
Editorial 

Surgical Treatment of Inguinal Hernia, 1997 
Robert E. Condon, M.D., M.S. 

Repair of a hernia is an exercise in applied anatomy. 
The essential principle is to close the defect without 
tension. Tension leads to pain following hernia repair 
and sets the stage for subsequent disruption and re- 
currence. Thus, during the conduct of each repair an 
intraoperative decision needs to be made as to 
whether the defect can be closed by suture without 
inducing tension or, alternatively, a prosthesis needs 
to be inserted to bridge the gap. 

Hernia repair is one of the most frequent opera- 
tions performed by general surgeons. More than half 
a million groin hernias are repaired in the United 
States annually. Nearly every surgeon views himself 
as an expert in hernia repair. But if expertise were so 
abundant, the rate of recurrence would certainly be 
less. Frustration with the continuing problem of re- 
currence has led to employment of alternative tech- 
niques of operative management, each touted to re- 
duce the risk of recurrence. 

Some surgeons have turned to routine rather than 
selective use of darning techniques and insertion of 
mesh devices. But, rote adherence to a single method 
of repair, a "one size fits all" approach, does not al- 
ways result in an optimal repair since the anatomic 
situation in each individual patient varies sufficiently 
that a specific judgment is needed to choose the best 
technique of repair. The applicable techniques and 
principles of successful hernia repair are well known 
and can be taught. The fact that problems continue 
indicates that surgical educators have not done their 
job. Teaching of groin hernia repair is currently the 
greatest pedagogical failure in surgical education. 

The major problem is that anatomic descriptions 
and concepts as usually taught to surgical residents 
continue to disseminate error. My hypothesis about 
the sociopolitical genesis of this situation has been de- 
scribed elsewhere. 1 For this editorial, I reviewed the 
current edition of a major American textbook of 

surgery and found three errors of conception and a 
dozen errors of description in the discussion of groin 
anatomy. Since hernia repair is an anatomic exercise, 
accurate knowledge is essential to success. We need 
to stop publishing anatomic disinformation. I believe 
every general surgeon would benefit from undertak- 
ing a number of dissections of unenbalmed material 
in order personally to discover authentic structure. I 
contend that the resultant increase in expertise would 
diminish the tendency to uncritical adoption of the 
latest technical variation reported in the literature. It 
would also break the cycle of disinformation in surgi- 
cal education. 

During the last decade, laparoscopic repair of groin 
hernia has become accepted largely because of the en- 
thusiasm of surgical proponents of the method as well 
as of patients who anticipated advantages akin to those 
following laparoscopic cholecystectomy: less pain and 
a quicker return to normal activity. Whether these an- 
ticipated advantages actually accrue following laparo- 
scopic hernia repair remains a lively topic of debate. 
There has been, however, one dearly positive result of 
surgeons taking up the laparoscopic approach to her- 
nia repair. Appreciation of the anatomy of the groin, 
deriving from the experience of viewing the regional 
structures from the preperitoneal aspect, has im- 
proved. Unfortunately, the wonderfully enhanced un- 
derstanding of structure has been accompanied by 
needless introduction of eponyms and novel terminol- 
ogy, further contributing to the babel of nomenclature 
that impairs communication between surgeons on the 
subject. Limiting, or at least referencing, terminology 
to the Nomina Anatomica would be of great help. 

Enough clinical experience resulting from con- 
trolled comparative clinical trials of laparoscopic ver- 
sus open groin hernia repair 2,3 has now accumulated 
so that some tentative summary conclusions can be 
made. There is a wide variance of outcome in terms of 
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pain relief and return to work; in some studies these 
aspects clearly are better with the laparoscopic ap- 
proach, while in others there does not  seem to be 
much difference. What  is consistent throughout all 
studies is the fact that the laparoscopic approach is 
more expensive than traditional open hernia repair. 
Compared with the standard open operation, laparo- 
scopic hernia repair has been associated with an in- 
creased incidence of nerve injury, a problem that has 
continued even after identification of the genesis of 
most of these events. 4 Recurrence in many studies also 
has been relatively high. Early on, most of  these were 
technical failures. As experience increased, recurrence 
has diminished but still occurs more frequently than is 
desirable. At this stage of its evolution, I do not per- 
ceive any advantage to laparoscopic repair sufficient 
to recommend the method for general routine use. 

How should a hernia in an adult be repaired? Each 
available method of repair will succeed when appro- 
priately utilized. Unlike advocates of one method or 
another, I find it impossible to provide blanket advice 
since, in my view, individual judgment needs to be ap- 
plied by a knowledgeable surgeon to the specific cir- 
cumstances presented by each patient. To the extent 
that I can generalize, I prefer an anterior open ap- 
proach to repair of  most small (internal ring dilated 
less than 3 cm) indirect hernias. In conducting the re- 
pair, I would not omit placing a stitch lateral to the 
cord when reconstructing the deep inguinal ring. I see 
no need to use any mesh device for this clinical situa- 
tion. Further, routine extension of the repair to "re- 
inforce" all of the posterior wall of  the inguinal canal 
is meddlesome and leads both to undesirable tension 
and unwanted recurrence. Unless there is an actual 
hernia present, prophylactic "repair" accomplishes no 
real good. 

For larger indirect and direct hernias, a prosthesis 

is likely to be needed so that a preperitoneal approach, 
either open or laparoscopic, would seem suitable. 
Femoral hernias should always be approached 
preperitoneally since this facilitates control of  the 
contents of the hernia sac and permits direct suture 
repair. It makes no sense to approach a femoral hernia 
through the inguinal canal, necessitating an incision 
through the posterior wall in an area that is itself sub- 
ject to herniation; approaching a femoral hernia 
through the thigh is the hard way to accomplish an 
otherwise straightforward task. Bilateral indirect her- 
nias, if small, can be repaired in a single operative ses- 
sion using separate open approaches to each hernia. 
Larger bilateral hernias are preferentially managed by 
insertion of a Stoppa mesh chevron prosthesis. 5 

Most recurrent hernias have previously been re- 
paired via an open anterior approach. Using the 
preperitoneal approach to a recurrent hernia has the 
advantages of dissection through virgin tissue and, 
since a prosthesis is needed in nearly all of these cases, 
ease of placing the prosthesis. I prefer an anterior ap- 
proach in treating recurrence following laparoscopic 
repair. Whenever there are large bilateral recurrent 
hernias, the Stoppa technique works best. 
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Laparoscopic Toupet Fundoplication for 
Gastroesophageal Reflux Disease With Poor 
Esophageal Body Motility 
Richard J. Lund, M.D., Gerold J. Wetcher, M.D., Frank Rais~ M.D., Karl Glas~ M.D., 
Galen Perdikis, M.D., Michael Gadenstiitt~ M.D., Natsuya Katada, M.D., 
Charles J. Filipi, M.D., RonaM A. Hinder, M.D., Ph.D. 

Impaired esophageal body motility is a complication of chronic gastroesophageal reflux disease (GERD). 
In patients with this disease, a 360-degree fundoplication may result in severe postoperative dysphagia. 
Forty-six patients with GERD who had a weak lower esophageal sphincter pressure and a positive acid 
reflux score associated with impaired esophageal body peristalsis in the distal esophagus (amplitude <30 
mm Hg and >10% simultaneous or interrupted waves) were selected to undergo laparoscopic Toupet 
fundoplication. They were compared with 16 similar patients with poor esophageal body function who 
underwent Nissen fundoplication. The patients who underwent Toupet fundoplication had less dyspha- 
gia than those who had the Nissen procedure (9% vs. 44%; P -- 0.0041). Twenty-four-hour ambulatory 
pH monitoring and esophageal manometry were repeated in 31 Toupet patients 6 months after surgery. 
Percentage of time of esophageal exposure to pH <4.0, DeMeester reflux score, lower esophageal pres- 
sure, intra-abdominal length, vector volume, and distal esophageal amplitude all improved significantly 
after surgery. Ninety-one percent of patients were free of reflux symptoms. The laparoscopic Toupet 
fundoplication provides an effective antireflux barrier according to manometric, pH, and symptom cri- 
teria. It avoids potential postoperative dysphagia in patients with weak esophageal peristalsis and results 
in improved esophageal body function 6 months after surgery. (J GASTROrNTEST SURG 1997;1:301-308.) 

Laparoscopic minimal access surgery has been used 
in the treatment of gastroesophageal reflux disease 
(GERD) since 1991.1 In the wake of  the success of 
laparoscopic Nissen fundoplication, the laparoscopic 
approach has been used to perform other antireflux 
operations. These operations include Toupet poste- 
rior partial fundoplication, anterior partial fundopli- 
cation, and Hill gastropexy. 2-5 The  principles of each 
procedure are the same with reduction of the hiatal 
hernia, narrowing of the esophageal hiatus, and cre- 
ation of a fundoplication/gastropexy to increase the 
length of the intra-abdominal esophagus, which usu- 
ally increases the resting pressure at the lower 
esophageal sphincter (LES). The  essential difference 
between Nissen and Toupet fundoplication is the cir- 
cumference of the abdominal esophagus that is cov- 
ered with the wrap. Lundell et al. 6 has shown that 
180- to 200-degree Toupet fundoplication results in 

less postoperative dysphagia 3 months after surgery 
compared to 360-degree Rossetti fundoplication; 
however, it is not clear whether Toupet fundoplica- 
tion is as effective as an antireflux barrier since it pro- 
duees a significantly lower LES pressure postopera- 
tively compared to the Rossetti procedure. 

Ineffective esophageal peristalsis is a complication 
of long-standing gastroesophageal acid reflux and can 
lead to worsening of GERD presumably as a result of 
ineffective clearance of acid from the esophagus. 7 It 
appears that patients with poor esophageal body func- 
tion are likely to be at greater risk for postoperative 
dysphagia if a complete 360-degree fundoplication is 
performed. For this reason it seems sensible to carry 
out a partial fundoplieation in patients with poor 
esophageal body function. Stein et al. 8 showed that 
patients with esophageal body peristaltic amplitudes 
below the fifth percentile of normal showed no im- 
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provement in peristaltic function after Nissen fundo- 
plication. It is, however, not clear whether a partial 
wrap will allow for improvement in the peristaltic 
function of the esophagus. There is also little infor- 
mation on how this procedure affects postoperative 
dysphagia compared to Nissen fundoplication in pa- 
tients with poor esophageal body function. 

PATIENTS AND M E T H O D S  
Pat ients  

Laparoscopic antireflux surgery was first per- 
formed at Creighton University in August 1991 (Fig. 
1). In the first 168 patients, Nissen fundoplication was 
used exclusively. Sixteen of these patients had poor 
esophageal body motility as defined below. Because of 
the high incidence of postoperative dysphagia in these 
patients, 28 of the subsequent 303 surgical GERD pa- 
tients with impaired esophageal body function were 
offered a partial Toupet fundoplication. Patients with 
poor body motility who underwent Toupet fundopli- 
cation were also accumulated from the University of 
Innsbruck 9 where, in April 1994, surgeons trained at 
Creighton University began using laparoscopic an- 

tireflux surgery. It appears that European gastroen- 
terologists refer patients for surgery at a more ad- 
vanced stage of disease, as reflected by the higher per- 
centage of patients with poor body motility in this 
group of patients (18 [44%] of 41 patients; see Fig. 1). 
Since identical techniques of evaluation, testing, and 
surgery were used at the two centers, all of the pa- 
tients with poor body motility were evaluated to- 
gether. The demographics of patients with poor body 
motility compared to those with normal esophageal 
body motility are presented in Table I. The present- 
ing symptoms, with the exception of dysphagia, were 
similar in the two groups (Fig. 2). Patients had been 
receiving medical treatment for a median duration of 
2 years (range 3 months to 20 years). 

All patients underwent preoperative ambulatory 
24-hour esophageal pH monitoring, esophageal man- 
ometry, endoscopy, and barium fluoroscopy. Patients 
with impaired esophageal body motility had more se- 
vere esophagitis, with significandy more patients with 
Barrett's esophagus (Fig. 3). Thirty-one patients, after 
the Toupet procedure, agreed to repeat esophageal 
manometry and 30 patients agreed to repeat 24-hour 
esophageal pH testing at least 6 months after surgery 
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Fig. 1. Number of antireflux procedures performed at Creighton University and the University of Inns- 
bruck from October 1991 to January 1996 divided into 3-month periods. Sixteen open Nissen fundo- 
plications were performed between October 1990 and August 1991. One hundred sixty-eight lap- 
aroscopic Nissen fundoplications were performed between August 1991 and November 1993. Sixteen of 
these patients had poor esophageal body motility (PBM). Between November 1993 and January 1996, a 
total of 28 patients with PBM underwent Toupet fimdoplication and 275 patients with normal esophageal 
body motility underwent Nissen fundoplication. Between April 1994 and January 1996, at the Univer- 
sity of Irmsbruck, of 41 laparoscopic anfireflux operations performed, 18 were laparoscopic Toupet fun- 
doplications for PBM. 
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Table I. Demographics of the patient population 

Sex ratio Age (yr) Duration of symptoms (mo) 
(M:F) (range) (range) 

Surgery for GERD 236:191 50 109 
with normal esophageal (11-92) (3-600) 
motility (n = 42 7) 

Surgery for GERD 42:20 53 137 
with poor esophageal (18-86) (6-480) 
motility (n = 62) 

P value NS NS NS 

NS = not significant. 
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Fig. 2. Incidence of presenting symptoms expressed as a percentage of patients with normal esophageal 
body motility (n = 427) compared to patients with poor esophageal body motility (n = 62). *P <0.001 vs. 
normal esophageal body motility. 
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Fig. 3. Preoperative grade of esophagitis in patients with normal esophageal body motility compared to 
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(range 6 to 12 months).  All patients completed a 
symptom questionnaire 6 months after surgery. Pre- 
and postoperative dysphagia was graded as mild (oc- 
casional, with ingestion of coarse foods, and lasting 
only a few seconds), moderate (requiring clearance 
with liquids, no weight loss), and severe (semiliquid 
diet, history of weight loss). Patients requiring post- 
operative dilatation were considered to have severe 
dysphagia. 

M a n o m e t r y  

Esophageal manomet ry  was performed using a 
five-channel water-perfused catheter by the station- 
ary pull-through technique as previously described. 1~ 
The  ports were spaced 5 cm apart. The  LES resting 
pressure at the respiratory inversion point and the in- 
tra-abdominal sphincter length were measured. The  
LES was considered to be defective if the average 
resting pressure was less than 6.1 mm Hg and/or the 
intra-abdominal sphincter length was less than 1.2 
cm. Esophageal peristaltic function was assessed 
manometrically at 3, 8, 13, and 18 cm above the upper 
border of the LES. Body motili ty was considered 
poor if more than 20% of the esophageal contractions 
following 10 wet swallows (5 ml water each) were de- 
fective. Defective clearance function was defined as a 
peristaltic amplitude of less than 30 m m  Hg  in the 
distal esophagus in response to a wet swallow and/or 
peristaltic propagation greater than 20 mm/sec  be- 
tween adjacent channels (simultaneous waves) and/or 
interrupted peristaltic waves (contraction amplitude 
<15 m m  Hg). Three-dimensional  pressure-length 
vector volume assessment was also performed. This  
consists of an assessment of the LES with four cir- 
cumferentially arranged ports pulled at a constant rate 
through the LES.11 

24-Hour E s o p h a g e a l  p H  

Cont inuous ambulatory 24-hour esophageal pH 
was measured as previously described. 12 A DeMeester 
score of more than 14.8 was considered abnormal. 12 
This was seen in 44 of the 46 Toupet patients and in 
362 of the 427 Nissen patients tested before surgery. 
The  mean score was 60.8 (range 3 to 240.5) for the 
Toupet patients and 41.6 (range 0.2 to 274.8) for the 
Nissen patients. 

Operative Technique for Fundoplication 
Toupet fundoplication was performed under gen- 

eral anesthesia with patients in the lithotomy position 
in the reverse Trendelenburg position. Placement of 
five 10 mm trocars, establishment of a pneumoperi-  

toneum, division of the gastrohepatic ligament, dis- 
section of the esophagus and hiatal crura, and estab- 
lishment of a window behind the esophagus were per- 
formed as previously described for the Nissen proce- 
dure )  3 Hiatal hernias were reduced and the hiatal 
crura loosly approximated behind the esophagus using 
one to three 2-0 Prolene sutures.The short gastric 
vessels were usually divided within 15 cm of the angle 
of His along the greater curvature of the stomach. A 
Babcock grasper was passed from the right side 
through a window created behind the esophagus, and 
the gastric fundus was grasped near the short gastric 
vessels and advanced behind the esophagus, leaving 
the posterior vagus nerve outside of the fundic wrap. 
The  right side of the wrap was first sutured to the ad- 
jacent right crus using three interrupted 2-0 silk su- 
tures and then to the right side of the abdominal 
esophagus with another three silk sutures. T h e  left 
limb of the wrap was then sutured to the left side of 
the abdominal esophagus using three 2-0 silk sutures. 
A segment of approximately 90 degrees of the ante- 
rior esophagus was not  covered by the wrap. Sutur- 
ing was performed using intracorporeal knot  tying 
with two needle holders. 

Nissen fundoplication was carried out over a 58 to 
60 F Maloney bougie in the esophageal lumen using 
the technique previously described.14 

Stat is t ical  Analysis 
Comparison of esophageal manomet ry  and pH 

monitoring data obtained before and after surgery was 
performed by means of the Wilcoxon rank-sum test. 
Data from patients who underwent Nissen fundopli- 
cation were compared with those in the Toupet fun- 
doplication group by means of Fisher's exact test. A P 
value of <0.05 indicated statistical significance. 

R E S U L T S  

In the 46 patients undergoing Toupet fundoplica- 
tion for poor esophageal body motility, the mean op- 
erative time was 2.6 hours (range 1.2 to 5 hours) 
(Creighton = 2.3 hours; Innsbruck -- 2.8 hours). Av- 
erage blood loss was 62 ml (5 to 500 ml) and the av- 
erage postoperative hospital stay was 3 days (range 1 
to 12 days) (Creighton -- 1.8 days, Innsbruck = 4.3 
days). All operations were completed by the laparo- 
scopic route. Operative complications occurred in 
four patients (8.7%). These included a small gastric 
perforation, which was successfully repaired laparo- 
scopically with uneventful recovery and discharge on 
postoperative day 5. An intra-abdominal hematoma 
with a decrease in the hemoglobin concentration to 
8.4 g/L 3 days after surgery was seen in one patient 
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Table  II. Dysphagia in patients with poor esophageal body motility: Toupet fundoplication vs. 
Nissen fundoplication 

Toupet fundoplication (n = 46) Nissen fundoplication (n = 16) 

Dysphagia Preoperative Postoperative Preoperative Postoperative 

None/mild 30 (65%) 42 (91%) 10 (62.5%) 9 (57%) 
Moderate/severe 16 (35%) 4 (9%) 6 (37.5%) 7 (44%)* 

I I I 
I 

P value <0.005 1~S 

NS = not significant. 
*P = 0.0041, postoperative dysphagia in Toupet patients vs. Nissen patients. 

Table  HI. Laparoscopic Toupet fundoplication: Preoperative vs. postoperative physiologic testing 

Preoperative Postoperative P value 

DeaVieester score (normal < 14.8) 

LES resting pressure (mm Hg) 

LES intra-abdominal length (cm) 

Vector volume (mm Hg2.mm) 

Body amplitude 8 cm above 
LES (mm Hg) 

Body amplitude 3 cm above 
LES (ram Hg) 

% Simultaneous waves (n = 10) 

61.4 + 10.3 12.5 + 5.2 0.0002 
(3-240)  (0.3-119.5) 

4.7 +0.8 10.9 _+ 1.4 <0.0001 
(0-21) (0.1-35.3) 

1.1 + 0.2 2.5 + 0.2 <0.0001 
(0-4.4) (1-4.8) 

1083 _ 230 2965 +__ 665 0.009 
(80-2190) (210-71 40) 
27.9 _+ 3.1 39.9 + 3.1 0.001 

(0-69.6) (14.9-80.1) 
26.4 + 2.8 42.6 _+ 3.0 <0.0001 

(0-72.8) (15.2-83.4) 
25 2.6 <0.0001 

Data are expressed as mean + standard error of the mean; range is shown in parentheses. 

who required a transfusion of two units of  blood. The  
other two complications were pneumonia in one pa- 
tient and deep venous thrombosis in another patient 
who had suffered a severe knee injury 1 year previ- 
ously. 

At follow-up assessment, patients with impaired 
esophageal body motility who underwent Nissen fun- 
doplication had a higher rate of moderate-to-severe 
dysphagia (7 [44%] of 16) compared to patients with 
normal body motility (65 [15%] of 427; P = 0.007). 
After Nissen fundoplication, there was a greater need 
for esophageal dilatation in patients with poor body 
motility (4 [25%] of 16) compared to patients with 
normal body motility (53 [12%] of 427). Further-  
more, in patients with poor esophageal body motility 
there was a higher rate of dysphagia among those who 
underwent Nissen fundoplication compared to those 
who underwent Toupet fundoplication (Table LI). At 
6-month follow-up of the Toupet patients, six com- 
plained of mild dysphagia and three complained of 
moderate dysphagia (see Table II). All of  these pa- 

tients had had dysphagia preoperatively. One addi- 
tional patient who had mild dysphagia preoperatively 
complained of severe dysphagia postoperatively. This 
patient underwent balloon dilatation, which was un- 
successful, and at subsequent open laparotomy was 
found to have a hiatal crura that was too tightly ap- 
proximated with formation of scar tissue in that area. 
After division of  the hiatal crura anterior to the 
esophagus, this patient had an uneventful postopera- 
tive course with no heartburn or dysphagia. 

