chronic inflammatory syndromes by demonstrating
decreased organ injury through inhibition of leuko-
cyte migration,** this is the first study to demon-
strate that VCAM-1 upregulation occurs in the lung
during AP. Furthermore, we demonstrated that
VCAM-1 expression is temporally correlated with
distant organ injury in AP. Of particular interest to
this study is a recent report by Masamune et al.* who
showed the potentially important role of this adhe-
sion molecule in AP during in vitro studies. They
demonstrated that VCAM-1 and ICAM-1 are upreg-
ulated on cultured endothelial cells, which were stim-
ulated with ascites from animals with AP. In our study,
VCAM-1 expression followed the same pattern of up-
regulation and temporal sequence of expression as
ICAM-1. This suggests a common role for both of
these molecules during neutrophil infiltration and
progressive organ injury in AP similar to other in-
flammatory diseases. 7%

In summary, our results strongly suggest, through
temporal analysis, that these adhesion molecules,
which are overexpressed during the acute inflamma-
tory response in AP, are one of the links between the
localized pancreatic injury and acute lung injury. Inas-

Journal of
Gastrointestinal Surgery

much as interfering with cytokine production in AP
may not always be clinically feasible, we believe our
data suggest that adhesion molecules may be a practi-
cal target of intervention with respect to distant dis-

ease progression during AP.
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Do Preoperative Biliary Stents Increase
Postpancreaticoduodenectomy Complications?

Taylor A. Sobn, M.D., Charles J. Yeo, M.D., Jobn L. Cameron, M.D., Henry A. Pitt, M.D.,
Keith D. Lillermoe, M.D.

It has been suggested that the placement of endoscopic or percutaneous biliary stents prior to pancreati-
coduodenectomy increases postoperative morbidity. A retrospective review of a prospectively collected
database was performed. Patients undergoing preoperative biliary stenting were compared with patients
who did not undergo stenting. In addition, outcomes after endoscopic and percutaneous stenting were
compared. Patients who had undergone operative biliary bypass prior to pancreaticoduodenectomy were
excluded from the analysis. Between January 1994 and December 1997, 567 patients underwent pancre-
aticoduodenectomy without prior operative biliary bypass. Preoperative biliary stenting was performed
in 408 patients (72%), whereas the remaining 159 patents (28%) did not undergo biliary stenting. In
the stented group, 64% had stents placed via a percutaneous approach and 36% had stents placed endo-
scopically. The stented patients were older (mean 63.1 years vs. 61.4 years; P = 0.05) and were more
likely to be white (92% vs. 82%; P = 0.005). Those who had stents placed were more likely to have jaun-
dice (67% vs. 38%; P <0.0001) and fever (5% vs. 1%; P = 0.03) as presenting symptoms. There were no
differences in multiple intraoperative parameters when the two groups were compared. Patients who had
stents placed had a perioperative mortality rate of 1.7% compared to 2.5% in those who did not (P = 0.3).
Although the overall complication rates were 35% in those who had stents placed and 30% in those who
did not (P = NS}, patients with stents experienced a significantly increased incidence of pancreatic fistula
(10% vs. 4%; P = 0.02) and wound infection (10% vs. 4%; P = 0.02). The incidences of other postop-
erative complications were similar between the stented and unstented groups. Eight patients (3%) in the
percutaneously stented group developed significant hemobilia after stent placement, whereas none of the
patients undergoing endoscopic stent placement developed hemobilia (P = 0.03). There were no statis-
tical differences in other complications between the percutaneously and endoscopically stented groups.
Preoperative biliary stenting did not increase the overall complication rate or mortality rate in patients
undergoing pancreaticoduodenectomy. Stenting does appear to increase the rate of pancreatic fistula for-
mation, possibly as a result of pancreatic inflammation related to the stenting procedure. Stenting also in-
creases the rate of wound infection, likely secondary to contaminated bile (bactibilia) after instrumenta-
tion of the biliary tree. Preoperative biliary stenting is safe but should be used selectively because of the
above-mentioned risks. The method of stenting should be based on local expertise. (J GASTROINTEST
SURG 2000;4:258-268.)

KEY wORrDS: Pancreatic surgery, pancreaticoduodenectomy, biliary stenting

Preoperative biliary stents are often used in pa-
tients with benign and malignant biliary obstruction.
Such stents cross the ampulla of Vater and can be
placed via endoscopic or percutaneous transhepatic
routes. The decision to place a percutaneous or en-
doscopic stent is often based on local expertise. Bil-
iary stenting is accompanied by its own procedure-re-
lated morbidity and has been suggested to increase

postoperative complications after pancreaticoduo-
denectomy as well as proximal biliary tract surgery.!->
For these reasons the use of preoperative biliary stents
remains controversial, with conflicting data in many
prospective and retrospective series.

In several retrospective studies, the degree of jaun-
dice has been associated with an increased risk of
postoperative complications.5-10 These studies evalu-

From the Department of Surgery, The Johns Hopkins Medical Institutions, Baltimore, Md.
Presented at the Fortieth Annual Meeting of The Society for Surgery of the Alimentary Tract, May 16-19, 1999, Orlando, Fla.
Reprint requests: Charles J. Yeo, M.D., Professor of Surgery and Oncology, The Johns Hopkins Medical Institutions, Blalock 606, 600

N. Wolfe St., Baltimore, MD 21287-4606. e-mail: cyeo@jhmi.edu

258



Vol. 4, No. 3
2000

ated multiple operative procedures for benign and
malignant biliary tract disease including pancreatico-
duodenectomy, biliary bypass, common bile duct ex-
ploration, and transduodenal exploration of the bile
duct. These data implied that the relief of jaundice by
placement of preoperative biliary stents would im-
prove the morbidity rate in patients with jaundice.
"Two prospective randomized trials demonstrated no
decrease in morbidity after preoperative percutaneous
biliary stenting,? whereas one study documented in-
creased morbidity despite decreases in preoperative
serum bilirubin levels.? Several nonrandomized series
report an increase in infectious and other complica-
tions following preoperative stenting.>-> Further, en-
doscopic stenting was shown to be of benefit in one
prospective randomized study,!! but was shown to
have no benefit in another.'®

Although several studies have evaluated percuta-
neous!?*? or endoscopic**1%!1 biliary stents prior to
pancreaticoduodenectomy, these studies often in-
cluded other procedures and did not involve any di-
rect comparison of the two methods of stent place-
ment. The current report is a retrospective review
evaluating all patients undergoing pancreaticoduo-
denectomy within a 3-year time period. Outcomes in
patients undergoing preoperative stent placement, via
either percutaneous or endoscopic techniques, were
compared to outcomes in unstented patients. The
stented group was then broken down into endoscopic
and percutaneous subgroups in an attempt to better
define and compare the complications seen in each

group.

PATIENTS AND METHODS

Between January 1994 and December 1997 inclu-
sive, pancreaticoduodenectomy was performed in 597
consecutive patients. Data were collected prospec-
tively on all patients undergoing elective pancreatico-
duodenectomy for benign or malignant disease. Of
the 597 patients, 30 had undergone previous opera-
tive biliary bypass (including hepaticojejunostomy,
choledochojejunostomy, or cholecystojejunostomy)
and were excluded from the current analysis. Of the
567 patients included, 408 patients (72%) underwent
preoperative biliary stenting via the percutaneous
transhepatic or endoscopic route, whereas 159 pa-
tients (28%) did not undergo preoperative biliary
stenting.

All patients undergoing transhepatic biliary stent-
ing underwent percutaneous transhepatic cholan-
giography first, followed by placement of a transhep-
atic biliary drain under fluoroscopic guidance via the
Seldinger technique.!? The majority of the percuta-
neous transhepatic stenting procedures were per-
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formed at The Johns Hopkins Hospital. Patients un-
dergoing endoscopic stenting typically had this pro-
cedure performed in association with endoscopic ret-
rograde cholangiopancreatography (ERCP), with ma-
jor papilla sphincterotomy. Many of the patients with
endoscopic stents were referred to our institution
with the biliary stents already in place. A small mi-
nority of patients (9%) underwent endoscopic stent-
ing followed by percutaneous stenting, usually sec-
ondary to occlusion of the endoscopic stent with re-
current jaundice. These patients were included in the
analysis as having undergone percutaneous stenting,
since the percutaneous transhepatic stent was provid-
ing the definitive biliary drainage.

All patients included in the analysis underwent
pancreaticoduodenectomy. Our preference has been
to perform pylorus-preserving partial pancreatic re-
section, with pancreatic-enteric continuity being re-
stored via pancreaticojejunostomy or pancreaticogas-
trostomy. Superior mesenteric or portal venous re-
section was not routinely performed.!*-!5 All patients
except those who were allergic to penicillin received
cefotetan preoperatively and for 24 hours postopera-
tively. Octreotide was not used prophylactically in
these patients.

The overall postoperative complication rates were
evaluated. Perioperative mortality was defined as
death during the index hospitalization or within 30
days of surgery. Specifically, the incidences of delayed
gastric emptying, pancreatic fistula, bile leak, wound
infection, intra-abdominal abscess, cholangitis, pneu-
monia, pancreatitis, and hemobilia were evaluated.
The need for reoperation in the immediate postop-
erative period was also determined. Delayed gastric
emptying, pancreatic fistula, and bile leak have been
defined in previous articles.**I A diagnosis of infec-
tious complications required fever as well as positive
cultures from the respective source. Wound infection
required purulent drainage from the wound, which
necessitated opening of the wound, pneumonia re-
qulred radiographic evidence of an infiltrate, and
an intra-abdominal fluid collection on computed
tomography (CT) was needed to diagnose intra-
abdominal abscess. Patients were considered to have
postoperative pancreatitis if they had elevated serum
amylase levels, abdominal pain, and abnormal peri-
pancreatic fluid/edema on CT after postoperative day
5. Significant hemobilia was defined as hemobilia re-
quiring upsizing of biliary stents and/or angiographic
embolization.

The demographic characteristics, presenting symp-
toms, operative results, and short-term outcomes of
patients undergoing preoperative biliary stenting
were compared to those of patients who did not un-
dergo stenting. In addition, the results of transhepatic
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versus endoscopic stenting were compared. Subgroup
analyses were performed in patients with a postoper-
ative diagnosis of periampullary adenocarcinoma and
in patients who had jaundice on presentation. Differ-
ences in categorical outcomes between groups were
evaluated by means of chi-square analysis. All data
arc reported as mean * standard error of the mean.
Differences in means between subgroups were com-
pared using an unpaired ¢ test or analysis of variance
where appropriate. Significance was accepted at the
5% level. Multivariate analysis using a logistic re-
gression model was used to determine the indepen-
dent significance of various factors in outcomes in-
cluding operative mortality, complications, pancre-
atic fistula formation, wound infection, and other in-
fectious complications.

RESULTS

Between January 1994 and December 1997 inclu-
sive, 597 patients underwent pancreaticoduodenec-
tomy. Five hundred sixty-seven of those did not un-
dergo previous operative biliary bypass. Preoperative
biliary stenting was performed in 408 (72%) of the
567 patients, whereas the remaining 159 patients
(28%) did not undergo stenting. In the stented group,
262 had percutaneous stents placed (64%) and 146
had endoscopic stents placed (36%). Forty-nine pa-

Table I. Demographics in stented and unstented patients
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tients (9%) underwent endoscopic stenting followed
by percutaneous stenting, usually secondary to occlu-
sion of the endoscopic stent.

The demographics are summarized in Table 1. Pa-
tients with preoperative stents were significantly older
(63.8 years) compared to those without stents (61.4
years; P = 0.05). The sex distribution was similar in
the two groups, with 54% of patients in the stented
group being male compared to 49% in the unstented
group. Ninety-two percent of patients in the stented
group were white as compared to 83% in the un-
stented group (P = 0.005).

Patients undergoing preoperative stenting were
significantly more likely to present with jaundice
(67% vs. 38%; P <0.0001), whereas the incidences of
weight loss (40% vs. 37%), abdominal pain (38% vs.
37%), nausea/vomiting (18% vs. 22%), and fevers/
chills (5% vs. 1%) were similar in the stented and un-
stented groups, respectively (Table II). On presenta-
tion to The Johns Hopkins Hospital, stented patients
were more likely to have liver function test abnor-
malities including higher total bilirubin (5.4 mg/dl vs.
2.4 mg/dl; P = 0.004), direct bilirubin (2.7 mg/dl
vs. 1.5 mg/dl; P = 0.005), aspartate aminotransferase
(79 TU/L vs. 61 IU/L; P = 0.05), alanine aminotrans-
ferase (118 TU/L vs. 78 IU/L; P = 0.01), and alkaline
phosphatase levels (307 TU/L vs. 250 TU/L; P = 0.04).

There were no differences in the incidence of comor-

Stented Unstented
(n = 408) (n = 159) P value
Age
Mean (+ SE) 63.8 0.6 yr 614+ 1.2yr 0.05
Median 66 yr 65 yr
Sex
Male 54% 49% NS
Female 46% 51%
Race
White 92% 83% 0.005
Black 5% 13%
Other 3% 4%

Table II. Presenting signs and symptoms in stented and unstented patients

Stented Unstented

(n = 408) (n = 159) P value
Jaundice 67% 38% <0.0001
Weight loss 40% 37% NS
Abdominal pain 38% 37% NS
Nausea/vomiting 18% 22% NS

Fever/chills 5% 1% NS




Vol. 4, No. 3
2000

bid conditions between the two groups including hy-
pertension, myocardial infarction, diabetes, chronic
obstructive pulmonary disease, peripheral vascular
disease, pancreatitis, alcohol use, and smoking.

The operative data are summarized in Table III.
Ninety-six percent of patients in each group under-
went partial pancreatectomy, whereas the number of
pylorus-preserving procedures was similar in the two
groups (78% stented vs. 71% unstented; P = NS).
Seventy percent of stented patients underwent pan-
creaticojejunostomy to restore pancreatic-enteric
continuity and 30% underwent pancreaticogastros-
tomy. This was similar to the 75% of patients under-
going pancreaticojejunostomy and the 25% undergo-
ing pancreaticogastrostomy in the unstented group.
The incidence of superior mesenteric or portal ve-

Table III. Operative data in stented and unstented patients
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nous resection was similar in the stented and un-
stented groups (2% and 1%, respectively; P = not sig-
nificant [NS]). The mean estimated blood loss was
970 m! in the stented group and 980 ml in the un-
stented group (P = NS), with similar mean red blood
cell transfusion requirements (1.0 units stented vs. 1.1
units unstented; P = NS) and operative times (6.7
hours stented vs. 6.8 hours unstented; P = NS).

The postoperative diagnoses are summarized in
Table IV. Patients undergoing preoperative stenting
were significantly more likely to have periampullary
adenocarcinoma (pancreatic, distal bile duct, am-
pullary, and duodenal cancers). Seventy-four percent
(n = 301) of stented patients had periampullary can-
cer as the final diagnosis, with 190 pancreatic, 58 dis-
tal bile duct, 44 ampullary, and nine duodenal cancers.

Stented Unstented
(n = 408) (n = 159) P value
Extent of pancreatectomy
Partial 96% 96% NS
Total 4% 4%
Type of resection
Pylorus-preserving 78% 71% NS
Classic 22% 29%
Pancreatic reconstruction
Pancreaticojejunostomy 70% 75% NS
Pancreaticogastrostomy 30% 25%
Vein resection 2% 1% NS
Estimated blood loss (mean * SE) 970 = 90 ml 980 * 120 ml NS
Transfusion (mean = SE) 1.0 + 0.1 units PRBCs 1.1 = 0.2 units PRBCs NS
Operative time (mean * SE) 6.7 0.1 hr 6.8 *0.1 hr NS

PRBC = packed red blood cells.

Table IV, Postoperative diagnoses in stented and unstented patients

Stented (n = 408)

Unstented (n = 159)

No. Percent No. Percent
Periampullary adenocarcinoma 301 74 90 S7*
Pancreatic 190 47 60 38
Distal bile duct 58 14 8 5
Ampullary 44 11 11 7
Duodenal 9 2 11 7
Chronic pancreatitis 44 11 24 15
Cystic neoplasm 15 4 8 5
Islet cell tumor 13 3 12 8
Ampullary adenoma 13 3 3 2
Gastrointestinal stromal tumor 4 1 7 4
Metastatic tumors to pancreas 4 1 2 1
Other 14 3 13 8

*P = 0.0001; stented vs. unstented patients.
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Table V. Mortality and morbidity in stented and unstented patients

Stented Unstented
(n = 408) (n = 159) P value
Mortality 1.7% 2.5% NS
Complications
Overall complication rate 35% 30% NS
Pancreatic fistula 10% 4% 0.02
Wound infection 10% 4% 0.02
Delayed gastric emptying 12% 11% NS
Abscess 4% 6% NS
Cholangitis 3% 3% NS
Bile leak 3% 4% NS
Pneumonia 2% 1% NS
Pancreattis 2% 1% NS
Reoperation 3% 5% NS
Postoperative length of stay
Mean 14.3 * 0.4 days 14.1 = 0.8 days NS
Median 11 days 11 days

Only 57% (n = 90) of unstented patients had peri-
ampullary cancer (P = 0.0001), with 60 pancreatic,
eight bile duct, 11 ampullary, and 11 duodenal cancers.

Morbidity and mortality data are summarized in
Table V. There were 11 deaths in the entire cohort,
for an overall perioperative mortality rate of 1.9%.
Seven deaths occurred in stented patients (1.7%)
compared to four in unstented patients (2.5%; P =
NS). Seven deaths were secondary to sepsis and asso-
ciated multisystem organ failure, three deaths were
from hemorrhage (one of which was directly related
to hemobilia in a stented patient), and the final death
was due to pulmonary artery rupture from a Swan-
Ganz catheter.

The overall incidence of postoperative complica-
tions was 35% in stented patients and 30% in un-
stented patients (P = NS). Of note, stented patients
had a significantly higher incidence of pancreatic fis-
tula (10% vs. 4%; P = 0.02) and wound infection
(10% vs. 4%; P = 0.02). Twelve percent of stented pa-
tients experienced delayed gastric emptying, 4% de-
veloped an intra-abdominal abscess, 3% developed
cholangitis, 3% had a bile leak, 2% developed pneu-
monia, and 2% had pancreatitis. This is similar to the
11% delayed gastric emptying, 6% abscess, 3%
cholangitis, 4% bile leak, 1% pneumonia, and 1%
pancreatitis rates seen in unstented patients (P = NS).
Three percent of stented and 5% of unstented pa-
tients required reoperation in the immediate postop-
erative period most often for bleeding, intra-abdom-
inal sepsis, or wound/anastomotic dehiscence. The
postoperative length of stay was similar in the two
groups, with stented patients staying in the hospital
an average of 14.3 days (median 11 days) and un-

stented patients staying an average of 14.1 days (me-
dian 11 days).

Using multivariate analysis, preoperative stenting
remained an independent variable associated with
postoperative wound infection (P = 0.03), and it ap-
proached significance for pancreatic fistula formation
(P = 0.06). As in univariate analysis, preoperative
stenting was not shown to increase the overall com-
plication rate, operative mortality, and other specific
complications. Preoperative jaundice, the method of
stenting used, and the benign or malignant nature of
the lesion did not influence these outcomes. The final
multivariate model analyzing postpancreaticoduo-
denectomy complications is shown in Table VI.

Given the higher percentage of patients with peri-
ampullary adenocarcinoma in the stented group, a
subgroup analysis was performed on the 391 patients
with pancreatic (n = 250), distal bile duct (n = 66),
ampullary (n = 55), and duodenal (n = 20) adenocar-
cinomas (Table VII). Three hundred one of these pa-
tients had stents placed (77%), whereas 90 did not
(23%). Sixty-three percent of the stented patients and
67% of the unstented patients had pancreatic primary
lesions (P = NS). The incidence of positive nodes and
positive resection margins was similar in the two
groups, with 69% and 23% of stented patients hav-
ing positive nodes and positive margins, respectively,
compared to 66% and 20% in unstented patients.
The overall complication rates were similar for the
stented and unstented patients. Stented patients had a
significantly higher incidence of wound infection
(10% vs. 2%; P = 0.02), whereas the incidence of
pancreatic fistula formation in these patients ap-
proached significance (9% vs. 3%; P = 0.07). The in-
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Table VI. Multivariate analysis: Factors influencing postpancreaticoduodenectomy complications

Outcome Factors in multivariate analysis P value
Operative mortality Preoperative stenting 0.46
Preoperative jaundice 0.87
Method of stenting (endoscopic vs. percutaneous) 0.21
Benign vs. malignant pathology 0.16
Overall complication rate Preoperative stenting 0.38
Preoperative jaundice 0.49
Method of stenting (endoscopic vs. percutaneous) 0.37
Benign vs. malignant pathology 0.73
Pancreatic fistula Preoperative stenting 0.06
Preoperative jaundice 0.70
Method of stenting (endoscopic vs. percutaneous) 0.32
Benign vs. malignant pathology 0.12
Wound infection Preoperative stenting 0.03
Preoperative jaundice 0.68
Method of stenting (endoscopic vs. percutaneous) 0.07
Benign vs. malignant pathology 0.39

Table VIIL. Mortality and morbidity in stented and unstented patients: Periampullary adenocarcinoma

only (N = 391)

Stented Unstented

(n = 301) (n = 90) P value
Overall complication rate 34% 27% NS
Pancreatic fistula 9% 3% 0.07
Wound infection 10% 2% 0.02
Delayed gastric emptying 13% 11% NS
Abscess 4% 2% NS
Cholangitis 3% 3% NS
Bile leak 2% 3% NS
Pneumonia 1% 1% NS
Pancreatitis 0.3% 0% NS
Reoperation 4% 3% NS

cidences of delayed gastric emptying (13% vs. 11%),
intra-abdominal abscess formation (4% vs. 2%),
cholangitis (3% vs. 3%), bile leak (2% vs. 3%), pneu-
monia (1% vs 1%), and pancreatitis (0.3% vs. 0%)
were similar between the two groups.

Because of the discrepancy in the number of pa-
tients with jaundice in the stented and unstented
groups (67% vs. 38%, respectively; P <0.0001), a
subgroup analysis was performed in patients with
jaundice only. Of the 330 patients who presented with
jaundice, 272 patients underwent stent placement
preoperatively (82%) and 58 patients did not (18%).
Those undergoing stent placement were more likely
to have fevers/chills preoperatively (3% vs. 0%; P =
0.04) but had similar frequencies of weight loss (42 %
vs. 36%; P = NS), abdominal pain 30% vs. 19%; P =
NS) and nausea/vomiting (15% vs. 24%; P = NS).

Again, patients with stents were more likely to have
periampullary cancers (86% vs. 75%; P = 0.002). The
data in this subgroup analysis are consistent with the
previous analysis in that higher incidences of postop-
erative wound infection and pancreatic fistula were
noted in the stented group. Of the patients with jaun-
dice, 10% of those with stents developed wound in-
fections and 10% developed pancreatic fistulas. This
is compared to a 2% wound infection rate (P = 0.04)
and a 2% pancreatic fistula rate in the unstented
group (P = 0.05).

The demographic and operative data comparing
percutaneous (n = 262) and endoscopic (n = 146)
stents are summarized in Table VIIL There was a sig-
nificantly lower incidence of periampullary adenocar-
cinoma in those undergoing percutaneous stent place-
ment (71% vs. 80%; P = 0.001). The operative time,
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Table VIII. Percutaneous vs. endoscopic biliary stenting: Demographic and operative data

Percutaneous Endoscopic
(n = 262) (n = 146) P value
Demographics
Mean age 63.1 +0.8yr 65.1 x09yr 0.12
Male 56% 51% NS
White 89% 96% 0.07
Operative data
Extent
Partial 97% 96% NS
"Total 3% 4%
Type of pancreatectomy
Pylorus-preserving 80% 75% NS
Classic 20% 25%
Pancreatic reconstruction
Pancreaticojejunostomy 72% 68% NS
Pancreaticogastrostomy 28% 32%
Mean estimated blood loss (= SE) 1050 = 130 ml 830 = 70 ml NS
Mean transfusions (* SE) 1.2 + (.2 units PRBCs 0.6 = 0.1 units PRBCs 0.06
Mean operative time (+ SE) 6.7 = 0.1 hr 6.8 = 0.1 br NS
Periampullary adenocarcinoma 71% 80% 0.001

PRBC = packed red blood cells.

Table IX. Percutaneous vs. endoscopic biliary stenting: Mortality and morbidity

Percutaneous Endoscopic
(n = 262) (n = 146) P value
Mortality 1.1% 2.8% NS
Overall complication rate 35% 35% NS
Hemobilia 3% 0% 0.03
Pancreatic fistula 10% 2% NS
Wound infection 10% 10% NS
Delayed gastric emptying 13% 9% NS
Abscess 3% 5% NS
Cholangitis 3% 3% NS
Bile leak 3% 3% NS
Pneumonia 2% 3% NS
Pancreatitis 0.3% 0% NS
Reoperation 4% 3% NS
Postoperative length of stay
Mean (+ SE) 15.8 + 0.8 days 14.0 + 0.7 days NS
Median 11 days 11 days

estimated blood loss, and transfusion requirements
were similar in the two groups. There were three
deaths in the percutaneous group for a perioperative
mortality rate of 1.1%, whereas there were four
deaths in the endoscopic group for a perioperative
mortality rate of 2.8% (P = NS). Both groups had an
overall complication rate of 35% (Table IX). Of note,

eight patients (3%) in the percutaneously stented
group developed significant hemobilia after stent
placement. These patients required upsizing of their
biliary stents and/or angiography with embolization
to control the bleeding. None of the patients in the
endoscopically stented group had hemobilia. The in-
cidences of all other postoperative complications in-
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cluding wound infection (10% in each group) and
pancreatic fistula formation (10% percutaneous vs.
12% endoscopic) were similar in the two groups.

DISCUSSION

In the 1970s pancreaticoduodenectomy was asso-
ciated with high morbidity and mortality and poor
long-term survival.!%17 Significant improvements have
been reported in the perioperative mortality, with
several series reporting mortality rates of less than
5%.13:18-24 Despite significantly improved mortality
rates, these series still report high postoperative com-
plication rates ranging from 25% to 50%.

Biliary stents are often placed during the workup
of a patient expected to undergo pancreaticoduo-
denectomy. There are many reasons to consider
placement of preoperative biliary stents. Preoperative
cholangiography allows accurate definition of the
level of biliary obstruction and aids in formulating the
operative strategy. Biliary drainage increases patient
comfort by decreasing bilirubin levels, thereby reliev-
ing the often problematic symptom of pruritus.
Drainage of the biliary tree can provide relief of
cholangitis. In addition, biliary drainage can serve as a
temporizing measure if surgery is to be delayed for a
significant length of time, allowing for normalization
of liver function tests and hepatic function.

Despite these theoretical advantages, preoperative
biliary stenting remains controversial. Although some
authors report improvement in operative outcome
following stent placement, several report no benefit
from preoperative stent placement and others docu-
ment increased morbidity associated with this prac-
tice.!-5%!1 If preoperative biliary stenting has no ben-
efit and contributes to the observed high morbidity
following pancreaticoduodenectomy, it should not
routinely be performed.

There have been several prospective randomized
trials comparing preoperative percutaneous biliary
stenting to no preoperative stenting in both proximal
and distal biliary tract surgery. Most patients in these
studies had obstructive jaundice secondary to peri-
ampullary adenocarcinoma and underwent resection
via pancreaticoduodenectomy or palliative biliary by-
pass. In 1982, Hatfield et al.! reported the results of a
randomized trial in which 22 patients underwent pre-
operative biliary drainage and 25 patients did not un-
dergo drainage. Procedures included pancreaticoduo-
denectomy, biliary bypass, exploratory laparotomy,
and common bile duct exploration. Although serum
bilirubin levels were lowered in the stented group, the
postoperative morbidity and mortality rates were sim-
ilar in the two groups. In 1985 Pitt et al.” compared
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37 patients undergoing preoperative stent placement
to 38 patients not undergoing stent placement. Both
groups demonstrated similar morbidity, mortality, and
lengths of stay but higher hospital costs were docu-
mented in stented patients. McPherson et al.,? in
1984, randomized 65 patients to receive or not receive
preoperative percutaneous biliary stents. Again the
operative procedures performed varied. Although the
mortality rates were similar in the two groups, the
morbidity rate was 32% in those with stents and only
19% in those without stents, which was statistically
significant.