Forty-two (91%) of 46 Toupet patients were 
pleased with the results of their operations. Postop- 
erative endoscopy was carried out in 26 patients and 
showed no evidence of esophagitis. Postoperative 
esophageal manometry was performed in 31 patients 
and showed a significant increase in the mean resting 
pressure at the LES compared to preoperative values 
(Table HI). This increase was not as high as the rest- 
ing pressures recorded during postoperative evalua- 
tion of Nissen patients previously reported by Hin- 
der et al. 13 (Fig. 4). Both the intra-abdominal length 
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Fig. 4. Lower esophageal sphincter (LES) pressure before and 
after laparoseopic Toupet fimdoplication showing a significant 
increase in the resting LES pressure at the respiratory inver- 
sion point after the procedure. The mean LES pressure after 
Toupet fundoplication is lower than the mean postoperative 
LES pressure after Nissen fundoplication.t3 

of the LES and the total LES vector volume increased 
significantly postoperatively (see Table III). Esoph- 
ageal body function as assessed by distal peristaltic 
amplitude and percentage of simultaneous or inter- 
rupted waves improved significantly compared to pre- 
operative function (see Table IE). Simultaneous waves 
in the distal esophagus were seen in I0 patients pre- 
operatively. Six months after surgery, there was a sig- 
nificant reduction in simultaneous waves in these pa- 
tients (see Table HI). 

Postoperative 24-hour esophageal pH testing in 30 
patients revealed that the DeMeester  score and the 
percentage of time of esophageal exposure to pH <4 
were significantly improved compared to the preop- 
erative values (Table III). There  were five patients 
(17%) who had an abnormal DeMeester  score after 
surgery (Fig. 5). Two of these patients were asympto- 
matic. Two complained of infrequent heartburn, but 
their LES pressure was normal and their symptoms 
were easily controlled with antacids. Another symp- 
tomatic patient with a positive pH score had no 
change in LES pressure; however, her  esophageal 
body function had improved sufficiently 6 months af- 
ter surgery to allow a Nissen fundoplication to be per- 
formed. This was easily accomplished laparoscopically 
and she is presently free of symptoms. 

D I S C U S S I O N  

Long  standing G E R D  may result in impaired 
esophageal body motility. An increase in the amount 
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Fig. 5. The 24-hour esophageal pH composite score 12 before 
and after laparoscopic Toupet fundoplication. Normal score 
<14.8 (shaded). Twenty-five of 30 patients had a normal score 
after surgery. Three patients with positive scores were symp- 
tomatic. 

of submucosal collagen and a loss of muscle fiber have 
been demonstrated in these patients leading to a de- 
terioration in esophageal contractility, is Poor  
esophageal body function may be seen in more than 
50% of patients with severe esophagitis and in 25% 
of patients with mild esophagitis. 7 This  is usually not  
thought  to improve after healing of esophagitis by 
medical or surgical means, s,16,17 The  Nissen fundopli- 
cation is the most popular antireflux procedure per- 
formed laparoscopically and provides good results in 
approximately 90% of cases. 13 However, up to 8% of 
patients studied 1 to 10 years after Nissen fundopli- 
cation complain of severe dysphagia) s As shown in 
our study, this may be particularly true of patients 
with poor esophageal body motility. Furthermore, re- 
suits of our study support those from a previous study, 
which found that Nissen fundoplication does not lead 
to an increase in esophageal peristaltic amplitude and 
creates a high outflow resistance in patients with im- 
paired esophageal clearance function leading to dys- 
phagia. 8 These previous investigators found that Nis- 
sen fundoplication improves body function only in 
patients with a contraction amplitude greater than 35 
m m  Hg  in the distal esophagus and not  when the 
peristaltic amplitude fell below the fifth percentile of 
normal. There  was also no change in the amount  of 
simultaneous or interrupted waves after Nissen fun- 



Vol. 1, No. 4 
1997 Laparoscopic Toupet Fundoplication 307 

doplication. We found that Toupet fundoplication re- 
suits in a significant increase in LES pressure and in- 
tra-abdominal length and improvement in symptoms 
in 91% of patients with poor body motility. There 
was improvement in esophageal body function with 
an increase in esophageal body peristaltic amplitude 
and a decrease in the number of simultaneous con- 
tractions 6 months after surgery. 

Our results make a good argument for tailoring the 
antireflux procedure depending on the peristaltic 
function of the esophagus. It is therefore important 
for all patients being considered for antireflux surgery 
to undergo a full manometric evaluation including as- 
sessment of LES pressure and peristaltic esophageal 
body function. If poor esophageal body function is 
found, then a partial fundoplication is indicated. This 
was found to decrease the dysphagia rate while still 
controlling reflux symptoms in the majority of cases. 
The improvement in esophageal body function found 
6 months after surgery may also aid in preventing dys- 
phagia. 

The Nissen fundoplication results in a greater in- 
crease in LES pressure compared to the Toupet pro- 
cedure and is our choice for the surgical treatment of 
GERD with normal esophageal body peristaltic func- 
tion. Even though a good outcome was achieved in 
91% of our patients undergoing laparoscopic Toupet 
fundoplication, 17% had a positive acid reflux score 
suggesting that it may not be as effective as Nissen 
fundoplication as an antireflux procedure. However, 
recent studies 6,19 of patients after open Toupet fundo- 
plication have demonstrated it to be comparable to 
the Nissen procedure in preventing reflux, although it 
did not increase the mean resting pressure as much as 
the Nissen fundoplication. This suggests that mecha- 
nisms other than an increase in LES pressure are im- 
portant in preventing reflux. These include reducing 
the hiatal hernia, increasing the length of the intra- 
abdominal esophagus, creating a posterior constric- 
tion on the esophagus by means of fundoplication, 
and decreasing the volume of functioning fundus, 
thereby increasing the rate of gastric emptying. 

In one of our patients esophageal clearance func- 
tion was improved sufficiently by the Toupet fundo- 
plication that it was possible to perform a subsequent 
successful 360-degree Nissen fundoplication. The im- 
provement in body function was probably due to the 
fact that reflux and esophagitis were decreased with- 
out there being an increase in outflow resistance, 
thereby allowing for restoration of peristaltic function 
to the esophagus. 

Laparoscopic Toupet ftmdoplication provides an 
effective antireflux barrier as determined by mano- 
metric, pH, and symptom criteria. It decreases the po- 
tential for postoperative dysphagia in patients with 
weak esophageal peristaltic function and results in 

improved esophageal body function. Results of this 
study confirm the need for routine preoperative test- 
ing of all GERD patients to allow the selection of the 
most appropriate procedure for each patient to 
achieve the best possible results. 
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Discussion 
/~.  L. IJ~y (San Francisco, Calif.). Your results parallel 

those recently presented by other investigators. I want to 
determine, however, whether we can agree on the defini- 
tion of the terms being used. You have referred to the par- 
tial fundoplication performed on these patients as a Toupet 
procedure, yet in some patients the hiatus was closed pos- 
teriorly. The Toupet operation never includes a posterior 
closure of the hiatus, however, so if we wish to communi- 
cate precisely, some other name should be given to such op- 
erations (e.g., Guarner, Lind). To me, the Toupet proce- 
dure only has meaning if you insist that it not include clo- 
sure of the hiatus, which is exactly the way Toupet meant 
his operation to be performed. 

Dr. R. Hinder. It was interesting for us also to see the 
similarity in the results between two centers, indicating that 
partial fundoplication is effective for those patients with 
poor motility. 

As far as the technique is concerned, we do not routinely 
close the esophageal hiatus. What we perform selectively is 
a true "Toupet" procedure without hiatal closure in patients 
without a very wide hiatus. Once we have completed our 
dissection, before we perform the fundoplication, if the hia- 
tus is not very wide, we do not stitch it closed. But if there 
is a wide hiatus, then we do put stitches into the hiatus, 
which occurs approximately 50% of the time. 

I agree that it is probably a good idea for us to start talk- 
ing about partial fundoplication, and we should describe 
precisely what each of us is doing. 

Dr. J.  Meakins (Montreal, Canada). I simply do not un- 
derstand how the esophageal body function improves as a 
result of partial fundoplication. Two previous reports have 
presented the same data, and I wonder if someone could ex- 
plain this. 

1~. Hinder. I think there are probably two explanations 
for this. One is that there is esophageal lengthening. The 
body of the esophagus is, on average, elongated once the 
lower esophageal sphincter is replaced in the abdomen, and 
that allows the esophagus to work under better mechanical 
advantage. Second, and perhaps more important, when the 
reflux, the inflammation, the ulceration, and the esophagi- 
tis are all eliminated, there is better motor function. 

Dr. K. Zucker (Albuquerque, N. Mex.). In that first 
group of 164 patients, before you discovered the Toupet 
procedure, you mention that you used Nissen fundoplica- 
tion. What was the percentage of those patients who had a 
poor outcome? 

Dr. Hinder. The poor outcome was mainly dysphagia. 
Approximately 40% of those patients had persistent dys- 
phagia, some requiring dilatation, but none had permanent 
severe dysphagia. Some of those patients still complained 
of intermittent symptoms of dysphagia at 1 year, but these 
symptoms were not severe enough to disrupt their eating 
habits. 

D~. Zucke~. Did any of them have to be reoperated? 
Dr. Hinder. Only one, and in that patient the crus was 

too tight. 
D~. B. Miedema (Columbia, Mo.). If fundoplication im- 

proves the motility of the esophageal body, why is there still 
dysphagia after Nissen fundoplication? 

Dr. Hinder. If you look at our data, you will see that the 
mean contraction amplitude increased significantly but did 
not enter the normal range. Our mean value was still in the 
40 mm Hg range, whereas if you look at the normal popu- 
lation, the mean peristaltic amplitude in the lower esopha- 
gus is closer to 60 or 80 mm Hg. Although it has improved, 
it is not within the normal physiologic range, which may 
explain why some patients had dysphagia. 
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Approximately 25 % of patients with gastroesophageal reflux severe enough to be considered for surgical 
treamlent have dysfunction of esophageal peristalsis in addition to dysfunction of the lower esophageal 
sphincter. A standard total (i.e., Nissen) fundoplication in these patients may be followed by dysphagia, so 
many experts recommend a partial fundoplicafion as an alternative. The goal of this study was to compare 
the clinical results and changes in esophageal function following laparoscopic total and partial fundopli- 
cation. Ninety-three patients with gastroesophageal reflux disease had laparoscopic antireflux operations. 
Total fundoplication was performed in 50 patients with normal ~sophageal peristalsis. Partial fundopli- 
cation was chosen for 43 patients with severe abnormalities of esophageal peristalsis. The same percent- 
age of patients has resolution of heartburn (93%) and regurgitation (97%) after partial as compared to to- 
tal fundoplication. Dysphagia developed in four patients (8%) after total kmdoplication (one patient re- 
quired dilatation) and in no patients after partial ftmdoplication. Both operations produced similar changes 
in lower esophagt=al sphincter function, but only partial fimdoplication was associated with improvement 
in esophageal dysfimction. Esophageal acid exposure became normal in 92% of patients after total and in 
91% of patients after partial fur~doplication. Partial fundoplication improves lower esophageal sphincter 
pressure and esophageal body. function and, in patients with abnormal esophageal peristalsis, it corrects 
reflux without producing dysphagia. Partial and total fundoplication are both indicated in patients with 
gastroesophageal reflux disease, and the choice of which procedure to use should be based on each pa- 
tient's specific esophageal motor function abnormalities. (J G~TROIlx'TEST SL'RG 1997;1:309-315.) 

Approximately 25% of patients with gastroesoph- 
ageal reflux have an especially severe form of the dis- 
ease that is characterized by intractable symptoms and 
esophagifis, as well as frequent progression to stric- 
ture formation and Barrett's metaplasia, t Such pa- 
tients are often found to have a panesophageal motor 
disorder that is character/zed by abnormal esophageal 
peristalsis and incompetence of the lower esophageal 
sphincter (LES))  "6 The  advisability of anfireflu• 
surgery in those with peristaltic dysfunction has been 
a subject of debate because some clinicians question 
whether surgery might either fall short of correcting 
the reflux or result in dysphagia. Similar concerns 
have led most surgeon experts to conclude that in or- 
der to avoid postoperative dysphagia, the operative 
approach in these patients should be different from 
that in the average patient with reflux. 

The  goal of this study was to compare the clinical 
and physiologic changes following laparoscopic total 
and partial fundoplication in patients with normal and 
abnormal esophageal peristalsis. 

P A T I E N T S  A N D  M E T H O D S  

Between February 1993 and October 1995, ninew- 
three patients with gastroesophageal reflux disease 
(GERD) underwent laparoscopic fundoplication. "lb- 
tal (360 degrees) fundoplieation was performed in 50 
patients (28 men and 22 women; mean age 50 years) 
with normal esophageal peristalsis and partial (240 to 
270 degrees) fundoplication was performed in 43 pa- 
tients (23 men and 20 women; mean age 51 years) 
with abnormal esophageal peristalsis (amplitude of 
peristaltic pressure in the distal esophagus <40 mm 
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Table I. Results of preoperative evaluation for laparoscopie total and partial fundoplication 

Total fuadoplication Partial fundoplicafion 
(N = 50) (N - 43) 

Barium swallow 
Normal 
Hiatal hernia 
Stricture 

Endoscopy 
Grade 0 
Grade 1 
Grade 2 
Grade 3 
Grade 4" 

No. of patients (%) No. of patients (%) 
14 (28) 10 (23) 
30 (60) 31 (72) 
6 (12) 2 (5) 

12 (24) 10 (23.5) 
l0 (20) 4 (9) 
9 (18) 12 (28) 
8 (16) 7 (16) 

11 (22) 10 (23.5) 

Manometry 
LES 

Pressure (ram Hg) 
~Ibtal length (era) 
Abdominal length (cm) 
% Relaxation 

Peristalsis 
Distal amplitude (mm Hg) 

pH monitoring 
% time pH <4.0 
DeMeester score 

10 + 1.0 7.0 _+ 0.5 
2,2 z 0.1 1.9 + 0,1 
1,4 -+ 0.1 1,1 -+ 0.1 
82 + 3 74 _ 7 

91 - 6.0 36 -- 2.0 

14 + 2 .0  20 + 2.0 

54 + 7.0 77 _-!- 8.0 

*Six patients in each group had Barrett's esophagus. 

Hg, >20% waves segmented,  >30% waves double 
peaked, and presence of waves triple peaked and/or 
dropped). Table I shows the results of preoperative 
evaluation. Each patient was questioned regarding the 
presence of  symptoms suggestive of  G E R D  (heart- 
burn, regurgitation, dysphagia, cough, chest pain, and 
hoarseness). Each symptom was graded by means of a 
scoring system ranging from 0 to 47 (Fig. 1). 

All patients underwent barium x-ray examination 
of the esophagus to look for hiatai hernias and 
esophageal strictures. The  degree of esophagitis was 
graded according to the Savary-Miller classification. ~ 
Patients were studied after an overnight  fast. LES 
pressure, length, and relaxation were measured using 
techniques previously described. 3,5,6 T h e  percentage 
of LES relaxation was calculated from the following 
formulag: 

(LES resting pressure) - (LES residual pressure) 
x 100 

(LES resting pressure) 

Esophageal body function was assessed by giving 
t 0 swallows of 5 ml of water at 30-second intervals. 
The  data were analyzed by computer  using a com- 
mercial software program (Gastrosoft, Syneetics 
Medical, Irving, Tex.). 

Ambulatory 24-hour  esophageal pH moni tor ing 

was performed using a pH probe with an electrode 
positioned 5 cm above the upper border of the mano- 
metrically determined LES. During the study patients 
consumed a normal  diet and took no medications. 
Acid-suppressing medication was discontinued 3 
(H2-blocking agents) to 10 (proton pump inhibitors) 
days before the study. All patients had abnormal 
D eMeester scores. 10 

Ope ra t i ve  T e c h n i q u e  

Each operation entailed the following steps: (1) the 
short gastric vessels were divided from a point mid- 
way along the greater curvature of the stomach all the 
way to the angle of His; (2) if enlarged, the esophageal 
hiatus was narrowed with sutures behind the esopha- 
gus to a normal size; (3) to ensure that it was not too 
tight, the wrap was performed over a 56 to 60 F 
bougie; and (4) a 360-degree wrap was performed for 
total fundoplieations and a 240- to 270-degree wrap 
for partial fundoplieations (Fig. 2). 

Stat is t ical  Analysis  

Student's t test and Mann-Whi tney  U test were 
used for statistical evaluation of data. All results are 
expressed as mean _+ standard error of the mean. Dif- 
ferences were considered significant at P <0.05. 
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S c o r e  : 

3 

0 : No symptoms ' I 
1 : Mild L 
2 - Moderate I 
3 = Severe / 4 �9 Very Severe iI Total Fundoplication 

Partial Fundopllcatlon 

Heartburn Chest Pain Dysph~gla Regurgita- Cough 
tion 

Fig.  1. Symptomatic  assessment of  patients with G E R D  before laparoscopic total and partial fi.mdo- 
plitmtion. 

, l l l . I /~l~;aI/JIB "-~--~_ - " '\~l 

cD r ~ ' / /  

, \  
% ." '-i 

Fig. 2. Total (left) and partial (right) fundoplication. A, Stitches to approximate the crura. B, Stitches 
for creation of the wrap. C Stitches from the right side of the wrap to the closed crus. D, Apical stitches 
(incorporating the tams, the esophagus, and the wrap). 

RESULTS 

The average operating time was similar for the two 
procedures: 169 + 7 minutes for total fundoplication 
and 179 _+ 8 minutes for partial fundoplication (P = 
NS).The average blood loess was less than 40 ml. Table 
II shows the hospital course of the two groups. The 
mean length of follow-up was 15 months. 

Symptoms improved with both procedures (Table 
III). Dysphagia, which was present before ,surgery in 
28 (56%) of the 50 patients who underwent total fun- 

doplieation, resolved in 25 patients (89%) and im- 
proved in three patients (11%). Four patients devel- 
oped de novo dysphagia postoperatively, which re- 
solved spontaneously in two patients and improved in 
one patient within 6 months after the operation. The 
remaining patients improved after one endo~opic di- 
latation. 

Dysphagia was present preoperatively in 17 (40%) 
of the 43 patients (40%) who underwent partial fun- 
doplication; postoperatively dysphagia resolved in 15 
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Table 1I. tlospital course 

Total fundoplication Partial fundoplicarion 

Time to regular diet (hr) 
Time to discharge (hr) 
Postoperative complications 0N'o.) 

24 _+ 2 24 • I 
42_+ 4" 3 9 •  3J 

4 4 
(pulmonary aspiration, 2; (atelectasis, 1; urinary 
severe vomiting, 1 ; retention, 1; angina 
myocardial infarc- pectoris, 1; swollen labia, 1) 
tion, 1) 

*'l~r patients (48%) were discharged within 23 hours. 
i'Twenry-rwn patienr~ (51%) were discharged within 23 hours. 

"Fable HI. Postoperative symptom evaluation 

Total Partial 
fiandoplimtion fundopfication 
(% of patients) (% of patients) 

Heartburn 
Resolved 93 93 
Improved 7 7 

Regurgitation 
Resolved 97 97 
Improved 3 3 

Cough 
Reso~-ed 100 83 
Improved 0 17 

Chest pare 
Re~,lved 91 100 
Improved q 0 

Hoarseness 
Resolved 100 100 

patients (88%) and improved in the remaining two 
(12%). No patient in this group developed de novo 

dysphagia. 
Esophageal manometry and ambulatory p| t mon- 

itoring were performed postoperatively in 14 patients 
after total fundoplication and in 14 patients after par- 
tial fundoplication (Table IV). Four patients in each 
group had abnormal DeMeester  scores postopera- 
tively, although in all but one patient the score was 
markedly improved in comparison to the preopera- 
tive score. In the latter patient the wrap was found to 
have herniated above the diaphragm, and she was the 
only patient who was clinically worse after surgery. 

DISCUSSION 
These results show that (1) the clinical findings af- 

ter laparoseopic total and partial fundoplications are 
good and similar, (2) the effects on LES fimction of 

these two operations are also good and similar, and 
(3) partial fundoplication corrected the reflux in pa- 
tients with abnormal esophageal peristalsis without 
producing dysphagia. 

Operative Technique and Postoperative 
Course 

The two procedures differ only slightly ~fith regard 
to their technical aspects (see Fig. 2). We believe it is 
important to close the esophageal hiatus, because the 
diaphragm is known to contribute to the gastro- 
esophageal sphincter mechanism, behaving as an ex- 
ternal sphincter. 1~ Furthermore, closure of the hiatus 
helps to prevent postoperative paraesophageal herni- 
ation.:: The short gastric vessels are divided in t• 
procedures, and a short (2 cm) floppy 360- or 240- 
degree wrap is created around a 56 to 60 F bougie. 
We place additional stitches between the top of the 
wrap to the adjacent crus and the esophagus on each 
side (C in Fig. 2) and from the posterior surface of the 
wrap to the reapproximated crus to counteract rota- 
tional (C in Fig. 2) and eephalad traction forces (D in 
Fig. 2). The objective of these stitches is to stabilize 
the wrap, the main determinant of long-term out- 
come .  13 

"I'he postoperative course after the two procedures 
was similar, l Ialf  of the patients were discharged 
within 23 hours and the other half within 2 days. 
These patients only required oral analgesics for pain, 
and they returned to their regular activities within I 0 
to 14 days. 

Esophageal F u n c t i o n  

Total and partial fundoplioation produced a simi- 
lar increase in the pressure and length of the LES. 
Neither procedure affected the ability of the sphincter 
to relax in response to swallowing. These results are 
in contrast to a previous report that laparoscopic fun- 
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Table IV. Preoperative and postoperative esophageal function tests 

Total fimdoplication 
(n = 14) 

Partial fundopUcation 
( a -  t4) 

Preoperative Postoperative Preoperative Postoperative 

Manometry 
LES pressure(mmtlg) 8.5 -+ 1.0 15 -+ 1.0" 
LES length (cm) 1.9 +_ 0.2 3.2 _ 0.2* 
I.ES relaxation (%) 82 79 
Perisa'alticamplitude (ram Hg) 101 • 12 101 +__ 14 

Ambulatory pH monitoring 
No. ofrefluxepisodes 171 +_ 30 58 +_ 26* 
% time ptI <4.0 19 _-&- 6 5 -+ 3* 
Esophageal clearance (min) 1.7 +_ 0.7 1 _+ 0.6 
DeMe~te score (normal <15) 69 --. 21 21 - 10" 

8.0 _+ 1.0 12 -- 1.0" 
1.7 + 0.2 3.1 + 0.2* 

74 79 
32 _+ 3 49_+ 4" 

241 _~ 40 51 _+ 14" 
2 / . ~  + 3 3 _+ 1" 
i.2 + 0.2 0.7 + 0.2* 
89 + 15 15 + 5" 

"P <0.05 vs. prenperafive value. 

doplication interfered with relaxation of the LES in 
67% of patients and produced persistent dysphagia in 
9% of patients) 4 T h e  findings in that study may have 
beert due to incomplete mobilization of the gastric 
fundus and use of the body rather than the fundus for 
the wrap (i.e., Rossetti modification). 

Peristalsis was normal preoperatively among the 
patients subjected to total ftmdoplication and did not 
change postoperatively. After partial ftmdoplication, 
the amplitude of esophageal peristalsis and esophageal 
clearance improved by 53 % and 42 %, respectively 
(Table Iv'). Other  authors have observed improve- 
merit in defective peristalsis after fundoplication, sug- 
gesting that the abnormal esophageal body motor  
function is at least partly a consequence of the hiatal 
hernia.15.16 

G a s t r o e s o p h a g e a l  R e f l u x  

Several patients in each group still had minor  
amounts of reflux after surgery. In general, these were 
the patients who preoperatively had the most severe 
esophagitis, often with stricture formation and/or  
Barrett's changes (both indicating more advanced dis- 
ease). 

S y m p t o m a t i c  O u t c o m e  

Heartburn and rugurgitation resolved or improved 
in all patients, replicating the remits obtained with 
open surgery I: and confirming previous reports on 
laparoscopic antireflux operations) s,a9 Atypical symp- 
toms such as chest pain, cough, and hoarseness also 
resolved. We have shown that reflux into the upper 
esophagus occurs more frequently in patients with a 
panesophageal moter disorder, and that these patients 

experience cough and hoarseness more o f t en )  ,z~ 
Cough  resolved in 83 % of patients and hoarseness 
cleared in all patients after partial fundoplication, sug- 
gesting that the creation of an effective antireflux 
valve and improvement  in peristalsis decreased the 
upward extent of gastric reflux. 

Dysphagia is common in GERD, even h~ the ab- 
sence of a stricture. Because it probably results from 
abnormalities in the propagation and velocity of the 
peristaltic waves, it is referred to as nonobstructive 
dysphagia. 21 Dysphagia resolved or improved in all 
patients postoperatively. Although four patients had 
de novo  dysphagia after total fundoplication, there 
were no instances of de novo dysphagia after partial 
fundoplication. 

C O N C L U S I O N  

Therapy with proton pump inhibitors is unsatis- 
factory in approximately 25% of patients with 
esophagitis, '2 possibly because duodenal juice con- 
tributes to the injury. 23 The  surgical creation of an ef- 
fective antireflux mechanism may be a more logical 
treatment because it corrects reflux regardless of its 
chemical composition. Partial fundoplieafon provides 
the same symptomatic relief and control of reflux as 
total fundoplication, but the partial procedure avoids 
postoperative dysphagia. 4:,2r 
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Discussion 
Dr. 97. Hunter (Atlanta, Ga.). You suggested at the be- 

ginning of your presentation that 20% of your patients had 
severe esophageal dysmotility and yet approximately half of 
your patients underwent partial fundoplication. Did some 
of the patients with reflux and normal motility have a par- 
tial fundoplication and not a Nissen procedure? The sec- 
ond question relates to the very interesting finding that in 
some of the patients the esophageal motility improved post- 
operatively. As you know, this is a very mixed group of pa- 
tients with some having primary motility disorders and 
some having secondary motility disorders, and probably the 
only way to sort them out is to follow them for a long pe- 
riod of time. We have found that the majority of patients 
had improved motility, but 10% of our patients had wors- 
ening motility after fundoplication, probably a manifesta- 
tion of their primary motility disorder. Did you observe 

that phenomenon in your patients who had partial fundo- 
plications? 

1~. M.G. Patti. The first slide refers to all patients who 
were referred to the Swallowing Center; among those pa- 
tients we found a major dysmotility problem in 20%. Some 
of those patients were not referred for surgery and some 
were. Overall, among the patients who are referred for 
surgery, approximately 40% had a severe dysmotility disor- 
der. We noticed that partial fundoplication worked very 
well. We are continuing to expand the indications for its 
use. We used to perform a total fundoplication in patients 
who had mild dysmotility; today we are more willing to 
perform partial fundoplication because it controls symp- 
toms but does not seem to cause postoperative dysphagia. 
Some patients show improvement but we are unable to pre- 
dict which patients wilt improve. It was suggested years ago 
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that there has been no improvement if the amplitude of 
peristalsis is less than 35 mnl Hg. ~re have actually seen im- 
provement even when the amplitude was 10 mm Hg; how- 
ever, even when there is improvement, motility never re- 
turns to normal. 

D~. E Qu/jano (Mexico City, Mexico). If the same phys- 
iolog6e results are achieved with partial and total fundop]i- 
cation, why is it necessary to perform total fundoplication at 
all? 

/~. Part/, Short-term data similar to ours or Toulx:t fun- 
doplication as performed by Dr. Hunter  show that both 
procedures work equally well, but we are comparing these 
findings with tong-term results such as the follow-up data 
presented by Dr. DeMeester in which 90% of patients had 
perfect control of s3~mptoms at 10 years. Presendywe use a 
.selective approach, mainly for patients who have problems 
of abnormal peristalsis. 

Dr. T. Pappar (Durham, N.C.). ~,Vhat about the 14 pa- 
tients who were followed up with manometry. How were 
they selected since it was not the total group, and how long 
were they studied in follow-up? Finally, we are surprised 
that the LES pressure you ohserved after partial fundopli- 
cation was about the .same as that encountered after total 
fundoplication. 

Dr. Patti. We too were surprised to see that the incTease 
in pressure was similar for both operations. We were able to 
bring back for esophageal function testing only one third 
of the patients, so these are patients who agreed to undergo 
postoperative testing even if they were a .sTmptomatic. We 
routinely study patients 2 months after the operation. 

Dr. A. S/ca/at (New York, N.Y.). I was also impressed 
with the results of your  partial fundoplications and I 

wonder whether, with the improved peristalsis you oh- 
served, you associate this in any way with the restoration 
of normal length of  the total esophagus and better fixa- 
tion with two rows of stitches to the gastric position of 
your wraps? 

Dz. Pan/. The pressure that we recorded postoperatively 
was really a combination of many factors, as you ~ggeqted. 
Clearly, one is that the wrap is stable. Data from Finland 
have shown that this is the main determinant of long-term 
outcome. The other two factors are closure of the hiatus, 
because the pressure that is recorded is a combination of 
the action of the diaphragm plus the intrinsic pressure of 
the LES, and the reduction of the esophageal hiatal hernia. 
~ 'e  have shown that reduction of the hiatal hernia is asso- 
ciated with improvement in the function of the sphincter 
and peristalsis, particularly in patients with large hiatal her- 
nias. 

Dz. / t .  Sugerman (Richmond, Va.). Do you believe that 
the long-term outcome of partial fimdoplication will equal 
that of total ftmdoplication? 

Dr. Pat//. In the era of laparoscopic surgeD; I do not 
think anybody has definitive data on outcomes as of yet. Dr. 
Hunter was one of the first to propose a selective laparo- 
scopic approach selecting partial fundoplication only for 
those patients with weak peristalsis. Dr. Hinder and his as- 
sociates are presenting their data for the first time on the 
selective use ofToupet fundoplieation. There are, however, 
other data showing that open partial fimdoplicarions, per- 
formed through either the abdomen or the chest, are actu- 
ally quite effective in controlling reflux. We hope that we 
will achieve the same results when we perform this opera- 
tion laparoscopically. 



Expression and Prognostic Significance of HLA 
Class I, ICAM-1, and Tumor-Infiltrating 
Lymphocytes in Esophageal Cancer 
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Most solid malignancies show some degree of lymphoid infiltration suggesting a specific immunologic 
host vs. tumor reaction. Tumor-infiltrating lymphocytes (i.e., CD3 + T-lymphocyte subsets), the human 
leukocyte antigen (HLA) class I molecules, and the intercellular adhesion molecule-1 (ICAM-I) are key 
factors involved in T-cell-mediated immune surveillance. The present study was designed to assess the 
expression pattern of intratumoral lymphocyte infiltrates and their relationship to HLA class I and 
ICAM-1 expression with regard to primary esophageal carcinoma and to evaluate their prognostic influ- 
ence. Representative samples of primary tumors were obtained from 55 patients who had undergone rad- 
ical en bloc esophagectomy. Frozen sections of these tumors were stained with monoclonal antibodies di- 
rected against CD3 for the assessment of tumor-infiltrating lymphocytes, HLA class I, and ICAM-1. 
The mean postoperative observation period was 19.5 months (range 5 to 45 months). Lymphocyte infil- 
tration was absent in four tumors (8%), whereas 31 tumors (64%) showed moderate and 13 (27%) showed 
strong infiltration. HLA class I expression was deficient in 24 tumors (45 %). Coexpression of HLA class 
I and ICAM-1 was significantly associated with lymphocyte infiltration of the tumor. Kaplan-Meier analy- 
ses revealed a significant beneficial influence on relapse-free survival for patients with lymphocyte infil- 
tration of primary tumors compared to those with no lymphocyte infiltration of tumors (median 4 months 
vs. 18 months; P <0.002) and for HLA class I § tumors compared to HLA class I- tumors (median survival 
>18 months vs. 7 months; P --- 0.0081). The present data support the hypothesis that T-cell-mediated 
immunity may influence the fate of patients with esophageal cancer. (J GASTRO~WEST S URG 1997;1:316- 
323.) 

Esophageal cancer is a very aggressive disease with 
a poor prognosis. Despite intentional curative surgery, 
5-year survival rates still range from only 20% to 
36%. Metastatic relapse remains the most frequent 
cause of cancer-related death.~-s It therefore must be 
assumed that minimal tumor cell dissemination oc- 
curs early in the course of the disease. The survival of 
these early metastatic "seed" tumor cells could be fa- 
cilitated by circumvention of immune surveillance. At 
present, however, nothing is known about the poten- 
tial role of the immune system as it relates to the on- 
set or progression of  esophageal cancer. 

Major histocompatibility complex (MHC,  HLA) 
molecules as well as the intercellular adhesion mole- 
cule-1 (ICAM-I) seem to play a key role in T-cell-  

mediated immune surveillance of tumor cells. Human 
leukocyte antigen (HLA) class I molecules are mem- 
brane glycoproteins associated with beta-2 mi- 
croglobulins and are expressed in most nucleated cells 
of the body. They aid in recognition of foreign anti- 
gens, including tumor antigens, by cytotoxic T cells. 

T cells are defined by either the expression of the 
T-cell receptor TCRI (xB-TCR) or the T-cell recep- 
tor TCR2 (aI3-TCR). Most  T lymphocytes present 
their T-cell antigen receptor (af~-TCR or •  
together with the CD3 receptor subunit. CD3 con- 
sists of three different polypeptide chains (x-chain, 8- 
chain, and e-chain) with a molecular weight between 
20 and 25 kilodaltons (KD). The  aI3-TCR and CD3 
are attached by a tight noncovalent bond. It is as- 
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sumed that the intracellular epitopes of the CD3 pep- 
tide chains, together with an ~-dimeric protein asso- 
ciated with the receptor complex, play an important 
role in signal transduction during T-cell activation. 6,7 
Target cell binding by cytotoxic T cells via the 
TCR/CD3 receptor complex depends on the presen- 
tation of HLA class I molecules by the tumor cells. 
Downregulation of HLA class I surface markers leads 
to impairment of TCR/CD3-mediated tumor cell 
recognition. The loss of HLA class I molecules is a 
frequent occurrence in primary carcinomas and their 
metastase, which appears to be associated with a 
worse prognosis. 

An important immunologic cofactor is the inter- 
cellular adhesion molecule-1 (ICAM-1, CD54), a lig- 
and for the lymphocyte function-associated antigen- 
1 (LFA-1) that is present in T cells. Several cytokines 
can induce ICAM-1 expression in tumor cells, which 
alters the vulnerability of these cells to monocyte- and 
T-cell-mediated lysis, s-I~ 

In the present study we investigated the expression 
pattern and prognostic influence of HLA class I and 
ICAM-1 and the correlation of these immunoregnla- 
tory molecules with tumor lymphocyte infiltration in 
esophageal cancer. 

P A T I E N T S  A N D  M E T H O D S  
Patients and Follow-Up 

This study was approved by the ethics committee 
of the Chamber of Physicians of Hamburg. Informed 
consent was obtained from all patients before they 
were included in the study. Tumor specimens were 
collected from 55 patients with resectable thoracic 
esophageal carcinomas who had undergone radical en 
bloc esophagectomy with gastric tube reconstruction 
and cervical esophagogastric anastomosis between 
April 1992 and July 1995. The median age at the time 
of operation was 58 • 9 years (standard deviation). Pa- 
tients were reexamined every 3 months after 
esophagectomy for the first 2 years and at 6-month 
intervals thereafter. The evaluation included physical 
and chest x-ray examinations, endoscopy, endosonog- 
raphy, CT scan of the chest and abdomen, abdominal 
ultrasound, tumor markers and bone scan. 

Tissue Prepara t ion  and Immunohis tochemica l  
Studies 

Representative tumor samples were snap-frozen in 
liquid nitrogen immediately after resection and stored 
at - 8 0  ~ C. From each tumor 5 I~m frozen sections 
were transferred onto glass slides prepared with 3-tri- 
ethoxysilyl-propylamin (Merck & Co., Darmstadt, 

Germany) and stored at - 2 0  ~ C until use. For im- 
munohistochemical analysis frozen sections were air 
dried, fixed in acetone, rehydrated with tris-phos- 
phatase-buffered saline (TBS), and stained using 
the alkaline phosphatase-antialkaline phosphatase 
(APAAP) technique. Blocking of nonspecific binding 
was performed with normal human serum diluted 
1:10 in TBS, which was applied for 30 minutes. Then 
the primary monoclonal antibody, in appropriate di- 
lution with TBS, was applied for 45 minutes. This 
was followed by incubation with a linking antibody 
(Z-259, Dako Corp., Hamburg, Germany) for 30 
minutes and subsequent application of the APAAP 
complex for an additional 30 minutes. After each in- 
cubation, specimens were washed in TBS. Antibody- 
linked alkaline phosphatase activity was detected with 
fast red T T  dye (Sigma, Deisenhofen, Germany). En- 
dogenous alkaline phosphatase activity was blocked 
by levamisole. Sections were counterstained with 
Gill's hematoxylin. All incubations were performed at 
room temperature in a humidified chamber. 

Monoclonal Antibodies 

The following mouse antihuman monoclonal an- 
tibodies were used: CD3, TS4B5 (Dako), which re- 
acts with the 20 KD epsilon-chain of the T-cell-asso- 
ciated CD3 antigen, and HLA-A,B,C, W6/32 (Dako) 
directed against a monomorphic antigenic epitope of 
HLA class I heavy chains associated with beta-2 mi- 
croglobulins. ICAM-1 was detected by 6.5B5 anti- 
body (Dako) directed against the domain 1 of ICAM- 
1. To exclude nonspecific binding, negative control 
tests were performed with irrelevant mouse myeloma 
proteins of identical isotypes (MOPC 21, IgG1 
[Sigma] and UPC 10, IgG2 [Sigma]). 

Evaluation of Specimens 

Slides were evaluated, in double-blind fashion, by 
two observers using light microscopy. Lymphocyte 
infiltration was considered deficient if less than 33 % 
of the tumor showed CD3 + T-cell infiltration. Mod- 
erate infiltration was assumed if 33% to 66% of the 
tumor showed lymphocyte infiltration, and infiltra- 
tion was considered strong if more than 66% of the 
tumor displayed lymphocyte infiltration. HLA class I 
expression was considered to be deficient if less than 
35% of the tumor cells were stained. ICAM-1 ex- 
pression was considered to be induced if more than 
25% of the tumor cells expressed the antigen. In 80% 
of the cases both observers obtained the same results; 
the remaining slides were reevaluated and a consensus 
decision was reached. 
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Statistical Analysis 

Fisher's exact test was used to test the equality of 
two binomial proportions. Kaplan-Meier estimates of 
relapse-free survival were calculated. Univariate 
analyses of all prognostic factors were conducted us- 
ing log-rank tests. The level of significance was set at 
P <0.05. 

R E S U L T S  

Follow-up was completed for 53 patients, with a 
mean observation period of 19.5 months (range 5 to 
45 months). Tumors were staged and graded accord- 
ing to the T N M  classification of the International 
Union Against CancerJ 1 All patients in this study had 
stage pT1-4, pN0-1, Mo tumors (Table I). 

Expression of  CD3 Antigen as a Marker for 
T u m o r  Lymphocy te  Inf i l t ra t ion 

Twenty-six percent of the tumors analyzed showed 
strong lymphocyte infiltration (>65% infiltration of 
the tumor) compared to the 65% that displayed mod- 
erate infiltration (33% to 66%), and the 8% with no 
evidence of tumor infiltration. No significant differ- 
ence in lymphocyte infiltration was evident compar- 
ing squamous cell carcinomas and adenocarcinomas. 
In analyzing the correlation between lymphocyte in- 
filtration and the clinicopathologic parameters, we 
observed no significant difference in relation to pT  
stage, pN stage, or grade of the primary tumors 
(Table II). However, a significant correlation between 
lymphocyte infiltration and expression of HLA class I 
could be seen. Seventy percent of tumors that dis- 
played a strong infiltration had a normal expression 
of HLA class I and 61% of those with a moderate in- 
filtration showed normal HLA class I expression; 
none of the four tumors with a lack of infiltration 
showed HLA class I expression (P = 0.041). Further- 
more, induction of ICAM-1 in tumor cells was signif- 
icantly correlated with lymphocyte infiltration. In 
92 % of tumors with intensive lymphocyte infiltration, 
ICAM-1 was expressed in tumor cells (P = 0.006). Re- 
garding coexpression of HLA class I and ICAM-1, a 
significant correlation with lymphocyte infiltration 
was evident. Sixty-two percent of the tumors coex- 
pressing both HLA class I and ICAM-1 showed a 
strong lymphocyte infiltration as compared to 31% 
expressing ICAM- 1 exclusively and 7 % expressing 
HLA class I exclusively. None of the tumors with no 
lymphocyte infiltration showed coexpression of both 
HLA class I and ICAM-1 (P = 0.009) (Table III). 

Table I. Patient and tumor characteristics 

No. of patients (%)* 

Sex 
Male 43 (81) 
Female 10 (19) 

pT  1 9 (17) 
pT  2 15 (28) 
pT  3 26 (49) 
pT  4 3 (6) 
pN0 23 (43) 
pN~ 30 (57) 
Tumor type 

Squamous cell carcinoma 36 (68) 
Adenocarcinoma 17 (32) 

Tumor grade 
I 2 (4) 
2 38 (72) 
3 13 (24) 

*Median age of patients was 58 + 9 years (standard deviation). 

Expression of  I l i a  Class I Antigens 

Deficient HLA class I expression was found in 45% 
of all tumors. There was a significant difference in 
HLA class I expression between adenocarcinomas and 
squamous cell carcinomas (Table II). Only 24% of the 
adenocarcinomas showed deficient expression of 
HLA class I antigens compared to 55 % of the squa- 
mous cell carcinomas (P -- 0.028). Assessment of the 
relationship between clinicopathologic factors and 
HLA class I expression revealed no significant corre- 
lation between HLA class I expression and pT stage. 
In analyzing tumors according to metastatic lymph 
node involvement that was verified by histopathologic 
examination, deficient HLA class I expression was sig- 
nificantly associated with metastatic nodal involve- 
ment. Sixty percent of node-positive patients showed 
HLA class I downregulation compared to only 26% 
of node-negative patients (P = 0.013) (see Table II). 
No correlation was seen between tumor grade and 
deficient HLA class I expression. 

Expression of  ICAM- 1 

Induction of ICAM-1 was evident in 60% of all 
esophageal carcinomas that showed expression of 
ICAM-1. There was no significant difference between 
the two histologic types. No correlation with meta- 
static lymph node involvement, tumor stage, or grade 
of the primary tumor was found (see Table II). 
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Table II. Expression of CD3 as a marker for tumor lymphocyte infiltration, HLA class I, and ICAM-1 in primary 
tumors: Correlation with tumor size (pT stage) and lymph node involvement (pN stage) 

Moderate (33%-66%) Strong (>66%) 
No infiltration infiltration Deficient HLA class I Expression 

inAltration of  the tumor of  the tumor expression* of ICAM-1 # 

Adenocarcinoma 1 (6%) 11 (65%) 5 (29%) 4 (24%) 9 (53%) 
Squamous cell 3 (9%) 22 (67%) 8 (24%) 20 (55)~. 23 (64%) 

carcinoma 
pT I 0 6 (67%) 3 (33%) 3 (33%) 4 (44%) 
pT2 1 (7%) 8 (62%) 4(31%) 4(27%) 11 (73%) 
pT3 3 (12%) 16 (67%) 5 (21%) 16 (61%) 16 (61%) 
pT4 0 2 (67%) 1 (33%) 1 (33%) 1 (33%) 
pN0 0 15 (68%) 7 (32%) 6 (26%) 15 (65%) 
pN1 4 (15%) 17 (63%) 6 (22%) 18 (60%)w 17 (57%) 

Statistical analyses were performed using Fisher's exact test. 
*Less than 35% positive tumor cells. 
tMore than 25% positive tumor cells. 
*Significant difference between expression in adenoeareinoma and squamous cell carcinoma (P = 0.028). 
w difference between pN 0 and pNI (P = 0.013). 