Two recent nonrandomized retrospective reviews
from Memorial Sloan-Kettering Cancer Center again
documented increased morbidity following biliary
stenting.*® The first, in 1998, evaluated biliary stent-
ing prior to pancreaticoduodenectomy.’ The major-
ity of patients underwent endoscopic stenting, but
patients with percutaneous stents were included as
well. Patients with biliary stents had an increased risk
of wound or intra-abdominal complications when
these were evaluated together as an end point. The
individual incidences of wound infection, pancreatic
fistula, and intra-abdominal abscess were not signifi-
cantly different between the two groups. In addition,
there was a trend toward increased length of stay in
the stented group. No comparison between endo-
scopically and percutaneously stented patients was
performed. The second report evaluated preopera-
tive biliary stenting for proximal cholangiocarcino-
mas.* Preoperative stenting increased the risk of con-
taminated bile (bactibilia) and postoperative infec-
tious complications, as had been shown in previous
studies.?*°

Two randomized studies evaluated preoperative en-
doscopic stenting in comparison to no stenting. Lai
et al.!® randomized 87 patients, only 33 of whom un-
derwent pancreaticoduodenectomy. No differences in
postoperative morbidity and mortality were observed
between the two groups. Lygidakis et al.!! random-
ized 38 patients to undergo or not undergo preoper-
ative endoscopic stent placement. These investigators
found that preoperative endoscopic drainage de-
creased postoperative complications. However, this
study was flawed in that it included patients with
cholangitis in the unstented group. In most settings
such patients would undergo preoperative biliary
drainage prior to surgery.

A more recent review from Memorial Sloan-Ket-
tering Cancer Center evaluates 240 consecutive pan-
creaticoduodenectomy patients over a 3-year period
with regard to preoperative biliary drainage.’® Fifty-
three percent of the patients underwent preoperative
biliary drainage and the postoperative morbidity and
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mortality rates were 48% and 5%, respectively. By
univariate and multivariate analysis, preoperative bil-
iary drainage was shown to be the only statistically
significant variable associated with morbidity (P =
0.025), infectious compiications (P = 0.014), and
postoperative mortality (P = 0.037). The current ret-
rospective study evaluates a much large number of pa-
tients undergoing pancreaticoduodenectomy, allow-
ing comparison of preoperatively stented and un-
stented patients. In our analyses, the use of preopera-
tive biliary stenting influenced only the rates of pan-
creatic fistula formation and wound infection. Unlike
the data from Memorial Sloan-Kettering Cancer
Center, our analyses do not associate preoperative
stenting with overall morbidity or with postoperative
mortality. It may be that the larger numbers of pa-
tients in our study (567 patients vs. 240 patients) or
the lower rates of morbidity (34%) and mortality
(1.9%) have an impact on the factors found to be as-
sociated with the stenting.

In the current study, the overall morbidity, mortal-
ity, and lengths of stay were similar in the stented and
unstented groups. However, the incidence of wound
infection was significantly higher in the patents with
stents. This observation held true in the overall co-
hort, as well as in patients with jaundice and in pa-
tients with periampullary adenocarcinoma. As has
been suggested by other investigators, this is likely ex-
plained by the high incidence of biliary contamina-
tion, or bactibilia, following instrumentation of the
biliary tree. All stents traverse the ampulla of Vater,
allowing contamination of hepatic bile. At the time of
pancreaticoduodenectomy, the bile duct is transected,
with the potential for contamination of the surgical
wound and the peritoneal cavity with colonized bile.

An increase in pancreatic fistula formation was also
noted in patients with stents. One can postulate that
stent placement may lead to partial obstruction of the
pancreatic duct. This may result in inflammation of
the pancreas, with subsequent increased susceptibil-
ity to anastomotic leakage. This increased risk of pan-
creatic fistula was significant in the univariate analysis
and in the subgroup analysis of patients with preop-
erative jaundice, and it approached significance in the
multivariate model (P = 0.06).

Patients undergoing endoscopic versus percuta-
neous stenting had similar overall perioperative mor-
bidity and mortality rates. The most striking differ-
ence in the two groups was the 3% incidence of he-
mobilia in the percutaneously stented group. Hemo-
bilia is a direct result of the transhepatic access route
and the fact that the stents remain in place in the
postoperative period. Such hemobilia typically origi-
nates from intrahepatic branches of either the portal
vein or the hepatic artery. Other than hemobilia,
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there were no differences in complications between
the two groups. As many of our endoscopically
stented patients were referred with stents already in
place, a referral bias may exist. Patients who had ma-
jor complications related to the endoscopic stenting
procedure may never have been referred to our insti-
tution. In experienced hands, the rate of major pro-
cedure-related morbidity associated with endoscopic
stenting is less than 5%, including duodenal perfora-
tion, hemorrhage, or severe post-ERCP pancreatitis.

In summary, preoperative biliary stenting did not
increase the overall complication rate or mortality
rate in patients undergoing pancreaticoduodenec-
tomy. However, stenting does appear to increase the
rates of wound infection and pancreatic fistula. In ad-
dition, the stenting procedure itself is not without
risk, as demonstrated by the hemobilia seen in percu-
taneously stented patients.

The current data support the contention that rou-
tine preoperative biliary stenting is of no benefit and
carries potential risk. Stenting should be considered
in patients with obstructive jaundice who will have a
delay of more than 2 weeks between initial presenta-
tion and definitive surgery, and in patients with major
hepatic or hematologic abnormalities that preclude
immediate safe resection. Preoperative stenting is in-
dicated in patients with primary suppurative cholan-
gitis, which is a rare finding in the absence of prior
biliary instrumentation. Although percutaneous stent-
ing has been argued to make the biliary anastomosis
technically easier, the above-demonstrated risks have
changed the practice patterns at our institution, with
less frequent placement of preoperative percutaneous
or endoscopic stents. Given the increased risks, pre-
operative biliary stenting should be used selectively.
When performed, the method of biliary decompres-
sion should be based on local expertise.
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Discussion

Dr. G. Tsiotos (Kansas City, Mo.). I think this is a very
important paper since it comes from an institution where
routine preoperative stenting has been advocated for years.
I conclude from your presentation that preoperative stent-
ing should not be used in the usual patient with periampul-
lary cancer because it increases the rate of fistula and wound
infection without offering any advantage whatsoever. This
is especially important since most gastroenterologists and
unfortunately several surgeons still use this method be-
cause, allegedly, it decreases perioperative mortality. This
is not accurate, as you have stated, in patients other than
those with hepatic hilar malignancies requiring hepatec-
tomy. The practice of stenting really reflects pessimism
about the ability of these patients to be resected safely;
this attitude should be considered outdated. I have four
questions. Obviously there was a very strong selection bias
regarding which patients were stented and which were not,
and you stated that patients with jaundice would more
likely be stented. Can you elaborate on that? At what
bilirubin level was stenting preferentially performed? The

second question concerns the indications for stenting. Ob-
viously cholangitis is a very grave indication in this group of
patients. What are other conditions that might require
stenting? You alluded to hematologic disorders. Can you
elaborate on that? My third question concerns percuta-
neous stenting. Two thirds of your patients underwent per-
cutaneous stenting. I would not expect that. Endoscopic
stenting would be preferable, I suppose. My last question
concerns the formation of pancreatic fistula. What do you
think causes the increased incidence of pancreatic fistulas
in patients with stents?

Dr. T. Sobn. With regard to the selection bias that is
certainly true, as it is in any retrospective review. Approxi-
mately 40% of these patients were referred with stents al-
ready in place. We know their bilirubin levels when they
arrived at our institution, but we do not know their biliru-
bin levels prior to referral, so we have not stratified the pa-
tients in terms of preoperative bilirubin levels. In terms of
indications for stenting, one of the major indications at our
institution is a delay between diagnosis and the time when
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we can perform definitive surgery. Another indication is
suppurative cholangitis, which, as you have mentioned,
is rare in the primary setting. Hematologic abnormalities
would include coagulopathies due to advanced liver dis-
ease from obstructive jaundice. One other indication that
1 did not talk about is the reoperative setting. In patients
who have had a previous operative biliary bypass, it might
aid dissection to have a stent in place. In terms of percu-
taneous and endoscopic stenting, the situation is a little
unusual at our institution. We have very good interven-
tional radiologists with whom we work very closely, and
our preference had been to perform percutaneous stent-
ing. We leave that stent in place postoperatively to de-
compress the anastomosis. But certainly endoscopic stent-
ing is a reasonable option. The choice should be based on
local expertise. With regard to pancreatic fistula forma-
tion, I believe that both endoscopic and percutaneous
transhepatic stenting increase pancreatic inflammation.
This small degree of pancreatitis related to the stenting
procedure probably increases our rate of fistula formation
after the operation.

Dr. G. Aranba (Maywood, Il1.). I want to ask you about
the effect of stents on wound infection. How is that chang-
ing your intraoperative conduct in those who come to you
with stents already in place? Do you close off the distal duct
and place a clamp on the proximal duct? How can we
change that high rate of infection?

Dr. Sobn. 1 think we now place stents in fewer people
to begin with, but in patients who already have stents we
are not doing anything different intraoperatively. All pa-
tients receive prophylactic antibiotics perioperatively.

Dr. S. Marcus (New York, N.Y.). We conducted a simi-
lar analysis at New York University and found that although
our complication rate did not differ, the patients who were
stented had a decreased length of stay. They seemed to have
a faster recovery postoperatively. Do you have any data on
length of stay?
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Studies in animal models suggest that in those with ob-
structive jaundice, if liver function is to be recovered, the
bile duct needs to be internally drained for at least 2 weeks
and probably for as long as 6 weeks. Do you have any data
on how long your patients underwent internal drainage be-
tween the time of stenting and the surgery?

Dz Sobn. Our length of stay in all groups was similar.
The median stay was 11 days overall. With regard to the
length of stenting, it is variable. As I stated, many patients
are referred with stents already in place. So there are pa-
tients who have had stents in place for well over 6 weeks
and patients who have stents placed immediately before the
operation.

Dr. G. Larson (Louisville, Ky.). Do you have any idea
what the presence of a fistula does to the length of hospital
stay? How significant is it in terms of cost and time spent in
the hospital? Second, according to your data, is there any
reason to place a stent in a patient who is not jaundiced?
You had approximately 100 of these types of patients.

Dz Sobn. Our experience is that the formation of a pan-
creatic fistula increases the length of stay by 4 to § days.
Most of these patients have controlled leaks into Jackson-
Pratt drains that are placed around the anastomosis. Reop-
eration is rarely necessary. In terms of stenting nonjaundiced
patients, one indication would be a previous operative biliary
bypass, where a difficult hilar dissection and the need for a
redo biliary-enteric anastomosis are anticipated.

Dr. R. Prinz (Chicago, IlL.). It seems that infectious
complications are increased after stenting. Is the length of
preoperative stenting, the size of the stent, or the presence
of preoperative cholangitis indicative of a greater likelihood
of wound infection or other infectious complications?

Dr. Sobn. Again, we have many patients who are re-
ferred with stents in place. The patients have been stented
for various lengths of time. We did not specifically look at
any of the factors you mention to determine the rates of
complications in those groups.



Ontogeny of Activin B and Follistatin
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Activin, a member of the transforming growth factor-beta superfamily, has been shown to be a critical
regulator in exocrine and endocrine pancreas formation. The purpose of our study was to describe the on-
togeny of activin B and its inhibitor, follistatin, in developing pancreas and to elucidate potential mech-
anisms for exocrine and endocrine lineage selection. Mouse embryonic pancreata were dissected at var-
ious ages (day 10 [E10.5] to birth [E18.5]), sectioned, and immunostained for activin B (one of two ex-
isting isomers, A and B), follistatin, insulin, and glucagon. In addition, reverse transcriptase—polymerase
chain reaction was employed to determine the messenger RINA expression of follistatin in isolated pan-
creatic epithelia and mesenchyme of various ages. Activin B was first detected at E12.5 in epithelial cells
coexpressing glucagon. At E16.5 these coexpressors appeared as clusters in close proximity to early ducts.
By E18.5 activin B was localized to forming islets where cells coexpressed glucagon and were arranged in
the mantle formation characteristic of mature alpha cells. Follistatin was found to be ubiquitous in pan-
creatic mesenchyme at early ages by immunohistochemical analysis, disappearing sometime after E12.5.
Follistatin reappeared in E18.5 islets and remains expressed in adult islets. Follistatin messenger RNA was
first detected in epithelium at E11.5, preceding its protein expression in islets later in gestation. We pro-
pose that mesenchyme-derived follistatin inhibits epithelium-derived activin at early embryonic ages al-
lowing for unopposed exocrine differentiation and relative suppression of endocrine differentiation. At
later ages the decrease in the amount of mesenchyme relative to epithelium and the subsequent drop in
follistatin levels liberates epithelial activin to allow differentiation of endocrine cells to form mature islets

by the time of birth. (J] GASTROINTEST SURG 2000;4:269-275.)

KEY WORDS: Activin, follistatin, development, pancreas, endocrine

The embryonic pancreas forms as an evagination
of the foregut epithelium into its surrounding mes-
enchyme and subsequently gives rise to pancreatic
islets, acini, and ducts. Several studies have established
the importance of mesenchymal-epithelial interac-
tions in morphogenesis as well as in differentiation
during pancreas development.!* Whereas whole
E11.5 pancreas grown in a collagen matrix is capable
of growth and differentiation, pancreatic epithelium
isolated from its surrounding mesenchyme fails to
develop in vitro.! Furthermore, a soluble “mesenchy-
mal factor” has been implicated in pancreatic devel-

opment. Transfilter experiments in which epithelia
and mesenchyme separated by a porous membrane
are capable of growth and differentiation confirm the
existence of a soluble factor.!? Despite persistent at-
tempts to purify this mesenchymal factor by Rutter
and others®S in the 1970s, its identity has remained
elusive, leading researchers today to focus on a can-
didate approach for describing the mesenchymal fac-
tor or factors.

Activins, members of the transforming growth
tactor-beta (TGF-P) superfamily, are known to regu-
late the growth and differentiation of a variety of cell
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types. Originally isolated from ovarian fluid and iden-
tified based on its ability to regulate the release of fol-
licle-stimulating hormone from the pituitary gland,”#
activin and its inhibitor, follistatin, have been shown
to be important in the development of numerous or-
gan systems including pituitary, thyroid, muscle,
bone, and testis.”!13 Activins (A and B) exist as dimers
of two closely related inhibin B-subunits (B,B, and
BgBg, respectively)”!* and act through a transmem-
brane receptor with an intracellular serine/threonine
kinase domain.

Data are beginning to accumulate that implicate
activin signaling in exocrine and endocrine pancreas
differentiation as well. Exogenous activin added to
gestational day 11 (E11.5) pancreatic anlage blocks
ductal branching.!¢ This inhibitory effect is entirely
prevented by coincubation with follistatin, indicating
that the effect of activin is specific and not toxic. The
fate of endocrine cells was not specifically examined
in these studies. However, activin signaling is clearly
important for endocrine cell differentiation, as
demonstrated in studies using transgenic mice ex-
pressing a dominant-negative form of the activin re-
ceptor (dn-ActR).!” Mice with blocked activin signal-
ing developed hypoplasia of pancreatic islets late in
gestation. In addition, the dnActR mouse pups had a
severely impaired insulin response to glucose, as well
as a decreased 15-week survival rate. Interestingly,
transgenic mice with overfunctioning (constitutive)
activin receptor also develop hypoplastic islets, sug-
gesting that an activin signal of the appropriate in-
tensity (not too strong or too weak) is necessary for
proper endocrine cell differentiation. In addition to
their role in pancreas development, activin and fol-
listatin may be important in maintaining endocrine
homeostasis in adult pancreas. Indeed, exogenous ac-
tivin A has been shown to stimulate insulin secretion
in insulinoma cell lines'® in a dose-dependent manner
and to potentiate glucose-induced insulin release in
rat pancreatic islets.%20

The distribution of activin A and follistatin has
been well described in mouse decidua, postimplanta-
tion embryos, as well as in various older embryonic
tissues and in the adult.??? In rat embryonic pancreas,
activin A protein is detected by immunohistochemical
analysis as early as E12 in the epithelium and is coex-
pressed with glucagon and insulin later in gestation.??
In adult pancreas, follistatin and activin A are both ex-
pressed in beta cells.’* Others have shown activin A
to be present in secretory granules of alpha and delta
cells by immunoelectron microscopy. The ontogeny
of activin B and follistatin remains largely unknown
in developing fetal pancreas.

Interestingly, activin B is thought to be an impor-
tant notochord signal in the chick embryo that per-
mits pancreas development to proceed by suppressing
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sonic hedgehog (Shh) expression, a known inhibitor
of dorsal pancreas development.’’ Furthermore,
Miralles et al.?6 noted that exogenous follistatin mim-
ics the effect of mesenchyme on developing epithelia,
driving exocrine and simultaneously suppressing en-
docrine differentiation. When added to in vitro de-
veloping E12.5 rat epithelium with its mesenchyme,
follistatin results in a significant overgrowth of ex-
ocrine cells and a dramatic reduction in endocrine
cells. Thus follistatin is likely to be an active compo-
nent of the mesenchymal factor mediating mesenchy-
mal-epithelial interactions, presumably through its in-
hibitory effect on epithelial activin.

The purpose of this study was to describe the on-
togeny of activin B and follistatin in mouse embry-
onic pancreas to better understand possible autocrine
and paracrine mechanisms involved in endocrine and
exocrine lineage selection.

MATERIAL AND METHODS

Time-dated pregnant CD-1 mice were obtained
from Charles River Laboratories (Wilmington, Mass.).
The mice were killed on days 10.5, 12.5, 14.5, 16.5,
and 18.5 of gestation (day 0.5 defined as the morning
of discovery of the vaginal plug). All procedures were
approved by the New York University Medical Cen-
ter Animal Care and Use Committee in accordance
with the Guide for the Care and Use of Laboratory
Animals (Department of Health and Human Services,
National Institutes of Health Publication No. 86-23,
revised 1985). Embryos were harvested and preserved
on ice in phosphate-buffered saline (PBS). Microdis-
section was performed on the individual embryos to
isolate and remove the pancreas.>?’

Tissue Preparation

After the embryonic pancreata had been har-
vested, they were immediately preserved on ice until
the entire litter had been dissected. A 4% parafor-
maldehyde (in PBS) solution was prepared and fil-
tered with a 22 wm filter. The pancreata were fixed in
the paraformaldehyde for 2 hours. They were then
transferred to 30% sucrose (in PBS) for 4 to 12 hours.
The pancreata were pooled according to their specific
gestational age and finally frozen embedded for sub-
sequent cryostat sectioning.

Immunohistochemistry

The frozen blocks of pooled embryonic pancreata
were cut into sections 6 pm thick using a Leica cryo-
stat (Leica, Wetzler, Germany). Except when indi-
cated, all incubations were performed at 25° C. Anti-
bodies against follistatin (rabbit antihuman) and in-
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hibin beta-B (rabbit antimouse), specific for activin B,
were generously provided by Dr. Bilezikjian.® Anti-
bodies to insulin (sheep antihuman; The Binding
Site, San Diego, Calif.) and glucagon (mouse mono-
clonal; Sigma, St. Louis, Mo.) had been quality tested
and do not cross-react with other proteins. The anti-
bodies were diluted in PBS, and their optimal con-
centrations for both immunoperoxidase and im-
munofluorescence were determined to be as follows:
anti-inhibin beta-B (1:200), antifollistatin (1:200),
anti-insulin (1:500), antiglucagon (1:500). Control
tests for the primary antibodies were performed at
each time point using normal serum rather than the
individual antibodies.

For immunoperoxidase staining, the specimens
were first rehydrated with PBS. The specimens were
then rendered permeable in Tween-20 solution (0.5%
in PBS) for 10 minutes and washed with PBS for 5
minutes. Heated sodium citrate (10 mmol/L, pH 3.0)
was then used for antigen recovery. The specimens
were incubated at 4° C with 4% blocking serum (goat
serum; Vectastain, Vector Laboratories, Burlingame,
Calif.) overnight prior to exposure to the primary an-
tibody for 2 hours followed by secondary antibody
(biotinylated goat antirabbit immunoglobulin; Vec-
tastain) for 1 hour. The specimens were pretreated
with H,0, (0.3% in methanol) for 30 minutes to in-
activate endogenous peroxidases, and then exposed to
the ABC solution (Vectastain) for 1 hour. Prior to
completing the immunohistochemical reaction with
3,3’-diaminobenzidine, the specimens were exposed
to Triton-X100 for 30 minutes.

For double immunostaining, the specimens were
also subjected to treatment with sodium citrate and
Tween-20 (0.5% in PBS). Incubation with the block-
ing serum (4% normal donkey serum in PBS) took
place overnight at 4° C. Both primary antibodies were
applied together for 2 hours at 25° C after another ex-
posure to Tween-20 (0.5% in PBS). Finally, the sec-
ondary antibodies (donkey antisheep tetrarhodamine
isothiocyanate 1:200, and donkey antirabbit fluores-
cein isothiocyanate 1:200; Jackson Laboratories, Bar
Harbor, Maine) were applied together after one more
Tween-20 (0.5% in PBS) wash.

RINA Extraction and Reverse Transcriptase—
Polymerase Chain Reaction

Pancreatic epithelia, ages E10.5 and E11.5, were
isolated from their surrounding mesenchyme using
the technique of Gittes et al.> Briefly, epithelia were
microdissected from surrounding mesenchyme fol-
lowing brief incubation in 1% trypsin. Epithelia were
immediately placed in a DNA lysis buffer and frozen
in liquid nitrogen. Likewise, E10.5, E11.5, and E12.5
mesenchyme was obtained through microdissection
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and frozen. The E12.5 epithelium is unable to be re-
liably cleaned of its mesenchyme because of the many
interdigitations of mesenchyme among the develop-
ing epithelial lobules (developing acini) at this gesta-
tional age. After the pancreatic epithelia and mes-
enchyme had been harvested and frozen, the messen-
ger RNA from each was immediately extracted using
the Qiagen Oligotex Direct mRNA Mini-Kit (Qia-
gen Inc., Santa Cruz, Calif.). A reverse transcriptase
(RT) reaction was performed using random hexa-
mers, and the resulting DNA was used in polymerase
chain reactions (PCR).?” The following mouse
oligonucleotides were used as primers for follistatin:
forward, 5'-TCATGGAGGACCGCAGCGCC-3';
reverse, 5 -ACAAGTGGAGCTGCCTGGAC-3".
These primers were designed to yield a 475 bp frag-
ment from positive controls. For all the polymerase
chain reactions, 10X PCR buffer (200 mmol/L
Tris-HCI (pH 8.4), 500 mmol/L KCl) was used, and
the concentration of MgCl, was 2.0 mmol/L. Forty
cycles were performed. Amplification parameters in-
cluded a 1-minute annealing step at 55° C and a 1:30-
second extension step at 72° C. Negative controls
were run for each primer and included PCR reactions
with cyclic DNA prepared without RT. Primers to the
common structural protein, beta tubulin, were used
as positive controls for the RT-PCR reaction itself.
‘The products of amplification were separated on a 2%
agarose gel and compared to the known sequence.

RESULTS
Immunohistochemistry

Activin B. Expression of activin B was first de-
tected in E12.5 pancreatic epithelium in a sparse and
scattered distribution (Fig. 1, 4 and B). By E14.5 ac-
tivin B was limited to distinct cell clusters in close
proximity to early developing pancreatic ducts (Fig.
1, O). Later in gestation (E16.5 and E18.5), activin B
expression was more organized and confined to newly
forming islets of Langerhans (Fig. 1, D). Interest-
ingly, in adult islets, activin B appeared in the mantle
distribution typical of alpha cells (Fig. 1, E). Indeed,
double immunostaining for activin B, and either in-
sulin or glucagon, demonstrated activin B to be co-
expressed with glucagon and not with insulin
throughout gestation, as well as in the adult (Fig. 2, 4
through E). However, only a fraction of glucagon-
positive cells coexpressed activin B, consistent with
the notion that activin specifically directs pluripo-
tential pancreatic cells toward endocrine commit-
ment and is not important in more mature alpha
cells. Likewise, activin B—positive cells coexpressing
glucagon in adult islets may represent a subpopula-
tion of glucagon-positive cells that may be a source
of new cells for islet regeneration.
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Fig. 1. Fluorescent and peroxidase immunchistochemistry of mouse embryonic and adult pancreas. Ac-
tivin B is first expressed in a few scattered cells of E12.5 epithelium (fluorescein) (A). Note abundant mes-
enchyme (7) compared with epithelium (¢) at this age as seen on hematoxylin and eosin staining (B). At
later gestational ages (E14 and E16), activin B is found in the vicinity of forming ducts (##rows) (C and
D). In the adult, activin B is expressed in peripheral islet cells (peroxidase) in a mantle distribution char-
acteristic of alpha cells (E).

Fig. 2. Fluorescent immunohistochemistry of gestational age E16.5 and adult pancreas for activin B, in-
sulin, and glucagon. Note that insulin-positive beta cells (thodamine) do not coexpress activin B (fluo-
rescein) in E16.5 pancreas or in the adult (A and B). As shown by hematoxylin and eosin staining (C), at
E16.5, the embryonic pancreas has already formed distinct ducts, acini, and clusters of endocrine cells.
Some of these endocrine cells coexpress activin B (D) (rhodamine) and glucagon (E) (fluorescein). Note,
not all glucagon-positive cells coexpress activin B.
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Fig. 3. Immunohistochemistry for follistatin in E12.5, E18.5, and adult pancreas. At E12.5, follistatin is
expressed exclusively in the mesenchyme (#2). Note the epithelial-sparing (e) and distinct mesenchymal-
epithelial interface. At 18.5, follistatin is expressed in forming islets emanating from ducts (@rvows). In
adult pancreas, follistatin is found in the beta-cell distribution of islets.

~«—— 475 bp

E10.5¢e E10.5m

E11.5e

E11.5m E12.5m

Fig. 4. RT-PCR for follistatin in pancreatic epithelia and its mesenchyme at various embryonic ages. Fol-
listatin is present in pancreatic mesenchyme of all gestational ages examined. However, it is absent from
E10.5 epithelia and is first detected in epithelia at E11.5. This epithelial messenger RNA expression of
follistatin early in gestation is consistent with its protein expression in islets later in gestation and in the
adult. NOTE: 475 bp represents the expected size of the PCR fragment generated using specific primers
designed for follistatin from positive controls. The faint second band represents nonspecific binding of
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primers and is not significant.

Follistatin. Expression of follistatin was ubiquitous
in pancreatic mesenchyme of all ages examined. Ear-
lier gestational ages (i.e., E10.5 to E12.5), which con-
tain abundant mesenchyme, showed strong mes-
enchymal expression of follistatin with distinct ep-
ithelial sparing (Fig. 3, 4). As gestation proceeds
(>E14.5) the relative proportion of mesenchyme
compared to epithelium decreases dramatically, and
follistatin becomes difficult to detect. Surprisingly,
follistatin eventually reappears in the epithelium at
E18.5 in clusters of cells emanating from ducts, and
finally is expressed in the core of adult islets, charac-
teristic of the beta-cell distribution (Fig. 3, B and C).

Reverse Transcriptase-Polymerase
Chain Reaction

The apparent inconsistency between immunohis-
tochemical localization of follistatin found in mes-
enchyme early in gestation and in epithelium late in
gestation, as well as in the adult, prompted us to ex-
amine messenger RNA expression for follistatin in

epithelia and mesenchyme of various ages. Messenger
RINA for follistatin was detected in all pancreatic mes-
enchyme examined (E10.5, E11.5, and E12.5). Al-
though it was absent in E10.5 pancreatic epithelium,
follistatin messenger RNA was expressed in epithe-
lium at E11.5 (Fig. 4). This epithelial expression is
consistent with the positive immunohistochemical
staining seen in the epithelium in late gestation (see
above) and in the adult.

DISCUSSION

Numerous in vitro studies have shown follistatin to
induce exocrine differentiation, whereas activin in-
hibits exocrine differentiation.!®?¢ Similarly, trans-
genic mice with either a dominant-negative activin re-
ceptor or a constitutively active activin receptor both
develop hypoplastic islets late in gestation, suggesting
that a precise level of activin signaling is necessary for
proper endocrine differentiation. Thus the dual role
of activin as an inhibitor of exocrine lineage and a
promoter of endocrine lineage appears to be regulated
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by its known inhibitor, follistatin. In this study we
have described the ontogeny of activin B and follis-
tatin in developing pancreas, in order to better un-
derstand their function in vivo. Activin B was found to
be present in pancreatic epithelium as early as E12.5
and persists in glucagon-expressing cells throughout
gestation and in the adult. Follistatin was present in
mesenchyme of early gestational ages (i.e., E12.5) and
in beta cells of late gestation and the adult.

Glucagon has been thought to be an early marker
of endocrine lineage, with its expression preceding
the expression of insulin and the other endocrine hor-
mones.’® Nonetheless, glucagon’s utility as an en-
docrine stem cell marker is limited because it is ex-
pressed in both immature and mature alpha cells.
Interestingly, the coexpression of activin B with glu-
cagon in only a fraction of glucagon-positive cells may
represent a subset of endocrine stem cells and may
serve as a more useful marker for these pluripotential
cells. Moreover, activin B may be necessary for di-
recting these cells toward a more mature endocrine
cell fate.