Table III. Correlation between tumor-infiltrating lymphoeytes and expression of HLA class I and ICAM- 1 in 
primary esophageal carcinomas 

Moderate (33%-66%) Strong (>66%) 
No infiltration infiltration 

Tumor characteristics infiltration o f  the tumor o f  the tumor P value (X z test) 

H L A  class I ~ 0 19 (68%) 9 (32%) 
HLA class I- 4 (20%) 12 (60%) 4 (20%) 0.041 
ICAM-1 + 3 (11%) 13 (46%) 12 (43%) 
ICAM-I- 1 (5%) 18(90%) 1 (5%) 0.006 
HLA class I-/ICAM-1 - 1 (14%) 6 (86%) 0 
HLAclass I+/ICAM-I - 0 12 (92%) 1 (8%) 
HLA class I-/ICAM-1 § 3 (23 %) 6 (46%) 4 (31%) 
HLA class I+/ICAM-1 + 0 7 (47%) 8 (53%) 0.009 

P rognos t i c  I n f l u e n c e  o f  L y m p h o c y t e  
Inf i l t ra t ion,  H I ~  Class I Ant igens ,  and  
I C A M -  1 

Following a mean observation period of  19.5 
months, 30 patients (56%) suffered a relapse. All pa- 
tients with no lymphocyte infiltration of their tumors 
had a recurrence compared to 50% of  those with 
moderate lymphocyte infiltration and 46% of those 
with strong infiltration (P = 0.002). The  median re- 
lapse-flee survival period for these three groups of pa- 
tients was 4 months, 11 months, and 18 months, re- 
spectively. Among patients with tumors  expressing 
HLA class I antigens homogeneously, only 41% had a 

recurrence following a median relapse-flee survival of  
18 months in contrast to 75% of patients with deft- 
cient HLA class I expression in their tumors who had 
a recurrence following a median relapse-flee survival 
of 7 months (P <0.008) (Fig. 1). Kaplan-Meier analy- 
ses further revealed that N stage and T stage had a 
significant influence on relapse-flee survival, whereas 
ICAM-1 had no influence (Table IV). 

In analyzing the prognostic impact of  coexpression 
of HLA class I and ICAM-1, a significant interaction 
was found. Among patients with primary tumors co- 
expressing HLA class I and ICAM-1, 37% had a re- 
currence following a median relapse-flee survival of 
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Fig. 1. Impact of HLA class I expression on relapse-free survival. 

Table IV. Correlation between tumor relapse and tumor-infiltrating lymphocytes and expression of HLA class I 
antigens, ICAM-1, N stage, and T stage: Kaplan-Meier analyses 

No. of Median relapse-free 
T u m o r  characteristics patients Tumor relapse survival (mo) P value (log-rank) 

No infiltration 4 4 4 
Moderate infiltration 32 16 I 1 
Strong infiltration 13 6 18 0.0022 
HLA class I + 29 12 18 
HLA class I- 24 18 7 0.0081 
ICAM-1 + 32 18 10 
ICAM-I- 21 12 I0 0.751 
HLA class I-/ICAM-1 + 16 12 6 
HLA class I+/ICAM-1 * 16 6 >18 0.017 
N O 23 4 >12 
N1 30 26 6 <0.0001 
T1.2 24 10 17 
T3_ 4 29 20 6 0.012 

more than 18 months. In cases of HLA class I deft- 
ciency and ICAM-1 expression, 75% of the patients 
had a recurrence of their tumors after a median re- 
lapse-free survival of 6 months (P-- 0.017), and if both 
HLA class I and ICAM-1 expression was deficient (n 
-- 24), relapses occurred in 75% with a median re- 
lapse-free survival of 7 months (see Table IV). 

When the relapse patterns were analyzed, a lym- 
phocyte infiltration of tumors, HLA class I expres- 
sion, and coexpression of HLA class I and ICAM-1 
appeared to have a significant influence only on dis- 
tant metastases but not on local recurrences. In addi- 
tion, pN stage had a significant influcnce on the de- 

velopment of distant metastases, whereas pT stage did 
not (data not shown). Lymphocyte infiltration of the 
tumor, HLA class I expression, and coexpression of 
HLA class I and ICAM-1 also had a significant influ- 
ence on overall survival (Table V). Furthermore, as 
expected, pN stage and pT stage were prognostic fac- 
tors for overall survival (see "/able V). 

D I S C U S S I O N  

Despite radical surgical en bloc esophagectomy, 
patients with esophageal cancer frequently have an 
early recurrence of their disease. It must therefore be 
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Table V. Correlation between overall survival and tumor-infiltrating lymphocytes and expression of HLA class I 
antigens, ICAM-1, N stage, and T stage: Kaplan-Meier analyses 

No. of Median overall 
Tumor characteristics patients Deaths survival (mo) P value Oog-rank) 

No infiltration 4 3 5 
Moderate infiltration 32 12 18 
Strong infiltration 13 6 19 0.0055 
HLA class I + 29 9 >15 
HLA class I -  24 16 10 0.0072 
ICAM-I + 32 15 15 
ICAM-1 - 21 10 12 0.722 
HLA class I - / ICAM-1 § 16 11 10 
HLA class I+/ICAM-1 + 16 4 >19 0.011 
No 23 2 >17, 
N 1 30 23 9 <0.0001 
Tl_ 2 24 8 >18 
T3_ 4 29 17 10 0.014 

assumed that dissemination of tumor cells, which can- 
not be detected by current tumor staging modalities, 
is occurring early in the course of the disease. Our 
data suggest that some sort of "escape" mechanism 
that inhibits T-cell-mediated immune surveillance 
might be an important factor that is related to the 
prognosis of patients with esophageal cancer. In 51% 
of all tumors we observed a downregulation or com- 
plete loss of HLA class I antigen expression. 

The  observed correlation between metastatic 
lymph node involvement and primary tumor exten- 
sion and deficient expression of HLA class I antigens 
indicates that tumor progression and tumor cell 
spread may be facilitated by a reduced ability of the 
immune system to recognize these cells, since tumor 
cell recognition by CD3+/CD8+ cytotoxic T lym- 
phocytes is HLA restricted. Consequently, a defi- 
ciency in HLA class I antigens may account for an im- 
paired antitumor response by tumor-infiltrating lym- 
phocytes (TILs) with the result being a recurrence of 
the tumor. Several authors have demonstrated de- 
creased cytotoxicity of TILs against autologous and 
allogenous tumor cells compared to peripheral blood 
lymphocytes. 12-16 The presence ofT-suppressor cell 
subsets within the tumor, in addition to HLA down- 
regulation, could be another explanation for this de- 
creased cytotoxicity, 17 as well as the previously postu- 
lated tumor-derived immunosuppressive factors that 
may impair tumor-specific cytotoxity by TILs.18-20 

Analysis of relapse rates showed a significant cor- 
relation between tumor recurrence and lymphocyte 
infiltration. This lymphocyte infiltration of the tumor 
accounted for a significantly reduced risk of develop- 
ing a recurrence. Interestingly, there was an even 

more pronounced benefit for patients with strong in- 
filtration compared to those with moderate infiltra- 
tion. The significantly increased relapse rate that was 
observed in tumors lacking HLA class I expression 
could therefore be interpreted as resulting from im- 
paired TCR/CD3-HLA tumor cell recognition with a 
consequent loss of antitumor response by the TILs. 

Furthermore, coexpression of HLA class I and 
ICAM-1 was a prognostic factor in determining risk 
for the development of tumor recurrence. This sig- 
nificant interaction between HLA class I and ICAM- 
1 supports the hypothesis that a costimulatory signal 
is necessary for T-cell activation and subsequent T- 
cell-mediated antitumor response, as recently de- 
scribed in experimental and clinical reports. 9,n,22 

On the other hand, our findings indicate that in- 
duced ICAM-1 expression in tumor cells lacking 
HLA class I expression may enhance the metastatic 
capability of these cells. Patients in the subgroup that 
presented with HLA class I- / ICAM-1 § tumors had 
the worst prognosis. This finding may be explained 
by the fact that these tumor cells might be bound to 
leukocytes through the interaction between ICAM-1 
and its ligand LFA-1, which is present in T cells. If 
the tumor cannot be recognized because HLA class I 
antigens are not present in sufficient quantities, the T 
cells fail to destroy the tumor cell. However, this het- 
erotypic cell contact with migratory and invasive lym- 
phocytes might enhance the ability of such tumor 
cells to reach secondary organs. 23 Interestingly, de 
novo expression of IC/LM- 1 in primary melanomas is 
also correlated with an increased risk of metastatic re- 
lapse. 23 

The demonstrated prevalence for the development 
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of distant metastases in patients who lack lymphocyte 
infiltration, as well as in patients with downregulation 
of HLA class I expression, leads to the assumption 
that minimal tumor cell dissemination is facilitated by 
circumvention of immune surveillance and probably 
occurs early in the course of the disease. 

We are well aware that our data show only statisti- 
cal correlations between the expression of immuno- 
regulatory molecules in primary tumors, the effects of 
TILs, and prognosis. However, our data provide evi- 
dence that tumor-infiltrating T-cell populations exist 
in esophageal carcinomas and the statistical correla- 
tion with prognosis could be an indication of a T- 
cell-mediated antitumor response. It remains unclear 
to what extent intratumoral immunosuppressive fac- 
tors are capable of attenuating the cytotoxic efficacy 
of TILs. Further investigations must be carried out to 
disclose the composition and status of activation of 
TILs. 

C O N C L U S I O N  

We conclude that phenotyping of the primary tu- 
mor for immunologic effector molecules may identify 
patients at higher risk for early relapse with the po- 
tential consequences of adjuvant therapy. In consid- 
eration of the poor overall survival rate for patients 
with esophageal cancer, the search for new strategies 
in adjuvant therapy (e.g., immunotherapy), especially 
in patients with resectable primary tumors and a min- 
imal residual tumor load, seems to be essential. Be- 
cause coexpression of HLA class I and ICAM-1 seems 
to have a significant positive influence on the clinical 
outcome of the disease, the application of cytokines 
that induce expression of these molecules holds 
promise as a therapeutic strategy to increase the vul- 
nerability of esophageal tumor cells. Furthermore, 
vaccinating immunocompetent patients with geneti- 
cally modified tumor cells may induce systemic im- 
munity, which might result in the destruction of un- 
modified disseminated tumor cells. 24 Our results in- 
dicate that patients with resectable esophageal cancer 
may be suitable candidates for such new therapeutic 
options. 
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Physiologic Determinants of Nocturnal Incontinence 
After Ileal Pouch-Anal Anastomosis 

Juan M. Sarmiento, M.D., John H. Pemberton, M.D., W. Terence Reilly, M.D. 

The goals of the ileal pouch-anal anastomosis (IPAA) operation are the construction of a fecal reservoir 
and the preservation of anal function, without compromising continence. Some of the patients are in- 
continent at night. The aim of our study was to identify the mechanisms responsible for nocturnal in- 
continence. We analyzed patients undergoing IPAA for ulcerative colitis, who underwent anorectal tests 
between 1993 and 1995. All patients were subjected to pull-through manometry and pelvic floor function 
studies, and 33 patients underwent overnight ambulatory manometry. Among 44 patients (27 men and 17 
women), 22 had complete continence, whereas 22 had nocturnal incontinence. Mean age was 40 _ 1 
years. There were no differences with regard to sex, age, stoo ! consistency, and ability to differentiate 
gas from stool between groups; only stool frequency was lower in the continent group (median [range] 6 
[3 to 10] vs. 8 [5 to 25] stools/24 hours; P = 0.011). Resting and squeezing anal canal pressure did not dif- 
fer (P = 0.42 and P = 0.73, respectively). Rcsting, squeezing, and defecating anorectal angle, percentage 
of pouch evacuation, and perineal descent, all measured scintigraphically, did not differ between groups 
(all P >0.05). Ambulatory manometry showed that the mean anal canal pressure was higher in continent 
patients compared to incontinent patients, both during awake (88 _+ 11 vs. 62 _ 8; P = 0.032) and sleep 
(81 _+ 14 vs. 49 _ 9; P = 0.029) periods. The motility index was similar (awake, P = 0.88; sleep, P = 0.95), 
as was the number of episodes where the pouch pressure was greater than the anal canal pressure 
(P = 0.28). In otherwise continent patients after IPAA, the combination of high stool frequency and low 
basal anal canal pressure may be related to nocturnal incontinence. Moreover, standard anorectal physi- 
ology tests cannot identify these subde differences. (J GASTROIN"FEST SURG 1997; 1:324- 330.) 

T h e  most  common  indication for surgery in pa- 
tients with chronic ulcerative colitis is intractability of  
medical management ,  with dysplasia a distant sec- 
ond. 1 Several strategies to preserve fecal continence 
have been developed since total proctocolectomy be- 
came the standard operat ion for patients requir ing 
proctocolectomy.  Ileal pouch-anal  anastomosis 
(IPAA) has gained increased acceptance as the proce- 
dure of  choice for preserving continence in this set- 
ting.Z3 IPAA is successful in approximately 94% of pa- 
tients. However, occasional fecal incontinence is an 
ongoing  complicat ion,  part icularly at night.  T h e  
cause of such nocturnal incontinence is unknown. 

Most  patients after IPAA are fully continent  dur- 
ing the day, but  some experience incont inence at 

night. Many  previous studies have characterized in- 
continence after IPAA, but little data exist concern- 
ing patients who experience only fecal incontinence at 
night .  Anal canal pressures are lower dur ing sleep 
than when patients are awake, 4 but this is likely not  
the sole cause. Persistent nocturnal leaking after IPAA 
has been documented in 20% to 48% of patients. 5,6 
T h e  goal of  this study was to characterize nocturnal 
incont inence  in otherwise cont inent  patients after 
IPAA. 

M E T H O D S  

Forty-four patients with chronic ulcerative colitis 
who underwent  IPAA between 1993 and 1995 were 
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analyzed. The procedure performed was proctocolec- 
tomy, construction of a J-shaped ileal reservoir, and 
anastomosis to the anal canal using a hand-sewn or 
double-stapling technique. A diverting ileostomy was 
fashioned in all patients. Two or three months later, 
patients were readmitted for takedown of the ileos- 
tomy. 

Follow-up ranged from 1 to 10 years. Patients were 
admitted at least 6 months following closure of the 
ileostomy so that the following studies could be per- 
formed: anal manometry (stepped pull-through 
manometry), nuclear medicine studies of pelvic floor 
function and pouch function, and ambulatory ma- 
nometry. 

In addition to these studies, each patient was asked 
to complete a questionnaire designed to determine 
continence status, the stool frequency during 24 
hours, the ability to discriminate stool from gas, and 
stool consistency. 

All patients were fully continent during the day- 
time. The  dependent variable was the presence of 
nocturnal incontinence. This was defined as nocturnal 
leaking at least twice a week, even in minimal pro- 
portions. This finding was categorized as either occa- 
sional (<2 events/wk) or frequent (>2 events/wk). 

To facilitate the association of the independent 
variable with prognostic factors, patients were cate- 
gorized by groups. Time and anastomosis types were 
not considered in the analysis. 

Tests Performed 

Patients were admitted to the Clinic Research 
Center and informed consent was obtained. 

Nuclear Medicine Studies. Scintigraphic pouch- 
anal angle and defecation studies evaluated the angle 
formed between the pouch and the anal canal; this 
measurement assesses movement of the pelvic floor 
during attempted defecation and during squeezing. 7 
In control subjects and in patients with normally 
functioning ileoanal anastomoses, the anal pouch an- 
gle becomes acute with squeezing and obtuse with 
straining. 7 Pouch emptying is also evaluated using ra- 
diolabeled artificial stool (Veegnm). 8 This has the 
consistency of porridge. The patient is asked to evac- 
uate the material during dynamic scanning; the per- 
centage decrease in pouch volume from the beginning 
to the end of the evacuation is termed "evacuation ef- 
ficiency." 

Pull-Through Manometry. Using a perfused vec- 
tor volume technique, anal canal resting and squeez- 
ing pressures were recorded. 9 

Ambulatory Manometry. Manometry was per- 
.... 

formed using a six-channel microtip pressure trans- 
ducer catheter (Gaeltec Ltd., Isle of Skye, Scotland; 
distributed by Medical Measurement, Inc., Hacken- 
sack, N.J.). The catheter was positioned such that two 
channels were located in the anal canal and the other 
four in the pouch. The catheter was connected to a 
portable recorder, which stored 28 hours of record- 
ings for each channel. The catheter was positioned 
using flexible sigmoidoscopy and taped in place. This 
technique has been extensively validated previ- 
ously, l~ The patients were admitted to the Clinical 
Research Center the afternoon before the study. 
Catheters were placed the next morning. Patients 
then left the Clinic Research Center after breakfast. 
Recordings were made for 24 hours. The patients re- 
turned and their catheters were removed. Two stan- 
dardized meals were given while patients were in the 
Center. The patients were instructed to pursue their 
usual daily activities. Also, bowel movements were not 
restricted. 

Motor activity was expressed by a motility index 
(MI) calculated as MI = In (sum of contraction am- 
plitudes • number of contractions + 1). 11 Moreover, 
we measured the number of events per 10 hours in 
which the relationship (anal canal pressure > pouch 
pressure) was reversed (lasting 10 seconds or more). 

Statistical Analysis 

The  analysis was designed to compare patients 
with and without nocturnal incontinence only. For 
parametric data Student's t test was used, either paired 
or unpaired according to the circumstances. For non- 
parametric data the Mann-Whitney rank-sum test 
was employed. When binomial variables were evalu- 
ated, chi-square and Fisher's exact tests were used if 
the expected value of any cell of the 2 • 2 table was 
less than five. In all cases a two-tailed P value was cal- 
culated; P < 0.05 was considered significant. 

R E S U L T S  

We identified 44 patients who were fully continent 
of stool during the day. Twenty-two of them were in- 
continent at night; 21 of the 22 had occasional leak- 
age, whereas one had frequent leakage. Mean (+ SD) 
age of the sample was 40 (+ 9) years. 

The mean age and the male:female ratio were the 
same in both groups (Table I). The  only symptom 
that differed markedly between patients with and 
without nocturnal incontinence was the 24-hour stool 
frequency (Fig. 1). There were no differences in the 
other symptoms between groups (Table II). 
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Table I. Characteristics of the sample 

Cont inent  Incont inent  Chi-square P 
(n = 22)  (n = 22)  test  value 

<45 years of age 12 8 1.46 0.226 
>45 years of age 10 14 

Men 15 12 0.86 0.353 
Women 7 10 

Table II. Anal function 

Cont inent  Incont inent  P 
(n = 22)  (n = 22) value 

Differentiate gas/stool 
Yes 13 12 0.761" 
No 9 10 

Solid/semisolid stools 21 19 0.3451" 
Ambulatory manometry studies 

(median [range]) 
Motility index 

Awake 16 (6-13) 14 (7-18) 0.88~ 
Asleep 17 (3-20) 14 (7-20) 0.95~t 

Reversals gradient 
Anal-pouch pressures 8 (0-50) 15 (0-70) 0.28~t 

*Chi-square test. 
tFisher's exact test. 
tMann-Whimey rank-sum test. 
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Fig. 1. Twenty-four-hour stool frequency. 

Perineal descent, movement of the anal pouch an- 
gle, and pouch emptying showed no difference be- 
tween patients who were continent and those who 
were incontinent at night (Figs. 2 and 3). Interest- 
ingly, resting and squeezing pressures of the anal 
canal, as measured by pull-through manometry, did 
not differ between continent and incontinent patients 
(Fig. 4). 

Ambulatory manometry was performed in 33 pa- 
tients, 16 of whom were incontinent. The mean 
(+_ SD) length of the recording sessions was 13.8 
(+_ 0.8) hours. In distinct contrast to the results of 
standard manometry, ambulatory manometry docu- 
mented lower basal anal canal pressures in patients 
with nocturnal incontinence during both awake and 
sleep periods (P = 0.034 and P = 0.029, respectively) 
(Fig. 5). However, the MI did not differ between 
groups both during awake and sleep periods. Finally, 
the number of episodes in which pouch pressure was 
greater than anal canal pressure did not differ be- 
tween groups (Table II). 
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Fig. 5. Results of ambulatory manometry: Basal anal canal pressure (mean + SF_,VI). 

D I S C U S S I O N  

That  patients can be incontinent only at night after 
IPAA has been reported, but the etiology is ob- 
scure. 4,12 We have previously found that 50 (82%) of 
61 patients were completely continent during the day; 
however, 12 (24%) of the 50 continent patients be- 
came incontinent at night. 13,14 

Orkin et al. 4 characterized the presence of noctur- 
nal incontinence after IPAA in 1992. Using simulta- 
neous anal canal pressure measurements  and poly- 
somnographic recordings of sleep stages, they dem- 
onstrated a decrease in anal canal pressure during 
rapid eye movement  (REM) sleep. In a later study the 
authors demonstrated a decrease in anal canal pres- 
sures during REM sleep in healthy volunteers as 
well. 15 The  possible contribution of age to inconti- 
nence was described by Pescatori and Mattana. 16 
They  found that older subjects (>45 years) had twice 
the rate of incontinence after IPAA compared to 
younger patients. 16 In the present study we compared 
patients over the age of 45 years with those 45 years of 
age or younger  and found no difference (Table I). 
McHugh and Diamant 17 reached the same conclusion 
as Pescatori and Mattana but, in addition, found that 
women had higher rates of incontinence than men. In 
our series there was no trend toward increased noc- 
turnal incontinence in women (Table I). 

Ferrara et al., l~ using techniques of ambulatory 
manometry identical to those used in this study, found 
that patients with fecal incontinence after IPAA had 
more reversals of the pouch-anal canal pressure gra- 
dient than those who were continent. Previously the 
same authors had shown that a gradient between the 
pouch and the anal canal, such that the anal canal 
pressure was greater than the pouch pressure, was 

preserved in patients who were continent.  ~~ In the 
rectum as in the pouch, strong contractions that in- 
crease rectal pressure trigger a rise in the anal canal 
pressure. 19-21 Failure of the anal canal to respond to 
such increases in pressure leads to fecal soilage be- 
cause the pouch-anal  canal pressure gradient is re- 
versed. 

Although the rectoanal inhibitory reflex has been 
postulated to be a primary mechanism controlling fe- 
cal continence, 22 all patients in our study demon-  
strated no rectoanal inhibitory reflex, yet all were con- 
tinent during the day. The  presence or absence of the 
rectoanal inhibitory reflex likely has little influence in 
maintaining gross fecal continence but may be at least 
pardy responsible for fine control. 

Of  some interest is the increased 24-hour stool fre- 
quency among patients who are incontinent at night. 
Groom et al.  23 demonstrated that stool frequencies 
had prognostic implications in the outcome of IPAA; 
increased stool frequency was associated with a poor 
functional outcome. Our findings (see Fig. 1) support 
and extend these conclusions. 

We showed that patients with nocturnal inconti- 
nence after IPAA have lower resting anal canal pres- 
sures compared to continent patients, not only dur- 
ing the day but also at night. During the day the ex- 
ternal anal sphincter compensates for low resting 
pressures through conscious mechanisms (external 
anal sphincter and puborectal muscle contraction), 
which avoids fecal leakage. 4,z4 At night no conscious 
mechanisms can be recruited, and the internal sphinc- 
ter must face the challenge of bursts of high-pressure 
contractions in the pouch alone) ~ Thus,  if such a 
partially damaged sphincter is exposed to high pouch 
pressures, leakage inevitably occurs. 
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Our findings confirm and extend the findings of 
others that standard pull-through manometry is un- 
reliable in establishing the presence of fecal inconti- 
nence. 17,25 T h e r e  are reports  showing that  up to 40% 
of  incont inent  patients have normal  manomet r i c  find- 
ings.17,25 However ,  we also conf i rmed what  numerous  
authors have f o u n d - - t h a t  ambula tory  manometry ,  be- 
cause it records dynamic  pressures dur ing  the "nor -  
mal  activity of  daily living" be t te r  qualifies episodes 
o f  fecal incontinence.  

C O N C L U S I O N  

We found that after IPAA, patients with fecal in- 
cont inence occurr ing only at n ight  have h i g h e r s t o o l  
frequencies and lower rest ing pressures bo th  dur ing 
the day and at n igh t  c o m p a r e d  to pat ients  who  are 
continent.  However ,  reversals o f  the pouch-ana l  canal 
pressure gradient  were  no  m o r e  f requent  in patients  
wi th  noc tu rna l  i ncon t inence  than  in pa t ien ts  who  
were continent.  Ambula tory  m a n o m e t r y  and not  stan- 
dard m a n o m e t r y  helps establish the presence of  this 
unique manifesta t ion of  fecal incontinence.  
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Discussion 
Dr. y. Becket (Boston, Mass.). I am pleased that you 

have confirmed our findings regarding the relationship be- 
tween leakage, stool frequency, and manometric findings. 
One of the things that is different is that we found a corre- 
lation between leakage and age. Could you comment on 
your larger series of patients undergoing IPAA, now well 
over 1000 patients, at the Mayo Clinic. In this larger co- 
hort, have you found any correlation between age and leak- 
age? Also, you did not comment on whether or not these 
patients had mucosectomy or a stapled low rectal anasto- 
mosis. You did not comment on the changes over time. Did 
you compare these postoperative manometric findings with 
preoperative values and late postoperative values? Was 
there any recovery over time? 

Dr. J.M. Sarraiento. Everyone knows that patients with 
advanced age are less than ideal candidates for an ileal 
pouch procedure. This paper was concerned only with iso- 
lating terminal incontinence. Thus I cannot comment if we 
take into account the entire spectrum of incontinence. 

Regarding mucosectomy, we did not include this in the 
comparison or in the analysis because in most of these pa- 
tients a handsewn anastomosis is performed, and this in- 
cludes a mucosectomy, as in 80% of these patients, so it is 
impossible for us to comment on that. Similarly, most of 
these patients (almost 80%) had an evaluation within the 
first postoperative year, so it is again impossible to say 
whether there is a difference between 1-year and 10-year 
postoperative results. 

Dr. H. Sugerman (Richmond, Va.). In the past you pre- 
sented results from a nonrandomized study, which showed 
no difference in leakage and incontinence rates between 
stapled and hand-sewn mucosectomy procedures, yet you 
have a very high rate of incontinence in the present data, 
much higher than that found by most of us who perform 
the stapled procedure. Have you excluded patients when 
they have episodes of pouchitis, which leads to inconti- 
nence? Did the incontinent patients have evidence of pou- 
chitis at the time they were studied? 

Dr. Sarmiento. We did not exclude patients based on 
the type of procedure; however, we did not include patients 
with pouchitis. These data are obtained while patients are 
going about their usual daily activities, so it is impossible 
to say. 

We must remember that these are isolated events of noc- 
turnal incontinence, and it is this fecal spotting, even in 
minimal proportion, that increases the rate or the frequency 

in incontinence that everyone is familiar with. Most people 
say that if we compared groups, we would find 25% to 40% 
of patients with incontinence and that is because of their 
definition. This is a very, very strict definition. As I said, 
even patients with minimal proportions of fecal spotting 
were classified as incontinent. 

D~. P.R. O'Connell (Dublin, Ireland). The incontinence 
is an episodic rather than a continuous problem at night, 
and with your brief sampling of the week-long nocturnal 
pattern, you may have missed brief transient increases in 
pouch pressure. Did you encounter episodes of inconti- 
nence during your monitoring period? Did you observe 
these high pressure waves that can occur and have been de- 
scribed in ileal pouches during daytime observation? 

Dr. Sarmiento. We were measuring the big waves of the 
pouch, the long peak waves, and high pressure waves and 
we included them in the evaluation. With the inclusion of 
those waves we did not find an increased number of rever- 
sals of the gradients? This is a continuous measurement. 
How can I be more certain of the existence of reversals of 
the gradients. This is 14 hours of continuous tracing, so it 
is impossible to identify some reversal of the gradients that 
could be missed. 

Dr. B. Orkin (Washington, D.C.). This type of study 
has been done previously by Dr. John Pemberton who ex- 
amined the inversion of the pouch-anal gradient. I think 
the point that Dr. O'Connell was trying to get across is that 
these are individual events. Did you look at individual 
events during the night, when there is a change in gradi- 
ent, and identify those as times when there was leakage? 

Dr. Keith Kelly and I have also conducted studies exam- 
ining sleep stages and identified those specific events during 
REM sleep. Did you look at individual events of inconti- 
nence at night and correlate them with any activity inver- 
sion? 

Dr. Sarmiento. Yes we did. As you know, patients who 
are undergoing ambulatory manometry have a recorder, 
and they mark everything. They mark what they are doing 
during these episodes of incontinencc, and there is no ques- 
tion that during these episodes there is a reversal of this 
gradient. In addition, this reversal of gradient does not oc- 
cur in patients who are completely continent during the 
night. 

Dr. Orkin. I think taking the mean over the course of 
the entire night is rather meaningless. You have to look at 
the individual events. 



Direct Inhibitory Effect of Erythromycin on the 
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Erythromycin, a macrolide antibiotic, stimulates motor activity in various parts of the gastrointestinal 
tract in humans and animals. This effect of erythromycin resembles that of motilin, a gastrointestinal 
hormone, in evoking contractions similar to phase 3 activity of the migrating motor complex. Motilin in- 
duces contractions in the canine gallbladder but fails to evoke any response, either in vivo or in vitro, in 
the human gallbladder. Surprisingly, erythromycin stimulates human gallbladder emptying in healthy 
volunteers and in persons with diabetic autonomic neuropathy. In the present study we examined the 
effect of erythromycin on chemically and electrically evoked contractions of isolated gallbladders from 
guinea pigs and humans by use of isometric force measurements. Carbachol, a muscarinic cholinergic 
agonist, evoked gallbladder contractions that were diminished by erythromycin in a concentration- 
dependent manner: at 200 tzmol/L the contractions were 86% _+ 20% of the control response, at 500 
t~mol/L they were 63 % -+ 21% of control, and at 1000 tzmol/L they were 41% _ 20% of control 
(P <0.05, N = 10, mean - standard deviation). Electrically evoked gallbladder contractions were reduced 
to 68% - 18 % of the control response with the addition of 500 t~mol/L of erythromycin and to 56% -+ 
19% of control after the addition of 1000 Ixmol/L (P <0.05, N = 8). Guinea pig but not human gallblad- 
ders contracted after stimulation with the alpha-adrenergic agonist phenylephrine. Erythromycin re- 
duced these contractions in a concentration-dependent manner but had no effect on gallbladder con- 
tractions induced by bradykinin. In human gallbladder strips, erythromycin at 500 I~mol/L reduced the 
contractile response to electrical stimulation to 71% _+ 16% of the control value (N = 10 [5 patients], 
P <0.01) and the carbachol-evoked contractions to 53% -+ 24% (P <0.01, N = 32). The inhibitory effect 
of erythromycin persisted in the presence of the nerve blocker tetrodotoxin at 1 tLmol/L. It is concluded 
that erythromycin has a direct inhibitory effect on guinea pig and human gallbladder contractions. 
(J GASTROINTEST SURG 1997;1:331-336.) 

The  prokinetic activity of  erythromycin was first 
described in 1984 and has since been studied by sev- 
eral groups.l-3 This activity of  erythromycin resem- 
bles that of  the gastrointestinal hormone motilin, 
which is released periodically in the fasting state. In 
humans and dogs motilin produces phase 3 activity 
and is associated with the regulation of  the migrating 
motor complex. 4 Erythromycin was shown to displace 
motilin from its receptors, 5 and thus it was suggested 
that erythromycin acts as a motilin agonist. Improve- 
ment  of  gastric emptying in patients with diabetic 
gastroparesis treated with erythromycin was the first 
clinical application of these properties. 6 

Motilin has been shown to stimulate canine gall- 
bladder contraction in vivo 7 but has no effect on the 

human gallbladder, s However, erythromycin was re- 
ported to have a stimulatory effect on gallbladder 
contraction in normal volunteers and in persons with 
gallstones. 9 Erythromycin also reduces fasting gall- 
bladder volume of patients with diabetic neuropathy.10 
The  aim of the present study was to investigate the 
direct effect of  erythromycin on the contractile activ- 
ity of  the isolated whole gallbladder of  guinea pigs 
and on strips of human gallbladders. 

M A T E R I A L  A N D  M E T H O D S  

Male guinea pigs weighing 300 to 500 g were 
killed. Their  gallbladders were then quickly removed 
and placed in Krebs solution of the following compo- 
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sition (in millimoles per liter): NaCI, 120.7; KCI, 5.9; 
MgSO4, 1.2; NaHCO3, 14.4; NaHzPO4, 1.5; CaC12, 
2.5; and glucose, 11.5. Whole  gallbladders were 
placed in a bath filled with Krebs solution through 
which a mixture of 95% oxygen and 5% carbon diox- 
ide was bubbled. The temperature was maintained at 
37 ~ C. One end of the gallbladder preparation was at- 
tached to a tissue holder and the other end was con- 
nected to an isometric force transducer (Statham 
UC2, Gould Instrument Systems, Inc., Valley View, 
Ohio). The resting force was 1 g. 

Human gallbladder preparations were obtained 
from patients undergoing laparoscopic cholecystec- 
tomy because of symptomatic gallstones and from pa- 
tients with normal gallbladders removed during 
surgery for other reasons such as a Whipple proce- 
dure or resection of echinococcal cysts. The  gallblad- 
der preparations were placed in Krebs solution im- 
mediately after resection. The  gallbladder was cut 
into 3 • 20 mm strips. The serosa and the underlying 
connective tissue were removed. The  strips of gall- 
bladder tissue were fixed in the same manner as pre- 
viously described for the guinea pig gallbladders. Af- 
ter reaching equilibrium, the preparations were elec- 
trically stimulated with two platinum ring electrodes 
using a Grass $88 stimulator (Grass Instrument Co., 
Quincy, Mass.). Stimulus parameters were 55 V am- 
plitude, 0.5 msec duration at 1 to 10 Hz for 15 sec- 
onds. Chemical stimulation was achieved by adding 
drugs to the bath. The  contractile responses were 
recorded on a Hewlett-Packard 7544-a recorder 
(Hewlett-Packard Co., Andover, Mass.). Erythro-  
mycin lactobionate was dissolved in distilled water 
immediately before use. The erythromycin vials nom- 
inally contained benzyl alcohol. Control experiments 
with benzyl alcohol at the same concentrations were 
also performed (see Results). 

Each preparation, after reaching equilibrium, was 
electrically and chemically stimulated. The  bathing 
solution was replaced several times until the prepara- 
tion returned to basal activity and tone. Erythromycin 
was added to the bath and the preparation was restim- 
ulated. After each exposure to erythromycin, the elec- 
trical and chemical stimulations were repeated to ver- 
ify return to control levels. 

Statistics were calculated by means of analysis of 
variance multivariate tests with Bonferroni post-test 
correction. Each result was expressed as the mean _+ 
standard deviation. 

R E S U L T S  
Effec t  o f  E r y t h r o m y c i n  on  the  G u i n e a  P ig  
Gallbladder Response to Carbachol 

Carbachol at a concentration of 0.5 ~moVL caused 
contraction of the guinea pig gallbladder (Fig. la). 
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Fig. 1. Effect of erythromycin on the mechanical activity of 
the isolated guinea pig gallbladder, a, Response to carbachol 
(0.5 Ixmol/L) applied at the arrowhead; c, response of the same 
preparation to carbachol (0.5 Ixmol/L) in the presence of 
erythromycin (0.5 mmol/L); e, recovery of response to carba- 
chol after washout; b, response to electrical stimuli (duration 
15 seconds and frequency from left to right 1, 2, 5, and 10 Hz) 
marked by dots; d, response to the same stimuli in the pres- 
ence of erythromycin (0.5 mmol/L); f, recovery of response 
after washout. Calibration bars for force (0.2Y g) and time (2 
rain) are shown in d. 

The addition of erythromycin to the preparation bath 
reduced this response in a reversible manner (Fig. lc 
and e). This effect was concentration dependent: at 
200 ixmol/L the contraction was 86% _+ 20% of the 
control response, at 500 I~mol/L itwas 63% _+ 21%, 
and at 1000 Ixmol/L it was 41% + 20% (iN = 10, 
P <0.05; Fig. 2). The addition of tetrodotoxin (TTX) 
at a concentration of 1 I~mol/L, to the bath did not 
alter the response to carbachol or the inhibitory ef- 
fect of erythromycin. 

Effec t  o f  E r y t h r o m y c i n  on  the  G u i n e a  P ig  
Gal lb ladder  Response  to  Electr ical  
S t imula t ion  

Electrical stimulation of guinea pig gallbladders at 
frequencies of 1, 2, 5, and 10 Hz evoked contractions 
(Fig. lb). Erythromycin reduced these contractions in 
a reversible manner (Fig. ld and f ) .  The  effect was 
concentration dependent (Fig. 3). Electrically evoked 
gallbladder contractions were reduced to 68% + 
18% of the control response with the addition of 500 
ixmol/L of erythromycin to the preparation bath and 
to 56% _+ 19% after the addition of 1000 ixmol/L 
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Fig. 2. Effect of various doses of erythromycin on the re- 
sponse of  the guinea pig gallbladder to carbaehol (0.5 
mmol/L). Erythromycin was added to the bathing solution at 
concentrations ranging from 1 ~mol/L to 1 mmol/L. Results 
are expressed as percentages of the control response and show 
that erythromycin at concentrations ranging from 0.5 to 1 
mmol/L significantly reduced the response to carbachol 
(P <0.05). Each bar represents the mean + standard deviation 
of 10 different results. Asterisks indicate statistical significance 
as compared to control values (P <0.05). 
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Fig. 3. Effect of erythromycin on the response of the guinea pig gallbladder to electrical stimuli at fre- 
quencies of 2, 5, and 10 Hz. Erythromycin was added to the bathing solution at concentrations ranging 
from 1 I~mol/L to 1 mmol/L. Results are expressed as percentages of the control response and show 
that erythromycin at a concentration of 1 mmol/L significantly reduced the response to electrical stim- 
ulation (P <0.05). Each bar represents the mean _+ standard deviation of eight different results. Asterisks 
indicate statistical significance as compared to control values (P <0.05). 

(P <0.05, N = 8). The addition of atropine (1 ~raal/L):~Ph~nylephrine at a concentration of 5 ~mol/L, in the 
or T T X  (1 ixmol/L) to the solution blocked th~galt-  
bladder  responses  to  electrical s t imulat ion,  indica t ing 
that these responses were due to the release of acetyl- 
choline. 

Effect  o f  E ry th romyc in  on the Guinea  Pig  
Gallbladder Response  to Phenylephrine  

The preceding results suggested that erythromycin 
blocked cholinergic responses in an atropine-like 
mechanism. To test this possibility the effect of phen- 
ylephrine, an alpha-adrenergic agonist, was examined. 

presence of atropine (I ~mol/L), caused contractions 
of the guinea pig gallbladder. These contractions were 
inhibited by erythromycin in a concentration-depen- 
dent manner (Fig. 4): at 200 ixmol/L to 62% + 27% 
and at0.5 mmol/L to 21% _+ 16% (P<0.05, N = 5). 

Effect  o f  E ry th romyc in  on the Gallbladder  
Response  to Bradykinin  

To further elucidate the mechanism of the eryth- 
romycin effect on the gallbladder, the response to 
bradykinin was studied. Bradyldnin at a concentration 
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Fig. 4. Effect of erythromycin on the guinea pig gallbladder 
response to phenylephrine (5 ~mol/L). Erythromycin was 
added to the bathing solution at concentrations ranging from 
1 ~mol/L to 0.5 mmol/L. Results are expressed as percentages 
of change in the control response and show that erythromycin 
at a concentration of 0.5 mmol/L significandy reduced the re- 
sponse to phenylephrine. Each bar represents the mean + 
standard deviation of five different results. Asterisk indicates 
statistical significance as compared to control values (P <0.05). 

of 10 nmol/L, in the presence of atropine 1 I~mol/L, 
evoked gallbladder contractions that were not altered 
following the addition of 100, 500, and 1000 ~mol/L 
of erythromycin. 

Effect of  Benzyl Alcohol on t he  Ga l lb l adde r  
Response to Carbachol 

To determine whether the effect studied was asso- 
ciated with the presence of  benzyl alcohol in the 
erythromycin solution, we tested the response of the 
guinea pig and the human gallbladder to benzyl alco- 
hol in the same concentration range as that used in 
the erythromycin solution. There was no change in 
the response to carbachol before and after the admin- 
istration of benzyl alcohol. 

Effect of  Erythromycin on the Human 
Gallbladder Response to Carbachol and 
Electrical Stimulation 

In human gallbladder strips erythromycin at 500 
gtmol/L reduced the contractile response to electric 
stimulation at 2, 5, and 10 Hz (Fig. 5). However, the 
effect was significant only at 10 Hz, where erythro- 
mycin reduced the responses to 71% _+ 16% (N = 10 
[5 patients], P <0.01). Erythromycin at 500 ~mol/L 
also reduced the carbachol-evoked contractions to 
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Fig. 5. Effect of erythromycin on the mechanical activity of 
the isolated human gallbladder, a, Response to carbachol (0.5 
i~mol/L) added at the arrowhead; c, response to carbachol (0.5 
~mol/L) in the presence of erythromycin (0.5 mmol/L); e, re- 
covery of response to carbachol after washout; b, response to 
electrical stimuli (duration 15 seconds and frequency from left 
to right I, 2, 5, and 10 Hz marked by dots); d, response to the 
same stimuli in the presence of erythromycin (0.5 mmol/L); f, 
recovery of response after washout. Calibration bars for force 
(0. Y g) and time (2 min) are shown in d. 

53% + 24% (P <0.01, N = 32). The  nerve blocker 
T T X  at 1 ~tmol/L did not alter the inhibitory effect of 
erythromycin. The  effect of  erythromycin was re- 
versible after washout. There was no significant dif- 
ference between the responses of the gallbladders of 
patients with or without gallstones. 

D I S C U S S I O N  

Our results demonstrate a direct, reversible in- 
hibitory effect of erythromycin on isolated human and 
guinea pig gallbladders. Erythromycin significantly 
reduced the gallbladder contractile responses to elec- 
trical and chemical stimulation. The  effect of eryth- 
romycin was concentration dependent, the threshold 
concentration being 50 to 100 ~mol/L. There is rel- 
atively little information regarding the actions of  ery- 
thromycin on isolated smooth muscle preparations. 
In a comprehensive study of the isolated guinea pig 
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small intestine, Minocha and Galligan n showed that 
in the longitudinal muscle erythromycin inhibited the 
responses to electrical stimulation but not to a mus- 
carinic agonist or to substance P. However, in the cir- 
cular muscle erythromycin reduced noncholinergic 
contractions and had little effect on cholinergic re- 
sponses. An inhibitory effect of erythromycin was de- 
scribed in the isolated bronchial smooth muscle. 12 
Percy and Christensen 13 showed that erythromycin, 
among other antibiotics, inhibited spontaneous con- 
tractions and reduced the tone of the distal colonic 
muscularis mucosae of the opossum. On the other 
hand, erythromycin and other macrolides were shown 
to induce contractions and to bind to motilin recep- 
tors in rabbit duodenal segments. 14 Hasler et al.ls de- 
scribed contractions of rabbit colonic myocytes in re- 
sponse to erythromycin binding to motilin receptors. 
Amstrong et al. 16 described a stimulatory effect of 
erythromycin on ileal motility by activation of dihy- 
dropyridine-sens~tive calcium channels. Thus there 
are different and even opposite direct effects of eryth- 
romycin on smooth muscles. The  effect of eryth- 
romycin on gallbladder motility is also not fully un- 
derstood. An in vivo study by Fiorucci et al., 17 who 
used ultrasound measurements, demonstrated en- 
hancement of gallbladder emptying following the ad- 
ministration of erythromycin. They also showed that 
motilin blood levels were elevated after the adminis- 
tration of erythromycin, suggesting a motilin-medi- 
ated effect. The inhibitory effect of erythromycin de- 
scribed in the present work is apparently not medi- 
ated by motilin receptors because this peptide has no 
effect on in vitro gallbladder strips from most species 
including humans 18 and guinea pigs. 19 

Another study by Fiorucci et al. 2~ in diabetic pa- 
tients with and without autonomic neuropathy failed 
to demonstrate the same effect in the patients with 
neuropathy. The enhancement of gallbladder empty- 
ing by erythromycin was also demonstrated by other 
groups who used in vivo ultrasonographic volume es- 
timation. 9'I~ Kaufman et al. 22 studied the effect of 
erythromycin on the prairie dog gallbladder. They 
concluded that erythromycin does not have any effect 
on the gallbladder as measured by means of a probe 
inserted directly into the gallbladder. Benzi et al. 23 
studied pressure changes in the guinea pig gallblad- 
der and showed pressure increases after administra- 
tion of erythromycin. Our own results showed that in 
the guinea pig gallbladder erythromycin inhibited the 
contractions evoked by both carbachol (muscarinic 
cholinergic agonist) and phenylephrine (alpha-adren- 
ergic agonist). In human gallbladder strips carbachol 
induced contractions that were significantly reduced 
after the administration of erythromycin. Phenyl- 
ephrine failed to evoke contractions in human gall- 
bladder strips. Bradykinin evoked contractions in 

both guinea pig and human gallbladders, which were 
not affected by erythromycin. Thus it appears that al- 
though erythromycin does not specifically block 
cholinergic muscarinic responses, it does have a cer- 
tain degree of selectivity. We can hypothesize that it 
interferes with a postreceptor mechanism, possibly at 
the second messenger level. 