A delicate balance appears to exist between activin
and follistatin in mesenchymal-epithelial interactions
of the developing pancreas. Early in embryonic life,
mesenchymal follistatin may inhibit epithelial activin,
resulting in unimpeded exocrine differentiation and
relative suppression of endocrine lineage. However,
as gestation proceeds and mesenchyme represents a
smaller proportion of the total pancreas, follistatin
may no longer be able to inhibit the proendocrine ef-
fect of activin, resulting in the greater proliferation of
endocrine tissue that occurs at days 14 to 16. Not sur-
prisingly, compensatory or redundant regulatory
mechanisms for dictating lineage selection must exist.
Indeed, transgenic mice deficient in follistatin, while
suffering multiple defects as well as perinatal death,
appear to have normal pancreata.?>3? Furthermore, al-
though transgenic pups deficient in the activin signal-
ing have a decreased survival compared to littermate
control pups, lack of activin signaling does not result
in a lethal phenotype as might be expected if the en-
docrine lineage were solely dependent on activin.

Another potential role for activin B relates to its
suppressive effect on sonic hedgehog (Shh), a secreted
protein and potent patterning signal implicated in
cell-cell interactions in various developing organ sys-
tems. Unopposed Shh has been shown to completely
prevent the chick pancreas from developing early in
gestation.”’*! Moreover, activin B, as well as fibro-
blast growth factor-2, present in notochord at these
early ages, has been shown to specifically block Shh
expression, thereby allowing the pancreas to develop
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unimpeded. Interestingly, after fusion of the dorsal
aortas at the 11-somite stage in the mouse, the devel-
oping pancreas is effectively sequestered from the
protective effect of notochord-derived activin B
against Shh. Yet Shh is never expressed in pancreatic
endoderm at any age in vivo,?’-*? suggesting that
some ongoing suppression of Shh is maintained even
in the absence of notochord. One intriguing possibil-
ity is that inhibition of Shh results from the presence
of endogenous activin B in midgestation (E11.5) ep-
ithelium, as shown in our study. Thus, in addition to
its potential function in guiding lineage selection, ac-
tivin B may be fundamentally important in maintain-
ing a permissive environment for ongoing pancreas
development.

In addition to their possible role in mesenchymal-
epithelial interactions and lineage selection, activin
and follistatin may help maintain endocrine homeo-
stasis in the adult. Indeed, activin A has been shown to
stimulate insulin secretion, even in the absence of
glucose.’3 Interestingly, although follistatin is found
predominantly in the mesenchyme at early gestational
ages, it is eventually expressed in adult beta cells.’*
This apparent inconsistency may actually reflect the
paracrine or autocrine mechanisms necessary for
maintaining appropriate glucose levels in the adult.

CONCLUSION

Using an educated candidate approach to identify-
ing factors involved in pancreas development, we have
begun to assemble a growing list of factors, receptors,
and inhibitors that may all play important roles in
pancreas development. In this report we have shown
activin B to be found exclusively in the epithelia, and
its inhibitor, follistatin, in the mesenchyme of embry-
onic pancreas. As such, these two factors might be im-
portant in directing epithelial-mesenchymal interac-
tions during pancreatic organogenesis. Specifically,
activin B may drive pluripotential cells toward an en-
docrine cell fate, and follistatin may aid in promoting
exocrine lineage selection through its inhibition of ac-
tivin B. Employing these growth factors in vitro to
identify a pluripotential stem cell and then driving
those stem cells toward or away from a predetermined
differentiated state remains the ultimate goal of the
study of pancreas development and may someday pro-
vide a potential cure for diabetes mellitus.

Antisera to inbibin BB and follistatin was a genevous gift from Drs.
Louise Bilezikjian and Wylie Vale, Clayton Foundation Laborato-
vies for Peptide Biology, The Salk Institute for Biological Studies.
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Gastroesophageal Reflux After Intact Vertical Banded
Gastroplasty: Correction by Conversion

to Roux-en-Y Gastric Bypass

Bruno M. Balsiger, M.D., Michel M. Murr; M.D., fane Mai, R.N., Michael G. Sarr; M.D.

Symptomatic gastroesophageal reflux disease is common in our experience after vertical banded gastro-
plasty. Our aim was to determine the safety and efficacy of Roux-en-Y gastric bypass in the treatment of
symptomatic gastroesophageal reflux disease complicating vertical banded gastroplasty. We evaluated
prospectively collected data on 25 patients who underwent revisional bariatric surgery because of severe
gastroesophageal reflux disease after vertical banded gastroplasty. Only 4 of 25 patients had gastro-
esophageal reflux disease symptoms prior to vertical banded gastroplasty. Endoscopic findings in 24 pa-
tients included esophagitis (58%), Barrett’s esophagus (28%), pouchitis (29%), and gastritis (21%);
7 (28%) of 25 patients had evidence of stenosis at the pouch outlet. Mean follow-up (complete in all 25)
after Roux-en-Y gastric bypass was 37 + 7 months (range 3 to 102 months). There were no deaths. Post-
operative complications occurred in six patients: pneumonia in two, wound infection in two, prolonged
drainage of the defunctionalized stomach via gastrostomy in one, and fever in one. Median hospitaliza-
tion was 7 days (range 5 to 43 days). At follow-up (37 * 7 months), 24 (96%) of 25 are completely or al-
most completely symptom free. Body mass index was 33 * 2 kg/m? before and 28 + 2 kg/m’ after Roux-
en-Y gastric bypass (P = 0.001). Symptoms of gastroesophageal reflux disease are common after vertical
banded gastroplasty. Conversion to Roux-en-Y gastric bypass is safe, relieves gastroesophageal reflux dis-
ease, and promotes further weight loss. Moreover, maladaptive eating (vomiting, and so forth) induced by
vertical banded gastroplasty is relieved. (J GASTROINTEST SURG 2000;4:276-281.)

KEY wORDS: Bariatric surgery, obesity, gastroesophageal reflux, vertical banded gastroplasty, Roux-en-Y

gastric bypass

Vertical banded gastroplasty (VBG) has been used
widely in the treatment of morbid obesity for almost
20 years since the original report by Mason.!? Indeed
VBG is one of two proven effective operations con-
doned by a National Institutes of Health Consensus
Conference in 1991.> One of the theoretical advan-
tages of VBG is its alleged antireflux properties.* This
presumed attribute of VBG has been suggested as im-
portant in choosing an operation for morbid obesity
because of a higher prevalence of gastroesophageal re-
flux disease (GERD) in obese individuals. The vertical
staple line in a VBG resembles a Collis gastroplasty;

this partition is thought to create a functionally longer
intra-abdominal “neo”-esophagus.

However, as a result of our initial experience with
VBG as our primary bariatric operation from 1985 to
19893 and our further experience with reoperative
bariatric surgery for procedure-related complica-
tions,%” we have encountered a prominent subset of
patients with refractory GERD after VBG. The cur-
rent study was undertaken to evaluate the long-term
results of converting patients with VBG and refrac-
tory GERD to a vertical disconnected Roux-en-Y gas-
tric bypass (RYGB).® We hypothesized that conver-
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sion to RYBG both reduces GERD symptoms by di-
verting all acid and bile from the esophagus and re-
sults in further sustained weight loss.

METHODS

Prospectively collected data on all consecutive pa-
tients who underwent bariatric surgery at Mayo
Clinic Rochester from 1985 to 1997 were analyzed.
The medical records of 25 patients who underwent
conversion from VBG to RYGB because of refractory
GERD symptoms were reviewed. Patient characteris-
tics, weight data, perioperative mortality and morbid-
ity, and results of postoperative subjective assessment
were analyzed. All patients were followed to date after
RYGB; pertinent data points were collected prospec-
tively by mailing patients a standard questionnaire at
3,6, 12, 24, 36, and 48 months postoperatively. The
questionnaire included detailed information on di-
etary and caloric intake, weight, level of activity, and a
subjective assessment of quality of life. Patients were
contacted to update follow-up at the time of comple-
tion of this study. Additional follow-up data were col-
lected from on-site visits at our medical center. Follow-
up was complete to date in all 25 patients.

VBG was converted to a vertical disconnected
RYGB using minor modifications of our previously
described technique.? Initally, after removal of the
band or “ring” encircling the stoma of the VBG,
the cardia was encircled and two rows of linear staples
were applied across the cardia. The cardia was tran-
sected between the staple lines leaving as small a prox-
imal pouch as possible (=15 ml). A retrocolic ante-
gastric side-to-side cardiojejunostomy to a 150 cm
Roux limb was constructed with a No. 21 EEA sta-
pler (United States Surgical Corp., Norwalk, Conn.)
(Fig. 1). If not previously performed, a cholecystec-
tomy was carried out, and a tube gastrostomy placed
in the defunctionalized distal stomach. Patients were
started on clear liquids on the first or second postop-
erative day and advanced to pureed foods over 2 to 3
days. After discharge, they were maintained on pureed
foods for 6 weeks after which their diet was advanced
to regular food over the next 6 weeks.

The initial postoperative follow-up was at our fa-
cility and involved a visit with the surgeon, the med-
ical physician in our Nutrition Clinic, and a dietitian.
All patients had been strongly and repeatedly coun-
seled and were started on a regimen of oral multivi-
tamin supplements containing iron, monthly intra-
muscular injections of vitamin B;; (1000 wg), and oral
calcium supplements. Postoperative data were pooled
from the responses to the periodic questionnaires, re-
turn visits to Mayo Clinic, and phone interviews.
Given the tertiary nature of our referral pattern, long-
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Fig. 1. Conversion of vertical banded gastroplasty (VBG) to
vertical disconnected Roux-en-Y gastric bypass. Note removal
of band at VBG stoma, stapling across cardia very proximal to
VBG stoma, and disconnection of new proximal pouch of car-
dia from the remaining stomach.

term follow-up directly at our facility was not always
feasible for some patients who lived a great distance
away. These patients underwent periodic assessment
at their local health care facilities after we corre-
sponded with their home physician counseling the lat-
ter in appropriate follow-up evaluation.

Analysis of Data

All data are reported as mean = standard error of
the mean unless specified otherwise. When compar-
isons were appropriate, Student’s 7 tests were em-
ployed; P <0.05 was considered significant.

RESULTS
Clinical Presentation

Twenty-two women and three men (median age 47
years; range 28 to 70 years) underwent conversion of
VBG to RYGB because of postoperative GERD. All
25 had severe, regular regurgitation and 22 suffered
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Table I. Endoscopic findings in 24 patients after
vertical banded gastroplasty*

No stenosis
(n=18)

1

Stenosis
(n = 6)

Esophagitis

Barrett’s esophagus
Pouchitis

Gastritis

Esophagitis and ulcer
Pouch enlargement
Hiatus hernia

—_ O = O o W9 WY
QO N v ON B

*Before Roux-en-Y gastric bypass.

from severe heartburn. Only four of these patients
had reflux symptoms prior to the VBG, and in none
was the reflux incapacitating.

The onset of post-VBG GERD tended to occur ei-
ther early in the first year after VBG in 13 patients
(median 1 month; range 1 to 12 months) or late after
VBG in 10 patients at a median of 7 years (range 5 to
14 years). For the remaining two patients the onset of
GERD could not be determined, but the period be-
tween VBG and RYGB was 3 and 8 years. The me-
dian interval between the onset of post-VBG GERD
and conversion to RYGB was 24 months (range 4 to
180 months).

At the time of RYGB, 14 patients were maintained
on antacids and/or proton pump inhibitors with un-
successful relief of reflux symptoms. On upper gas-
trointestinal contrast studies, nine patients had a hi-
atal hernia, and two patients had proximal pouch en-
largement. Some element of stenosis of the outlet,
documented by contrast studies and/or gastroscopy,
was present in only 7 (28%) of the 25 patients. En-
doscopy in 24 patients revealed esophagitis, pouchi-
tis, gastritis, and stomal ulcers in 58%, 29%, 21%,
and 4%, respectively (Table I). In 42% (6 of 14)
esophagitis was accompanied by ulceration, and in
29% (4 of 14) changes of Barrett’s esophagus were
present on histologic examination of biopsy speci-
mens; seven patients were believed to have Barrett’s
changes on visual examination, but biopsy specimens
were not obtained from three patients to confirm the
presence of Barrett’s esophagus. There were no dif-
ferences in symptoms or endoscopic findings between
patients with or without stenosis of the pouch outlet.
In addition to GERD, 21 of the 25 patients had one
or more of the following symptomatic comorbid con-
ditions: hypertension in five, asthma in two, diabetes
mellitus in three, and/or degenerative joint disease.!’
In addition, sleep apnea was present in one patient.

Journal of
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Hospital Morbidity and Mortality of
Conversion to Roux-en-Y Gastric Bypass

There were no operative deaths. Postoperative com-
plications occurred in six patients including pneumo-
nia in two, wound infection in two, prolonged output
of the defunctionalized stomach from the decompres-
sion tube gastrostomy in one, and fever of unknown
origin in one. No reoperations for complications were
required. Median length of postoperative hospitaliza-
tion was 7 days (range 5 to 43 days); the patient who
remained in the hospital for 43 days postoperatively
was extremely debilitated and malnourished preopera-
tively and needed physical rehabilitation.

Follow-Up

Mean follow-up was 37 = 7 months with a median
of 18 months (range 3 to 12 months). Long-term
operative-related complications were unusual. Inci-
sional hernias requiring operative repair occurred in
two patients. One patient underwent a single success-
ful endoscopic dilatation for an alleged anatomic
stricture. One patient was hospitalized with bleeding,
which occurred at the site of the VBG band and was
diagnosed at operation; this patient represents the one
patient in whom the band was not removed at the
time of RYGB. Three other patients had one episode
of self-limited gastrointestinal bleeding, the source of
which was unknown. One patient developed fatal
strangulated intestinal obstruction secondary to ad-
hesions 19 months postoperatively, whereas another
developed locally advanced gastric cancer in the early
months postoperatively that in retrospect probably
was present at the time of RYGB because the stomach
felt abnormally thick.

GERD Symptoms After Roux-en-Y Gastric
Bypass (Table II)

All but one patient (96%) had complete or near-
complete resolution of heartburn; one person still
complained of frequent symptoms, whereas five oth-
ers reported rare episodes of heartburn no more fre-
quently than once a month and requiring no treat-
ment. Three patients (12%) who took antacids before
RYGB continued to use antacids postoperatively de-
spite complete lack of GERD symptoms. Follow-up
esophagogastroscopy performed in 5 36%) of 14 pa-
tients because of endoscopically documented preop-
erative esophagitis showed complete resolution of
esophagitis with normal esophageal mucosa. Surveil-
lance endoscopy in all of the patients with Barrett’s
esophagus continues and has shown no progression to
severe dysplasia. One patient reported vomiting as of-
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Table II. Upper gastrointestinal symptoms after conversion from vertical bypass gastroplasty to Roux-en-Y gastric

bypass (25 patients)

Frequency
Symptom Once a day Once a week Once a month None
Heartburn 0 1 5 19
Bile reflux 0 0 1 24
Nausea 0 2 0 23
Vomiting 1 4 2 18

Table III. Weight history before and after vertical banded gastroplasty and conversion to Roux-en-Y

gastric bypass”

Before bariatric surgery After VBGt After RYGB#t
Weight (kg) 1295 89 x5 76 £ 5
BMI (kg/m?) 48 =2 33x2 28+ 1
EBW (kg) 69 £ 5 28+ 4 15+4
%EBW 113 =8 46 =7 24x6
Loss %EBW Not appropriate 59x7 836

BMI = body mass index; EBW = excess body weight.
*Mean = standard error of the mean; n = 25 patients.
t Mean time after VBG = 7 = 1 years.

1 Mean time after RYGB = 34 * 7 months.

ten as once a day, four patients about once a week, and
two patients once a month.

Weight History

Mean weight, excess body weight, and body mass
index before VBG were 129 * 6 kg, 113 = 8%, and
48 * 2 kg/m?, respectively (Table III). At the time
of conversion to RYGB, weight loss, percentage loss
of excess body weight, and reduction of body mass in-
dex were 41 * 6 kg, 59% * 7%, and a decrease of 15
body mass index units (to 33 * 2), respectively. At
follow-up (37 = 7 months), after conversion from
VBG to RYGB, weight had decreased by another
13 = 4 kg, total decrease in excess body weight was
83 = 6%, and final body mass index was 28 * 1. Af-
ter RYGB, 21 of 25 patients either lost more weight
or maintained their weight. All but two patients
achieved at least a total of 50% loss of excess body
weight compared to their pre-bariatric surgery
weight; these latter two patients, however, lost 45%
and 47% of their excess body weight, respectively.

Subjective Assessment of Quality of Life

At follow-up, 80% of the patients (22 of 25) were
satisfied with the resultant weight loss after the oper-

ation and/or maintained that this procedure markedly
improved the quality of their lives. Twenty patients
indicated that they have recommended and will con-
tinue to recommend such operative treatment to sim-
ilar individuals with clinically significant obesity.

DISCUSSION

Bariatric surgery is accepted as an acknowledged
treatment modality for medically complicated obesity
(morbid obesity).}? Currently the two most com-
monly performed bariatic operations in North Amer-
ica are VBG and RYGB. We initially used VBG as
our operation of choice from 1985 to 1989 but then
abandoned VBG in favor of RYGB because of both
an unsatisfactory weight loss (despite an intact
anatomy) and unacceptable long-term complications
and side effects of VBG, including frequent vomiting,
a maladaptive eating syndrome, and a noticeable in-
crease in symptomatic heartburn.’ Our prospective
study of VBG showed that only about 40% of our first
70 patients had lost at least half of their excess body
weight. In addition, 38% complained of heartburn of
varying severity after VBG despite an anatomically in-
tact, nonobstructed anatomy; this incidence of GERD
had increased significantly from the incidence of
symptomatic heartburn of only 15% preoperatively
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(before VBG).’ These findings were initially surpris-
ing because others had suggested that VBG was in it-
self an antireflux operation.* Subsequently, over the
past 10 years, we have treated an increasing number
of patients with GERD after VBG that serves as the
basis of this report.

Several investigators!®!! have suggested that the
incidence of GERD is similar to that of the general
population, whereas others have maintained that
GERD is more common in obese individuals.!? Deitel
et al.* conducted a study of the effects of VBG on
symptoms of GERD and objective measures of lower
esophageal sphincter function. This group suggested
that by increasing the effective lower esophageal
sphincter pressure after VBG and by creating a func-
tional increase in the length of the intra-abdominal
(neo) esophagus via the vertical staple line led to a
markedly decreased prevalence of heartburn, aspira-
tion, and gastroesophageal reflux.!? Unfortunately our
clinical experience and that of others*%!*15 has been
quite dissimilar. In addition, others could not repro-
duce the increase in functional lower esophageal
sphincter pressure after VBG.16!7 Ovrebo et al.!8 con-
ducted a similar study before and after either VBG or
gastric banding. Neither operation decreased symp-
tomatic or objective gastroesophageal reflux. In this
study the incidence of GERD did not increase after
VBG, which differs from our experience with VBG
that showed a progressive increase in symptomatic
GERD from 15% preoperatively to 16%, 28%, and
38% at 1, 2, and 3 years postoperatively, respectively.’
The differences between our study and that of
Ovrebo et al.'® may lie in selection bias; the patients
of Ovrebo et al.!® undergoing VBG had an incidence
of GERD preoperatively of 32% (higher than our
15% incidence), yet their patients undergoing gastric
banding had an incidence of only 14%, more in line
with our experience.

Our experience with GERD after VBG showed
two trends in onset of symptomatic GERD—early
(<1 year) and late (median 7 years). The early onset of
GERD in the absence of mechanical obstruction at
the stoma strongly suggests that the anatomic and/or
functional changes after VBG led to symptomatic re-
flux; however, we have not performed systematic pH
studies to fully document our contention, and others
did not find an increased pH after VBG.!7!? The later
development (median of 7 years) of GERD is consis-
tent with our previous observation of an increasing
yearly incidence of GERD after VBG. The reasons
for GERD after VBG are not fully understood. Re-
flux symptoms may be related to stasis in the proxi-
mal lesser curvature pouch secondary to stomal steno-
sis; however, only 28% of our patients had any ele-
ment of a stomal narrowing, and symptoms in those

Journal of
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with and without this relative stenosis were similar
(see Table I). Other potential factors involved in post-
VBG GERD include the inclusion of acid-secreting
parietal mucosa within the proximal pouch?® (parietal
cells occur along the proximal lesser curvature of the
stomach) or operative damage to the lower esopha-
geal sphincter. The extent of maneuvers of encircling
the distal esophagus as suggested by Mason,! with
mobilization of the gastroesophageal junction and
the vertically oriented staple line, may vary among
surgeons and of themselves disrupt the integrity/
competence of the lower esophageal sphincter. We
would doubt that the etiology of the development of
post-VBG GERD lies in the maneuvers needed to
encircle the distal esophagus because we did not mo-
bilize the distal esophagus or encircle it in our
prospective series of VBG operations’ and did not
measure proximal pouch volume as suggested by Ma-
son.! Our previous work examining the motility of the
proximal gastric pouch after VBG showed that this
pouch did not exhibit a markedly increased resting
pressure and accommodated to balloon distention.?!
These observations suggest that a markedly increased
proximal pouch pressure was not the inciting factor
in GERD.

Our study has several limitations. The lack of pre-
operative manometry and pH studies limits our abil-
ity to prove the presence of acid (or bile) reflux after
VBG to account for the symptoms of GERD. Simi-
larly these studies have not been performed postop-
eratively either, and thus our belief that the gastro-
esophageal reflux after VBG was the cause of post-
VBG GERD remains somewhat conjectural and
based on good symptomatic relief after conversion to
RYGB, which prevents all acid-peptic or bile reflux.
However, preoperative esophagoscopy showed severe
esophagitis in more than half of the patients and, of
those examined endoscopically postoperatively, the
esophagitis had resolved. Most important, all but 1 of
the 25 patients were relieved of severe GERD symp-
toms after RYGB. We believe that our technique of
vertical disconnected RYGB with a 150 cm Roux limb
effectively diverts all acid and bile from potential con-
tact with the esophagus. We have previously docu-
mented the virtual absence of acid secretion from the
very small pouch of the cardia created from the verti-
cally constructed proximal pouch of the RYGB as per-
formed by us.?? Similarly the 150 cm Roux limb
should prevent any bile reflux into the proximal pouch
of the cardia and the esophagus. Indeed the anatomy
of this form of RYGB should be one of the best pos-
sible “antireflux” operations to prevent acid/peptic
and bile reflux into the esophagus. Consideration
might even be given to using this operation in mod-
erately obese individuals with severe GERD. In a
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small series?® of obese patients with GERD, RYGB
with a small pouch as a primary procedure for GERD
was successful in relieving symptoms. Buckwalter,??
however, also incorporated a truncal vagotomy and py-
loroplasty, a practice that we cannot support; never-
theless, he concluded that a pouch smaller than 25 ml
(our pouch was 10 to 15 ml in volume) would render
vagotomy/pyloroplasty unnecessary.

Some of the patients we converted to RYGB might
have had symptoms of GERD unrelated to acid or
bile reflux. After VBG, patients often develop a mal-
adaptive eating syndrome or “pseudo-GERD.” Intol-
erance to many solid foods is common, as is vomiting
or ingestion of poorly chewed, rapidly eaten, or too
great an ingested volume.’ In our experience, many
patients “adapt” to the food intolerances by chang-
ing their diets to include semisolid food and/or high-
calorie liquids; unfortunately, with this type of diet,
the amount (caloric intake) able to be ingested in-
creases as does the patient’s weight. For this reason
and because of the increase in GERD symptoms, we
no longer advocate VBG as our primary bariatric pro-
cedure. Indeed, in the past 16 months since we re-
viewed this experience, we have operated on an addi-
tional 10 patients with GERD after a gastroplasty,
converting them to RYGB with similar good results.

The additional weight loss after conversion from
VBG to RYGB was not investigated further. This ad-
ditional weight loss is interesting because this group
of patients already had been successful with a mean
excess body weight loss of 59% 7 years after VBG.
None of the patients required a reoperation because
of unsatisfactory weight loss. The additional loss of a
mean of 13 kg might best be explained by the addi-
tional effects of conversion to RYGB, that is, estab-
lishment of a dumping physiology that prevents, at
least temporarily, ingestion of high-calorie liquids.
This additional benefit supports our approach to us-
ing RYGB as the primary operation to treat morbid
obesity in the majority of patients.
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‘Treatment of Esophageal Achalasia With
Laparoscopic Heller Myotomy and Dor Partial
Anterior Fundoplication: Prospective Evaluation
of 100 Consecutive Patients

Giovanni Zaninotto, M.D., Mario Costantini, M.D., Daniela Molena, M.D.,

Francesca Buin, M.D., Alessandra Carta, M.D., Lovedana Nicoletti, R.N.,
Ermanno Ancona, M.D., FA.C.S.

In this article we report our experience in 100 consecutive achalasia patients who were treated with lap-
aroscopic Heller myotomy and Dor antireflux fundoplication, with particular regard to the technical
problems encountered, the learning curve, and the long-term follow-up. The operation was completed
laparoscopically in 94 patients, with a median operative duration of 150 minutes, and a continuous steady
reduction in the operating time from the first patients to the last. In six patients the operation was com-
pleted through “open” access. Postoperative complications were recorded in six cases. Follow-up was
completed in all 100 patients, with a median follow-up of 24 months. Overall, actuarial life-table analy-
sis showed a probability of 90% that patients would be symptom free over a 5-year period. Radiologic as-
sessment showed a significant reduction in the esophageal diameter, and manometry showed a significant
reduction in the lower esophageal sphincter resting pressure and residual pressure. Twenty-four—hour
pH monitoring showed postoperative reflux in 6.9% of the patients. Persistent dysphagia or chest pain
was reported by eight patients, which constituted treatment failures. Seven of these eight patients were
eventually treated with multiple pneumatic dilatations, which were successful in six cases. It was con-
cluded that laparoscopic Heller myotomy with Dor fundoplication is a feasible and effective treatment for
achalasia, with an actuarial success rate of 90% at 5 years. (J GASTROINTEST SURG 2000;4:282-289.)

KEY woRrDs: Esophageal achalasia, laparoscopic myotomy, laparoscopic surgery

Esophageal achalasia is a relatively uncommon dis-
ease with an annual incidence of approximately one
per 100,000 and a remarkably uniform distribution
throughout the Western world.! The underlying ef-
fects of this disease are loss of peristalsis in the esoph-
ageal body and absence of lower esophageal sphincter
(LES) relaxation, leading to the inability to swallow;
as a result, dysphagia is the predominant symptom of
achalasia, which occurs in almost all patients with the
disease.” Although the cause of achalasia is still not
clear, the basic principle behind its treatment has been
evident since the early 1900s—that is, disruption of
the LES, by means of surgery (myotomy), forceful di-
latation or, in more recent years, botulinum toxin
(BOTOX) injections (although this method is proba-
bly less effective), which relieves dysphagia in most of

the patients treated. The choice of treatment is left to
the individual physician(s) or surgeon(s) after consul-
tation with the patient and is also based on the known
level of expertise, since the paucity of patients and the
limited advantage of myotomy over dilatation® make
it very difficult to recruit enough patients to conduct
adequate randomized clinical trials (only one such
trial has been reported in the medical literature).* In
general, however, endoscopic dilatation is the treat-
ment most often used for patients with achalasia be-
cause it is less expensive’; surgery is reserved for the
treatment of patients in whom previous endoscopic
therapy has failed. In the early 1990s laparoscopic sur-
gery was also applied to esophageal myotomy for
achalasia.5’ Alleviation of patient discomfort along
with a reduction in overall costs with this technique
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suggests that surgery might become a more viable op-
tion.” As is the case with any “new” operation, partic-
ularly in the so-called laparoscopic era, a large num-
ber of technical reports have appeared in the medical
literature, but only a few of the studies were based on
groups of patients large enough to draw any signifi-
cant clinical conclusions.®!! The aim of the present
prospective study was to establish the feasibility of
laparoscopic Heller myotomy, with particular regard
to the technical difficulties encountered, the learning
curve, and the long-term results achieved in 100 con-
secutive patients evaluated both clinically and objec-
tively with esophageal function tests.

MATERIAL AND METHODS

From January 1993 to December 1998, a total of
112 patients were diagnosed as having achalasia (or
had a prior diagnosis confirmed) at our institution.
Ten of these patients were considered unfit for sur-
gery (because of age or other medical problems) and
underwent pneumatic dilatation; two other patients
underwent surgical resection of a large sigmoid mega-
esophagus (>10 cm in diameter). The remaining 100
patients (56 men and 44 women; median age 40 years
[range 14 to 73 years]) were treated laparoscopically
and formed the study group. The median duration of
symptoms was 24 months (range 6 to 240 months).
Only 10 patients had undergone prior treatment else-
where; seven had undergone esophageal balloon di-
latation with a Rigiflex dilator (Microvasive/Boston
Scientific Corp., Boston, Mass.) (median of 2 dilata-
tions, range 1 to 6), one had received three BOTOX
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injections at the cardia, and one had undergone two
dilatations and one BOTOX injection.