Our experiments demonstrate that erythromycin 
was effective in the concentration range of 50 to 1000 
~mol/L. The plasma concentration of erythromycin 
after intravenous administration of I g in patients can 
reach 10 wg/ml (13 wmol/L). However, in bile the 
erythromycin concentration can reach a level as high 
as 250 lzg/ml (300 izmol/L), 24 which is well within the 
range studied in vitro. Thus erythromycin may have a 
local inhibitory action on gallbladder smooth muscle. 
Erythromycin has multiple actions on smooth muscle 
contractions and gallbladder motility. The  inhibitory 
effect described here contrasts with previous evidence 
on the excitatory effect of erythromycin on the gall- 
bladder. The  excitatory effect was observed in un- 
stimulated isolated smooth muscle cells or, in vivo, in 
resting gallbladders where ultrasound volume mea- 
surements were used. None of these studies dealt with 
the responses to contractile stimulation. We found 
that the basal tone was not changed by erythromycin, 
which is consistent with the results of Kaufman et al. 22 
Direct inhibitory effects of erythromycin on stimu- 
lated smooth muscle preparations have been de- 
scribed previously in small intestine and bronchial 
smooth muscle preparations.It,12 

C O N C L U S I O N  

Erythromycin has multiple effects on smooth mus- 
cle, depending on the tissue and the experimental 
conditions. Apart from the stimulatory effect of eryth- 
romycin on the stomach and the duodenum, which is 
mediated via motilin receptors, there are other exci- 
tatory and inhibitory effects unrelated to motilin. 
These may include elevation of basal tone and pres- 
sure in the gallbladder and small intestine or inhibi- 
tion of contractions evoked by chemical stimuli. The 
net response to erythromycin is probably the sum of 
all of these various effects. 
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Needle Biopsy for Suspicious Lesions of the Head of 
the Pancreas: Pitfalls and Implications for Therapy 
Kamal M.E Itani, M.D., Thomas V. Taylor;, M.D., Linda K. Green, M.D. 

Controversy continues to exist concerning the optimal diagnostic approach to a pancreatic head lesion 
suspected of being a neoplasm. The objective of this study was to evaluate the impact of needle biopsy in 
suspicious pancreatic head neoplasia and its effect on therapy and outcome. Seventy-three patients with 
symptoms or signs of periampullary neoplasia and a pancreatic head lesion identified on CT scan were re- 
viewed retrospectively. Forty patients with potentially resectable lesions underwent intraoperative trans- 
duodenal core needle biopsy of the head of the pancreas. Thirty-three patients underwent CT-guided 
percutaneous fine-needle aspiration. The sensitivity and specificity of core needle biopsy were 76% and 
100%, respectively. One death was directly related to the procedure and therapy was adversely affected 
in one patient with a false negative result. The sensitivity and specificity of percutaneous fine-needle as- 
piration were 85% and 92%, respectively, and were not significantly different from the core needle biopsy 
results (P >0.3). Three false negative fine-needle aspiration biopsies occurred in patients with potentially 
resectable lesions and a low clinical suspicion for malignancy. In patients with a mass in the head of the 
pancreas on CT scan, fine-needle aspiration biopsy offers results similar to those of intraoperative trans- 
duodenal core needle biopsy. In patients estimated to have resectable disease, a pancreaticoduodenec- 
tomy should be performed without a biopsy. For patients with unresectable disease, cytologic examina- 
tion of fine-needle aspirate should be performed. If this examination is positive, it offers the advantage of 
facilitating the construction of a rational plan for palliation. (J GASTROPOTEST SURG 1997;1:337-341.) 

Despite the recent development of a variety of ra- 
diologic, endoscopic, and laparoscopic tools, the 
pathologic diagnosis of a mass in the head of the pan- 
creas remains elusive. Even at laparotomy, the nature 
of a palpable pancreatic mass may be difficult to de- 
termine. Attempts at pathologic diagnosis have in- 
cluded wedge biopsy performed operatively with 
frozen section examination, 1 core needle biopsy per- 
formed transduodenally with frozen sections obtained 
during surgery, 1,2 cytologic examination of fine-needle 
aspirate performed intraoperatively, 3-13 and preopera- 
tive cytologic examination of fine-needle aspirate per- 
formed under ultrasound or C T  guidance. 2,4,1~ 
Each of these procedures has been reported to have 
advantages and disadvantages. Among the intraoper- 
ative procedures, wedge biopsy may be associated 
with a higher rate of complications, 2 whereas trans- 
duodenal core needle biopsy offers the advantage of 
supplying a core piece of tissue rather than the few 
cells obtained on fine-needle aspiration and thus pro- 

viding a possible higher diagnostic yield. A major ad- 
vantage of  the percutaneous technique over other 
pancreatic biopsy procedures is the possibility of  
avoiding surgery in selected cases. In this report we 
examine the value ofintraoperative core needle biopsy 
and percutaneous CT-guided cytologic examination 
of fine-needle aspirate and determine how the biopsy 
results affected therapy and outcome. 

M A T E R I A L  A N D  M E T H O D S  

All pancreatic biopsies submitted to the pathology 
depariJuent at the Houston Veterans Administration 
Medical Center  between October  1987 and 1994 
were reviewed. Biopsies of the body or tail of the pan- 
creas as well as wedge biopsies were excluded. Sev- 
enty-three patients were identified who had under- 
gone one form of needle biopsy of the head of the 
pancreas, the choice of which was determined by the 
primary clinician. These patients were all men with a 
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mean age of 62 years in whom a mass in the head of 
the pancreas was confirmed by C T  scan. 

Symptoms of periampuUary neoplasia included 
jaundice in 23 patients (32%), weight loss in 21 
(29%), and abdominal pain in 24 (33%) occurring 
alone or in combination. A history of alcohol abuse 
was confirmed in 35 patients (48%) with eight pa- 
tients (11%) having had prior episodes of pancreatitis. 
Twenty-three patients underwent endoscopic retro- 
grade cholangiopancreatography, which confirmed 
biliary obstruction in all of  them and changes of 
chronic pancreatitis in eight. Nine patients underwent 
endoscopic biliary stent placement, whereas five pa- 
tients underwent  percutaneous transhepatic biliary 
drainage. These cases were not  randomized but were 
divided into two groups retrospectively according to 
the type of biopsy performed. 

Forty of these patients underwent an intraopera- 
tive transduodenal core needle biopsy of the head of 
the pancreas. All patients were judged to have a po- 
tentially resectable tumor  based on a review of the 
C T  scans obtained preoperatively. An average of three 
separate passes (range 2 to 7) were made through the 
clinically suspicious area, and a frozen section diag- 
nosis was provided by the pathologist using a hema- 
toxylin-eosin stain. The  pathologic report  on these 
frozen sections was then correlated with the final 
diagnosis obtained a few days later, which was based 
on the remainder of the tissue or the resected speci- 
men. 

Another 33 patients underwent CT-guided percu- 
taneous fine-needle aspiration (FNA) of the head of 
the pancreas performed in the radiology department. 
The  reason for performing this procedure was meta- 
static disease in six patients, unresectable disease in 
11, poor medical condition in two, and a low suspi- 
cion for malignancy in 14 (Table I). Smears prepared 
from tissue aspirated with a gauge 20-22 needle at the 
time of the procedure were immediately fixed in 95 % 
alcohol. Representative smears were stained with Pa- 
panicolaou stain, and the aspiration needle and sy- 

tinge were rinsed with Sacchomanno fixative (an al- 
cohol-based fixative) with a cell block prepared from 
the tissue fragments after centrifugation. Step sections 
of the cell block were prepared and stained with 
hematoxylin-eosin. Results were correlated with ei- 
ther operative or pathologic findings in the resected 
specimen, in cases where surgery was performed, or 
with biopsy specimens from other lesions thought  to 
be metastatic. 

For patients who did not  undergo surgery or re- 
section, a progressive decline in the clinical condition 
that resulted in death was considered a presumptive 
confirmation of malignancy. A course of continuing 
satisfactory health or symptoms compatible with 
chronic pancreatitis were considered confirmation of 
a cytologic examination that was negative for malig- 
nant  neoplasm. Sensitivity and specificity for both 
techniques were determined and results compared by 
means of Fisher's exact test. 

R E S U L T S  

Among the patients who had core needle biopsies, 
16 of them were considered to have a true positive 
result for malignancy (Table II). Trea tment  in this 
group consisted of palliative bypasses in seven pa- 
tients, pancreaticoduodenectomy in four, and explo- 
ration alone in five (Table III). Overall the mean sur- 
vival in this group was 6 months. 

Nine teen  patients followed for a mean of 19 
months were considered to have true negative biop- 
sies (see Table II). Six had undergone a biliary-enteric 
bypass, four had a pancreaticoduodenectomy for the 
associated pain of chronic pancreatitis, and the re- 
maining nine underwent no additional operative pro- 
cedures (see Table III). 

Five patients had false negative results (see Table 
II). In two of these patients, the tumor was discovered 
in the pancreaticoduodenectomy specimen and no ad- 
verse outcome was noted. In two other patients, the 
initial frozen biopsy specimens were reported as 

Table I. Indications and results of CT-guided percutaneous fine-needle aspiration of suspicious lesions of the head 
of the pancreas in 3 3 patients 

True False True False 
positive positive negative negative 

Metastatic disease 6 
Unresectable tumor 11 
Poor medical condition 0 
No clinical signs of malignancy 1 

0 0 0 
0 0 0 
0 2 0 
1 9 3 
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chronic pancreatitis. In the first patient, the perma- 
nent section diagnosis revealed squamous cell carci- 
noma of the pancreas, whereas the second patient was 
confirmed to have adenocareinoma during a second 
exploratory operation 5 months later for further bil- 
iary obstruction. Therapy was adversely affected in 
this patient who was found to have a potentially re- 
sectable tumor at the first operation. The last patient 
with a false negative result was confirmed to have ade- 
nocarcinoma of the pancreas through biopsy of a 
metastatic lesion in the liver. A subsequent review of 
the permanent section of the pancreatic core needle 
biopsy from this patient confirmed the presence of 
carcinoma (see Table 1). 

One patient with a true negative biopsy after five 
passes of the core needle died 14 days later of a 
retroperitoneal hematoma from an injured superior 
mesenteric vein. Attempts at controlling the bleeding 

Table II. Results of intraoperative transduodenal 
core needle biopsy and preoperative percutaneous 
CT-guided fine-needle aspiration of suspicious 
lesions of the head of the pancreas 

Core needle biopsy FNA 
Diagnosis (n - 40) (n - 33) 

True negative 19 11 
True positive 14 17 
False positive 0 1 
False negative 5 3 
Equivocal 2" 1", 11" 

*All patients were confirmed to have malignancy at repeat biopsy using 
the same technique and were ultimately counted as true positive. 
tOne patient had insufficient material at fine-needle aspiration, re- 
quired surgical exploration, and was confirmed to have lymphoma by 
core needle biopsy. He was not entered in the final calculations for 
group 2. 

and resuscitation failed. No other complications re- 
sulted from this procedure. The sensitivity and speci- 
ficity of core needle biopsy were 76% and 100%, re- 
spectively. 

Among the patients undergoing cytologic exami- 
nation of fine-needle aspirate, 18 of 33 had positive 
cytology for carcinoma (see Table II). No surgical 
therapy was performed in any of these patients (see 
Table HI). The mean survival in these 18 patients was 
2.5 months. 

One false positive result occurred in a patient who 
is currently doing well at 21 months' follow-up and 
whose cytologic examination results were interpreted 
as adenocarcinoma (see Table II). 

Eleven patients had true negative cytologic find- 
ings for malignancy (see Table II). These patients 
were followed for a mean of 22 months and are cur- 
rently doing well (see Table I). 

Three patients had false negative cytologic find- 
ings. Metastatic nodules elsewhere in the body were 
found in two patients and following exploratory 
surgery in the third patient (see Tables I and 1I). 

There were no complications encountered with the 
percutaneous FNA procedure. The sensitivity and 
specificity were, respectively, 85 % and 92 %, which 
was not statistically different from the core needle 
biopsy results (P >0.3). 

DISCUSSION 

Various approaches have been utilized in assessing 
and treating suspicious masses in the head of the pan- 
creas based on different philosophies. Some surgeons 
advocate pancreaticoduodenectomy on clinical 
grounds without confirmation based on tissue sam- 
ples. On the other hand, there are surgeons who 
rarely if ever elect to perform pancreaticoduodenec- 

Table Ill. Impact of diagnostic needle biopsy on treatment of 73 patients with suspicious pancreatic 
head neoplasia 

Biopsy result 

True True False False 
Therapy negative positive positive negative 

Biliary bypass 2 (1) 7 0 2 
Biliary and gastric bypass 4 0 0 0 (2) 
Panereat ieoduodenectomy 4 (1) 4 0 2 
Explorat ion alone 9 5 0 1 (1) 
Biliary stent or drainage 0 0 (9) 0 0 
N o  intervention 0 (9) 0 (9) 0 (1) 0 

Numbers in parentheses represent the results of percutaneous fine-needle aspiration; all other numbers represent results of core needle biopsy. 
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tomy without histologic verification of malignancy. 
Attitudes with regard to this question reflect an 
awareness of the shortcomings of biopsy. This study 
has evaluated two commonly used needle biopsy tech- 
niques and investigated how the results have influ- 
enced the management of patients with suspected ma- 
lignant neoplasia in the head of the pancreas. 

Based on the first diagnostic technique, which con- 
sisted of  a core needle biopsy, 10 pancreaticoduo- 
denectomies were performed (see Table ILl). Included 
among those patients who underwent a pancreatico- 
duodenec tomy were two patients with the pain of 
chronic pancreatitis, a core needle biopsy that  was 
negative for malignancy, and a final specimen con- 
firming the presence of carcinoma that was missed at 
biopsy. This  shows that intraoperative palpation of 
the tumor and the way the needle for core biopsy is 
directed to a specific area does not always offer an ad- 
vantage. It can give a false sense of security that might 
adversely affect therap~ as occurred in one of our pa- 
tients with a false negative result who underwent by- 
pass for a potentially resectable tumor (see Table III). 
Major complications directly related to the core 
biopsy procedure, such as fatal bleeding in one of our 
patients and a reported morbidi ty of 10%, 3 can  be 
avoided by using intraoperative FNA. However, in- 
traoperative FNA still requires a major exploration 
and is subject to the same sampling errors that will re- 
sult in the same pitfalls as core needle biopsy. 

The  second diagnostic technique based on percu- 
taneous FNA under C T  guidance and cytologic ex- 
amination of the specimen offers the major advantage 
of avoiding surgical exploration while offering simi- 
lar sensitivity and specificity as core needle biopsy 
without any of the major complications seen with it. 3 
However, percutaneous FNA is still associated with 
the same sampling disadvantages as core needle 
biopsy. If one examines all 14 patients who had a sus- 
picious mass on C T  scan but no clinical signs of a ma- 
lignancy, it becomes clear that four (29%) could be 
misdiagnosed as either false positive or false negative 
(see Table I). In addition, uncertainty could continue 
to prevail regarding nine patients (64%) who had a 
negative biopsy and in whom the doubt for a sampling 
error might  continue to prevail (see Table I). 

Based on these data we believe that patients with a 
suspicious lesion of the head of the pancreas that is 
potentially resectable, irrespective of the clinical pre- 
sentation, should undergo resection without biopsy. 
Pancreat icoduodenectomy will remove any doubt  
concerning the presence or absence of a carcinoma 
and will relieve biliary and gastric obstruction if pres- 
ent. 14 It may also be performed with low morbidity 
and mortality. 

In patients with metastatic or unresectable tumors, 

percutaneous FNA offers the advantage of facilitating 
a rational plan for palliation. Among our patients with 
unresectable cancer, five opted for no further therapy. 
Six other patients had endoscopic placement of a bil- 
iary stent and three had percutaneous transhepatic 
drainage of the biliary tract with good relief of jaun- 
dice in all of them (see Table IID. Eight patients re- 
ceived a combinat ion of  chemotherapy and radio- 
therapy. Among these patients we did not  observe any 
instances of needle tract or peritoneal seeding by the 
tumor, as has been reported by others. 15 

It is our belief that with the availability of percuta- 
neous, endoscopic, and even laparoscopic palliation 
and with intraoperative biopsy results similar to those 
of percutaneous biopsy, routine surgical exploration 
cannot be justified. Resectability can be accurately as- 
sessed with the aid of high-resolution, thin-section 
C T  scans and staging laparoscopy, with surgical lap- 
arotomy reserved for patients with potentially re- 
sectable disease.16 Therefore, if the diagnosis can be 
obtained without laparotomy, the best approach for 
patients with unresectable pancreatic cancer may be 
no operation. 

We conclude that in patients with a mass in the 
head of the pancreas demonstrated by C T  scan, cyto- 
logic examination of the fine-needle aspirate offers re- 
suits similar to those of intraoperative transduodenal 
core needle biopsy. In patients estimated to have re- 
sectable disease by preoperative staging, a pancreati- 
coduodenectomy should be performed without a pre- 
operative or intraoperative biopsy. For patients with 
unresectable or metastatic disease, cytologic examina- 
tion of percutaneous fine-needle aspirate should be 
performed. If  positive, it offers the advantage of facil- 
itating the formation of a rational plan for palliation 
in these patients. If  negative, the treatment remains 
expectant, as these patients have been judged to be 
unresectable. 
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Aggressive Surgical Management of Fibrolamellar 
Hepatocellular Carcinoma 
Alan W. Hemming, M.D., M.Sc., Bernard Langer, M.D., Patricia Sheiner, M.D., 
Paul D. Greig, M.D., Bryce R. Taylor, M.D. 

Fibrolamellar hepatocellular carcinoma (FLHC) is recognized as a distinct clinicopathologic variant of 
hepatocellular carcinoma. Ten consecutive patients with FLHC undergoing operative management at 
our institution were reviewed. At the initial presentation seven patients had stage II disease (pT2NoM0), 
whereas three patients were in stage III (pT2NoM0 or pT3NoM0). Initial procedures included formal right 
or left hepatectomy in four patients, right or left trisegmentectomy in two patients, left lateral segmen- 
tectomy or nonanatomic resection in three patients, and in one patient considered for liver transplanta- 
tion, only exploration with biopsy of positive nodes was performed. Four stage II patients required a sec- 
ond procedure for resection of recurrent disease from 8 months to 6 years after the initial resection and 
one patient required a third procedure after 13 years. Reoperations included hepatic re-resection, resec- 
tion of extrahepatic disease, and liver transplantation. Overall 5- and 10-year Kaplan-Meier survival was 
70%. There were no deaths among stage II patients (follow-up 96 to 180 months). All stage III patients 
(i.e., lymph node involvement, vascular invasion, or multiple tumors) died within 5 years. Patients with 
stage II disease had better survival than patients with stage Ill disease (P = 0.011, log-rank test). Aggres- 
sive treatment of FLHC including reoperation and liver transplantation is justified, especially in patients 
with stage II disease. (J GASTROINTEST SURG 1997;1:342-346.) 

Fibrolamellar hepatocellular carcinoma (FLHC) is 
an unusual variant of  hepatocellular carcinoma 
(HCC), initially described by Edmondson, 1 that has 
distinct clinicopathologic featuresY Tumors are typ- 
ically well-circumscribed masses, usually solitary, with 
bands of fibrosis that may coalesce to form a central 
scar. Microscopically lesions consist of  polygonal cells 
with eosinophilic cytoplasm. The characteristic find- 
ing of FLHC is the separation of these neoplastic cells 
by fibrosis arranged in a lamellar pattern. FLHC oc- 
curs in a younger patient population than does the 
usual variant of HCC, has no association with hepati- 
tis B, and generally arises in the noncirrhotic liver. 1,2,6 
Initial reports on the management  of F L H C  de- 
scribed its apparent indolent course and the good re- 
suits that could be achieved with surgical manage- 
ment. 2,6,7 A more recent report suggests that results 
of either resection or transplantation are no different 
for FLHC than for HCC when compared by stage, s 
We therefore reviewed our experience with FLHC to 
ascertain the prognosis and determine the role of sur- 
gical management in these unusual tumors. 

P A T I E N T S  A N D  M E T H O D S  

From 1982 to 1995, ten patients with biopsy- 
proved FLHC were seen at The  Toronto Hospital, 
University of Toronto, with intention to treat surgi- 
cally. This represents 9% of all cases of H C C  seen 
during that time period with a similar intent to treat. 
The  mean age of patients at presentation was 31 _+ 
11 years (range 20 to 56 years). There  were equal 
numbers of men and women. No  patients had associ- 
ated hepatitis B or coexistent cirrhosis. Staging crite- 
ria used were those of the American Joint Committee 
on Cancer (AJCC). 9 

Results are reported as mean _+ 1 standard devia- 
tion. Statistical analysis was performed using the 
SPSS 6.1 software package. Parametric statistical 
analysis was performed using Student's t tests, whereas 
nonparametric analysis was done by means of Fisher's 
exact test. Survival curves were generated using the 
Kaplan-Meier method with the difference between 
curves analyzed by means of the log-rank test. Signif- 
icance was specified as P = 0.05. 