Diagnostic Studies

The diagnosis of primary achalasia was based on
clinical history, barium swallow, and esophageal
manometry. Clinical data from each patient were col-
lected by means of a questionnaire, and each patient’s
symptoms (dysphagia, regurgitation of food, and
heartburn in the postoperative control period) were
assigned a score ranging from 0 to 8 according to
severity and frequency (Table I). Chest pain was
graded as absent, mild, or severe. A barium swallow
was performed in each patient before and 1 month
after treatment, and a standard anteroposterior image
was obtained to measure the maximum esophageal di-
ameter at the site of the barium-air level. Stationary
manometry of the esophagus was performed before
and after the operation using a low-compliance pneu-
mohydraulic perfusion system. LES pressure was cal-
culated by averaging the pressures recorded by four
side holes positioned at the same level, 90 degrees
apart, and withdrawing the catheter twice using a mo-
torized pull-through technique at a constant speed of
1 cm/sec, from the stomach to the esophageal body,
passing through the high-pressure zone!? (LES pres-
sure was therefore the average of eight pressure
recordings). LES pressure was calculated as both the
midexpiratory pressure at the respiratory inversion
point and the average of all pressures recorded in the
high-pressure zone (as analyzed by computer).
Esophageal body motility and LES relaxation were

Table I. Symptom score according to severity and frequency*

Dysphagia

0 None

1 Mild Occasionally with coarse foods (meat, sandwich, hard roll) lasting a few seconds
2 Moderate Requires liquids to clear

3 Severe History of meat impaction necessitating medical attention

Regurgitation

0 None

1 Mild Occasionally after straining, after a large meal, or lying down after a meal

2 Moderate Predictable with a position change, straining, or lying down

3 Severe History of aspiration

Heartburn

0 None

1 Mild Recognizable symptom, occasional episodes, no history of medical treatment
2 Moderate Primary reason for medical visit or “medical problem”

3 Severe Constant, marked disability in activities of daily living

“For each symptom, a score for frequency was added: 0 = never; I = occasionally; 2 = once a month; 3 = every week; 4 = twice a week; 5 = daily.
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assessed, recording the changes in pressure elicited by
10 wet swallows, with the side holes of the catheter
positioned inside the LES and 5, 10, 15, and 20 cm
higher up, according to a technique described else-
where.l? LES residual pressure was defined as the
minimal pressure (nadir) recorded in the LES during
swallowing. Twenty-four-hour esophageal pH moni-
toring was performed only after the operation to eval-
uate any abnormal gastroesophageal reflux, position-
ing a glass electrode 5 cm above the previously de-
tected upper border of the LES, according to the
standard procedure used in our laboratory and re-
ported elsewhere.!? As suggested by Patti et al.,!! all
tracings from patients with abnormal reflux on com-
puterized analysis were carefully reviewed to distin-
guish between true episodes of gastroesophageal re-
flux and false reflux due to stasis; recordings showing
multiple decreases in pH to 3 or less were considered
true reflux, whereas a slow decrease in esophageal pH
forming a curve fluctuating between 4.5 and 3.5 was
considered false reflux resulting from fermentation
secondary to poor clearance. Upper gastrointestinal
endoscopy was used to rule out any malignancy be-
fore the operation and to evaluate any signs of reflux
esophagitis after the operation; when detected,
esophagitis was graded according to the classification
of Savary and Miller.'*

Surgical Technique

All patients were operated on using the same pre-
viously described technique.'s Briefly, only the ante-
rior portion of the esophagus was dissected, the an-
terior vagus nerve was identified, and a myotomy 6 to
8 cm long, extending 1 to 1.5 cm on the gastric side of
the cardia, was performed, preferably remaining on
the left side of the nerve. An intraesophageal 30 mm
balloon dilator (Rigiflex) was inserted using a guide-
wire positioned endoscopically after the patient had
been intubated. During the esophageal myotomy, the
balloon was gently inflated and deflated, thus facili-
tating identification of the circular fibers, which were
stretched and then cut or torn apart. The inflated bal-
loon was also useful in controlling minor bleeding
from the submucosal vessels, thus reducing the need
for cautery. An anterior partial (180-degree) Dor fun-
doplication completed the operation, with three
stitches being placed on each side to suture the gastric
wall to the edges of the myotomy.

Assessment of the Learning Curve

The overall institutional learning curve was as-
sessed by measuring the operating time and plotting
the conversions and complications observed on the
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operating time curve. For each of the four surgeons
taking part in the study, the median operating time
for the first and the last 10 operations was calculated.

Hospital Course

The duration of the postoperative hospital stay, the
need for pain-relieving medication, and any adverse
events occurring during this period were recorded. A
swallow test using water-soluble contrast medium
(Gastrografin) was performed on postoperative day 1
to rule out any perforation. The nasogastric tube was
then removed and patients were allowed liquids by
mouth. Patients were asked to remain on soft foods
for 10 to 15 days and were then allowed a normal diet.
They were discharged depending on the distance be-
tween their homes and the hospital (on day 2 if they
lived within an hour’s drive from the hospital or on

day 4 if they lived further away).

Postoperative Follow-Up

Follow-up was scheduled as follows: patients were
asked to return to the outpatient clinic for an inter-
view after 1 month, at which time a barium swallow
was also performed. They were asked to undergo re-
peat esophageal manometry and 24-hour pH moni-
toring 6 months after the operation, at which time
they were interviewed for the second time and their
symptoms were scored. Endoscopy was carried out af-
ter 1 year; thereafter clinical checkups were scheduled
once a year. Patients who failed to report to the out-
patient clinic were interviewed by phone.

Statistical Analysis

Data are expressed as median values (fifth to ninety-
fifth percentiles). Wilcoxon and Mann-Whitney U
tests were used, as appropriate, to compare data. The
probability of a recurrence of symptoms after surgery
was calculated using actuarial life-table analysis.

RESULTS

In 94 of the 100 patients who underwent laparo-
scopic treatment, the procedure was completed lap-
aroscopically. Mortality due to the operation was nil.
Reasons for conversion to an open procedure in-
cluded adhesions from previous upper abdominal sur-
gery in two patients and the finding of an unsuspected
mass in the lower abdomen in one patient that could
not be interpreted by laparoscopy and proved to be
an ectopic kidney; in three patients conversion was
necessary because of surgical complications. The most
common complication we encountered was perfora-
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Table II. Postoperative complications

Complication No.

Trocar site bleeding

Pneumothorax

Vocal nerve palsy

External sciatic popliteal
nerve palsy

Mucosal tear (unrecognized 1
during myotomy)

Unexplained fever
ToraL

—_—— e —

ON|—

tion of the esophageal mucosa (4%) while perform-
ing the myotomy. Two mucosal tears were repaired
following conversion to an open operation and two
were repaired laparoscopically using 4-0 reabsorbable
sutures. In one patient the reason for conversion was
a splenic intraoperative injury. All patients healed with
no further consequences. The postoperative morbid-
ity is shown in Table II. One additional mucosal leak
was identified by water-soluble contrast swallow,
which was routinely performed 24 hours after surgery.
This patient was kept on parenteral nutrition and the
nasogastric tube was left in place for 7 days, leading to
healing of the leakage. None of the patients who had
previously been treated with dilatation or BOTOX
injections had mucosal tears during myotomy, and the
duration of the operation was similar to that in the
previously untreated patients, although all surgeons
involved in the study had the subjective impression
that the myotomy was more difficult to perform in
previously treated patients.

The median operating time was 150 minutes
(range 110 to 207 minutes). Fig. 1 shows the time re-
quired to complete the procedure. A steady reduction
in the operating time was achieved after the first 20
operations. The median operating time for the first
20 procedures was 174 minutes (range 154 to 216
minutes), whereas the median operating time for the
next 74 procedures was 145 minutes (range 108 to 194
minutes) (P <0.01) (operations converted to laparot-
omy were excluded). Fig. 2 shows the median operat-
ing time for the first 10 and the last 10 patients for
each participating surgeon. These surgeons did not
start performing laparoscopic myotomy simultane-
ously; the second, third, and fourth surgeons were
gradually introduced to this surgical approach by the
senior surgeon (E.A.), who performed the first eight
consecutive operations, so they benefited from his ex-
perience, clearly confirming that an institutional
learning curve does exist.

"The median hospital stay was 4 days (range 3 to 10
days). The median time from the operation to the pa-
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Fig. 1. Institutional learning curve for laparoscopic Heller-
Dor operation. Time (minutes) required to complete each op-
eration is plotted, and time at which the second, third, and
fourth surgeon started performing the operation is also indi-
cated. Note the steady reduction in the time required to com-
plete the operation; each surgeon took advantage of previous
experiences.
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Fig. 2. Median time (minutes) required for each surgeon to
perform the operation in the first 10 and the last 10 patients
in his personal series. For the fourth surgeon, only the time
required to complete the first 10 operations was available.
These data confirm that each surgeon benefited from the ex-
perience of colleague(s) who started performing the operation
earlier.

tient’s return to work was calculated in the 50 patients
still employed and amounted to 12 days (range 6 to
21 days). After surgery, clinical follow-up was com-
pleted by all 100 patients; during follow-up three pa-
tients died (18, 44, and 56 months after surgery, re-
spectively) of unrelated causes. A barium swallow 1
month after surgery was performed in 70 patients and
76 patients agreed to repeat manometry and 24-hour
pH monitoring 6 months later.

Fig. 3 shows the decrease in the symptom scores
after the operation. Concerning dysphagia, 70 pa-
tients were completely free of dysphagia, 22 had mild
episodes of dysphagia less than once a week, and five
patients had moderate (score = 2) to severe (score
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p <0.01

Pre Post

Fig. 3. Median and fifth to ninety-fifth percentiles of the pre-
operative and postoperative symptom scores in operated pa-
tients. Scores decreased after the operation from 14 (range 7 to
21) to 0 (range 0 to 7) (P <0.01).
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Fig. 4. Actuarial curve for control of dysphagia showing proba-
bility that patients would be symptom free at 5-year follow-up.
Number of patients evaluated is indicated in parentheses. No
patient was lost to follow-up, and three patients died of unre-
lated causes 18, 44, and 56 months, respectively, after operation.

p<0.01 p<0.01

LES resting pressure  LES residual pressure

B pre [ 1 Post

Fig. 5. Manometric characteristics of the LES at rest and dur-
ing swallowing (residual pressure) before and after the opera-
tion in 72 patients. LES resting pressure decreased from 22
mm Hg (range 13 to 40) to 9 mm Hg (range 5 to 16) (P <0.01)
and LES residual pressure at swallowing decreased from 12.5
mm Hg (range 3 to 32) to 4 mm Hg (range 1 to 12) (P <0.01).
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= 3) dysphagia, occurring more than once a week or
even daily. Three additional patients complained of
mild postoperative dysphagia and severe chest pain on
swallowing. These eight patients were considered lap-
aroscopic myotomy failures. In these patients, symp-
toms recurred at a median of 4 months after the op-
eration (range 2 to 13 months). Fig. 4 shows the prob-
ability of symptom recurrence or chest pain over a
5-year period. Esophageal diameter, as measured by
barium swallow, decreased from 3.6 cm (range 2.5 to
6.0 cm) to 2 cm (range 1.2 to 3.4 cm) (P <0.01). The
pre- and postoperative LES pressure measurements
are shown in Fig. 5. Twenty-four-hour pH monitor-
ing revealed an esophageal acid exposure lasting more
than 4.2% of the total time in 10 patients (13.2%).
However, when the pH tracings were reviewed, five
patients had only one lengthy episode with esopha-
geal pH fluctuating between 3.5 and 4, and were con-
sidered to have “false” reflux, whereas five patients
(6.6%) had genuine abnormal gastroesophageal re-
flux. Of the latter five patients, only three had symp-
toms (heartburn and acid regurgitation) requiring
medical therapy with H, blockers or proton pump in-
hibitors. Only one of these patients had grade 1
esophagitis at endoscopy.

In none of the eight patients in whom laparoscopic
myotomy failed, did pH monitoring show abnormal
gastroesophageal reflux, and postoperative manome-
try showed abnormal LES pressure on swallowing in
only three of eight patients (LES pressure nadir >6
mm Hg). The most important test to investigate the
reason for failure was barium video fluoroscopy,
which demonstrated difficulty in the passage of the
barium above the presumed area of the myotomy in
one patient and at the cardia in five.

Seven of the eight patients with recurrent symp-
toms after laparoscopic myotomy were treated with
pneumatic dilatation using 3.5 and 4 cm Rigiflex bal-
loons (median of 3 dilations, range 2 to 6). The treat-
ment was successful in six cases. One patient is still
symptomatic and repeat myotomy is under consider-
ation. The last patient was treated elsewhere with
BOTOX injections; at present, he is still symptomatic
but has refused further treatment.

DISCUSSION

Despite recent progress in our understanding of
the etiology of achalasia,'® treatment of this disease is
still (and will probably continue to be) based on meth-
ods aimed at mechanically relieving the obstruction
at the LES level with a balloon or scalpel. The relative
rarity of the disease and the similar efficacy of the two
most commonly used methods for disrupting the LES
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Table III. Results of laparoscopic treatment of esophageal achalasia (1996 to 1999)*

Study No. of patients Antireflux procedure % with good results % with reflux
Raiser et al.” (1996) 35 Dor/Toupet 62 0
Morino et al.?8 (1997) 21 Dor 81 5
Boulez et al.?? (1997) 27 None 100 4
Graham et al.3% (1997) 26 Dor 90 11.1
Hunter et al.'? (1997) 40 Dor/Toupet 90 2.5
Vogt et al 3! (1997) 20 Toupet 90 10
Patd et al.!! (1998) 30 Dor 90 10
Rosati et al.3? (1998) 61 Dor 98.2 7
Wang et al.3? (1998) 27 None 89 11
Present series 100 Dor 92 6.9

*Only studies with more than 20 treated patients are reported.

(surgery and dilatation) are the reasons why con-
trolled randomized trials are difficult to conduct and
conclusions should be drawn only after careful evalu-
ation of prospective case-series studies. The most im-
portant parameter to consider in this type of study is
treatment efficacy, that is, the ability of the treatment
to relieve symptoms, with little or no risk to the pa-
tient, few side effects, and little discomfort; perhaps
the cost of treatment should also be considered. An
additional factor to take into account is the availabil-
ity of the technique and, with regard to surgery, its re-
producibility and the fact that it can be taught. In
terms of controlling symptoms, our study shows that,
based on a 5-year follow-up, the probability of effect-
ing a cure by means of laparoscopic myotomy is 90%
and other authors report remarkably similar results
(Table III).

Dysphagia in these patients was cured by lowering
the LES resting pressure to less than 10 mm Hg and
the LES nadir pressure at swallowing to less than
6 mm Hg. This was achieved with no deaths and a
6% morbidity rate, with only one undetected mu-
cosal tear. This low morbidity rate compares well
with the outcome of endoscopic dilatation, which
carries a 1% to 8% perforation rate at the level of the
cardia with an associated mortality rate of 0.2% to
0.4%. Most of these studies were performed retro-
spectively, however, and focused only on the primary
complication (i.e., esophageal perforation). Recently
a prospective study on the complications associated
with forceful dilatation recorded an incidence of 14%
for chest pain lasting several days after the procedure,
13% for traumatic diverticula, 3% for intramural
hematoma, and 1.5% for both reflux and perfora-
tion.!” Most of these complications have rarely, if
ever, been observed after surgical myotomy. Those
who favor forceful dilatation claim that this proce-
dure is performed mainly as an outpatient procedure

or with a 24-hour hospital stay. It should be taken
into account, however, that many authors perform
progressive esophageal dilatations in three or more
sessions, and even those who perform dilatations in a
single session report that a second dilatation is
needed in 20% of patients. It may be estimated that,
overall, half of the patients treated with dilatation re-
quire a second or even a third session. Probably the
cost comparison between endoscopic dilatation and
laparoscopic myotomy still favors the former (be-
cause of the high costs of the operating room and in-
strumentation), but the decrease in the hospital stay
to a few days and the rapid return to work have
markedly reduced this difference. Moreover, the hos-
pital stay might be cut down to 1 day or even less!!
(as is the case in countries where the pressures on
health services to shorten the hospital stay are much
greater than in Italy and patients are more motivated
to appreciate early discharge), thus further narrow-
ing the gap between endoscopic dilatation and lapa-
roscopic myotomy. Most studies report a 60% to
80% success rate for dilatation, but the previously
mentioned prospective study on forceful dilatation
indicated a less optimistic outcome, with only a 48%
chance of remaining asymptomatic at 5 years, even
under the most favorable conditions. These results of
esophageal dilatation should be borne in mind when
deciding on a treatment course for a patient with
achalasia, especially when a “single-shot” treatment
with little patient discomfort and a 90% probability
of cure persisting at 5 years is available.

The pressure exerted by the LES in the distal
esophagus is the main barrier to gastroesophageal re-
flux and weakening of the distal esophagus may lead
to the abnormal presence of gastrointestinal contents
in the gullet. In addition, patients with achalasia have
poor peristalsis with inadequate clearance and gastro-
esophageal reflux disease (GERD) is potentially more
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harmful than it is in normal subjects. The incidence of
GERD and methods for its prevention have been (and
still are) controversial issues. Ellis'® reported effective
control of dysphagia (90%) with a very low incidence
of reflux (5%) using only a transthoracic myotomy
without fundoplication. In their extensive review of
the literature, Andreollo and Earlam!® concluded that
GERD occurred in 7% of patients after thoracotomic
myotomy and in 13% after a laparotomic approach,
if no antireflux procedure was added, concluding that
the cause of reflux was a myotomy extending too far
toward the stomach. Mattioli et al.2® demonstrated,
however, that this part of the operation (i.e., section-
ing of the sling gastric fibers) and extension of the my-
otomy 1.5 to 2 cm toward the stomach is essential to
reduce LES pressure. In most of the previous studies,
moreover, assessment of reflux was based only on the
presence of symptoms—and symptoms are not reliable
markers of reflux.?! When objective measurement of
reflux was performed using 24-hour pH monitoring
after a thoracotomy or a thoracoscopic approach, a
much higher incidence was reported, ranging from
21% to 60%.11:2223 These and other reports, however,
were based only on a handful of patients, and it is dif-
ficult to draw any definite conclusions from them. In
our study we managed to perform 24-hour pH mon-
itoring 6 months after the operation in more than
three fourths of our patients, thus obtaining a sample
large enough to determine the true incidence of post-
operative GERD. Our results confirmed the low inci-
dence of symptomatic reflux, but the objective inci-
dence of abnormal esophageal acid exposure, with a
clear GERD pattern, amounted to 6.9% in the pa-
tients studied. These data clearly show that GERD is
a potential problem after myotomy (if extended
through the sling gastric fibers) and that some addi-
tional measures beyond the myotomy should be im-
plemented. The selection of a particular type of fun-
doplication was based on certain physiopathologic
and technical considerations. First, fundoplication
should not create a new obstacle to the passage of the
bolus through the cardia—especially in those patients
who have virtually no esophageal body motility. So
partial fundoplication, rather than a full 360-degree
fundoplication, seems more appropriate; the two most
commonly used antireflux techniques after Heller
myotomy are the partial anterior 180-degree Dor
fundoplication?* and the partial posterior 270-degree
Toupet fundoplication.?’ Both procedures have been
reported to prevent reflux after myotomy. From a
technical standpoint, posterior fundoplication holds
the myotomy open and probably offers better reflux
control in the supine position,!® but it requires full
mobilization of the abdominal esophagus (which we
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do not routinely perform) along with mobilization of
the gastric fundus. On the other hand, anterior fun-
doplication protects the mucosa and covers any unde-
tected small perforation. Our preference for this tech-
nique stems from our previous experience with open
surgery?® and from the fact that because we do not
perform any posterior dissection, anterior fundopli-
cation is easier to perform. There is no evidence to
support our choice, however, and only a trial compar-
ing the two most frequently used techniques will re-
solve this issue.

The reasons for failure after myotomy are difficult
to determine and three main mechanisms have been
postulated: incomplete myotomy, scarring of the my-
otomy, and reflux esophagitis.?’ In our experience,
manometry provided us with little information, since
the pressure during swallowing is recorded only at
one point of the myotomized sphincter, and small ar-
eas where muscle fibers are still present (incomplete
myotomy) are difficult to demonstrate with this test.
Patients, even if they undergo incomplete myotomy,
report an improvement of their dysphagia, which re-
turns (although in our experience it is less severe than
preoperatively) a few months after the operation. The
reasons for failure can be better investigated with bar-
ium swallow video fluoroscopy and by careful review
of the videotape of the operation. Based on these two
parameters (and on the absence of reflux on pH mon-
itoring), we assumed that all but one of our failures
were technical errors (incomplete myotomy), al-
though we could not rule out the possibility of a fi-
brotic process. In one patient the myotomy probably
should have been expanded further upward and in five
patients downward. In the only patient who had a late
recurrence, we presumed that this was due to a scar-
ring process and in one last patient we were unable to
assess the defect.

The most common criticism voiced against the
widespread use of laparoscopic myotomy for the
treatment of esophageal achalasia is that it is a “diffi-
cult” operation to perform and properly trained sur-
geons are not readily available. Our study shows that
the learning curve for laparoscopic Heller myotomy is
steep for about 20 patients and given the rarity of the
disease, this figure is probably higher than the num-
ber of achalasia patients observed during the average
career of most surgeons. However, our data also
demonstrated that the institutional learning curve is
relevant and that adequate proctorship can reduce the
learning curve for individual surgeons. It is probably
wise, therefore, to perform this operation only at des-
ignated referral centers, where experience can be
gained and these centers can serve as “learning cen-
ters” for residents and other surgeons.
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CONCLUSION

Our study demonstrates that laparoscopic Heller

myotomy with partial Dor fundoplication is a feasible
and effective treatment for achalasia with an actuarial
success rate of 90% at 5 years. Postoperative gastro-
esophageal reflux remains a major concern and is de-
tected, when properly investigated, in approximately
6% of patients. The operation is reproducible and can
be taught, and the problem of the learning curve,
which we estimated at 20 operations, can be overcome
with the help of experienced preceptors.
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Esophagogastric Adenocarcinoma in an E1A/E1B
Transgenic Model Involves p53 Disruption
Mark D. Duncan, M.D., Tarik Tiban, M.D., Ph.D., David M. Donovan, Ph.D.,

Quy H. Pbung, Ph.D., Dan L. Rowley, Ph.D., Jobn W. Harmon, M.D.,
Patricia §. Gearbart, Ph.D., Kimberly L.K. Duncan, Ph.D.

We studied tumorigenesis and p53 immunostaining in a murine transgenic model introducing E1A/E1B
under the control of the mouse mammary tumor virus-long terminal repeat (MM TV-LTR) promoter in
which adenocarcinoma occurs at the squamocolumnar junction in the foregut, predominantly in males,
and at no other site. Mutations of p53 are frequent in human esophageal adenocarcinoma and the E1B
gene product interferes with p53-mediated apoptosis, inhibiting tumor suppression at the G/S check-
point. Transgenic animals were generated utilizing a purified linear 6.7 kb fragment of plasmid DNA
containing MMTV-LTR/EIA/E1B and were confirmed by dot blot hybridization of tail DNA to
32P-labeled EIA/E1B probe and polymerase chain reaction (PCR) amplification of E1A. Transgenic and
control animals were observed for morbidity and weight changes. Eleven of 45 animals were transgenic
(24% efficiency) with an estimated 5 to 57 copies of the gene per genome. Profound weight loss (>20%)
led to sacrifice or death of one of five females (at 12 weeks) and four of six males (at 16 to 17 weeks).
Grossly visible tumors (2 to 10 mm) were noted in the forestomach at the visible margin between the
proximal (squamous-lined) stomach and the distal glandular stomach. Histologic sections confirmed
adenocarcinoma arising in each case at the squamocolumnar junction with glandular formation, pleo-
morphism, and frequent mitotic figures. Immunostaining was positive for p53 indicating accumulation of
mutated or altered p53 protein. EIA/E1B transgenic animals developed macroscopic and microscopic
adenocarcinoma at the squamocolumnar junction, which corresponds to adenocarcinoma at the human
esophagogastric junction. Disruption of p33 was present in the transgenic model as in the human cancer.

(J GASTROINTEST SURG 2000;4:290-297.)

KEY woRrDS: Esophageal cancer, transgenic, p53

Esophagogastric adenocarcinoma has the most
rapidly increasing incidence of any malignancy in
the United States.!? Although the sequence of ge-
netic alterations in this tumor is not characterized,
frequent mutations involve p53 and genes control-
ling DNA transcription.’* To better understand
esophagogastric tumorigenesis, we studied a murine
transgenic model introducing E1IA/E1B under the
control of the mouse mammary tumor virus-long
terminal repeat (MMTV-LTR) promoter in which

adenocarcinoma occurs, predominantly in males, at
the squamocolumnar junction in the foregut and
at no other site.’ This important finding was de-
scribed as a model for gastric carcinoma.b As the hu-
man anatomic correlate of the squamocolumnar
junction is the gastroesophageal junction, and the
histology of the tumors demonstrated adenocarci-
noma characteristics, we thought this transgenic
system was worth pursuing as a model for esopha-
gogastric adenocarcinoma.
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Esophagogastric adenocarcinoma is increasing in
incidence at a rate of 5% to 10% per year.!:>. The
prognosis for this disease is dismal and current ther-
apies are inadequate. Most adenocarcinomas of the
esophagus arise in regions of Barrett’s metaplasia.’-!?
Esophagogastric adenocarcinoma evolves through
disruption of mechanisms of cell growth control
such as loss of the RB gene, loss of p53,*11-13 loss of
MTS-1, cyclin D1 overexpression, or alterations in
epidermal growth factor/epidermal growth factor re-
ceptor.'*!® p53 is a tumor suppressor gene encoding
for a protein that acts as a transcriptional activator of
genes involved in cell cycle arrest and apoptosis.
Changes in p53 expression through loss of heterozy-
gosity at 17p or mutation occur in one third to two
thirds of all cases of esophageal cancer.>!31¢-18 and in
patients with Barrett’s esophagus.1%17-1% p53 overex-
pression was found with increasing frequency in pa-
tients with Barrett’s esophagus correlating with the
severity of dysplasia.’>!® Alterations in p53 likely af-
fect progression of Barrett’s esophagus to cancer.!’
Most p53 mutations lead to formation of an inactive
protein product, which accumulates in the cell and
can readily be detected by immunohistochemical
analysis.>1319

There are few animal models in which to study ei-
ther Barrett’s esophagus or adenocarcinoma.?® One
promising model uses rats with different surgically in-
duced reflux preparations receiving intravenous ad-
ministration of the carcinogen methyl-N-amyl ni-
trosamine. These animals develop squamous cell and
adenocarcinoma after 9 months.’’?? The formation of
esophageal adenocarcinoma in this model may be ex-
acerbated by alkaline reflux.?!?3 A transgenic murine
model expressing cyclin D1 leading to esophageal
squamous dysplasia, but not adenocarcinoma, has re-
cently been reported.’* Earlier, Koike et al.% described
a transgenic mouse wherein tumors with characteris-
tics of adenocarcinoma formed at the squamocolum-
nar junction in the foregut. This mouse contains the
human adenovirus 12 early region genes EIA/E1B
under the control of the MM'TV-LTR promoter. The
E1A gene product is a transcriptional activator that
binds to cyclins and to the Rb gene product, permit-
ting transcription at the G/S checkpoint.””> The E1B
gene products interfere with p53-mediated apopto-
sis.?6 Together E1A and EIB are tumorigenic. Tumors
in these animals were predominantly in males (10 of
12 vs. 2 of 13 in females), implicating a genetic pre-
disposition by gender. No tumors or neoplasia were
found in any tissue apart from the forestomach and
intestinal metastases.® The original investigators were
unable to breed the animals to create a stable line.
The studies presented herein confirm, expand, and re-
define the importance of Koike’s observations.
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METHODS
Generation of E1A/E1B Transgenic Animals

Dr. Gilbert Jay (American Red Cross, Rockville,
Md.) kindly provided Escherichia coli bacteria harbor-
ing the plasmid vector pMTVAdI 2 carrying the trans-
gene of interest (Fig. 1). Plasmid DNA was isolated
and digested with EcoR I and Nde I, which generated
a 6.7 kb fragment containing the EIA/E1B genes to-
gether with the MMTV-LTR promoter region. DNA
purification (Qiagen protocol, Qiagen Inc., Chats-
worth, Calif.) followed by electroelution separation
and chromatography and subsequent dialysis against
injection buffer yielded a purified linear fragment for
transgenic microinjection (Fig. 2). Pronuclear mi-
croinjections were performed on separate occasions
into single-cell embryos (strain B6C3F1 X B6D2F1),
which were implanted into pseudopregnant female
mice. Successful EIA/E1B transgenic offspring were
identified by Southern blot and dot blot hybridization
of tail DNA to 3?P-labeled E1IA/E1B probe and poly-
merase chain reaction amplification with a primer pair
for the E1A gene with the sequences 5'-ACCCT-
CACCCCCGAAACT (position 422 to 442) and
5'-ATCAGACACCCCACAAACCATA (position
1988 to 2012). Gene copy numbers were estimated by
densitometric quantification of hybridization in dot
blots, and compared to a single copy per genome.

Monitoring for Tumor Occurrence

Animals were weighed twice a week, and tumor oc-
currence was assessed by weight loss and by careful ob-
servation for signs of anorexia or morbidity. Non-
transgenic litter mates served as control subjects. An-
imals were killed by intraperitoneal barbiturate injec-
tion (pentothal, 240 mg/kg) if weight loss reached
20%. At necropsy, tissue was harvested from the gas-
trointestinal tract including the squamous lining of the
esophagus and proximal stomach, the squamocolum-
nar junction, the columnar lining of the distal stom-
ach, and the distal bowel. Tissue was divided and
paired samples were either fixed in formalin for histo-
logic examination or flash-frozen in liquid nitrogen
and stored at —80° C for subsequent extraction of
DNA and RNA. All procedures were carried out and
animals were cared for in accordance with guidelines
set forth in the “Guide for the Care and Use of Labo-
ratory Animals,” published in 1996 by the National
Research Council, and also in accordance with specifi-
cations in the handbook entitled, “The Use of Exper-
imental Animals at Johns Hopkins University,” pub-
lished in 1996 by the Division of Comparative Medi-
cine at Johns Hopkins University. The protocol was
approved by the Animal Care and Use Committee of
the Johns Hopkins University School of Medicine.
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Fig. 1. pMTVAdI12 plasmid containing MMTV-LTR, E1A, and E1B genes with an antibiotic resistance
gene. (Restriction map provided by Dr. Gilbert Jay.)
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Fig. 2. Purified linear 6.7 kb MMTV-LTR/E1A/E1B fragment. Lane A = molecular weight markers,
lane B= DNA for microinjection.
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Immunohistochemistry

Formalin-fixed slides were subject to antigen re-
trieval methods using target unmasking fluid (Phar-
Mingen International, San Diego, Calif.), and an
avidin-biotin peroxidase chromogen. Evaluation of
immunohistochemical stains was performed by one
pathologist. Analysis of p53 immunohistochemistry
was performed using the D07 monoclonal antibody
(DAKO Corp., Carpinteria, Calif.), which has been
validated in neoplasia including esophageal and gas-
tric adenocarcinomas. Mutations in the p53 gene can
lead to an increased stability of the mutated gene
product and accumulation of this protein within the
nuclei. Immunohistochemical analysis of proliferat-
ing cell nuclear antigen (PCNA) was performed with
the PC10 monoclonal antibody (DAKO Corp.). The
DAKO animal research kit was used to mask endoge-
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nous murine immunoglobulin G and eliminate non-
specific background staining.

RESULTS

Eleven of 45 animals were transgenic (24% effi-
ciency) with an estimated 5 to 57 copies of the gene
per genome. PCR amplification of tail DNA with
E1A primer sequences allowed definitive identifica-
tion of transgenic animals (Fig. 3). Weight curves for
transgenic males and nontransgenic litter mates
demonstrated a steep decline in the weight of trans-
genic animals, which corresponded to the observed
listlessness and ruffled fur (Fig. 4). Profound weight
loss (>20%) led to sacrifice or death of one of five fe-
males (at 12 weeks) and four of six males (at 13 to 17
weeks) from our initial series. There was no significant

12 3456 7 8910
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»
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Fig. 3. PCR amplification of tail DNA with E1A primer pairs. A discrete band identifies transgenic an-
imals (lanes 5 and 7) with a positive control of linearized E1A/E1B plasmid (lane 10); negative control

wild-type C57 (lane 9) and Hind III markers (lane 1).
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Fig. 4. Weight curves demonstrating weight loss in transgenic animals between 100 and 125 days.



Fig. 5. Gross tumor in forestomach of transgenic mouse arising
at the margin between the shiny proximal squamous-lined
stomach and the thicker rugae of the distal columnar-lined
stomach. e = esophagus; d = duodenum.

Fig. 6. A, Squamocolumnar junction in a transgenic mouse. A sharp transition (#7row) is seen between
the squamous mucosa (left) and the glandular mucosa (right). A focus of adenocarcinoma is present be-
neath the squamous mucosa on the lower left (fnset) (original magnification X 100). B, High-power view
of malignant glands with marked pleomorphism, hyperchromasia, mitoses, and intraluminal necrotic
material (original magnification X400). C, Adenocarcinoma in another transgenic animal arising be-
neath the squamous mucosa adjacent to the squamocolumnar junction. Tumor cells show marked hy-
perchromasia and invasion into the submucosal layer (original magnification X200). D, Adenocarcinoma
in another transgenic animal with malignant glandular formation including some poorly differentiated
areas occurring beneath normal squamous mucosa (original magnification X200).
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Fig. 7. A, Adenocarcinoma arising beneath normal squamous mucosa adjacent to the squamocolumnar
junction (hematoxylin and eosin stain; original magnification x200). B, Immunohistochemistry for p53
with monoclonal antibody D07 of the same section showing intense nuclear and some cytoplasmic stain-
ing (dark brown). Normal squamous mucosa does not stain for p53; basal cells of squamous mucosa
(dark blue nuclei; some light brown cytoplasm) are normal (hematoxylin and eosin stain; original mag-
nification X200).

Table 1. Pathologic findings and p53 immunostaining of transgenic animals

Weight loss Age (wk) Pathology p53
Male (n = 6) 4 16 Adenocarcinoma +
16 Adenocarcinoma +
17 Adenocarcinoma +
17 (unavailable)
Female (n = 5) 1 12 Adenocarcinoma, stromal and +

poorly differentiated tumors

weight loss in nontransgenic animals. Grossly visible
tumors (2 to 10 mm) were noted in the forestomach
of the female and two of three examined males at the
margin between the shiny proximal squamous-lined
stomach and the thicker rugae of the distal stomach
(Fig. 5). At necropsy, no other tissue showed evidence
of tumors.

Histologic sectons confirmed adenocarcinoma aris-
ing at the squamocolumnar junction in all transgenic
animals. A sharp transition was seen between the squa-
mous mucosa and the glandular mucosa with foci of
adenocarcinoma present beneath the squamous mu-
cosa (Fig. 6). Tumor cells showed marked pleomor-
phism, hyperchromasia, mitoses, and invasion into the
submucosal layer. All males with tumors demonstrated
microscopic and macroscopic adenocarcinoma, in each
case arising in the area of the squamocolumnar junc-
ton. One female mouse developed a multiphenotype
undifferentiated carcinoma with glandular and sarco-
matoid features at the squamocolumnar junction in
addition to adenocarcinoma.

Tissue sections were studied by immunohisto-
chemical analysis for p53 protein and PCNA. An-
tibody for p53 protein stained positive in all four of
the tumors from transgenic animals studied (Table I)
and in one of two tumors from transgenic animals
generated subsequent to the current study. Both cyto-
plasmic and nuclear staining were present with p53
(Fig. 7), although staining was not uniform and some
cells within the tumors did not stain. There was no
staining for p53 outside of the tumor cells. All tumors
had strong diffuse positivity for PCNA as expected
with proliferating tumor cells.

DISCUSSION

E1A/E1B transgenic animals developed macro-
scopic and microscopic adenocarcinoma at the
squamocolumnar junction, which corresponds to ade-
nocarcinoma at the human esophagogastric junction.
Disruption of p53 was present in all tumors in this
transgenic model with accumulation of altered p53
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protein demonstrated by immunostaining. A male
predominance in adenocarcinoma formation in these
transgenic mice was suggested.

This tumor model represents an orthotopic model
of adenocarcinoma arising at the site of the most
rapidly increasing cancer in the United States, and
provides insights into why tumors may form at the
squamocolumnar junction. We have not demon-
strated Barrett’s changes in the mucosa; however, we
have waited for a 20% weight loss before sacrificing
animals. Because the squamocolumnar junction in ro-
dents lies within the stomach, the junction and squa-
mous mucosa are already exposed to gastric juice in-
cluding acid and bile. In the future we expect to ex-
amine tissue at the squamocolumnar junction prior to
the appearance of tumor. We will be able to charac-
terize progressive stages of carcinogenesis using this
approach.

The MMTV-LTR promoter is frequently used in
transgenic models, as is, separately, the E1A/E1B se-
quence. It is only the unique combination that yields
the specific phenotype of foregut adenocarcinomas.
The squamocolumnar junction is not generally asso-
ciated with hormonal regulation or with the MMTV
promoter, yet tumors arose only at this site. The
E1A/E1B transgene in this model was found by Koike
et al.5 to be uniformly expressed in the testes and in
tumors at the squamocolumnar junction, with only
sporadic expression in other tissues; messenger RNA
for E1A and E1B was present in high levels in the
stomach and testes, with low levels in the brain, and in
some transgenic animals in the lung, liver, marrow,
and other sites. Male transgenic mice are more sus-
ceptible to adenocarcinoma development, despite ex-
pression of the transgene in females. The MMTV
promoter is hormone sensitive. This suggests that the
squamocolumnar junction in the forestomach, like the
testes, may be subject to hormonal stimulation. We
believe hormonal stimulation of MMTV promoter-
driven transcription may be a necessary stimulus for
adenocarcinoma formation in this model, but was not
sufficient, as no tumors formed in the testes. We are
currently studying androgen and estrogen receptor
status in the transgenic adenocarcinomas, as well as in
the normal human esophagus and clinical esophageal
adenocarcinoma. The squamocolumnar junction may
also be uniquely sensitive to the tumorigenic potential
of the E1A and E1B gene products.

The known oncogenic properties of the human
adenovirus 12 EIA and E1B genes may elucidate
pathways of carcinogenesis in the human disease. The
E1B gene products interfere with p53-mediated
apoptosis, inhibiting tumor suppression at the G,/S
checkpoint. E1B encodes two proteins of 55 kD and

Journal of
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19 kD. The E1B 55K product binds to the amino
terminus of p53 blocking p53 transcription stimulat-
ing activity and thus suppressing apoptosis.?’” The
19K product inhibits p53-mediated apoptosis through
a separate, undefined mechanism not involving direct
binding.

The presence of accumulated p53 protein by im-
munostaining in this transgenic model may be ex-
plained in part by E1B binding. We have demon-
strated in adenocarcinoma at the squamocolumnar
junction in the EIA/E1B transgenic model that p53
staining is both cytoplasmic and nuclear. This may be
accounted for by E1B effects, or may also include po-
tential genetic alteration. If the squamocolumnar
junction is uniquely prone to adenocarcinoma forma-
tion, it is likely in part mediated by the known muta-
tions determined from clinical specimens; mutations
in p53 are common in esophagogastric adenocarci-
noma. Although EI1B is known to interfere with p53
function, this may be incomplete. Furthermore, in the
transgenic model, E1A and E1B are expressed in tis-
sues other than the squamocolumnar junction with-
out tumor formation, implying that the effects of E1A
and E1B, even when transcribed, are not sufficient for
tumorigenesis.

Each transgenic animal is the result of a separate
microinjection, and experiments were initiated sev-
eral months apart indicating the reproducibility of
the model. We have demonstrated success with re-
peat microinjections in generating successive sets of
MMTV/E1A/E1B transgenic mice, which develop
adenocarcinoma at the squamocolumnar junction.
The strength of this transgenic model lies in the re-
markably specific localization of tumor formation,
specifically adenocarcinoma predominantly in males,
at the squamocolumnar junction. Genetic similarities
with the human disease strengthen the role for this
model in the study of the etiology of clinical esopha-
geal adenocarcinoma.

CONCLUSION

E1A/EIB transgenic animals developed macro-
scopic and microscopic adenocarcinoma at the
squamocolumnar junction, which corresponds to ade-
nocarcinoma at the human esophagogastric junction.
Disruption of p53 was present in the transgenic
model as in the human cancer. This reproducible
transgenic model of human esophageal adenocarci-
noma at the esophagogastric junction allows identifi-
cation and characterization of precursor genetic and
histologic changes at this “hot spot” for carcinogene-
sis, and further implicates hormonal status as con-
tributing to tumorigenesis at this site.
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Standard Roux-en-Y Gastrojejunostomy vs. “Uncut”
Roux-en-Y Gastrojejunostomy: A Matched
Cohort Study

Rodrigo A. Mon, M.D., Foseph 7. Cullen, M.D.

Roux-en-Y gastrojejunostomy is a common method of reconstruction after subtotal gastrectomy. Main-
taining myoneural continuity has been proposed to decrease the incidence of Roux stasis syndrome, with
an “uncut” Roux-en-Y reconstruction. The aim of our study was to compare the clinical results in patients
who have undergone uncut Roux-en-Y gastrojejunostomy with those in patients who have undergone a
standard Roux-en-Y gastrojejunostomy. Eleven patients underwent gastrectomy and uncut Roux-en-Y
gastrojejunostomy and were compared with a cohort of 14 patients who underwent gastrectomy and
standard Roux-en-Y gastrojejunostomy. Patients were contacted and charts were reviewed for Visick
grade, early and late morbidity and mortality, and incidence of staple line dehiscence. Early postoperative
morbidity was 18% in patients undergoing uncut Roux gastrojejunostomy and 28% in patients under-
going standard Roux reconstruction. There were no early postoperative deaths in either group. In the pa-
tients undergoing the uncut Roux procedure, no cases of staple line dehiscence were detected clinically
(mean follow-up 9 months, range 1 to 48 months). Visick grade improved following the uncut Roux pro-
cedure, but changed little after standard Roux reconstruction. Uncut Roux-en-Y gastrojejunostomy can
be performed safely with improvement in symptoms. The uncut Roux procedure may provide an alter-

native for reconstructive gastric surgery. (J GASTROINTEST SURG 2000; 4:298-303.)

KEY WORDS: Roux-en-Y gastrojejunostomy, postgastrectomy syndrome

Roux-en-Y gastrojejunostomy is a common method
of reconstruction after subtotal gastrectomy. The pro-
cedure has been used for alkaline reflux gastritis,
dumping syndrome, and chronic gastric atony.!-
However, recent reports demonstrate that revisional
gastric surgery is successful in less that 50% of pa-
tients, with many developing symptoms of stasis in
the upper gastrointestinal tract.* This Roux stasis syn-
drome occurs in 10% to 67% of patients and consists
of chronic abdominal pain, nausea, vomiting, and
postprandial bloating.>6

The etiology of the Roux stasis syndrome may be
multifactorial. Clinical investigations suggest that sta-
sis and marked motility abnormalities are present in
the Roux limb.”# The Roux limb may act as a func-
tional obstruction resulting in reflux from the Roux
limb to the gastric remnant producing slowed gastric
emptying. These findings may result from transect-
ing the jejunum and separating the Roux limb from

the small intestinal pacemaker in the proximal duo-
denum. Transection of the jejunum results in the de-
velopment of ectopic pacemakers distal to the tran-
section, which results in orad propagating pacesetter
potentials.” Orad propagating contractions of the je-
junal limb influenced by the orad propagating pace-
setter potentials lead to delayed transit through the
limb and slowed gastric emptying.!?

Maintaining myoneural continuity has been pro-
posed to decrease the incidence of Roux stasis syn-
drome, with an “uncut” Roux-en-Y, a modified Bill-
roth II gastrojejunostomy in which staples occlude the
afferent jejunal lumen, whereas biliary and pancreatic
secretions are diverted distally through a jejunoje-
junostomy. The staple lines function to divert pan-
creatobiliary secretions from the gastric remnant
without transecting the jejunum, which is done dur-
ing the standard Roux operation. This modification
of the Roux-en-Y reconstruction was first reported in
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1988!! and has been investigated by a number of
groups. Experimental work in dogs demonstrates that
ectopic pacemakers do not appear in the uncut Roux
limb, and gastric emptying and Roux limb transit are
normal.!? Additionally, the staple lines placed across
the jejunum may not disrupt myoneural continuity to
the uncut Roux limb. Early clinical results however,
suggest an unacceptable rate of staple line dehiscence.
Tu et al.!? reported a staple line dehiscence rate of
36% with 1-year follow-up. All patients with staple
line dehiscence had symptomatic alkaline reflux gas-
tritis or esophagitis.

The aim of our study was to review our clinical ex-
perience with the uncut Roux-en-Y gastrojejunos-
tomy and compare the clinical results in patients who
have undergone the uncut Roux-en-Y gastrojejunos-
tomy to a cohort of patients who have undergone a
standard Roux-en-Y gastrojejunostomy. Additionally,
we wanted to determine if patients had recurrent
alkaline reflux gastritis or esophagitis suggestive of
staple line dehiscence.

MATERIAL AND METHODS
Patient Demographics and Surgical History

Medical records for all patients who underwent a
gastrectomy and Roux-en-Y gastrojejunostomy were
abstracted for details including symptoms, nutritional
status, diagnostic studies, operation performed, oper-
ative morbidity, and outcome. None of the patients
had previously undergone gastric surgery for treat-
ment of morbid obesity. This study was approved by
the University of lowa Institutional Review Board for
human subjects on September 17, 1998.

Between 1993 and 1998, 11 patients (6 women and
5 men) underwent gastrectomy and uncut Roux-
en-Y gastrojejunostomy. The mean patient age was 59
years with a range of 29 to 66 years. Indications for
the operation included gastroparesis in four, gastric
adenocarcinoma in three, bile reflux gastritis in three,
and peptic ulceration with gastric outlet obstruction
in one. These 11 patients had undergone a total of
eight gastric operations before the gastrectomy and
uncut Roux-en-Y gastrojejunostomy.

Between 1987 and 1998, 14 patients (11 women
and 3 men) underwent gastrectomy and standard
Roux-en-Y gastrojejunostomy. The mean patient age
was 51 years with a range of 34 to 80 years. Indica-
tions for the operation included gastroparesis in four,
bile reflux gastritis in three, peptic ulceration with
gastric outlet obstruction in three, gastrointestinal
bleeding in two, dumping syndrome in one, and gas-
tric adenocarcinoma in one. These 14 patients had
undergone a total of 20 gastric operations before the
gastrectomy and Roux-en-Y gastrojejunostomy.
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Nutritional Status

More than one half of the patients had been hospi-
talized previously for malnutrition, although none was
dependent on enteral or parenteral nutrition prior to
gastrectomy and either standard or uncut Roux-en-Y
gastrojejunostomy.

Operation

The uncut Roux reconstruction was performed
similarly as described by Van Stiegmann and Goff.!!
The length of the efferent jejunal limb from the gas-
trojejunostomy to the jejunostomy was 45 cm, a dis-
tance that ensured an efferent jejunal limb long
enough to prevent reflux of pancreatobiliary secre-
tions (Fig. 1). For construction of the uncut Roux
limb, we applied four staple lines across the afferent
jejunal limb just distal to the jejunojejunostomy by us-
ing two applications of a noncutting TASS stapler
(United States Surgical Corp., Norwalk, Conn.). The

distance from the staple lines to the gastrojejunos-

Fig. 1. Uncut Roux-en-Y gastrojejunostomy. The length of
the efferent jejunal limb from the gastrojejunostomy to the je-
junostomy is 45 cm. Four staple lines are placed across the af-
ferent jejunal limb just distal to the jejunojejunostomy by using
two applications of a noncutting stapler. The distance from the
staple lines to the gastrojejunostomy is approximately 10 cm.
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tomy was approximately 10 cm. The senior author
(J.J.C.) was involved in all of the uncut Roux opera-
tions. 'Two patients had a concomitant jejunostomy
tube placed at the time of operation. Gastrectomy
and standard Roux-en-Y operations were performed
using the technique described by Kirk!'* to restore
gastrointestinal tract continuity.

Follow-Up and Outcome

Follow-up was completed using the medical
records and interview. To measure outcome, patients
were classified into four groups using a Visick grad-
ing system.!S Briefly, grade 1 corresponded to no
symptoms. Grade 2 included patients with intermit-
tent symptoms, with or without continued use of
medications, but not affecting life-style. Grade 3 cor-
responded to continuous, nondisabling symptomatol-
ogy refractory to medical therapy, with or without
supplemental use of parenteral or enteral nutrition.
Grade 4 corresponded to severe disabling symptoms,
with or without dependence on enteral or parenteral
nutrition as the primary source of nutrition.

Additionally, a subjective severity of symptoms
score based on seven gastrointestinal and five systemic
symptoms, as described by Eckhauser et al.,!® was also
calculated before and after operation. The gastroin-
testinal symptoms included heartburn, abdominal
pain, abdominal fullness, nausea, vomiting, diarrhea,
and excessive flatulence. The systemic symptoms in-
cluded fainting or dizziness, weakness or tremulous-
ness, sleepiness, sweating, and palpitations. The sever-
ity of each symptom was graded on a scale of 1 to 3.
An overall severity of symptoms score, as well as a
separate severity of symptoms score for gastrointesti-
nal and systemic symptoms, was calculated both be-
fore and after operation.

Data Analysis

Student’s ¢ test and the Wilcoxon rank-sum test
were used where appropriate to determine differences
between the uncut and standard Roux groups. Statis-
tical significance of the differences between groups
was tested using the computer program SYSTAT
(Evanston, Ill.). All data are expressed as means *
standard error of the mean (SEM).

RESULTS
Postoperative Complications

There were no operative deaths or in-hospital
deaths in patients undergoing either type of Roux re-
construction. In patients undergoing the uncut Roux

Journal of
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gastrojejunostomy, three had early postoperative
complications (partial small bowel obstruction, gas-
troparesis, and atrial fibrillation). The mean length of
stay was 12 days (range 5 to 22 days). All patients were
able to eat solid food at the time of discharge, and two
of them required enteral nutritional supplementation
via a feeding jejunostomy. One patient who had the
uncut Roux reconstruction developed a late compli-
cation that was the result of a gastric outlet obstruc-
tion from a stricture at the gastrojejunostomy from
continued nonsteroidal anti-inflammatory drug abuse.
This condition necessitated placement of a feeding
jejunostomy 3 years later.

In the standard Roux group, seven patients had
early postoperative complications including anasto-
motic leak in one, subphrenic abscess in one, bleeding
in one, and wound infection in one. The mean length
of stay was 13 days (range 7 to 40 days; P >0.05 vs. un-
cut Roux). At the time of discharge, 11 patients were
able to eat solid food. Two of them required addi-
tional nutrition via a feeding jejunostomy. One patient
was able to tolerate liquids only and was requiring
supplementation via a jejunostomy. Two patients were
unable to ingest liquids or solids and were being fed
through an orogastric tube or by total parenteral nu-
trition. Late postoperative complications in the stan-
dard Roux group included stricture of the Roux limb
in three patients who continued to use large quantities
of nonsteroidal anti-inflammatory medications.

Follow-Up

Follow-up after hospitalization was possible in all
of the patients. Of the patients who underwent an un-
cut Roux reconstruction, eight are still alive. The
three patients who died had a preoperative diagnosis
of gastric adenocarcinoma. Of the patients who had a
standard Roux reconstruction, 13 are still alive. The
patient who died in this group also had a preoperative
diagnosis of gastric adenocarcinoma. Mean follow-up
was 9 months (range 1 to 48 months) for the uncut
Roux patients and 16 months (range 1 to 120 months)
for the standard Roux patients (P >0.05 vs. uncut
Roux).

Outcome at Follow-Up

Visick Grade. In the uncut Roux group, the Visick
grade decreased postoperatively at the time of follow-
up (Fig. 2). Preoperatively the Visick grade was 3.0 +
0.3 and decreased to 1.7 £ 0.2 postoperatively (mean
*+ SEM; P >0.01 vs. preoperative Visick grade). Five
of the patients (45%) reported excellent results and
were without gastrointestinal complaints and had
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Fig. 2. Visick grade before and after Roux reconstruction
(mean = SEM). * = P <0.05 vs. preoperative grade.
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Fig. 3. Symptomatic response to Roux reconstruction using an overall and a gastrointestinal severity
score (SS). The improvement seen in the overall severity score resulted from the improvement in gas-
trointestinal symptoms with negligible systemic symptoms present.

gained weight. Four patients in this group (36%) re-
ported improvement on their symptoms, with occa-
sional nausea and vomiting, or abdominal pain. At the
time of follow-up, none of them had gained weight,
and three had actually lost weight. Two patients (18%)
reported unsatisfactory results with persistent nausea
and vomiting.

In the standard Roux group the Visick grade
changed little (see Fig. 2). Preoperatively the Visick
grade was 2.9 * 0.2 and it changed little postopera-
tively, to 2.6 = 0.2 (mean = SEM; P >0.05 vs. pre-
operative Visick grade). None of these patients re-
ported complete resolution of their symptoms. Seven
patients (50%) demonstrated improvement in their
Visick grade, but with persistent nausea, vomiting,
heartburn, or abdominal pain. Only two of them had
gained weight at the time of follow-up. Five patients
(35%) had no change in their Visick grade, with per-
sistent gastrointestinal symptoms after the surgery.
Two patients (14%) reported worsening of their

symptoms after the Roux reconstruction. Both pa-
tients had lost weight during the follow-up period.
Symptom Severity Score. An overall severity of
symptoms score, as well as separate severity of symp-
toms scores for gastrointestinal and systemic symp-
toms, were calculated both before and after operation.
In the uncut Roux group, the overall symptom sever-
ity score (Fig. 3) decreased from 0.53 = 0.1 preoper-
atively to 0.13 = 0.1 postoperatively (mean = SEM;
P <0.001 vs. preoperatively). This reflected a decrease
in the gastrointestinal symptom severity score (see
Fig. 3), which decreased from 0.9 * 0.2 preoperatively
to 0.3 = 0.1 (mean + SEM; P <0.001 vs. preopera-
tively). None of the patients in the uncut group had
symptoms as described in the systemic symptom sever-
ity category. Specifically patients in the uncut Roux
group did not have symptoms of alkaline reflux gastri-
tis or esophagitis suggestive of staple line dehiscence.
In the standard Roux group, the overall symptom
severity score (see Fig. 3) decreased from 0.6 * 0.1



302 Mon and Cullen

preoperatively to 0.28 = 0.08 (mean = SEM;
P <0.001 vs. preoperatively). This also reflected an
improvement in their gastrointestinal symptom sever-
ity score (see Fig. 3), which was 0.93 + 0.1 preopera-
tively, and 0.35 = 0.1 postoperatively (mean = SEM;
P <0.001 vs. preoperatively). In this group only two
patients had symptoms that could be evaluated in the
systemic symptom severity category.

CONCLUSION

Our study demonstrates that the uncut Roux gas-
trojejunostomy can be performed safely in patients
who would traditionally undergo a Roux reconstruc-
tion for a variety of disorders. Patients undergoing
uncut Roux reconstruction have an improvement in
their Visick grade and in their overall and gastroin-
testinal symptom severity scores. In comparison, pa-
tients undergoing the standard Roux procedure have
little change in their Visick grade but decrease their
overall and gastrointestinal symptom severity scores.
Although follow-up is short, the uncut Roux proce-
dure may have some advantages over the standard
Roux reconstruction.

Our present study demonstrated no mortality and
low morbidity with the uncut Roux gastrojejunos-
tomy, which corresponds to the report of Tu et al.”
They reported 14 patients who underwent an uncut
Roux reconstruction, with a complication rate of
28%, which was not related to the type of gastric re-
construction. Fifty-seven percent of the patients in
their series reported excellent to satisfactory results
from the operation. In our series 45% of patients re-
ported excellent results without any postoperative
complaints, whereas 36% of patients reported im-
provement in their symptoms, with occasional nausea
and vomiting or abdominal pain.

Standard Roux-en-Y reconstruction in our series
had little effect on improving the Visick grade. Fifty
percent of patients demonstrated improvement in
their Visick grade, but with persistent gastrointestinal
complaints. Thirty-five percent of patients had no
change in their Visick grade, with persistent gastro-
intestinal symptoms postoperatively. Roux-en-Y re-
construction has been used for a variety of disorders,
with some series reporting relief of symptoms in 60%
to 80% of patients.’>»*16-18 However, recent reports
suggest that completion gastrectomy and Roux-en-Y
reconstruction is successful in less than half of pa-
tients,!* which was also the case in our present study.
Forstner-Barthell et al.* reported 62 patients who
underwent near-total gastrectomy and Roux recon-
struction. Nausea, vomiting, and postprandial pain
were reduced in their series, similar to what we have
demonstrated with improvement in the overall and

Journal of
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gastrointestinal severity scores following the standard
Roux-en-Y reconstruction. However, 57% of their
patients remained in the Visick grade 3 or 4 cate-
gories, whereas only 43% had all or most of their
symptoms relieved. Thus the standard Roux recon-
struction may have more disappointing results with
long-term follow-up than previously thought.