Abdominal pain was the most common presenting 
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Table I. Procedure, stage, and result of 10 patients with fibrolamellar hepatocellular carcinoma 

Patient First resection TNM Stage Recurrence Second procedure Status 

1 Right lobe T2NoM0 II No No AFD, 13 yr 
2 Left lobe + right wedge T3NtM0 IlI 8 mo No Dead, 1.5 yr 
3 Right trisegmentectomy T2NoM0 II 41 mo Nephrectomy + AFD, 13 yr 

resection; extra- 
hepatic tumor 

4 Right lobe T3NoM0 III 13 mo No Dead, 3 yrs 
5 Segment 2,3 T2NoM0 II Positive margins Left lobe + diaphragm AFD, 12 yr 
6 Segment 2,3 T2NoM0 II 72 mo Liver transplant AFD, 13 yr 

130 mo Segment 2, 3 + 
distal stomach 

7 Right lobe T2NoM0 11 No No AFD, 10 yr 
8 Nonanatomic wedge T2NoM0 II 15 mo Right lobectomy AFD, 9 yr 
9 Left trisegmentectomy TzNoMo II No No AFD, 8.5 yr 

10 Exploration only T3NtMo Ill - -  No Dead, 1.5 yr 

AFD = alive and free of disease. 

symptom and was found in six patients. An abdominal 
mass was palpable in four patients; two of the four pa- 
tients were completely asyrnptomatic but were found 
to have an abdominal mass while being examined by a 
physician for unrelated complaints. One of these pa- 
tients was in the early postpartum period. Nausea and 
bloating were observed in two patients and constitu- 
tional symptoms such as weight loss and fever were 
noted in two. 

Results of liver function tests were normal in all pa- 
tients. One patient had an elevated alpha-fetoprotein 
level (320 ng/ml). Ultrasound examination was per- 
formed as the initial diagnostic test in all patients and 
demonstrated a single large lesion is each case. C T  
scanning was performed in seven patients and an- 
giography was done in five patients. Angiograms 
showed extensive neovascularization in all cases. In no 
case could a definitive diagnosis of F L H C  be made on 
the basis of the radiologic features alone. Preopera- 
tive core needle biopsy was performed in four patients 
with a preoperative diagnosis of F L H C  made in three 
of the four. 

T h e  initial procedures included right hepatic 
lobectomy in three patients, left lobectomy plus right 
wedge resection in one, right trisegmentectomy and 
left t r isegmentectomy in one patient each, and left 
lateral segmentec tomy in two. One patient had a 
nonanatomic local resection as the initial procedure. 
One patient with unresectable disease underwent sur- 
gical exploration as a potential liver transplant recip- 
ient; however, this patient was found to have exten- 
sive lymph node involvement and did not  undergo 
transplantation (Table I). 

Mean tumor size was 8 _ 4 crn. Four of the 10 tu- 
mors had a central scar. The  tumor was encapsulated 

in two patients and multifocal in two patients. Vascu- 
lar invasion was demonstrated in one patient. 

R E S U L T S  

Follow-up was 101 + 55 months and was complete 
in all patients. There  were no operative deaths. The  
patient who underwent left tr isegmentectomy devel- 
oped a bile leak that closed spontaneously at 2 weeks. 
There  were no other complications. Actuarial 5- and 
10-year survival was 70% (Fig. 1). 

One patient (No. 5), who had had a segment 2,3 
resection performed at another institution, had posi- 
tive margins at the time of  the first resection; this pa- 
tient subsequently had a left lobectomy with regional 
lymphadenectomy plus diaphragmatic resection. Tu- 
mor  recurrence was found in five patients at 8, 13, 15, 
41, and 72 months postoperatively. Three recurrences 
were found in asymptomatic patients on routine fol- 
low-up ultrasound examination and these patients un- 
derwent resection. The  other two patients presented 
with bony metastases and pulmonary metastases at 8 
and 13 months, respectively, and were not candidates 
for resection. Of  the three patients undergoing re-re- 
section, one had a right hepatectomy 15 months after 
undergoing a nonanatomic wedge resection, one un- 
derwent radical nephrectomy and resection of a large 
retroperitoneal  tumor  recurrence 41 months  after 
right trisegmentectomy, and one had a total hepatec- 
tomy and liver transplantation 72 months after a seg- 
ment  2,3 resection. This  last patient had an extrahep- 
atic recurrence 6 years after liver transplantation that 
was subsequently resected with an en bloc resection 
of the tumor, distal stomach, and segment 2,3 of the 
transplanted liver. All of these patients are currently 
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Fig. 1. Actuarial survival of all fibrolamellar hepatocellular carcinoma patients with intent to treat. 
Overall 5- and 10-year survival is 70%. 
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Fig. 2. Actuarial survival of patients demonstrated by American Joint Committee on Cancer stage. 
Extended survival is seen in all stage II patients, whereas no stage III  patients survived for 5 years 
(P = 0.01). 

alive and free of disease with follow-up ranging from 
2 months to 9 years. The patients who were not can- 
didates for re-resection, including the patient who un- 
derwent only exploration for possible transplantation, 
were given adriamycin-based chemotherapy, but died 
24 + 10 months after their initial procedure. 

There  were no differences in age, sex, liver func- 
tion test results, or tumor size between patients who 
had prolonged survival and those who did not. Seven 
patients were considered to have AJCC pathologic 
stage II disease at the time of their initial procedure, 
whereas three patients were in stage III (see Table I). 

Actuarial 5- and 10-year survival was 100% for stage 
II patients, whereas there were no 5-year survivors 
among stage HI patients (P = 0.01; Fig. 2). 

D I S C U S S I O N  

Worldwide, HCC is the most common malignant 
hepatic tumor; however, the fibrolamellar variant is 
rare with a reported ratio of FLHC to HCC ranging 
from 4.8 to 23:100.1~ In patients under 35 years of 
age with no cirrhosis, however, FLHC accounts for 
up to 43% of all cases of HCC. 13 FLHC has histo- 
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pathologic and clinical features that  distinguish it 
f rom standard H C C .  Tumors  consist of  polygonal 
eosinophilic cells as well as fibrosis arranged in a 
lamellar pattern, l Other  characteristics that distin- 
guish F L H C  from H C C  are normal  serum alpha- 
fetoprotein levels, increased unsaturated B~2 binding 
capacity, and high serum neurotensin  concentra-  
tion. 4,6,14,15 An elevated alpha-fetoprotein level, how- 
ever, does not  rule out the possibility of FLHC.  One 
of our patients who was found to have F L H C  at re- 
section did have an elevated alpha-fetoprotein level, 
and this has also been reported by others in a small 
number  of patients with FLHC.  4,16 

Definitive preoperative diagnosis of F L H C  is diffi- 
cult and most  often the disease is not  diagnosed until 
surgery. 17 Preoperative imaging studies identified the 
location of the tumor  in all instances in our series but 
were not  specific for FLHC.  In two cases multiple le- 
sions were missed, presumably because the lesions 
were below the imaging resolution available at that 
time. Fine-needle biopsy has been reported as being 
helpful in diagnosis; however, a biopsy showing nor- 
mal hepatocytes does not preclude a malignancy that 
might  have been missed either because of a sampling 
error or because the characteristic finding of lamellar 
fibrosis may not  be seen with the use of a fine nee- 
die. is,19 Core biopsy was diagnostic in three of four 
cases in which it was used in our series; however, it is 
generally our policy not to biopsy lesions if the results 
of that biopsy will not  preclude resection. Results of 
liver transplantation for hepatocellular tumors larger 
than 5 cm are poor2~ therefore prior to consideration 
for transplantation, a definitive preoperative diagnosis 
of F L H C  is required. 

F L H C  was initially reported to have a better prog- 
nosis than standard HCC.  6,21 Soreide et al., 1~ in re- 
viewing the literature, reported a 58% overall re- 
sectability rate with a 56% five-year survival; even pa- 
tients who did not  undergo resection had a median 
survival of 13 months, which is better than the results 
for HCC.  Nagorney et al., 16 in a review of the Mayo 
clinic experience, found that long-term survival of pa- 
tients with resected F L H C  was no better than that of 
resectable noncirrhotic patients with HCC.  More re- 
cently, the Hannover experience of Ringe et al. 8 has 
suggested that  tumor  stage must  be taken into ac- 
count in any discussion of the apparently more favor- 
able outcome of  patients with FLHC,  but  whether  
the F L H C  variant had a better prognosis could not  
be confirmed. In our series survival was dependent on 
tumor  stage at presentation; all patients with AJCC 
stage II tumors had prolonged survival and none of 
those with stage III tumors  survived to 5 years. In 
spite of normal resection margins, three of seven pa- 
tients with stage II tumors had a local recurrence up 

to 6 years after resection. An agressive approach to 
these recurrences, including re-resection, resection of 
extrahepatic tumor, and liver transplantation, resulted 
in long-term survival in all cases. We believe this is a 
point  worth emphasizing since others have also re- 
ported long-term survival in all cases. We believe this 
is a point worth emphasing since others have also re- 
ported long-term survival after resection of locally re- 
current disease. 10 

Liver transplantation for H C C  has been under-  
taken with varying success rates; however, transplan- 
tation for F L H C  has been reported to result in better 
survival than that for HCC.  20,22 Liver transplantation 
for F L H C  was first reported by Starzl et al. 7 with 
three of six patients free of disease f rom 12 to 40 
months  after transplantation and one patient alive 
with disease at 31 months.  Patients who did poorly 
with a liver transplant were those in whom extrahep- 
atic tumor was present at transplantation. Ringe et al. 8 
reported three of six long-term survivors with trans- 
plants with positive lymph nodes indicating poor  
prognosis. Our one patient in whom transplantation 
was considered as primary therapy had both extra- 
hepatic tumor  and positive lymph nodes and there- 
fore was believed not  to be a suitable candidate for 
transplantation. T h e  other patient who underwent  
transplantation for recurrent disease confined to the 
liver developed a recurrence 7 years after her trans- 
plant but is currently disease free after en bloc resec- 
tion of the tumor, distal stomach, and segment 2,3 of 
the transplanted liver. With  the increasing shortage 
of donor organs, results achieved with transplantation 
for F H L C  must  approach those obtained for nonma- 
lignant disease. This  will require careful patient se- 
lection with exclusion of patients with extrahepatic 
disease or lymph node involvement. Although not in- 
cluded in this series because of the short length of fol- 
low-up (2 weeks), we have recently performed and ad- 
ditional resection in a 36-year-old man for F L H C  
that required a right tr isegmentectomy, diaphrag- 
matic resection, partial gastrectomy, and subtotal 
colectomy to remove all gross disease. He is currently 
receiving adjuvant chemotherapy since it appears that 
with resection alone patients with stage III and IV 
F L H C  have a poor prognosis. 

C O N C L U S I O N  

Aggressive surgical management  of F L H C  is war- 
ranted, especially in stage II lesions. Careful long- 
term follow-up is required since recurrence may be 
found years later in asymptomatic patients. Resection 
of recurrent intrahepatic and extrahepatic disease, or 
total hepatectomy with liver transplantation for un-  
resectable intrahepatic disease, can provide extended 
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disease-free survival. Stage III FLHC has a much 
worse prognosis and it is likely that adjuvant systemic 
therapy will be required to improve outcomes. 
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Hypotension During Septic Shock Does Not 
Correlate With Plasma Levels of Nitric Oxide 
Metabolites in the Conscious Rat 

Klaus Klemm, M.D., David W. Merco;, M.D., David Mailman, Ph.D., Frank G. Moody, M.D. 

Hypotension following administration of lipopolysaccharide may be due to excessive production of the 
potent vasodilator nitric oxide brought about by induction of nitric oxide synthase. The purpose of this 
study was to determine in conscious, fasted rats what role nitric oxide played in lipopolysaccharide- 
induced hypotension. When examined by Western immunoblot analysis, inducible nitric oxide synthase 
immunoreactivity was detected in the aorta at 3 hours and increased over time following administration 
of intraperitoneal lipopolysaccharide (20 mg/kg). When compared with saline-treated control rats, sig- 
nificant hypotension was observed at 2, 4, and 6 hours following lipopolysaccharide treatment. Blood 
pressure at 2 hours did not differ significantly from that at 6 hours. Using the Griess reaction to quantify 
plasma levels of nitrates and nitrites as an index of systemic nitric oxide production, an augmentation in 
the formation of these nitric oxide metabolites was demonstrated at 4 and 6 hours but not at 2 hours. Sub- 
cutaneous administration of the nitric oxide synthase inhibitor NG-nitro-L-arginine methyl ester (5 
mg/kg) prevented lipopolysaccharide-induced hypotension, an effect reversed by subcutaneous L-arginine 
but not D-arginine (350 mg/kg). However, nitric oxide synthase inhibition did not attenuate the ability 
of lipopolysaccharide to increase plasma nitrate/nitrite levels. These data indicate that lipopolysaccharide- 
induced production of nitric oxide metabolites does not correlate with lipopolysaccharide-induced hy- 
potension. (J GASTROL'qTEST SURG 1997;1:347-356.) 

Nitric oxide is produced through the enzymatic ac- 
tion of nitric oxide synthase. Production of nitric ox- 
ide in the vascular endothelium by the constitutive 
isoforms of nitric oxide synthase results in picomolar 
quantities of nitric oxide, which has a physiologic role 
in the regulation of systemic blood pressure. I During 
pathologic states, such as those encountered in sepsis, 
nitric oxide formation is markedly enhanced as a re- 
sult of  an upregulation of the inducible isoform of ni- 
tric oxide synthase (iNOS). L2 In comparison to the 
constitutive isoforms of nitric oxide synthase, genera- 
tion of  nitric oxide by iNOS results in nanomolar 
amounts of the potent vasodilator nitric oxide.l,3 As a 
result it has been hypothesized that the profound hy- 
potension that occurs during septic shock is a conse- 
quence of the tremendous burst in nitric oxide syn- 
thesis brought about by upregulation of iNOS. 4 

Once expressed, iNOS is capable of generating 
large quantities of nitric oxide for an extended period 
of time. However, the half-life of  nitric oxide in vivo 
is exceedingly short, making direct measurement of 
this substance difficult. 1 Nevertheless, nitric oxide 
readily reacts with oxygen in plasma to form nitrates 
and nitrites, which are stable end products of nitric 
oxide metabolism. 5 Furthermore, the only known en- 
dogenous source of nitrates and nitrites in mam- 
malian tissues is via the enzymatic conversion of L- 
arginine to nitric ox ide /Thus  measurement of these 
stable nitric oxide metabolites represents an index of 
nitric oxide synthesis. Using such indices Ochoa et al. 6 
demonstrated in septic patients that an inverse corre- 
lation existed between systemic vascular resistance 
and plasma nitric oxide metabolite levels. Moreover, 
Nava et al. 7 demonstrated that lipopolysaccharide 
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(LPS) caused a sustained decrease in blood pressure 
that was accompanied by an increase in plasma nitrate 
and nitrite levels. In contrast, Van den Berg et al. 8 
could not find any correlation between plasma levels 
of nitric oxide metabolites and hypotension following 
LPS administration to rats. Nonetheless, inhibition 
of nitric oxide synthase during septic shock has been 
reported by several laboratories to restore systemic 
blood pressure. 9-H In addition, dexamethasone, a po- 
tent inhibitor of the induction of iNOS, 12 has also 
been shown to prevent LPS-induced hypotension. 13 
However, in that same study, nitric oxide-mediated 
hyporeactivity to noradrenaline preceded the induc- 
tion of iNOS. 13 Consequent ly  the contr ibution of 
iNOS to the hypotension observed during endotox- 
emia is not entirely understood. This  being the case, 
a series of experiments was undertaken in which a 
conscious rat model of sepsis was used 14,15 to deter- 
mine whether or not hypotension during septic shock 
correlates with upregulation of iNOS and the resul- 
tant  increased formation of plasma nitric oxide 
metabolites. T h e  first set of experiments was per- 
formed to assess the effect of LPS on iNOS expres- 
sion in the aorta. The  second set of experiments was 
designed to ascertain what effect LPS has on mean ar- 
terial blood pressure and plasma nitrate/nitrite levels. 
In a third study the effect of nitric oxide synthase in- 
hibition on LPS-induced hypotension and plasma ni- 
trate/nitrite synthesis was examined. 

M E T H O D S  
Animal s  and  E x p e r i m e n t a l  Model 

Conscious Sprague-Dawley rats were used in all 
studies. Experimental protocols were approved by the 
Animal Welfare Committee of the University of Texas 
at Houston before any studies were begun. Animals 
were housed at a constant temperature,  exposed to 
12-hour light/dark cycles, and fed rat chow and water, 
ad libitum, during a 1-week acclimatization period. 
All experiments were performed in rats deprived of 
food for 18 to 24 hours but allowed free access to wa- 
ter up to the beginning of the studies. On the day of 
experimentation, all animals were randomly assigned 
to one of several groups. Sepsis was induced by in- 
traperitoneal administration of LPS from Escherichia 
coli, serotype 011 l:B4, given at a dose of 20 mg/kg 
body weight, a dose previously demonstrated in our 
laboratory to increase iNOS activity in rat ileum con- 
current with a reduction in ileal contractility. 14 Con- 
trol rats received a comparable volume of saline solu- 
tion (0.9%). After complet ion of the experimental 
protocols, rats were anesthetized at the indicated time 
points described below with an intraperitoneal injec- 

tion of 6 mg/kg  xylazine and 70 mg/kg  ketamine. 
Once satisfactory anesthesia was achieved, rats were 
killed by phlebotomy. 

Ef fec t  o f  L P S  o n  Aor t i c  i N O S  
I m m u n o r e a c t i v i t y  

To estimate and compare the content of the nitric 
oxide synthase enzyme induced in the aorta during 
sepsis, full-thickness segments of thoracic aorta were 
removed, immediately snap-frozen in liquid nitrogen, 
and stored at - 80 ~ C prior to protein extraction and 
Western immunoblot  analysis for iNOS following 1, 
3, or 5 hours of treatment with either saline solution 
(N = 4) or LPS (N = 5/group; 20 mg/kg). Protein in 
each sample was extracted by pulverizing the frozen 
tissue with a mortar  and pestle in a liquid nitrogen 
slurry. This  sample was then added to 1 ml of lysis 
buffer (10 m m o l / L  TRIS  [pH 7.4], 100 mmol /L  
phenylmethyl  sulfonyl fluoride [PMSF], and 1% 
sodium dodecyl sulfate [SDS]) and then subjected to 
two 15-second bursts of a polytron (Vertashear). 
These  samples were then transferred to microfuge 
tubes and centrifuged for 10 minutes at 11,000 g. The  
supernate was removed and added to sample buffer 
(125 mmol /L  TRIS [pH 6.8], 2% SDS, 5% glycerol, 
1% beta mercaptoethanol [BME], and 0.003 % bro- 
mophenol blue). Protein concentrations within each 
homogenate were determined using the BCA protein 
assay (Pierce Chemical Company, Rockford, Ill.) be- 
fore adding the sample buffer to the supernate. The  
remaining proteins in these prepared homogenates 
were separated by SDS (7.5%)/polyacrylamide gel 
electrophoresis (PAGE) using 100 I~g of protein per 
sample. Resultant proteins were electroblotted onto 
nitrocellulose paper and incubated for 1 hour at room 
temperature in blocking solution (5% nonfat dried 
milk and phosphate-buffered saline [PBS]). The  re- 
sultant blot was then washed four times in 0.1% 
Tween-20/PBS followed by a 1-hour incubation with 
a specific polyclonal anti-iNOS antibody (1:2,000 di- 
lution). Blots were then washed twice and incubated 
with horseradish peroxidase-conjugated, goat-anti- 
rabbit immunoglobul in  as a secondary antibody 
(1:10,000 dilution) for 1 hour. After four final washes, 
the immune  complexes were visualized using en- 
hanced chemiluminescence (ECL) detection. 

Ef fec t  o f  L P S  o n  M e a n  Arter ia l  B lood  
Pressure and Plasma N i t r a t e / N i t r i t e  
Levels 

To determine the effect of LPS on systemic blood 
pressure, carotid artery catheters were placed the day 
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before experimentation. Rats were anesthetized with 
an intraperitoneal injection of 6 mg/kg xylazine and 
70 mg/kg ketamine. Using sterile surgical techniques, 
a neck incision was made and the carotid artery iso- 
lated. A catheter (PE 50) was placed in the carotid 
artery, tunneled to the back, and exteriorized at the 
base of the skull. A metal harness secured the line and 
allowed the rats free movement. The carotid line was 
continuously perfused with 0.9% saline solution at a 
rate of 0.5 ml/hr to prevent clotting. Rats were al- 
lowed to recover in individual cages with free access 
to water but no food for 18 to 24 hours before exper- 
iments were conducted. 

On the day of study, rats were given either saline 
solution (N = 8) or LPS (N = 8; 20 mg/kg) intraperi- 
toneally. Mean arterial blood pressure was recorded 
continuously following treatment with saline or LPS 
and reported at baseline and 2, 4, and 6 hours after 
the indicated treatment. These time points were cho- 
sen 1 hour after our iNOS protein determinations be- 
cause the function of the enzyme will lag behind the 
appearance of the enzyme. In addition, blood samples 
of 0.5 ml volume were withdrawn from each rat into 
preheparinized tubes at baseline and 2, 4, and 6 hours 
after the rats received the saline or LPS. The  volume 
withdrawn was replaced with 0.9% saline solution. 
Blood samples were centrifuged immediately and 
plasma was frozen at - 70 ~ C until quantification of 
plasma nitrate/nitrite levels as an index of systemic ni- 
tric oxide production. 

Nitrate reductase, generated by anaerobic growth 
of E. coli, was used to reduce nitrate to nitrite. The  
amount of nitrite generated was determined by a col- 
orimetric method based on the Griess reaction with 
sulfanillic acid and N-(1-naphthyl) ethylenediamine 
hydrochloric acid. Optical density at 540 nm was read 
before and 20 minutes after the addition of the chro- 
magen as previously reported. 16 Standards were pre- 
pared with nitrates and taken through the full assay 
procedure. 