Unlike the previous report regarding the uncut
Roux gastrojejunostomy, none of our patients devel-
oped symptomatic alkaline reflux gastritis or esoph-
agitis consistent with staple line dehiscence. Perhaps a
different stapling technique, as used in our study, to
occlude the lumen and divert pancreatobiliary secre-
tions, has decreased the risk of dehiscence. As Tu
et al.® have pointed out, if nuclear medicine or con-
trast studies had been done in their study, the un-
cut Roux group may have had a higher rate of staple
line dehiscence. Additionally, our present study re-
ports a smaller number of patients with a shorter fol-
low-up period.

The theoretical advantage of the uncut Roux re-
construction is that myoneural continuity may be
maintained and ectopic pacemakers do not develop
that will impede transit as demonstrated experimen-
tally.'? Other groups have suggested that myoneural
continuity of the efferent limb of a gastrojejunos-
tomy with the duodenal pacemaker is less important
than luminal continuity of the afferent and efferent
limbs in determining postgastrectomy gastric emp-
tying.'” Additionally, the experimental evidence for
pacesetter potential propagation across staple lines
has been demonstrated in canine preparations by
some groups,'? but disputed by others.?? Evidence
for pacesetter potential propagations across staple
lines has not been demonstrated in humans.

In conclusion, the uncut Roux-en-Y gastrojejunos-
tomy can be performed safely with improvement in
symptoms and no clinical evidence of staple line de-
hiscence. Following the uncut Roux procedure, pa-
tients have an improvement in their Visick grade,
whereas patients undergoing the standard Roux re-
construction have little change in their Visick grade.
Our study should be approached with caution since
follow-up is short and the occurrence of staple line
dehiscence may be higher with more precise investi-
gations using contrast or radionuclide studies. The
uncut Roux gastrojejunostomy may provide an alter-
native for reconstructive gastric surgery.

We thank Sally Blackmon for secretarial assistance, Michael T.
Napierkowski for medical graphics assistance, and the surgical resi-
dents of the University of Iowa for care of the patients presented in
this study.
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Surgical Resection Improves Survival
in the Treatment of Early Gastric Lymphomas

Sarab Blaiv, M.D., Shimul Shab, M.D., Wael Tamim, M.D., Robert Quinlan, M.D.,
Richard Swanson, M.D.

Gastric lymphomas are a relatively rare form of malignancy and controversy about their optimum treat-
ment still exists. To date, there have been no studies directly comparing results of medical therapy alone
versus a combination of surgery plus medical therapy. We reviewed our experience in the three teaching
hospitals of the University of Massachusetts Medical School to determine the role of surgery in the
management of early gastric lymphoma. Statistics were evaluated by means of chi-square, log-rank, and
Kaplan-Meier curve analysis where appropriate. Using tumor registry data, 39 patients were treated for
early disease at our medical school from 1980 to 1998. Patients treated with surgery plus chemotherapy
and radiation had a 90% 5-year survival compared to patients who received chemotherapy and radiation
alone (55% 5-year survival; P <0.01). When we compared all patients on an intention-to-treat basis (pa-
tients preoperatively thought to have early-stage disease), there was still a significant survival benefit with
the addition of surgery to their management. Because this is an uncommon disease, there are no large
prospective studies examining treatment. Based on our retrospective experience, surgical resection should
be considered an important adjunct in the treatient of gastric lymphomas in early-stage disease. (J Gas-
TROINTEST SURG 2000;4:304-309.)

KEY wORDS: Lymphoma, stomach, surgery, chemotherapy

Although the stomach is the most common site of
extranodal non-Hodgkin’s lymphoma, these tumors
remain relatively rare. They represent only 1% to 7%
of all gastric malignancies.!” Because there are few se-
ries with large numbers of patients, controversy still
exists regarding the optimal treatment of this disease.
In the past, gastric lymphoma was considered a surgi-
cal disease.’-¢ However, with the advent of safe and
effective chemotherapeutic regimens, chemotherapy
(without surgery) has become the preferred method
of treatment of this disease at some centers.”” The
purpose of our study was to retrospectively analyze
treatment options used at our institution and how
they affected survival in order to delineate the role of
surgery in the treatment of early gastric lymphoma.

METHODS

We retrospectively reviewed the records of patients
identified in the tumor registry from 1980 through
1998. Patient records from three teaching hospitals in

the University of Massachusetts Coordinated Resi-
dency program were reviewed. Disease was staged ac-
cording to the Ann Arbor gastric lymphoma scheme
with Musshoff’s modification (Table I).!® Compar-
isons were made between patients who underwent
chemotherapy and radiation and patients who under-
went a combination of surgery plus chemotherapy

Table I. Staging classification for gastric lymphomas
according to Musshoff’s criteria

Stage Ie Lymphoma limited to the stomach

Stage llel  Involvement of stomach and contiguous
lymph nodes

Stage Ile2  Involvement of stomach and noncontiguous
subdiaphragmatic lymph nodes

Stage IIT Involvement of stomach and lymph nodes on
both sides of the diaphragm

Stage IV Hematogenous spread (diffuse or disseminated

involvement of stomach and extralymphatic
organs)
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and radiation. Patients who had surgery were staged
by laparotomy, and patients who were treated med-
ically were staged by endoscopy and abdominal com-
puted tomography (CT). Statistics were evaluated by
means of Student’s ¢ test, chi-square test, log-rank
analysis, and Kaplan-Meier curves where appropriate.

RESULTS

More than 600 patients with gastric cancer were
listed in the tumor registry, and 71 of them were iden-
tified with primary gastric lymphoma. Thirty-nine pa-
tients had early-stage disease (Fig. 1). This was de-
fined as disease confined to the stomach or stomach
plus perigastric lymph nodes (stage Ie or Ilel). There
were 19 women and 20 men in this series. Twenty-
five patients underwent some combination of surgery,
chemotherapy, and radiation therapy (surg group).
Fourteen patients were treated with chemotherapy
and radiation alone (chemo/rt group). Patients most
commonly presented with pain (79%). Thirty-six per-
cent of patients presented with a weight loss of more
than 10 pounds, and 24% had significant upper gas-
trointestinal hemorrhage as their presenting symp-
tom. Forty-six percent of patients had an upper gas-
trointestinal series as part of their workup, 90% had
an endoscopic evaluation, and 46% also underwent
CT prior to treatment. Eighty percent of patients had
a bone marrow biopsy and aspirates from all of them
were normal. Seventy-six percent of all early-stage tu-
mors demonstrated large cell diffuse histology. Three
patients had mucosa-associated lymphoid tissue

(MALT) histology.

71
39 42

early stage adv stage
(Ie,Ilel)
25 14 13 28
surg+ chemo/rt surg + chemof/it
chemo/rt alone chemo/rt

Fig. 1. Patients with primary gastric lymphoma divided ac-
cording to disease stage (early or advanced) and type of treat-
ment received.
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The surg group included 14 men and 11 women
whose mean age was 62.0 £ 11 years. The chemo/rt
group included eight men and six women whose mean
age was 62.6 * 14 years. There were no significant
differences between the two groups with regard to the
age of the patients, the number of preexisting comor-
bid conditions, or the number of patients with sup-
pressed immune systems (Table II). In the surg group,
five patients underwent surgery alone and 12 patients
had surgery plus chemotherapy. Three patients had
surgery, chemotherapy, and radiation for high-grade
tumors. Five patients had surgery plus radiation. In
the chemo/rt group, five patients underwent chemo-
therapy alone, five patients had a combination of
chemotherapy and radiation, and four patients under-
went radiation alone.

Thirty-nine patients with all stages of disease un-
derwent surgical intervention, with complete patho-
logic staging in all of them. Nine patients underwent
emergency surgery for uncontrolled bleeding or per-
foration and were found to have advanced-stage dis-
ease. One patient underwent exploration for perfora-
tion and the final pathology report still showed early-
stage disease. An additional five patients had preoper-
ative CT scans suggestive of early-stage disease, but
on surgical exploration they were found to have ad-
vanced disease. Four patients were overstaged by pre-
operative CT and on final pathologic examination
were found to have localized disease. Only 43% of pa-
tients who underwent surgery had an endoscopic
biopsy—confirmed diagnosis of gastric lymphoma prior
to surgery. Thirty-one patients underwent partial gas-
trectomy and eight patients a total gastrectomy.

For all 71 patients with gastric lymphoma in this
series, there was a direct correlation between stage at
presentation and survival (Fig. 2). For all stages, pa-
tients who had surgery as part of their therapy had a
significantly prolonged survival compared to pa-
tients who did not (P <0.02) (Fig. 3). When we eval-
uated the patients with early-stage disease, those in
the surg group (n = 25) had a 90% 5-year survival
rate compared to only 55% in the chemo/rt group
(n = 14; P <0.01) (Fig. 4). Furthermore, when we ex-
amined disease-free survival in the surg group and the
chemo/rt group, the addition of surgery still con-
ferred a significant improvement in survival compared
to chemotherapy and radiation alone (P <0.02). Fi-
nally, in an attempt to compensate for bias in staging
between patients who were surgically staged and pa-
tients who were staged by imaging only, we compared
all patients on an intention-to-treat basis. We com-
pared the 14 patients in the chemo/rt group, which
included patients who were treated medically, to pa-
tients who were preoperatively staged with early dis-
ease. This group included 25 patients with early-stage
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Fig. 2. Survival by stage for all 71 patients identified with gastric lymphoma.

Cumulative Proportion of Survival

=+~ all chemo/rt
-8~ all surgery

\ 4

00: 1 1 | L L 1 1 1 1 1

0 22 44 66 88 110 132 154 176 198 220
Months

Fig. 3. Survival in patients with any disease stage who underwent surgery combined with chemotherapy
and radiation (@// surg) compared to patients treated with chemotherapy and radiation alone (@// chemo/rz).
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Fig. 4. Survival in patients with early-stage disease only (stage Ie or llel). Patients who were treated
with chemotherapy and radiation alone (chemo/rt) are compared to patients treated with a combination
of surgery plus chemotherapy and radiation (surgery).



Vol. 4, No. 3
2000

Surgical Resection in Early Gastric Lymphoma

Table IIL. Preexisting comorbid factors in patients with early-stage gastric lymphoma
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Patient Age (yr) Group Comorbid conditions
1 72 Surg Prostate cancer
2 83 Surg Diabetes, hypertension, CAD
3 41 Surg Seizures
4 76 Surg MI, AF, hypertension
5 89 Surg Seizures
6 72 Surg Chronic lymphocytic leukemia
7 32 Surg None
8 70 Surg CAD, hypertension
9 64 Surg CHEF, breast cancer
10 69 Surg Hypertension
11 69 Surg N1, diabetes, hypertension
12 49 Surg Laryngeal cancer
13 64 Surg None
14 70 Surg Pulmonary hamartoma
15 40 Surg None
16 56 Surg None
17 70 Surg None
18 61 Surg AAA repair
19 69 Surg MI, CABG, diabetes
20 75 Surg None
21 82 Surg DVT, hypertension
22 70 Surg Hemophilia
23 70 Surg None
24 83 Surg CAD, CABG, AAA repair
25 70 ] Surg CAD, hypertension
26 82 Chemo/rt None
27 76 Chemo/rt Diabetes, hypertension, CAD
28 41 Chemo/rt None
29 81 Chemo/rt MI
30 91 Chemo/rt None
31 37 Chemo/rt HIV
32 78 Chemo/rt AAA repair
33 88 Chemo/rt None
34 71 Chemo/rt Hypothyroidism
35 52 Chemo/rt None
36 80 Chemo/rt Multple myeloma
37 61 Chemo/rt CAD, CHF, AF, diabetes
38 70 Chemo/rt None
39 35 Chemo/rt HIV

CAD = coronary artery disease; MI = myocardial infarction; AF = atrial fibrillation; CHF = congestive heart failure; AAA = abdominal aortic
aneurysm; CABG = coronary artery bypass graft; DVT = deep vein thrombosis; HIV = human immunodeficiency virus.

disease by pathologic staging plus five additional pa-
tients who were shown by preoperative imaging to
have early-stage disease, but who were shown by
pathologic staging to have advanced disease (comb-
surg group). We found that there was still a signifi-
cant survival benefit with the addition of surgery to

their management compared to the chemo/rt group
(P <0.05; Fig. 5).

Complications and Recurrence

There were no significant differences in morbidity
and mortality between the surg and chemo/rt groups.

Among patients with early-stage disease, there were no
deaths. In the surg group the only postoperative com-
plications were as follows: three patients had significant
delayed gastric emptying prolonging their hospitaliza-
tion more than 14 days or requiring readmission. One
patient required readmission and medical management
of a marginal ulcer in the remaining portion of the
stomach. In the surg group there were no anastomotic
leaks or wound infections documented in the immedi-
ate postoperative course. In the chemo/rt group, one
patient developed deep vein thrombosis requiring hos-
pitalization for anticoagulation therapy and one patient
went into renal failure during chemotherapy.
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Fig. 5. Survival curve for patients on an intention-to-treat basis (i.e., patients thought preoperatively to
have early-stage disease [combsurg]) compared to patients with early-stage disease treated with
chemotherapy/radiation alone (chemo/rt).
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Fig. 6. Kaplan-Meier cumulative survival plot comparing disease-specific survival rates in patients with
early-stage disease only (stage Ie or Ilel). Patients treated with chemotherapy and radiation alone
(chemo/rt) are compared with patients treated with a combination of surgery plus chemotherapy and ra-

diation (surg).

None of the patients in the surg group had posi-
tive margins. Six patients had multisystem organ fail-
ure. There were no local recurrences.

DISCUSSION

Treatment of gastric lymphoma, like many tumors,
has changed over the past 30 years. Because of the
rarity of this tumor, earlier studies in the literature
have grouped all types of gastrointestinal lymphomas
together or have used different staging systems. In the

past, surgery was considered the only method for
staging and treatment.’%!! Earlier chemotherapeutic
regimens had reported high rates of bleeding or per-
foration. However, in the 1980s Maor et al.,? from
M.D. Anderson Cancer Center, treated 34 patients
with early-stage disease with chemotherapy and radi-
ation. These patients had a 73% 5-year survival rate.
They had a 17% morbidity rate and a 6% mortality
rate related to their treatment. Bartlett et al.,!? from
Memorial Sloan-Kettering Cancer Center, treated 34
patients with either surgery or surgery plus some
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combination of chemotherapy and radiation. They
found no difference in survival between surgery alone
versus surgery plus chemotherapy and radiation. The
10-year actuarial disease-free survival was 91% for
stage I disease and 82% for stage II disease. This se-
ries reported a morbidity rate of 26% and no deaths.
The largest series of patients with early-stage disease
(n = 145) was from Germany. These investigators
found no difference in survival between surgery alone
and surgery plus chemotherapy and radiation.

Our series is the first to compare patients treated
with a combination of surgery plus chemotherapy and
radiation versus those treated with chemotherapy
and radiation without surgery within one institutional
system. Within the University of Massachusetts sys-
tem, there are three different teaching hospitals; dif-
ferences in treatment reflect differences in philoso-
phies among various groups of physicians over time.
According to our retrospective review, there were no
differences in preexisting medical conditions between
the two groups. The staging in the chemo/rt arm of
this study may not be as accurate as it is in the surg
group. However, in this study we did find an equal
number of patients who were overstaged as were un-
derstaged by CT. The addition of endoscopic ultra-
sound may increase the accuracy of nonsurgical stag-
ing in the future. However, this modality was not
widely available at our institution during the time of
this review. We tried to compensate for this potential
introduction of bias by analyzing patients on an in-
tention-to-treat basis. We compared all of the patients
who were found by preoperative imaging studies to
have early-stage disease and then underwent patho-
logic staging to all of the patients who were staged by
imaging only and treated medically. We found that
patients who had surgery as part of their treatment
had a significant survival benefit. We hypothesize that
the differences in survival rates reflect the distinct
treatment options employed by individual physicians.

For patients treated with surgery, we found similar
S-year survival rates for early-stage disease as has been
previously reported in the surgical literature.®!21* In
our series, morbidity was low and there were no
deaths in the group that underwent surgery, which
reflects improvements in operative technique and
postoperative care. Our complication rate in patients
who had surgery did not differ from the complication
rate associated with current chemotherapy and ra-
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diation protocols, and these patients showed signifi-
cant improvement in both overall and disease-specific
survival (Fig. 6).

CONCLUSION

Gastric lymphoma remains a relatively rare form
of cancer and subsequently there have been no ran-
domized studies proving the optimum treatment for
this disease. Based on our retrospective analysis, the
addition of surgery should be considered in the treat-
ment of early-stage gastric lymphoma.
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Role of a Hyaluronate-Based Membrane
in the Prevention of Peritonitis-Induced Adhesions

All M. Ghellar, M.D., Arthur F. Stucchi, Pb.D., Daniel J. Lynch, B.S., Kevin C. Skinner, VM.D.,
M. Jude Colt, B.A., Fames M. Becker; M.D.

Adhesions remain a significant postoperative complication of abdominal surgery; however, recent evi-
dence suggests that physical barriers may reduce their incidence. Although these adhesion prevention
barriers are efficacious when used under aseptic conditions, little is known about their use in the presence
of peritonitis, which is associated with an increased incidence of ahdominal adhesions. A sodium
hyaluronate and carboxymethylcellulose bioresorbable membranc (HA membrane) has been shown re-
cently to reduce postoperative adhesions in several animal models and in two clinical trials. To investigate
the efficacy of IIA membrane in the presence of peritonitis, generalized peritonitis was induced in rats by
either cecal ligation and puneture (CLP) or ceeal ligation (CL) alone. The ceca were resected after 12
hours, and animals were randomly assigned to receive or not receive HA membrane applied to the cecum.
At day 7, abdominal adhesions and abscesses were scored. In the presence of peritonitis, HA membranc
did not significantly reduce the number or tenacity of adhesions. A trend toward increased abscess for-
mation was associated with HA membrane in the CL group. Although HA membrane has been shown o
reduce the incidence and severity of abdominal adhesions under aseptic conditions, this study demon-
strates that it is not efficacious in preventing abdominal adhesions in the presence of peritonitis. The as-
sociation between ITA membrane and ahscess formation in the presence of experimental peritonitis re-

quires further investigation. (J GASTROINTEST SURG 2000;4:310-315.)

Ky worns: Abdominal adhesions, peritonitis, carboxymethylcellulose, hyaluronic acid, Seprafilin

The incidence of peritoneal adhesions has been re-
ported to be as high as 93% following general abdom-
inal surgery.!* Abdominal adhesions and their patho-
logic sequelae can result in significant postoperative
clinical complications, Intraperitoneal adhesions are
not only the leading cause of small bowel obstruction,?
they are also a major source of infertility and abdomi-
nal pelvic pain.’ Perhaps of greater relevance to the
surgeon, abdominal adhesions can significantly ham-
per subsequent surgical access to the abdomen mak-
ing reoperation both difficult and dangerous. Adhesi-
olysis and the treatment of adhesion-related condi-
tions substantially increase health care costs, which
have been estimated to be more than 1.3 billion dollars
per year.5 Although postoperative adhesions are the
most common, intraperitoneal inflammation can ac-

count for up to 20% of abdominal adhesions in pa-
tients with no history of prior surgery.”

The significant morbidity associated with postop-
erative intraperitoneal adhesions has prompted cxten-
sive research into potential adhesion prevention
modalities.!%!! Of these, biodegradable physical barri-
ers have been successfully used in preventing or re-
ducing adhesion formation by mechanically limiting
tissue apposition during the critical period of mesothe-
lial repair and healing. By minimizing the develop-
ment of a fibrin matrix between serosal tissue surfaces,
such membranes can effectively prevent adhesion for-
mation. One such physical barrier, Seprafilm biore-
sorbable membrane (Genzyme Corp., Cambridge,
Mass.), a sodium hyaluronate and carboxymethylcel-
lulose bioresorbable membrane (ITA membrane), has
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been shown to significantly reduce postoperative ad-
hesions in preclinical studies!? and in two clinical tri-
als.>13 Although this adhesion prevention barrier is
very efficacious when used under noncompromised
aseptic conditions, 213 little is known about its use in
the compromised surgical field, such as in the presence
of peritonitis.

Peritonitis, or inflammation of the peritoneum or
part of it, can also result in significant abdominal ad-
hesions as well as abscess formation, both of which are
associated with high morbidity. Most surgically re-
lated peritonitis is secondary to either intraperitoneal
bacterial contamination from the gastrointestinal tract
or intraperitoneally associated ischemic tissue, espe-
cially bowel. Both of these forms of peritonitis have
been implicated in the formation of clinically relevant
intra-abdominal adhesions. Hence the purpose of this
study was to determine if a currently used and proven
effective bioresorbable physical adhesion prevention
film composed of hyaluronic acid and carboxymethyl-
cellulose remains efficacious in preventing abdominal
adhesions when either bacterial or ischemic peritoni-
tis is present.

MATERIAL AND METHODS

Sixty-two female Sprague-Dawley rats (250 to
350 g; Charles River Laboratory, Wilmington, Mass.)
were housed in groups of five and allowed to acclima-
tize for 5 days prior to surgery. Throughout the ex-
perimental period, the animals were allowed free ac-
cess to water and were housed at a constant room
temperature of 64 to 79° F (18 to 26° C) with 12-hour
light/dark cycles. All experimental animals consumed
a diet containing 70% lean ground beef, which has
previously been shown to induce a polymicrobial ce-
cal population.!'* All procedures were performed in
accordance with recommendations outlined in the
“Guidelines for the Care and Use of Laboratory An-
imals” (Department of Health and Human Services,
National Institutes of Health, Publication No. 86-23,
1985). This study was approved by the Institutional
Animal Care and Use Committee of the Genzyme
Corporation (Cambridge, Mass.).

Experimental Design

Generalized peritonitis was induced in rats by one
of two methods as follows: (1) cecal ligadon and punc-
ture (CLP), a commonly used model'’-17 that results
in polymicrobial peritoneal sepsis (n = 38); or (2) ce-
cal ligation only (CL alone), which produces an is-
chemia-induced peritonitis (n = 24). In each of the
two groups, half of the animals were randomly as-
signed to receive (HA membrane) or not receive HA
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membrane (control) applied to the cecum as described
below. All animals were killed on postoperative day 7
via carbon dioxide asphyxiation. Abdominal adhesions
and abscesses were evaluated and scored as described
below.

Operative Procedure

All surgical procedures in rats were performed by
the same surgeon (A.M.G.) assisted by the same sur-
gical technician. Animals were anesthetized with a
single intramuscular injection of ketamine (85 mg/kg)
and xylazine (6 mg/kg). The ceca were externalized
through a 3 to 5 cm midline abdominal incision. In
all rats, the ceca tips were devascularized and ligated
with 4-0 Dexon (Davis & Geck, Wayne, N.J.). The
cecum was either ligated or ligated and punctured in
the same location in all animals as determined by a
standard measurement (1.5 cm) from the dp of the ce-
cum. In the CLP group, the ceca were punctured
once using an 18-gauge needle on the antimesenteric
side. The ceca were placed back into the abdomen
and the abdominal wall was closed in one layer with
3-0 Dexon (Davis & Geck).

Rats were resuscitated with 10 ml of lactated
Ringer’s given subcutaneously. Twelve hours after sur-
gery, all rats received 2 mg of gentamicin (Elkins-Sinn
Inc., Cherry Hill, N.J.) and 15 mg clindamycin (Up-
john Company, Kalamazoo, Mich.) given in separate
intramuscular injections and then every 8 hours for 3
days. One hour after the first postoperative dose of
antibiotics, rats were weighed, anesthetized as above,
and the ceca were externalized through the midline
abdominal incision. Peritoneal fluid was collected for
aerobic and anaerobic bacterial cultures. The portion
of the cecum distal to the ligation was resected and
subsequently closed in single layer with a running su-
ture (5-0 Dexon, Davis & Geck) in a uniform fashion
in all animals. After closure of the cecum, the peri-
toneal cavity was irrigated with 10 ml of normal saline
solution and a 5 cm? piece of HA membrane (Sepra-
film bioresorbable membrane, lot No, N5051B) was
applied evenly over the suture line such that the film
was distributed equally around the suture line and the
cecum. The abdominal wall was closed as above. All
animals were allowed to recover in an incubator and
then were returned to group housing.

Evaluation of Abdominal Adhesions
and Abscesses

In preliminary experiments characterizing CLP in
rats as a model to study peritonitis-induced adhesions,
we noted that both the number and tenacity of ab-
dominal adhesions rose significantly by day 1 and re-
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mained significantly elevated through day 28. Al-
though adhesion tenacity remained constant, there
was a reduction in the number of adhesions by day 28.
Based on these studies, we decided that day 7 follow-
ing CLP would be the optimal time point at which to
study adhesiogenic events associated with peritonitis.
Therefore animals were killed on day 7 following the
second operation. Abdominal adhesions were evalu-
ated and scored by a blinded observer in four cate-
gories as follows: (1) the total number of adhesions,
defined as the number of individually identifiable and
dividable adhesions between any two surfaces; (2) the
number of cecal adhesions, defined as the number of
individually identifiable and dividable adhesions be-
tween the cecum and any other surface; (3) the tenac-
ity of the adhesions, scored based on the firmness of
the adhesion’s attachment as shown in Table I and de-
scribed by Peck et al.!%; and (4) the average length of
adhesions to the cecum expressed in millimeters.
While evaluating and scoring adhesions, the observer
also noted the presence, location, and size of any ab-
dominal abscesses, which were defined as purulent
collections in the abdomen.

Evaluation of Cecal Integrity and Healing

After evaluation of adhesions, the portion of the in-
testine from which the cecum was resected, 3 cm
proximal to and 7 cm distal to the anastomosis, was
resected for evaluation of bursting pressure. In addi-
tion, a 10 cm proximal segment of intact bowel from
each animal was resected. The intraluminal content
of each segment was emptied and irrigated with nor-
mal saline solution. The bowel segments were then
tested for hydrostatic bursting pressure as follows.
The distal end of each bowel segment was cannulated
with a 14 F Foley urinary catheter secured with 0-silk
ligature, and the proximal end was occluded with an
atraumatic bowel clamp. Normal saline solution was
then infused into the bowel lumen through the Foley
catheter at a rate of 5 ml/min with a Harvard infusion
pump (Harvard Apparatus, Inc., South Natick, Mass.).
One limb of the Foley catheter was connected to a

Table I. Scale for scoring adhesion tenacity

Adhesion

tenacity Description
0 No adhesions
1 Filmy adhesions with easily idendfiable plane
2 Mild adhesions with freely dissectable plane
3 Moderate adhesions with difficult dissectable

plane

4 Dense adhesions with nondissectable plane

Journal of
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Hewlett-Packard pressure transducer (Hewlett-
Packard Medical Products Group, Andover, Mass.)
and strip-chart recorder for continuous monitoring of
intraluminal pressure. Hydrostatic bursting pressure
was defined as the pressure at which the bowel seg-
ment leaked.

Statistics

All data are reported as the mean * standard er-
ror of the mean. Differences between groups were
tested by analysis of variance and ¢ test where appro-
priate. The difference in the rate of abdominal ab-
scesses between the groups was tested by chi-square
analysis. A P value of less than 0.05 was considered
significant.

RESULTS

Following CLP, all rats showed physical signs of
intra-abdominal sepsis, including apathetic behavior,
lethargy, reduced food and water consumption, pilo-
erection, ocular exudate, and diarrhea. Of the total of
38 rats from the bacterial peritonitis group that un-
derwent CLP, two rats (10.5%) in the HA membrane
group died, whereas there were no deaths in the con-
trol group. These deaths occurred early in the exper-
iment and were not related to the HA membrane.
The peritoneal cavity at autopsy typically contained
1 to 2 ml of cloudy fluid, which grew numerous enteric
organisms such as Escherichia coli, Proteus mirabilis, En-
terococci, Streptococci, Clostridia, and bacteroid species.
There were no deaths among the 24 rats that had CL
alone. As expected, peritoneal fluids collected from
this group showed little or no bacterial growth since
there was no puncture of the cecum.

18

! I8 Control (n =19) *
HA Membrane (n =19)

12 4

%
P <0.03 compared
with control

Score

Toal Cecal
Adhesions Adhesions

Average
Length

Tenacity

Fig. 1. Adhesion scores in HA membrane-treated animals
compared with control rats following polymicrobial peritonitis
resulting from cecal ligation and puncture.
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A pressure monitoring system was used to test the
integrity of the cecal closure and showed no leaks at
pressures up to 75 to 100 mm Hg.

Adhesions

Our earlier work showed that peritonitis signifi-
cantly increased the incidence of intra-abdominal ad-
hesion formation.!” Compared with control rats, the
HA membrane was not effective in reducing total and
cecal adhesions, or in reducing the tenacity or mean
length of adhesions in both the CLP group (Fig. 1)
and the CL-only group (Fig. 2). In fact, in the pres-
ence of bacterial peritonitis (CLP model), the mean
length of adhesions to the cecum was significantly
greater in the HA membrane group compared with
control rats (see Fig. 1).
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Fig. 2. Adhesion scores in HA membrane-treated animals
compared with control rats following ischemic peritonitis re-
sulting from cecal ligation alone.
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Fig. 3. Abscess rate in HA membrane—treated rats compared
with control rats in both the CLP (polymicrobial peritonitis)
and CL-only (ischemic peritonitis) models.
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Abdominal Abscesses

In the CLP group, six animals (35%) treated with
HA membrane developed abdominal abscesses as com-
pared with five (26%) in the untreated (control) group
(P = 0.56). Conversely, in the CL-only group, five an-
imals (42%) treated with HA membrane developed ab-
dominal abscesses, whereas only one (8%) control ani-
mal had an abdominal abscess (P = 0.13) (Fig. 3).
Pooled analysis strongly suggested a greater risk of ab-
dominal abscess formation (P <0.05) when HA mem-
brane was applied in the presence of peritonitis.

DISCUSSION

In a recent retrospective study involving nearly
19,000 patients who had undergone either an open co-
lorectal or general abdominal surgical procedure, Beck
et al.* concluded that the incidence of small bowel ob-
struction and adhesiolysis for obstruction as well as the
requirement for repeated abdominal surgery after ma-
jor abdominal resection is much higher than previously
published. Retrospective studies such as this clearly
identify the importance of reducing the occurrence
of postoperative intra-abdominal adhesions not only
in reducing future health care costs associated with
adhesion-related complications, but also in reducing
subsequent operative complexity and morbidity.

Adhesions may be defined as abnormal attachments
between tissues and organs®® and have been classified
as congenital or acquired.’!?? The development of ac-
quired adhesions is a generalized phenomenon in re-
sponse to trauma to the peritoneum. Acquired adhe-
sions arise from either an intra-abdominal infection
or inflammation such as diverticulitis or as a result of
surgical trauma. Although most postsurgical adhe-
sions are clinically silent, as mentioned, they are the
leading cause of intestinal obstruction in the Western
world and are responsible for more than 70% of all
small bowel obstructions. Up to 93% of patients who
had a previous laparotomy were found to have intra-
abdominal adhesions.!-* Between 36% and 60% of all
patients who present with adhesive intestinal obstruc-
tion require surgical treatment.?32*

More than 100 years ago, Thomas Bryant reported
the occurrence of an episode of fatal intestinal ob-
struction due to intra-abdominal adhesions that ap-
peared after removal of an ovarian cyst.>?5:2¢ Since
that time, various attempts have been made to prevent
adhesion formation following abdominal surgery.
These include the use of corticosteroids,”” non-
steroidal anti-inflammatory drugs, dextran, anticoag-
ulants, tissue plasminogen activator, and physical bar-
riers.!®! Several barriers have demonstrated clinical
efficacy in adhesion prevention and have become
commercially available. More recently, promising re-
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sults have been obtained with the use of a sodium
hyaluronate and carboxymethylcellulose-based biore-
sorbable membrane (HA membrane), which has been
shown to reduce the incidence and severity of adhe-
sions in both preclinical!? and clinical studies.’-!?
However, the efficacy of HA membrane has only been
tested under aseptic conditions.

Most surgical peritonitis is secondary to bacterial
contamination from the gastrointestinal tract. To
stimulate intra-abdominal sepsis in animals, we used
the well-established CLP model in rats.’>*'7 The sur-
gical technique consists of devascularization and
puncture of a segment of the cecum, which is allowed
to slough, thus mimicking a perforated or strangu-
lated bowel with severe transmural infection. In this
model the sepsis is due to peritoneal contamination
with mixed flora in the presence of devitalized tissue
and thus bears a resemblance to clinical situations
such as perforated appendicitis and diverticulitis. The
severity of the peritonitis depends on several factors
including the rate of development and the bacterial
content of the intestine at the time of rupture.

Although HA membrane has been shown to reduce
the incidence and severity of abdominal adhesions un-
der aseptic conditions,!? this study demonstrates that
the HA membrane is not efficacious in preventing the
incidence or the severity of intra-abdominal adhesions
in an animal model of either bacterial or ischemia-
induced peritonitis. In fact, when the efficacy of HA
membrane was assessed in the presence of polymicro-
bial peritonitis (CLP; see Fig. 1), it was associated
with a significant increase in cecal adhesion length.
HA membrane prevents the formation of intra-
abdominal adhesions by functioning as a physical bar-
rier that temporarily separates serosal surfaces during
the critical early postoperative healing phase.!? The
mechanisms of peritoneal host defenses within the in-
fected or inflamed peritoneal cavity involve clearance,
phagocytosis, and sequestration with macrophages
and polymorphonuclear leukocytes playing a signifi-
cant role in this process.”8-3% The increased influx of
these inflammatory cells may cause rapid degradation
and clearance of the HA membrane, thus rendering
it ineffective as an antiadhesion barrier.

Many forms of peritonitis are also associated with
increased abscess as well as adhesion formation. An
abscess represents an effective defense when the tissue
injury and the number of bacteria are in excess of the
host’s capability to terminate a peritoneal infection.
In the CLP model we observed a 35% increase in the
abscess rate in the HA membrane-treated group,
whereas in the CL-alone group, the abscess rate in-
creased fivefold in the HA membrane—treated animals
when compared with control rats. In contrast to our
results, a similar study in rats utilizing the CLP model
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to induce polymicrobial peritonitis showed that there
were no significant differences in adhesions between
rats treated with HA membrane and control animals
at either 7 or 21 days; additionally, abscess formation
was similar in both groups at day 7 (6 of 12 in control
rats vs. 4 of 12 in HA membrane—treated rats).?! To
further assess the efficacy of Seprafilm bioresorbable
membrane (HA membrane) usage during serious
intra-abdominal sepsis, Tzianabos et al.’? recently
demonstrated in rats with peritonitis that there were
no differences in either mortality or abscess forma-
tion in animals treated with Seprafilm compared with
control animals. These data suggest that the use of
Seprafilm during serious intra-abdominal infection al-
ters neither the outcome of the disease process nor
the effects of antibiotic therapy. In a recently reported
clinical trial by Becker et al.!* in which HA membrane
was used in the absence of intra-abdominal sepsis, ab-
scesses only developed in 7 (7.7%) of 91 patients in
the HA membrane-treated group.

CONCLUSION

Although HA membrane has been shown to reduce
the incidence and severity of abdominal adhesions un-
der aseptic conditions, this study suggests that it is not
efficacious in preventing abdominal adhesions in the
presence of intra-abdominal peritonitis. Pooled analy-
ses of our data suggest a greater risk of abdominal ab-
scess formation (P <0.05) when HA membrane was
applied in the presence of peritonitis, suggesting that
the stimulus for adhesion formation can overcome the
antiadhesion properties of HA membrane when peri-
tonitis is present. Further studies are needed to de-
termine the precise relationship between the use of
HA membrane in the presence of peritonitis and ab-
scess formation.
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Role of Transforming Growth Factor Beta-1
in Peritonitis-Induced Adhesions
Ali M. Ghellai, M.D., Arthur F. Stucchi, Ph.D., Nasser Chegini, Ph.D., Chunfeng Ma, M.D.,

Christopher D. Andry, Ph.D., Jean M. Kaseta, James W. Burns, Ph.D., Kevin C. Skinner, V.M.D.,
Fames M. Becker; M.D.

Peritonitis is a major cause of intra-abdominal adhesion formation. The overexpression of transforming
growth factor beta-1 (TGF-B1), a potent mitogen, chemoattractant, and stimulant for collagen synthe-
sis by fibroblasts, has been linked to tissue fibrosis at various sites throughout the body including peri-
toneal adhesion formation. Hence we hypothesized that the mechanism(s) involved in peritonitis-in-
duced adhesion formation may be mediated through the upregulation of TGF-B1 expression. Peri-
tonitis was induced in rats by cecal ligation and puncture, while a control group underwent sham oper-
ation. Adhesions were scored and harvested from both groups at 0, 6 and 12 hours and at 1, 2, 4, 7, and
28 days. Tissue expression of TGF-B1 mRNA was determined by quantitative reverse transcription—
polymerase chain reaction and TGF-B1 protein was localized by immunohistochemical analysis. Serum
and peritoneal fluid TGF-B1 concentrations were quantified by enzyme-linked immunosorbent assay.
Compared with sham operation, peritonitis was associated with a significantly greater incidence of ab-
dominal adhesions and a significant increase in the levels of TGF-B1 mRNA expression at days 2, 4, and
7. Immunostaining intensity of TGF-B1 in adhesions from the peritonitis group also steadily rose
through day 7. In peritoneal fluid, the ratio of active:total TGF-B1 was significantly increased in the
peritonitis group on days 1, 2, and 4 compared with the sham group. These results suggest that peri-
tonitis is associated with the upregulation of TGF-B1, a mechanism that may exacerbate adhesion for-
mation. (J GASTROINTEST SURG 2000;4:316-323.)

Key worDps: TGF-B1, peritonitis, abdominal adhesions

Peritonitis is a major cause of intra-abdominal ad-
hesion formation. Peritoneal adhesions are not only
the leading cause of small bowel obstruction, but they
also lead to difficult reoperation and are a major
source of chronic abdominal pain and infertility in
women. Although tissue trauma induced during sur-
gical procedures is the single most common cause of
peritoneal adhesion formation, previous studies have
estimated that 18% to 20% of adhesions are caused
by pelvic inflammation.! A recent study has estimated
that the cost of medical treatment associated with ad-
hesion-related conditions exceeds 1.3 billion dollars
per year,” which has a substantial impact on health
care costs. Despite recent advances in adhesion pre-

vention,’ the pathogenesis of adhesion formation is
still imcompletely understood.

Although the cellular and biochemical responses to
peritoneal injury are originally intended to repair the
mesothelial surfaces, they can both initiate and exac-
erbate adhesion formation. Peritoneal ischemia and
intra-abdominal sepsis, both of which exacerbate in-
tra-abdominal adhesion formation, have also been as-
sociated with compromised peritoneal fibrinolytic ac-
tivity.* The fibrin exudate formed following tissue in-
jury not only provides the structural framework for
normal tissue repair,’ its prolonged existence due to
reduced fibrinolytic activity may facilitate the devel-
opment of adhesion formation.® The migration of
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proinflammatory cells into the peritoneal cavity in
concert with numerous growth factors secreted by
these cells results in the chemotactic attraction of fi-
broblasts into the region, which following their pro-
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lular matrix expression, further promotes the estab-
lishment of permanent adhesions.

Transforming growth factor beta-1 (TGF-B1), a
polypeptide cytokine with potent chemoattractant
and mitogenic activities for macrophages and fibro-
blasts, is capable of stimulating the expression of var-
ious extracellular matrix components by fibroblasts.
The overexpression of TGF-B1 has been implicated
in the pathogenesis of several fibrotic disorders at var-
ious sites throughout the body such as pulmonary fi-
brosis, glomerulonephritis, cirrhosis of the liver, and
skin scarring,”® as well as peritoneal adhesion forma-
tion.”* Further evidence implicating a pathogenic
role for the overexpression of TGF-B1 is derived
from experiments in which the cutaneous® or in-
traperitoneal'* application of neutralizing antibodies
directed against TGF-B1 decreased scar formation
at the site of dermal injury as well as intra-abdominal
adhesions.

Because TGF-B1 appears to play a pivotal role in
various fibrotic disorders including peritoneal adhe-
sion formation, we hypothesized that in the presence
of peritonitis, the expression of TGF-B1 is upregu-
lated and contributes to the increased incidence of ad-
hesion formation. This study investigates the role of
TGF-B1 in the formation of peritonitis-induced ad-
hesion formation.

MATERIAL AND METHODS

One hundred twenty female Sprague-Dawley rats
(250 to 350 g; Charles River Laboratory, Wilmington,
Mass.) were housed in groups of five and allowed to
acclimatize for approximately 5 days prior to surgery.
Throughout the experimental period, animals were
housed at a constant room temperature with 12-hour
light/dark cycles and allowed free access to water and
standard rat chow (Prolab 3000, PMI Feed, St. Louis,
Mo.). The study was approved by the Institutional An-
imal Care and Use Committee at the Genzyme Cor-
poration and the University of Florida Animal Care
Committee. All procedures were performed in accor-
dance with recommendations outlined in the “Guide-
lines for the Care and Use of Laboratory Animals”
(National Institutes of Health, NRC, 1996).

Experimental Design

Animals were randomly assigned to either the peri-
tonitis (n = 80) or the sham-operated (n = 40) group.
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Peritonitis was induced by cecal ligation and puncture
as described below.!® At 0, 6, and 12 hours, and at 1, 2,
4,7, and 28 days following the cecal ligation and punc-
ture, 10 animals from the peritonitis group and five
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thetized with a single intramuscular injection of keta-
mine (85 mg/kg) and xylazine (6 mg/kg). Phosphate-
buffered saline (1 ml) was injected intraperitoneally
followed by a gentle 1-minute abdominal massage af-
ter which peritoneal fluids were collected. Blood was
also collected and centrifuged, and both the serum
and peritoneal fluids were stored at —80° C for the
quantification of TGF-B1. After in situ scoring of ab-
dominal adhesions (see below), adhesions and intact
peritoneum were harvested and prepared for im-
munohistochemical studies.

Surgical Procedure

All surgical procedures in rats were performed by
the same surgeon (A.M.G.) assisted by the same sur-
gical technician. On day 0, rats were weighed and
anesthetized with a single intramuscular injection of
ketamine (85 mg/kg) and xylazine (6 mg/kg). The
ceca were externalized through a 3 to 5 cm midline
abdominal incision. In all rats, the ceca tips were
devascularized and ligated with 4-0 Dexon (Davis &
Geck, Wayne, N.J.). The cecum was punctured once
using an 18-gauge needle on the antimesenteric side,
in the same location in all animals as determined by a
standard measurement (1.5 cm) from the tip of the ce-
cum. The ceca were placed back into the abdomen
and the abdominal wall was closed in one layer with
3-0 Dexon (Davis & Geck). In the sham-operated
group, the cecum was externalized, manipulated only,
and returned to the abdomen.

Evaluation of Postoperative Adhesions

Total number and tenacity of abdominal adhesions
were scored in situ by a blinded observer. The total
number of adhesions was the number of all individu-
ally identifiable and dividable adhesions, whereas the
tenacity was based on the firmness of the attachment
of adhesions as described by Peck et al.’é (Table I).

Quantitative Reverse Transcription—-
Polymerase Chain Reaction

All procedures used for the isolation of total cellular
RINNA, quantitative reverse transcription—polymerase
chain reaction (RT-PCR), and construction of external
c¢DNA standard template for quantitative RT-PCR
have been previously described.!”.'® RT-PCR primers
were synthesized by the University of Florida Core
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Table I. Scale for scoring adhesion tenacity

Adhesion

tenacity Description
0 No adhesions
1 Filmy adhesions with easily identifiable plane
2 Mild adhesions with freely dissectable plane
3 Moderate adhesions with difficult dissectable

plane

4 Dense adhesions with nondissectable plane

DNA Synthesis Facility according to the protocol de-
scribed in detail by Dou et al.'” To determine the level
of TGF-B1 mRNA expression, total cellular RNA was
isolated from adhesions and intact peritoneum from
both the peritonitis and the sham-operated groups,
and subjected to quantitative RT-PCR as previously
described.!” Briefly, cDNA was synthesized in a series
of standard reactions, each containing 2 pg of total
RNA prepared from each sample and several dilutions
of competitive external cRNA standard (1 X 108 to
1 X 10° copies/pg of RNA).!7 The reactions were in-
cubated at 25° C for 10 minutes, 37° C for 60 minutes,
and 92° C for 5 minutes followed by the separation of
the PCR products on 2% agarose gels containing
ethidium bromide. The gels were photographed,
scanned, and quantified using NIH-Image (version
1.54).18 The ratio of the band intensities within each
lane was plotted against the copy number of added
standard template/reaction, and the quantity of the
target mRINAs was determined where the ratio of tem-
plate/target band intensities was equal to one and an-
alyzed by equations of best-fit lines. The final quan-
tity of the number of mRNA molecules (copies/cell)
was calculated as previously described.!”18

Immunolocalization of TGF-1

Adhesion and peritoneal tissues were fixed in
Bouin’s solution and embedded in paraffin. Tissue
sections (5 um thick) were prepared and immuno-
stained for TGF-B1 using TGF-B1 polyclonal anti-
body (Santa Cruz Biochemical, Santa Cruz, Calif.) as
described by Chegini et al.!? Control specimens in-
cluded tissue sections incubated with preabsorbed an-
tibody. The cellular distribution and differences in
immunostaining were qualitatively assessed by two

blinded investigators (A.M.G. and C.D.A.).

Enzyme-Linked Immunosorbent Assay
for TGF-B1

TGF-B1 content of peritoneal fluids and serum
was determined using enzyme-linked immunosorbent
assay kits specific for TGF-B1 (Promega Corp.,

Journal of
Gastrointestinal Surgery

16

LI T

T T M T
{ I Peritonitis Group

=
N
PR |

Number of Adhesions

0 6h 12h
Sham

Day 1

Day2 Day4 Day7 Day28

Fig. 1. Peritonitis-induced adhesion formation. All data are
expressed as mean * SEM (* = P <0.05 compared with time
0 and sham-operated animals).

Madison, Wis.). Peritoneal fluids and serum were as-
sayed before and after acid treatment, a procedure
that results in the activation of latent TGF-B1, allow-
ing for the quantification of active and total TGF-B1
as previously described.!2!3

Statistics

All data are expressed as mean * standard error of
the mean (SEM). Group differences were detected by
analysis of variance followed by a post hoc multiple
mean separation. A P value of less than 0.05 was con-
sidered significant.

RESULTS

A total of 80 rats underwent cecal ligation and
puncture, whereas 40 rats underwent sham operation.
Following cecal ligation and puncture, all rats pre-
sented with physical signs of intra-abdominal sepsis in-
cluding apathetic behavior, lethargy, reduced food and
water consumption, piloerection, ocular exudate, and
diarrhea. In animals that survived cecal ligation and
puncture (78 of 80), the acute symptoms resolved
within 3 to 5 days and at the time of sacrifice, the peri-
toneal cavity typically contained 1 to 2 ml of cloudy
fluid containing numerous enteric organisms such as
Escherichia coli, Proteus mivabilis, and Enterococci. There
were no deaths in the sham-operated group.

Adhesions

In the peritonitis group, diffuse abdominal adhe-
sions were observed as early as 6 hours and were sig-
nificantly increased (P <0.05) by day 1 compared ei-
ther with day 0 or the sham-operated animals (Fig. 1).
The number of identifiable adhesions remained signif-
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Fig. 2. Peritonitis-induced adhesion tenacity. All data are ex-
pressed as mean = SEM (* = P <0.05 compared with time 0
and sham-operated animals).
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Fig. 3. TGF-B1 mRNA levels (copies per cell) in peritonitis-in-
duced adhesions. All data are expressed as mean = SEM (* = P
<0.05 compared with time 0, 12 hours, day 1, and sham-operated
animals).

Table II. Active and total TGF-B1 levels in peritoneal fluid from sham-operated and peritonitis-induced animals

Sham group Peritonitis group

Time Active Total Active Total
0 0.48 = 0.08 1.23 = 0.35 0.48 = 0.08 1.23 = 0.35
12 hr 0.73 = 0.04 0.94 = 0.14 0.85 = 0.06 1.46 = 0.05
Day 1 0.63 = 0.03 1.17 = 0.17 0.93 £ 0.07 1.17 = 0.38
Day 2 0.82 = 0.06 2.45 = 0.25¢ 0.60 = 0.07 0.65 = 0.03
Day 4 0.85 = 0.09 1.96 = 0.44 1.25 = 0.54 1.13 = 0.18
Day 7 1.61 = 0.3* 2.23 = 0.48% 0.56 = 0.10 1.37 = 0.18

P value (analysis of variance) 0.0005 0.0004 0.08 0.06

Values are mean = SEM. n = 5 at each time point in the sham-operated group, whereas n = 10 at each time point in the peritonitis group.

*P <0.05 compared with all other time points within the group.
tP <0.05 compared with 12 hours and day 1 within the group.

icantly elevated through day 28 (see Fig. 1). Although
the cecum was the major site of adhesion involvement,
intra-abdominal adhesions to other abdominal organs
were noted. No adhesions were observed at time 0 or
in the sham-operated group. In addition to the in-
creased incidence of adhesions, peritonitis also signifi-
cantly increased (P <0.05) the tenacity (Fig. 2) of ab-
dominal adhesions by 12 hours compared with either
time 0 or the sham-operated animals. Adhesion tenac-
ity also remained significantly elevated through day 28.

Adhesion and Peritoneal TGF-31
mRNA Levels

The expression of TGF-B1 RNA in adhesions and
intact peritoneum harvested from the peritonitis and
sham groups is shown in Fig. 3. The results indicate
that following the induction of peritonitis on day 0, the
TGF-B1 mRNA levels were suppressed to undetec-
table levels through the day 1 (see Fig. 3). Subsequent-

ly, TGF-B1 mRNA levels significantly increased (P
<0.05) approximately 6-, 15-, and 3-fold compared
with dme 0 on days 2, 4, and 7, respectively. Compared
with the sham-operated group, TGF-B1 mRNA levels
in the peritonitis group increased approximately 6-, 9-,
and 3-fold on days 2, 4, and 7, respectively. TGF-1
levels in the intact peritoneum from the sham-operated
group remained unchanged through day 7 (see Fig. 3).

Peritoneal Fluid and Serum TGF-B1 Levels

In the sham-operated group, active TGF-B1 levels
in peritoneal fluids were unaffected until day 7, where
levels were significantly higher (P <0.05) compared
with all other time points (Table II). Total TGF-B1
levels in the sham-operated group rose significantly
(P <0.05) on day 2 compared to day 1, and remained
elevated until day 7. In contrast, in the peritonitis
group, there were no significant changes in peritoneal

fluid active or total TGF-B1 levels (see Table II).
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Fig. 4. Peritoneal fluid active:total TGF-B1 ratios. All data are
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the peritonitis group (* = P <0.05 compared with the sham
group at each time point; # = P <0.05 compared with 12 hours
and day 7 within the peritonitis group).
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Fig. 5. Serum active:total TGF-B1 ratios. All data are ex-
pressed as mean * SEM. n = 5 at each time point in the sham-
operated group, whereas n = 10 at each time point in the peri-
tonitis group (* = P <0.05 compared with the peritonitis group
at each dme poing; # = P <0.05 compared with 12 hours and
day 7 within the sham-operated group).
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Most mammalian cells release TGF-B1 as a high-
molecular-weight inactive or latent complex.!® Al-
though numerous mechanisms such as sepsis or low
pH have been shown to activate the latent com-
plex,? the amount of latent complex released as well
as the proportion subsequently activated can vary
greatly. Because only the bioactive TGF-B1 is able
to bind to TGF-B1 receptor to exert its biologic ef-
fect, the active:total ratio of TGF-B1 is perhaps a
better assessment of TGF-B1.2! Interestingly, the
results indicate that the active:total ratio of TGF-
B1 steadily and significantly (P <0.05) rose from
time 0 and remained significantly elevated com-
pared with sham-operated animals through day 4, at
which time it dropped precipitously (Fig. 4). These
data indicate that although total latent TGF-B1 lev-
els are not significantly changing (Table II), the por-
tion of the total that is activated is increasing during
peritonitis compared with the sham-operated group
(see Fig. 4).

In the sham-operated group, there were no signif-
icant differences in serum levels of active TGF-B1
(Table IIT). However, total serum TGF-B1 levels rose
significantly on day 7 compared with time 0, 12 hours,
and day 1. In the peritonitis group, both active and
total serum TGF-B1 levels were significantly elevated
(P <0.05) on day 7 compared with all other time
points within the group (see 'Table III). As shown in
Fig. 5, the active:total ratio of TGF-B1 in serum rose
significantly by day 1 in the sham-operated group and
remained significantly elevated compared with both
the sham group and time 0 through day 4, at which
time it dropped sharply.

Immunohistochemical Analysis

Adhesions obtained from the peritonitis group and
intact peritoneum from the sham-operated group all
contained immunoreactive T'GF-B1. Baseline stain-
ing was low in both the sham-operated and peritoni-

Table III. Active and total TGF-B1 levels in serum from sham-operated and peritonitis-induced animals

Sham group Peritonitis group
Time Active Total Active Total
0 1.7 £ 0.40 3.53 +0.54 1.7 = 0.40 3.53 x0.54
12 hr 1.57 = 0.04 2.88 = 0.08 2.41 = 0.09 5.14 = 0.69
Day 1 1.86 + 0.19 2.44 = 0.29 2.81 £0.27 523 +0.18
Day 2 3.82 = 0.60 4.64 = 0.47 2.96 = 0.55 550+ 1.17
Day 4 3.76 = 0.71 50=*1.17 2.23 = 0.30 5.76 = 0.68
Day 7 3.60 = 0.69 6.27 * 0.63* 5.76 £ 1.421 22.15 = 7.49%
P value (analysis of variance) 0.004 0.0016 0.005 0.0031

Values are mean = SEM. n = 5 at each time point in the sham-operated group, whereas n = 10 at each time point in the peritonitis group.

*P <0.05 compared with time 0, 12 hours, and 1 day within the group.

1P <0.05 compared with all other time points within the group.
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Fig. 6. Immunohistochemical localization of TGF-B1 in adhesion tissues and omentum. The im-
munoreactive TGF-B1 protein is present primarily in inflammatory cells, especially macrophages. Rep-
resentative tissue and omentum sections are from days 0, 1, 2, 4, and 7 in peritonitis-induced animals and
from day 7 in a sham-operated control rat. A representative tissue section from an experimental animal
on day 0 prior to the induction of peritonitis showing minimal TGF-B1 staining in the omentum (A).
Sham-operated animals on day 0 were similar in appearance and showed little immunoreactive TGF-$1
(not shown). TGF-B1 staining in abdominal adhesions and omentum from the peritonitis group was
similarly low on day 1 (B). TGF-B1 staining became more steadily abundant, in concert with rising
TGF-B1 mRNA levels by days 2 (C) and 4 (D). Even though TGF-B1 mRNA levels dropped after day
4, TGF-B1 staining intensity increased substantally on day 7 (E), suggesting that the express protein
persists after the message has been reduced. There was minimal TGF-B1 staining in peritoneal tissues
and omentum from sham-operated animals at all time points. A representative section of omentum from
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a sham-operated animal is shown in F. (Original magnification X150.)

tis groups on day 0 (Fig. 6, A). In the peritonitis group
(Fig. 6, B to E), the intensity of TGF-B1 immuno-
staining was substantially increased on day 4 (Fig. 6,
D) and day 7 (Fig. 6, E) compared with day 1 (Fig. 6,
B) and day 2 (Fig. 6, C), with inflammatory cells, es-
pecially macrophages, as the major site of TGF-B1
immunoreactivity. The intensity of TGF-B1 im-
munoreactivity appears to correspond with the up-
regulation of TGF-B1 mRINA expression (see Fig. 3).
There was no significant immunostaining of TGF-B1
in tissues obtained from the sham-operated group at
any time point, and a representative tissue section of
omentum from a sham-operated animal on day 7 is
shown in Fig. 6, F In control rats, sections incubated
with deletion of the primary antibody, or with preab-
sorbed antibody, resulted in substantial reduction in
immunostaining (not shown).

DISCUSSION

Peritonitis or intra-abdominal sepsis is associated
with numerous potentially serious and even life-
threatening complications. Among these are the de-
velopment of significant peritoneal adhesions, fibro-
sis, and abscess formation. In this study, in which a
common rat model was used to induce generalized

peritonitis, we demonstrated a significant increase in
both the number (see Fig. 1) and tenacity (see Fig. 2)
of intra-abdominal adhesions. Most surgically associ-
ated peritonitis is secondary to bacterial contamina-
tion from the gastrointestinal tract, and the resulting
polymicrobial contamination leads to peritoneal insu-
dation of numerous inflammatory cells. The subse-
quent release of chemotactic, mitogenic, and proin-
flammatory mediators that accompany the ensuing in-
flammatory response adversely affects the fibrinolytic
system, which impairs normal wound healing and fa-
cilitates abdominal adhesion formation.??

Among these substances, TGF-B1 has been shown
to induce fibrotic disorders at various sites throughout
the body because of its overexpression. Our results in-
dicate that peritonitis is also associated with the up-
regulation of TGF-B1 mRNA and protein, which
may contribute to the increased incidence of peri-
toneal adhesion formation. Although our results in-
dicate that there was a decline in TGF-B1 mRINA
expression during the early stages of peritonitis (see
Fig. 3), TGF-B1 mRNA expression subsequently in-
creased (P <0.05) on days 2, 4, and 7 compared with
both baseline values and those in the sham-operated
group. The reason for the initial decline in TGF-$1
mRNA expression up to day 1 is unknown.
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TGF-B1 is a potent chemotactic agent for fibro-
blasts and inflammatory cells such as macrophages.
TGF-B1 is one of five structurally related TGF-B
isoforms and constitutes more than 85% of the total
TGF-B in wound fluid.?* As mentioned previously,
TGF-B1 is synthesized and secreted as a high-molec-
ular-weight biologically inactive or latent complex
that readily associates with extracellular matrix or cell
membranes. The latent TGF-B1 provides a reservoir
for the peptide that can be activated by acid, heat, or
enzymatically by sialidases and serine proteases, which
are secreted by inflammatory cells that infiltrate
ischemic, septic, or injured tissues.®?! Although nu-
merous mechanisms including sepsis have been shown
to facilitate activation of the latent complex, the
amount of latent TGF-B1 released as well as the pro-
portion subsequently activated can vary greatly. Only
bioactive T'GF-81 is able to bind to the TGF-B1 re-
ceptor to exert biologic effects such as promoting an-
giogenesis, cell proliferation, and differentiation, as
well as to stimulating the synthesis and deposition of
extracellular matrix.3!° Dysregulation of the balance
between the active and latent forms of TGF-B1 could
result in excessive activity as has recently been de-
scribed for human scar and hypertrophic scar fibro-
blasts.?* Hence the active:total ratio of TGF-B1 is
perhaps a better assessment of the bioactivity of TGF-
B1. Although the levels of total or active TGF-g1
protein in the peritoneal fluid were not significantly
altered during peritonitis (see Table II), the active:to-
tal ratio increased significantly up to day 4 following
the induction of peritonitis (see Fig. 4), suggesting
that the portion of the total latent TGF-B1 that is ac-
tivated is increasing during peritonitis compared with
the sham-operated group. The increased influx of in-
flammatory cells during this period may explain both
the increased amounts of TGF-B1 mRNA observed
during peritonitis as well as the increased expression
of TGF-BI protein through day 7 as demonstrated
immunohistochemically. The increased influx of in-
flammatory cells may also represent the source of en-
zymatic activation of latent TGF-B1. Latent TGF-1
has a considerably longer plasma half-life in vivo com-
pared with active TGF-B1, which may explain the in-
crease in serum levels of total TGF-B1 as well as the
reduction in the active:total ratio in the peritonitis
group compared with the sham-operated group. We
have previously demonstrated that the peritoneal fluid
levels of total and active TGF-B1 significantly in-
creased during the first week after injury in surgically
induced peritoneal injury in mice'? as well as in pa-
tients with adhesions.!3

Peritonitis is associated with persistent TGF-B1
expression in humans, which may cause persistent
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TGF-B1 mRNA expression,? especially since TGF-
B1 can upregulate its own expression.!! In fact, the
message for TGF-B1 may persist long after the initi-
ating peritoneal stimulus has subsided resulting in a
sustained expression of TGF-B1. Furthermore, it has
been shown that the formation of intra-abdominal ad-
hesions is inhibited by antibodies to TGF-B1 provid-
ing further evidence implicating TGF-B1 solely in
the initiation of intra-abdominal adhesion forma-
tion.!* More recent evidence has also demonstrated
increased levels of talc-induced adhesions in mice het-
erozygous for the TGF-B1 null allele (+/—) com-
pared with wild type (+/+), suggesting that TGF-g1
plays a key role in regulating the extent of adhesion
formation even under aseptic conditions.?6 In the
present study, we have demonstrated that peritonitis is
associated with a 15-fold increase in the expression of
TGF-B1 mRNA in adhesions by day 4 compared to
time 0 and sham-operated control values, respectively.
The excessive production of TGF-B1, especially to
this magnitude, can substantially increase the amount
of intracellular and matrix-associated plasminogen ac-
tivator inhibitor-1, even in vitro, which can impair
normal peritoneal healing and promote matrix depo-
sition and intra-abdominal adhesion formation.?’

Although transcriptional regulation of TGF-B1
plays a key role in the synthesis of TGF-B1 protein,
perhaps of more biologic relevance is the regulation
of TGF-B1 protein activity. As mentioned earlier, this
process involves principally the activation of latent
forms of TGF-B1, which are secreted from cells, re-
leased from platelets, and sequestered by extracellu-
lar matrix.?® TGF-B1 can associate with a variety of
matrix proteins including biglycan, decorin, type IV
collagen, fibronectin, and thrombospondin and form
both covalent and noncovalent complexes with a,-
macroglobulin.?’ Mechanisms of activation include
proteolytic activation, low pH, and binding to throm-
bospondin.?%3® Thus the proteolytic environment
characteristic of the early stages of wound healing or
sepsis may potentiate the release and activation of
TGF-B1 from its stores in pericellular matrix prior to
transcriptional activation of the TGF-B1 gene.’!

Immunohistochemically, TGF-B1 has also been lo-
calized in humans in postoperative fibrous adhesions
induced under aseptic conditions.!® Our immunohis-
tochemical studies have demonstrated that most cell
types, particularly the inflammatory cells infiltrated
into the peritonitis-induced adhesions, contained im-
munoreactive TGF-B1 (see Fig. 6). The intensity of
TGF-B1 immunostaining substantally increased on
days 4 and 7 compared with days 1 and 2, and appears
to correspond with the upregulation of TGF-B1
mRNA expression.



Vol. 4, No. 3
2000

CONCLUSION

Peritonitis is a serious and potentially life-threat-

ening event. The pathogenic events that accompany
the acute inflammatory response are well character-
ized and appear to be mediated primarily by TGF-B1.
Regulating the release of TGF-B1 from invading in-
flammatory cells, preventing the subsequent activa-
tion of TGF-B1, or neutralizing active TGF-B1 may
represent viable alternatives that may minimize the
pathogenic sequelae following peritonitis including
the formation of intra-abdominal adhesions.
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Hospital Procedure Volume and Teaching Status Do
Not Influence Treatment and Qutcome Measures of
Rectal Cancer Surgery in a Large General Population
Marko Simunovic, M.D., Teresa 1o, Ph.D., Nancy Baxter, M.D., Andrew Balshem, B.A.,

Eric Ross, Pb.D., Zane Coben, M.D., Robin McLeod, M.D., Paul Engstrom, M.D.,
Elin Sigurdson, M.D.

A clear benefit of increased hospital procedure volume or teaching hospital status on outcomes of rectal
cancer surgery has yet to be shown. Few have examined treatment differences that may lead to varying
outcomes. This study assessed the impact of hospital procedure volume and teaching status on both treat-
ment and outcome measures of rectal cancer surgery in a large general population. Data were obtained
for 1072 incident cases of rectal adenocarcinoma diagnosed in 1990 from Ontario, Canada, and treated
with a major resection. Hospitals were classified by teaching status and procedure volume. Pathology re-
ports were examined for 418 procedures. Abdominoperineal resections accounted for 31.0% of all pro-
cedures. There were no clinically significant differences in treatment measures, operative mortality, and
long-term survival among the hospital groups according to both univariate and multivariate analyses. In
conclusion, the absence of a hospital volume or teaching status effect on treatment and outcome measures
suggests that for rectal cancer surgery in Ontario, centralization of procedures into high-volume or teach-
ing centers is unlikely to improve surgical quality. (J GASTROINTEST SURG 2000;4:324-330.)

KEY WORDS: Rectal neoplasm, outcomes, database

Hospitals with higher vs. lower procedure volumes
or hospitals with teaching vs. nonteaching status may
have improved surgical outcomes. When better out-
comes for oncologic procedures appear related to
greater volume or teaching hospital status, clinicians
and researchers have suggested particular operations
be restricted to high-volume or teaching centers.!
Such a policy response may result in the transfer of
patients to high-volume centers with poor outcomes
where their poor results are hidden by the superior
results of other high-volume centers. In addition, in a
large population, a lack of correlation between out-
comes and gross hospital descriptors may lead to
quality complacency, despite inferior outcomes in spe-
cific hospitals. More important, descriptors such as
hospital teaching status or procedure volume shed
little light on the actual treatment differences leading
to improved outcomes.

A clear benefit has yet to be shown for increased
volume or teaching status in terms of outcomes of
rectal cancer surgery.”"* This study examined these
relationships in Ontario, Canada—something that
had not been done previously in a large general pop-
ulation. We created treatment measures to look for
actual treatment differences among hospital groups in
Ontario, and considered the potential role of treat-
ment and outcome measures in quality initiatives.

METHODS
Data Source and Inclusion Criteria

The Ontario Cancer Registry collects data on all
cancer cases in the province of Ontario, Canada (pop-
ulation 10.2 million). Relevant variables were ab-
stracted from the Registry including patient age, sex,
comorbidity, discharge status (alive or dead), long-

From the Fox Chase Cancer Center Outcomes Group, Philadelphia, Pa. (M.S., A.B., E.R., PE., and E.S.), the Institute for Clinical Eval-
uative Sciences, Toronto, (M.S. and T.T.), and the University of Toronto, Mount Sinai Hospital, Toronto, Ontario, Canada (N.B., Z.C.,

and RM.L.).

Presented at the Thirty-Ninth Annual Meeting of The Society for Surgery of the Alimentary Tract, New Orleans, La., May 17-20, 1998.
Reprint requests: Marko Simunovic, M.D., Department of Surgical Oncology, Fox Chase Cancer Center, 7701 Burholme Ave., Philadel-

phia, PA 19111. e-mail: m_simunovic@fccc.edu

324



Vol. 4, No. 3
2000

term survival (alive, dead, or lost to follow-up), and
hospital affiliation (teaching or nonteaching institu-
tion). We defined a major resection for rectal cancer
as abdominoperineal resection (APR) or low anterior
resection (LAR), if linked to a diagnosis of colon or
rectal cancer (Canadian Classification of Diagnostic,
Therapeutic and Surgical Procedures [CCP] codes
604 or 605, respectively,!? linked to International
Classification of Diseases, Clinical Modification
Ninth Revision (ICD-9) diagnosis codes 153 or 154,
respectively'®). The inclusion of colon cancer if linked
to a rectal procedure ensured the capture of high rec-
tal lesions.

All incident cases of colorectal cancer diagnosed in
calendar year 1990 were selected for analysis if they
satisfied the preceding link, had no other cancer di-
agnosis, had histologic findings consistent with ade-
nocarcinoma, underwent resection within 60 days of
diagnosis, and if the patient was 20 years of age or
more. Year 1990 was chosen because survival data
were available only into year 1996. The 60-day win-
dow was designed to examine the usual standard of
care in the province—there were only 54 major re-
sections past our 60-day window. The administrative
database lacked details on the presence of metastatic
disease, use of adjuvant therapy, incidence of local
tumor recurrence, and cancer-related mortality.

Pathology Reports

We reviewed pathology reports for 418 of our 1072
cases—resource limitations precluded the examina-
tion of all reports. An attempt was made to examine
every APR report since we were interested in sphinc-
ter preservation as a treatment measure. Close exam-
ination of 344 of a potential 352 APR reports indi-
cated that 20 cases were procedure LAR for a false
APR rate of 5.8%. Appropriate coding adjustments
were made resulting in the review of 324 APRs and
94 LARs; the original 74 LAR reports were selected
using a random sample process. Tumor variables ab-
stracted included size, grade, depth of wall invasion,
margin status, lymph node status, number of lymph
nodes reported, and distance between the tumor edge
and distal resection margin.

Treatment and Outcome Measures

Treatment measures examined included number of
sphincter-removing procedures (APR rate), number
of lymph nodes assessed, anal verge—tumor distance
(for APRs), and distal margin—tumor distance (for
LARs). These measures considered two important as-
pects of rectal cancer surgery—sphincter preservation
and an adequate oncologic resection. Provision of an
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APR, and thus loss of the anal sphincter, is ostensibly
a function of tumor distance from the anal verge;
tumors located 5 cm or more from the verge usually
can be removed and the proximal bowel reanasto-
mosed to the distal rectum or anal canal.!® Also, work
done prior to 1990 by various investigators supports
the need for thorough dissection of the mesorec-
tum—the lymph node-bearing portion of the rec-
tum—and a minimal 2 cm distal resection margin.!6-2
Outcomes chosed included operative mortality and
long-term overall survival. Operative mortality was
any in-hospital death during the index admission and
was not limited to 30 days. (The database used is
highly accurate and complete when coding operative
mortality and long-term survival.?!)

Analysis

The database did not include surgeon-specific data,
and analyses were limited to the hospital level. Prior
to assessing them for treatment or outcome differ-
ences, individual hospitals were placed into low-
volume (11 or less), medium-volume (12 to 17)—, or
high-volume (18 or more) groups based on the num-
ber of major resections performed during the study
period, and into teaching (i.e., involved with the train-
ing of physicians) or nonteaching institutions. Volume
cutoffs created three evenly sized groups; this com-
bined the need for statistical stability and clinical
relevance. Where appropriate, chi-square, Kruskal-
Wallis, or Wilcoxon two-sample testing measured for
differences among the groups in patient and tumor
variables and in treatment and outcome measures.

Logistic regression models analyzed operative
mortality, whereas proportional hazards models as-
sessed long-term survival. All models included the ex-
planatory variables of hospital volume, hospital teach-
ing status, and patient age, sex, and comorbidity score.
The Deyo et al.?2 validated modification of a comor-
bidity index for the ICD-9-CM database was used to
define comorbidity. Radiotherapy services in Ontario
are centrally controlled and delivered at one of only
nine regional cancer centers. Therefore registration
at a regional cancer center within 120 days of diagno-
sis was considered a proxy of advanced disease and in-
cluded in the survival models. Twenty-three cases reg-
istered at a regional cancer center prior to surgery
were excluded—possible very advanced tumors treated
with neoadjuvant therapy. A separate survival model
for the 418 cases with reviewed pathology also incor-
porated nodal status and depth of wall invasion.

A number of sensitivity analyses for our regression
models tested the robustness of our results. First, vol-
ume cutoffs were varied by one to three procedures
in all directions.?? In addition, we created very low—
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and very high-volume groups. For example, desig-
nating low- and high-volume cutoffs of five or less
and 28 or more produced low- and high-volume
groups encompassing 12.8% and 11.6% of all cases,
respectively. We also wished to ensure that results for
1990 were not statistical aberrations vs. other years.
Therefore data for years 1988 and 1991 were com-
bined and used to construct regression models as
above. Pathology reports were not available for these
years.

RESULTS

There were 1072 incident cases of rectal cancer di-
agnosed in 1990 and treated with a major resection.
APRs accounted for 332 or 31.0% of all resections.
Fourteen high-volume and 86 low-volume hospitals
provided 32.0% and 36.8% of procedures, respec-
tively (Table I), whereas 26.3% of resections were
done in 20 teaching hospitals (Table II). Age, comor-
bidity, sex, and tumor variables were evenly distrib-
uted among the volume and teaching groups (see
Table I and II). The operative mortality rate for the
province was 4.3%. For the 418 procedures with re-
viewed pathology, the average number of nodes re-
ported was 6.3, the average distal margin—tumor dis-
tance was 3.2 cm (procedure LAR), and the average
anal verge—tumor distance was 5.2 cm (procedure
APR). In 75.1% of cases, tumors were node positive,

Table I. Characteristics by volume group
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invading through the bowel wall, or both. Tumor
variables were evenly distributed by age and sex (data
not shown). For example, for ages 20 to 59, 60 to 69,
and 70 or older, the percentages of node-positive
patients were 42.3%, 37.6%, and 45.2%, respectively
(P = 0.4), whereas the percentages of full wall pene-
tration were 67.6%, 63.1%, and 72.7% (P = 0.2), re-
spectively. Postoperatively, 32.6% of all patients were
registered at a regional cancer center for considera-
tion of adjuvant therapy.

There were no significant differences in operative
mortality rates and treatment measures among
the volume groups (Table III). As shown in Table IV,
operative mortality and average number of nodes
reported were higher in teaching vs. nonteaching
hospitals—6.4% vs. 3.5% (P = 0.04) and 7.1 vs. 5.9
(P = 0.01), respectively.

Hospital volume and teaching status did not sig-
nificantly influence operative mortality when models
controlled for patient age, sex, comorbidity, and pro-
cedure type (Table V). Long-term survival was worse
for cases treated in low-volume vs. high-volume hos-
pitals (risk ratio [RR] = 1.2, confidence interval [CI]
= 1.0 to 1.5, P = 0.04) (Table VI). Hospital teaching
status did not influence long-term survival (RR = 1.0,
CI = 0.8 to 1.2, P = 0.7). With the inclusion of tumor
variables, the greater risk of death in low-volume
vs. high-volume institutions became nonsignificant

(RR=14,CI = 1.0 to 1.9, P = 0.08) ('Table VII). As

Low (=11) Medium (12-17)  High (=18) Pvalue

For 1072 major resections
No. of cases 394 (36.8%) 335 (31.3%) 343 (32.0%) NA
No. of hospitals 86 24 14 NA
Age

20-59 yr 23.4% 25.1% 31.5% 0.13

60-69 yr 34.5% 35.2% 30.6%

=70 yr 42.1% 39.7% 37.9%
Comorbidity score

0 82.7% 86.0% 85.4% 0.65

1 13.5% 11.1% 10.5%

=2 3.8% 3.0% 4.1%
Female sex 35.5% 37.0% 382% 0.76
For 418 resections
with pathology available
No. of cases 163 124 131 NA
Node positive 62 (38.0%) 49 (39.5%) 64 (48.9%) 0.14
Full wall invasion 109 (66.9%) 85 (68.6%) 90 (68.7%) 0.93
Moderately differentiated 88 (53.4%) 77 (62.1%) 66 (50.4%) 0.16
Ulcerating morphology 105 (64.4%) 80 (65.0%) 92 (70.2%) 0.54
Vascular/lymphatic invasion 28 (17.2%) 13 (10.5%) 15 (11.5%) 0.19

NA = not applicable.
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Table II. Characteristics by teaching group

Teaching Nonteaching P value

For 1072 major resections
No. of cases 282 26.3%) 790 (73.7%) NA
No. of hospitals 20 104 NA
Age

20-59 yr 28.4% 25.8% 0.37

60-69 yr 35.1% 32.9%

=70 yr 36.5% 41.3%
Comorbidity score

0 81.2% 85.8% 0.11

1 13.5% 11.2%

=2 5.3% 3.1%
Female sex 37.2% 36.7% 0.86
For 418 resections
with pathology available
No. of cases 105 313 NA
Node positive 40 (38.1%) 135 (43.1%) 0.37
Full wall invasion 69 (65.7%) 215 (68.7%) 0.57
Moderate differentation 64 (61.0%) 167 (53.4%) 0.18
Ulcerating morphology 70 (66.7%) 207 (66.4%) 0.95
Vascular/lymphatic invasion 13 (12.4%) 43 (13.7%) 0.72

NA = not applicable.

Table II. Operative mortality and treatment measures by volume group

Low (=11) Medium (12-17) High (=18) P value
Operative mortality 16 (4.1%) 12 (3.6%) 18 (5.3%) 0.54
Procedure APR 138 (35.0%) 93 (28.0%) 101 (30.4%) 0.08
Average ATD (cm) 5.1 5.2 5.1 0.68
Average DMTD (cm) 3.3 3.2 3.2 0.97
Average NON 6.2 6.1 6.5 0.56

APR = abdominoperineal resection; ATD = anal verge—tumor distance for 324 APRs; DMTD = distal margin—tumor distance for 94 low ante-
rior resections; NON = number of nodes.

Table IV. Operative mortality and treatment measures by teaching group

Teaching Nonteaching P value
Operative mortality 18 (6.4%) 28 (3.5%) 0.04
Procedure APR 85 (30.1%) 247 31.3%) 0.73
Average ATD (cm) 5.0 5.2 0.47
Average DMTD (cm) 3.5 3.2 0.59
Average NON 7.1 5.9 0.01

APR = abdominoperineal resection; ATD = anal verge-tumor distance for 324 APRs; DMTD = distal margin—tumor distance for 94 low ante-
rior resections; NON = number of nodes.



Table V. Logistic regression for operative mortality for 1072 major resections

Likelihood of death: 95% Confidence

Explanatory variable* Odds ratio interval P value
Volume (procedures/yr)

Medium (12-17) 0.9 0.4-2.0 0.90

Low (=11) 0.9 0.4-1.9 0.71
Teaching 1.7 0.8-3.3 0.16
Male sex 1.7 0.9-3.7 0.13
Age

60-69 yr 1.7 0.5-8.0 0.42

=70 yr 5.7 1.9-24.2 <0.01
Comorbidity score

1 3.4 1.7-6.6 <0.01

=2 6.5 1.4-31.4 0.02
Procedure APR 0.3 0.1-0.7 0.02

APR = abdominoperineal resection.
*Reference comparisons are high volume (=18 procedures/yr), nonteaching status, female sex, age 20 to 59 years, comorbidity score 0, and pro-
cedure low anterior resection.

Table VI. Proportional hazards for long-term risk of death for 1072 major resections

Likelihood of failure: 95% Confidence

Explanatory variable* Risk ratio interval P value
Volume (procedures/yr)

Medium (12-17) 1.1 0.9-1.4 0.38

Low (=11) 1.2 1.0-1.5 0.04
Teaching 1.0 0.8-1.2 0.71
Male sex 1.0 0.9-1.2 0.66
Age

60-69 yr 1.2 1.0-1.5 0.08

=70yr 1.9 1.5-2.4 <0.01
Comorbidity score

1 1.4 1.2-1.8 <0.01

=2 2.6 1.4-5.1 <0.01
Referral to RCC 1.1 0.9-1.3 0.35
Procedure APR 1.0 0.8-1.1 0.66

RCC = regional cancer center; APR = abdominoperineal resection; LAR = low anterior resection.
*Reference comparisons are high volume (=18 procedures/yr), nonteaching status, female sex, age 20 to 59 years, comorbidity score 0, nonrefer-
ral, and procedure LAR.

Table VIL Proportional hazards for long-term risk of death for 418 resections with pathology available

Likelihood of failure: 95% Confidence
Explanatory variable* Risk ratio interval P value

Volume (procedures/yr)

Medium (12-17) 1.1 0.7-1.5 0.76

Low (<11) 1.4 1.0-1.9 0.08
Teaching 1.3 0.9-1.8 0.20
Male sex 1.1 0.8-1.4 0.63
Age

60-69 yr 1.0 0.7-1.5 0.86

=70 yr 1.5 1.1-2.1 0.02
Comorbidity score

1 1.4 1.0-2.0 0.06

=2 3.1 0.7-13.5 0.14
Full wall invasion 1.9 1.4-2.7 <0.01
Positive nodes 2.2 1.7-2.9 <0.01
Referral to RCC 0.7 0.5-1.0 0.03
Procedure APR 0.9 0.7-1.3 0.55

Abbreviations as in Table V1.

*Reference comparisons are high volume (=18 procedures/yr), nonteaching status, female sex, age 20 to 59 years, comorbidity score 0, partial wall
invasion, negative nodes, nonreferral, and procedure LAR.
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expected, positive nodal status (RR = 2.2, CI = 1.7
to 2.9, P <0.01) and full wall invasion (RR = 1.9,
CI = 1.41t02.7, P<0.01) were associated with worse
survival.

Sensitivity analyses for regression models showed
our results to be robust. Varying volume cutoffs by
one to three procedures in all directions or even cre-
ating extreme volume groups mattered little. For ex-
ample, in the low-volume vs. high-volume group,
when cutoffs were designated as five or less and 28 or
more, the likelihood of operative mortality (operative
risk (OR) = 0.6, CI = 0.1 to 2.6, P = (.5) and long-
term survival (RR = 1.5, CI = 1.0 to 2.1, P = 0.04)
varied minimally. When data for 1988 and 1991 were
combined, long-term survival risk ratios for the low-
and medium-volume groups in comparison to the
high-volume group were 1.0 (CI = 0.8 to 1.1, P = 0.8)
and 1.0 (CI = 0.8 to 1.1, P = 0.5), respectively (data
not shown).

DISCUSSION

In 1990, for the province of Ontario, hospital
volume and teaching status did not influence our se-
lected treatment measures. Among the groups, resec-
tion margin—tumor distances and average number of
nodes reported were almost identical. In the teaching
hospitals, an average 1.2 more nodes were removed
(P = 0.01), but this likely is of little clinical impor-
tance. In addition, hospital volume and teaching sta-
tus did not have a major impact on our outcome mea-
sures of operative mortality and long-term survival.
Patients treated in low-volume hospitals did have a
slightly greater risk of long-term death (RR = 1.2,
CI = 1.0 to 1.5, P = 0.04). However, when tumor
variables were included in the 1990 model, this in-
creased risk became nonsignificant and risk ratios for
combined 1988 and 1991 data were also nonsignifi-
cant. Overall, for rectal cancer surgery in Ontario, our
measures suggest a uniform standard of treatment and
outcomes among hospitals when hospitals are defined
by procedure volume or teaching status.

Our results concur with European outcomes stud-
ies analyzing rectal cancer surgery.”!? In these studies,
marked variation in outcomes were noted at the sur-
geon or hospital level, but improved outcomes were
not seen with increased procedure volume or consis-
tently with teaching hospital status. In contrast, two
recent North American studies found better survival
and lower rates of local recurrence with increased vol-
umes of surgery.”® However, the data were from geo-
graphically limited jurisdictions, and in both instances
a single volume cutoff was used precluding the obser-
vation of a trend effect for volume.
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As with most outcomes research, the above-cited
studies made minimal attempts to discern actual treat-
ment differences among defined groups. We exam-
ined three measures of treatment—number of nodes
reported, resection margin—tumor distance and APR
rate. These measures were selected as reflections of
two important, and potentially competing, aspects
of rectal cancer surgery—sphincter preservation and
an adequate oncologic resection.

Our provincial rate of sphincter resection was
31.0%. This is well above rates nearer 10% seen in
expert series.!®181° The average anal verge—tumor
distance was 5.2 cm for APR specimens, indicating
that a fair number of these procedures were done for
tumors 5.0 cm or more from the anal verge; the sur-
gical literature typically concludes that tumors at or
above 5 cm can be resected with sphincter preserva-
tion.!® Some investigators conclude that thorough
dissection of the mesorectum is critical to decrease
local recurrence and improve survival.1®-20 Our mea-
sure of 6.3 nodes reported on average is lower than
the usual number of 15 to 20 nodes obtained during
total mesorectal excision (Enker W, Personal com-
munication, 1999). The lower number of nodes may
indicate an inadequate resection or an inadequate as-
sessment by the pathologist.**

The ultimate purpose of outcomes research is to
improve the quality of care delivered in a health care
system. Correlation between outcomes and procedure
volume has important policy implications. For exam-
ple, in pancreatic cancer surgery, the finding of im-
proved outcomes with increased hospital volume has
led clinicians and researchers to call for the central-
ization of procedures into high-volume centers—a
marked shift in practice over traditional referral pat-
terns.'"* The results of this study, taken together with
work from Europe, suggests that centralization of rec-
tal surgery into high-volume or teaching hospitals
may not improve treatment or outcome measures.”!2

The lack of correlation between our hospital char-
acteristics and measures should not lead to quality
complacency. In Ontario, as in Europe, there are
likely individual institutions or surgeons with either
markedly superior or inferior outcomes. It would be
advantageous to emulate practices of the former
and support quality initiatives for the latter. Compar-
isons of our measures among individual surgeons,
hospitals, regions, or isolated expert centers could af-
ford insights into standards of care, incentive for fur-
ther inquiry, or actual changes in surgical practice.
Currently there are no ideal standards for these and
other measures and research is needed in this area.

Our study lacked data on the presence of metasta-
tic disease, use of adjuvant therapy, incidence of local
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tumor recurrence, and cancer-related mortality be-
cause of the limitations of the database used. Among
our hospital groups, the distribution of available pa-
tient and the tumor variables were remarkably similar.
Thus it is likely that the distribution of distant
metastatic disease would also be similar. Since our
models included registration at a regional cancer cen-
ter, where all radiotherapy in the province is adminis-
tered, additional data on actual treatment, although
ideal, is unlikely to change our results. Therefore we
are satisfied that our regression models provided an
accurate evaluation of relationships between the spec-
ified hospital descriptors and our treatment and out-
come measures. However, chart-based research is
needed in Ontario to assess the outcomes of local re-
currence and cancer-specific survival.

CONCLUSION

For patients undergoing major resection for rectal
cancer in the province of Ontario, treatment and out-
come measures were not influenced by hospital pro-
cedure volume or hospital teaching status. Central-
ization of procedures into high-volume or teaching
centers is unlikely to improve outcomes or overall
quality; hospital or surgeon specific initiatives may be
necessary. Our treatment and outcome measures may
be practical and useful tools for the assessment of
quality in rectal cancer surgery.

We thank Darlene Dale and Gordon Febringer for assistance and
advice with data abstraction from the Ontario Cancer Registry, and
for obtaining pathology reports from across the province. We thank
Dy. Warren Enker for reviewing the manuscript.
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