Effect of Nitric Oxide Synthase Inhibition on 
LPS-Induced Changes in Blood Pressure and 
Plasma Nitrate/Nitrite Levels 

To ascertain whether inhibition of nitric oxide syn- 
thase could restore mean arterial blood pressure dur- 
ing septic shock, a separate set of experiments was 
conducted using the nitric oxide synthase inhibitor 
NG-nitro-L-arginine methyl ester (L-NAME). For 
these studies the experimental protocol was identical 
to that previously described, with the exception of the 
subcutaneous administration of L-NAME, which was 
given simultaneously with either saline solution or 

LPS. L-NAME was given as a 5 mg/kg dose while 
control animals received a comparable volume of 
saline solution. Following the indicated pretreat- 
ments, mean arterial blood pressure, heart rate, and 
plasma nitrate/nitrite levels were determined at base- 
line and 2, 4, and 6 hours after pretreatment utilizing 
the methodology previously detailed. In addition to 
these four experimental groups (saline/saline [N = 4], 
saline/LPS IN = 6], L-NAME/saline IN = 6], and L- 
NAMEgLPS [N = 6]), a fifth group (N = 4) received 
L-NAME (5 mg/kg subcutaneously) 3 hours after 
LPS administration. This latter group was included 
because nitric oxide synthase inhibition during LPS 
treatment can have differing effects depending on 
whether it is given concurrently or later in the course 
of endotoxemia, 17 that is, at a time point when iNOS 
is clearly upregulated (see Results). In still other ex- 
periments either L-arginine (350 mg/kg subcuta- 
neously; N -- 4) or D-arginine (350 mg/kg subcuta- 
neously; N = 4) was given to assess whether excess 
substrate could reverse the actions of the competitive 
nitric oxide synthase inhibitor on mean arterial blood 
pressure during endotoxic shock. 

Chemica ls  

Nitrocellulose filters were purchased from Schle- 
icher & Sehuell, Inc. (Keene, N.H.) and x-ray film (T- 
MAT) from Eastman Kodak Company (Rochester, 
N.Y.). The  ECL system for Western immunoblot  
analysis was obtained from Amersham Corp. (Arling- 
ton Heights, Ill.). The BCA protein assay was from 
Pierce Chemical Company (Rockford, Ill.). All other 
reagents, including LPS (E. coli serotype 011 l:B4) and 
L-NAME were of molecular biology grade and were 
purchased from Sigma Chemical Company (St. Louis, 
Mo.). LPS was dissolved in 0.9% saline (20 mg/ml) 
and L-NAME was dissolved in 0.9% saline to a con- 
centration of 5 mg/ml. Both L- and D-arginine were 
likewise dissolved in 0.9% saline solution. 

The  polyclonal antibody against iNOS used in 
Western immunoblotting analysis was generated by a 
site-directed approach ~s to the oligopeptide "SLT" 
derived from a conserved region of iNOS from the 
rat beginning at LYS-117 and consisted of the se- 
quence KSLTRGPRDK. The  efficacy of this anti- 
body probe has been previously published. 14 

Statistics 

Statistical significance was determined using analy- 
sis of variance followed by appropriate post hoc test- 
ing. A P value of <0.05 was considered significant. 
Simple linear regression analysis was used to compare 
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plasma nitric oxide metabolite levels with mean arte- 
rial blood pressure. 

R E S U L T S  
LPS E n h a n c e s  Aor t ic  i N O S  I m m u n o r e a e t i v i t y  

Using a site-directed antibody to iNOS, the ex- 
pression o f iNOS in the rat thoracic aorta following 1, 
3, or 5 hours of  treatment with saline solution or LPS 
was examined. The  results of these immunoblotting 
studies are illustrated in a representative Western blot 
analysis depicted in Fig. 1. As shown, nitric oxide aor- 
tic iNOS immunoreactivity was not  detected in 

,,-.- r LO o O kDa 

205  

116 

Fig. 1. Western immtmoblot analysis of inducible nitric oxide 
synthase (iNOS) in full-thickness rat thoracic aorta after 1, 3, 
and 5 hours of pretreatment with either saline solution (con- 
trol) or lipopolysaccharide (LPS; 20 mg/kg). The last lane rep- 
resents a positive control from macrophage cell line RAW 
264.7. Each lane was loaded with 100 Ixg protein. LPS induced 
expression of a protein having a molecular weight of 130 kilo- 
daltons in thoracic aorta at 3 and 5 hours. 

saline-treated animals. In contrast, administration of  
LPS increased aortic iNOS immunoreactivity in a 
time-dependent fashion. The  detection of  iNOS im- 
munoreactivity was not readily apparent 1 hour after 
LPS administration. However, the expression of this 
enzyme clearly increased with the passage of  time, as 
indicated by its presence at both 3 and 5 hours. 

LPS Induces Hypotension and Increases 
Plasma Nitrate/Nitrite  Levels 

As show in Fig. 2, mean arterial blood pressure in 
the control group remained stable over the duration 
of the experiment. In contrast, administration of  LPS 
caused a 22% decrease in blood pressure at 2 hours 
(from 102 _+ 3 mm H g  to 80 _+ 5 mm Hg). Blood 
pressure increased slightly at 4 and 6 hours but was 
not significantly different from blood pressure mea- 
surements at 2 hours, and was still significantly below 
baseline values and those obtained from saline-treated 
control rats. 

LPS treatment also resulted in a significant in- 
crease in plasma nitrate/nitrite levels when compared 
to results in saline-treated control animals. As shown 
in Fig. 3, plasma nitric oxide metabolites remained 
relatively constant throughout the experimental pro- 
tocol in animals receiving saline solution. In compar- 
ison, administration of  LPS enhanced the formation 
of  these metabolites, although the effect was not im- 
mediate. The  augmentation in plasma nitrate/nitrite 
levels was present only at 4 and 6 hours after LPS 
treatment (148 _+ 7 Ixmol/L and 267 _+ 21 ~mol/L, 
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Fig. 2. Effect ofintraperitoneal lipopolysaccharide (LPS; N = 8) and saline solution (N -- 8) on mean ar- 
terial blood pressure at indicated time points. Values are expressed as mean ___ SEM. *P = <0.05 vs. saline. 
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respectively; P <0.001) but not at 2 hours, a time point 
that did not differ significantly from baseline deter- 
minations (11.9 + 1 ~mol/L). Thus these data indi- 
cate that LPS-induced hypotension occurs before any 
appreciable increase in plasma nitrate/nitrite levels. 
Furthermore, in additional animals receiving a lower 
dose of LPS (1 mg/kg; N = 3), mean arterial blood 
pressure was 106 + 8 mm Hg 6 hours after adminis- 
tration of  LPS, and plasma nitrate/nitrite levels were 
121 + 5 rLmol/L compared to baseline measurements 
of 102 _+ 2 mm Hg and 17 + 4 ~mol/L for blood 
pressure and plasma nitric oxide metabolite levels, re- 
spectively. These findings further suggest that eleva- 
tion of plasma nitrates and nitrites is not necessarily 
associated with hypotension. Moreover, when linear 
regression analysis was used to compare plasma nitric 

oxide metabolite levels and mean arterial blood pres- 
sure in animals receiving LPS (20 mg/kg), no signifi- 
cant correlation was detected (r = 0.404; P = 0.289). 

L - N A M E  Reverses  L P S - I n d u c e d  
H y p o t e n s i o n  B u t  N o t  L P S - S f i m u l a t e d  
F o r m a t i o n  o f  P la sma  Ni t r i c  Oxide  
M e t a b o l i t e s  

As shown in Table I, administration of L-NAME 
not only prevented the ability of LPS to reduce mean 
arterial blood pressure but also significantly increased 
blood pressure from baseline values over the entire 
duration of the experiment. The restoration of blood 
pressure with L-NAME during LPS-induced hy- 
potension was negated by the administration of L- 

Table I. Mean arterial blood pressure determinations in the presence and absence 
of nitric oxide synthase inhibition following lipopolysaccharide (20 mg/kg) 
or saline pretreatment 

Mean arterial blood pressure (mm Hg) 
Group Baseline 2 hr 4 hr 6 hr 

Saline/saline 96 __ 3 94 +_ 4 99 _+ 4 97 _ 5 
Saline/LPS 102 _+ 3 80 _+ 5*,t 86 _+ 3*,t 87 -+ 5*,t 
L-NAME/saline 95 _+ 4 108 -+ 6*,t 106 _+ 5* 102 _+ 3 
L-NAME/LPS 90 _+ 3 101 _+ 6",~ 106 -+ 6",~ 108 _+ 8",~ 

*P <0.05 vs. baseline. 
tP <0.05 vs. saline/saline 
SP <0.05 vs. satine/LPS. 
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Fig. 3. Effect of intraperitoneal lipopolysaccharide (LPS; N = 8) and saline solution (N = 8) on plasma ni- 
trate/nitrite levels at indicated time points. Values are expressed as mean _+ SEM. *P = <0.05 vs. saline. 
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arginine but not D-arginine, as illustrated in Fig. 4. 
Despite its ability to increase mean arterial blood 

pressure during endotoxic shock, L-NAME did not 
reverse or attenuate LPS generation of plasma nitric 
oxide metabolites (Fig. 5). As depicted, LPS signifi- 
candy increased plasma nitrate/nitrite levels at 4 and 
6 hours both in the presence and in the absence of the 

nitric oxide synthase inhibitor L-NAME. As shown 
in Fig. 6, when administration of L-NAME was de- 
layed but it was given before the increase in nitric ox- 
ide metabolites, it also immediately restored mean ar- 
terial blood pressure to baseline levels and did not sig- 
nificantly diminish the subsequent generation of 
plasma nitric oxide metabolites. 
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Fig. 4. Effect of subcutaneous L-arginine (L-Arg) or D-arginine (D-Arg) (350 mg/kg) on the ability of 
nitric oxide synthase inhibition (L-NAME; 5 mg/kg subcutaneously to reverse lipopolysaccharide (LPS; 
20 mg/kg)-induced hypotension. Blood pressure reported as mean + SEM. N = 4/group. *P--- <0.05 vs. 
D-arginine. 
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Fig. 5. Effect of lipopolysaccharide (LPS) (20 mg/kg) and saline solution on plasma nitrate/nitrite lev- 
els in the presence and absence of nitric oxide synthase inhibition (L-NAME; 5 mg/kg subcutaneously) 
at the indicated time points. Values are expressed as mean + SEM. N >4/group. *P = <0.05 vs. saline/ 
saline; **P = <0.05 vs. L-NAME/saline. 
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D I S C U S S I O N  

This study demonstrated that a high dose of LPS 
results in upregulation of iNOS in the rat thoracic 
aorta. This upregulation occurred between 1 and 3 
hours and increased with time. Administration of LPS 
also resulted in significant hypotension and enhanced 
production of plasma nitric oxide metabolites. How- 
ever, the decrease in mean arterial blood pressure was 
evident before induction of iNOS in the aorta or ele- 
vation of plasma nitrates or nitrites was evident. This 
indicates that the hypotension observed during endo- 
toxemia in conscious rats does not correlate with 
plasma nitric oxide metabolite levels. 

Administration of the competitive nitric oxide syn- 
thase inhibitor L-NAME increased systemic blood 
pressure in saline-treated animals and completely re- 
versed LPS-induced hypotension. Consequently 
these data confirm that nitric oxide plays a physiologic 
role in maintaining normal blood pressure homeosta- 
sis. 1 Furthermore, the ability of L-NAME to prevent 
LPS-induced hypotension implicates an overproduc- 
tion of nitric oxide during endotoxic shock. Adminis- 
tration of L-arginine, but not the D-enantiomer, 
abolished the competitive inhibition of L-NAME by 
providing an excess of the required precursor neces- 
sary for nitric oxide synthesis. Thus the complete 
restoration of LPS-induced hypotension during con- 
current administration of L-arginine and L-NAME 
further suggests that endotoxic shock is mediated by 
enhanced nitric oxide synthesis. 

Several studies have reported that plasma levels of 

nitrates and nitrites, the stable metabolites formed 
during oxidation of nitric oxide, correlate with hy- 
potension and a reduced systemic vascular resis- 
tance. 6,7J9 This excessive production of plasma nitric 
oxide metabolites is presumably due to enhanced ex- 
pression of iNOS, which is known to be upregulated 
during pathologic states such as sepsis. 1,3 However, it 
is noteworthy that in two of these studies plasma ni- 
trate and nitrite levels were determined 1 to 3 days af- 
ter sepsis had been present in human patients. 6,19 In 
contrast, we measured plasma nitric oxide metabolites 
at 2, 4 and 6 hours after experimental creation of en- 
dotoxemia in rats. The  other study, by Nava et al., 7 
demonstrated that plasma nitric oxide metabolites 
were elevated to approximately 50 and 100 txmol/L at 
2 and 4 hours, respectively, after intravenous admin- 
istration of Salmonella typhosa endotoxin (4 mg/kg) to 
anesthetized rats. In comparison, we chose a con- 
scious rat model because anesthetized experimental 
conditions were shown to modify the spontaneously 
released nitric oxide contribution to blood pressure 
regulation in vivo. 2~ Moreover, we used endotoxin 
from E. coli, the most frequent causative organism in 
septic shockfl 1 and administered it intraperitoneally 
at a dose of 20 mg/kg. 

In our experimental model of septic shock, we 
found that plasma nitric oxide metabolite levels in- 
creased between 2 and 4 hours after administration of 
endotoxin. Clearly the hypotensive response to LPS 
was present before an increase in plasma nitrates or 
nitrites was detected. Furthermore, administration of 
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Fig. 6. Plasma nitrate/nitrite levels (NO~; bar graph) and mean arterial blood pressure (MAP; line graph) 
during delayed (3 hours) administration of L-NAME (5 mg/kg subcutaneously) in lipopolysaccharide-in- 
duced sepsis (20 mg/kg intraperitoneally) at indicated time points. Values are mean + SEM. N -- 
4/group. *P -- <0.05 compared to baseline determinations. 
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L-NAME promptly restored mean arterial blood 
pressure but did not diminish the production of nitric 
oxide metabolites. It is possible that L-NAME never 
entered or reacted with the cells responsible for pro- 
ducing the large amounts of nitric oxide. However, if 
this were the case, our data would suggest that these 
cells do not participate in the hypotensive response to 
LPS. It might also be argued that this dose of L- 
NAME was not sufficient to inhibit the inducible iso- 
form of nitric oxide synthase or was not effective in 
reducing plasma nitric oxide metabolite levels because 
of the lengthy duration of our experimental condi- 
tions. Apropos of this possibility, the delayed admin- 
istration of L-NAME likewise restored mean arterial 
blood pressure during endotoxic shock and did not re- 
verse or attenuate the stimulatory effect of endotoxin 
on formation of plasma nitric oxide metabolites. In 
addition, when the dose of L-NAME was increased 
eightfold and it was administered concurrently with 
LPS, all of the rats died before completion of the ex- 
perimental protocol (unpublished observations). The 
effect of other nitric oxide synthase inhibitors in our 
experimental model was not studied. Last, another 
possible interpretation of our data is that plasma ni- 
trate and nitrite levels are simply not a satisfactory 
proxy for the measurement of nitric oxide synthase 
activity. Nevertheless, our data clearly indicate that 
the hypotension that occurs following a high dose of 
LPS does not correlate with plasma nitric oxide 
metabolite levels. Thus our results confirm and ex- 
tend the observations made by Vandenberg et al. s who 
demonstrated that hypotension and plasma nitric ox- 
ide levels did not correlate at 6 hours following ad- 
ministration of LPS to LPS-resistant rats. 

The finding that L-NAME reverses LPS-induced 
hypotension indicates that the decrease in blood pres- 
sure observed during endotoxic shock is secondary to 
overproduction of nitric oxide. This enhanced release 
of nitric oxide, although not measured directly, must 
be through activation of the constitutive isoform of 
nitric oxide synthase, since iNOS immunoreactivity 
was not even apparent in the thoracic aorta at 1 hour 
after administration of LPS and only low levels were 
detected at 3 hours. These findings are also consistent 
with the observations of Szab6 et al. 13 who demon- 
strated that calcium-independent (inducible) nitric 
oxide synthase activity was not appreciable until 3 
hours after administration of intravenous E. coli LPS 
(10 mg/kg) to anesthetized rats. Moreover, in that 
same study, the nitric oxide-mediated hyporeactivity 
to noradrenaline preceded induction of nitric oxide 
synthase during endotoxic shock. Thus their results 
also suggested that the constitutive isoform of nitric 

oxide synthase is responsible for the early effect on 
systemic vascular resistance during endotoxemia. 

The source of nitric oxide contributing to the hy- 
potension following LPS treatment was not shown in 
this study. Nevertheless, the available evidence sug- 
gests that the constitutive isoform of nitric oxide syn- 
thase located in the vascular endothelium generates 
the nitric oxide responsible for hypotension during 
early septic shock. For example, endothelial cells ex- 
posed to LPS rapidly release a humoral factor that re- 
duces the depolarization-induced calcium transients 
in cocultured vascular smooth muscle cells) z In addi- 
tion, Salvemini et al. z3 demonstrated that bovine aor- 
tic endothelial cells also release, within minutes, a ni- 
tric oxide-like factor following exposure to LPS. Fur- 
thermore, local formation of small amounts of nitric 
oxide by the vascular endothelium could elicit its ef- 
fects on vascular smooth muscle with resultant va- 
sodilatation. Nitric oxide produced in such small 
amounts would have little, if any, impact on plasma 
nitric oxide metabolite levels. 

The signal transduction mechanism responsible for 
LPS-induced activation of constitutive nitric oxide 
synthase also remains to be elucidated. It is possible 
that LPS elicits the release of other mediators, which 
then stimulate release of nitric oxide from vascular en- 
dothelium. Possible candidates include bradykinin, 
angiotensin II, histamine, 5-hydroxytryptamine, and 
others. All these substances are released in response 
to LPS and all are capable of stimulating nitric oxide 
release from endothelium. 23-z7 Whether any or all of 
these mediators play a role in endotoxic shock war- 
rants further investigation. 

C O N C L U S I O N  

LPS induced iNOS expression in the rat thoracic 
aorta, an effect accompanied by an increase in plasma 
nitric oxide metabolites. Interestingly, LPS caused a 
reduction in mean arterial blood pressure before 
iNOS upregulation occurred or plasma nitric oxide 
metabolites became elevated. In addition, inhibition 
of nitric oxide synthase with L-NAME restored mean 
arterial blood pressure during endotoxic shock, an ef- 
fect abolished by L-arginine but not by D-arginine. 
However, L-NAME did not diminish LPS-stimulated 
production of plasma nitrates and nitrites. Taken to- 
gether these data indicate that although LPS-induced 
hypotension results from excessive production of ni- 
tric oxide, it does not correlate with plasma nitric ox- 
ide metabolites. We speculate that these seemingly 
paradoxical observations occur because LPS activates 
the constitutive isoform of nitric oxide synthase early 
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on. Later, the inducible isoform is upregulated and is 
responsible for the increased production of plasma ni- 
tric oxide metabolites. 

We thank Billie Gollnick for expert secretarial skills in the prepara- 
tion of this article and Lily Chang for valuable technical assistance. 
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Discussion 
Dr. N.E.P. Deutz (The Netherlands). Did you also mea- 

sure iNOS in the gut or in the liver to determine whether 
there is a more rapid increase in iNOS activity? Did you 
resuscitate these rats to determine whether all of your ef- 
fects would remain unchanged? 

Dr. K. K/emm. The animals were given saline solution 
at a constant rate of approximately 0.5 ml/hr, so they were 
not really resuscitated. We measured blood flow to the in- 
testine. What  we found is that in this model of LPS-in- 
duced sepsis, there was a slight increase in blood flow to the 
duodenum and jejunum and a significant decrease in ileal 
blood flow. We also measured the iNOS protein content in 
the gut. There was normal iNOS in the ileum but no iNOS 
in the jejunum. When LPS is used for stimulation, there is 
an increase in all parts of the small intestine but mostly in 
the ileum. Upregulation of iNOS protein content in the gut 
occurred over the same time course as in the thoracic aorta. 

Dr. E. K/ar  (Germany). If  I understood your data cor- 
rectly, you report that you first observe the hypotensive 
phase and then you see an upregulation of iNOS. Do you 
know enough about the kinetics of iNOS upregulation in 
hemorrhagic shock to be sure that this phenomenon is def- 
initely unrelated to LPS infusion? 

Dr. K/emm. What is known about iNOS upregulation is 

that after any stimulation it will be approximately 3 hours 
before iNOS is upregulated. The decrease in blood pres- 
sure at 2 hours cannot be related to iNOS upregulation. In 
hemorrhagic shock we do not see an upregulation ofiNOS. 

Dr. B. Scbirmer (Charlottesville, Va.). Do you think that 
you are correct in measuring total nitrate metabolites? Ob- 
viously it took several hours for these to accumulate. They 
did not correlate very well with the blood pressure findings. 
Is it possible that attempting to measure something sys- 
temically that is occurring on a more local tissue level you 
have oversimplified the effect? 

Dr. K/cram. Most likely that is what is happening. The 
hypotensive effect at 2 hours is clearly nitric oxide depen- 
dent, but the amount produced at this early time point has 
no effect on systemic nitrate/nitrite levels. On the other 
hand, the nitric oxide produced systemically by iNOS at 4 
and 6 hours probably does not act at the endothelial level. 

Dr. G. Kauffman, ~ .  (Hershey, Pa.). Would you care 
to speculate, since you have ruled out iNOS as the media- 
tor, what LPS-induced hypotension might be related to? 

Dr. K/cram. Most likely the constitutively expressed en- 
dothelial isoform of nitric oxide synthase not otherwise 
specified is responsible for the hypotension observed, but I 
cannot prove that at the present time. 



Transpapillary Stenting for Pancreaticocutaneous 
Fistulas 
Richard A. Kozarek, M.D., Terrance 37. Ball, M.D., David J. Patterson, M.D., 
Shirley L. Palm, R.N., L. William Traverso, M.D., John A. Ryan, M.D., 
Richard C. Thirlby, M.D. 

Because transpapillary stents have been successfully placed to treat the ductal disruptions associated with 
pseudocysts, pancreatic ascites and pleural effusions, and pancreaticoenteric fistulas, we reviewed our ex- 
perience with endoscopically placed prostheses in patients who had persistent pancreaticocutaneous fis- 
tulas but an otherwise intact duct. Nine patients who underwent endoscopic transpapillary stent place- 
ment for ongoing pancreaticocutaneous fistulas at our institution were retrospectively reviewed. Fistulas 
were present for a mean (_+ SEM) of 35 -+ 11 days and averaged 225 + 55 ml of output daily. Etiology 
of the fistulas included percutaneous pseudocyst drainage in four patients, pancreatic necrosis in two, 
complications of pancreatic surgery in two, and perforation of the duct of Santorini at the time of minor 
sphincterotomy in one. All patients had an otherwise intact duct at the time of endoscopic retrograde 
cholangiopancreatography. Six patients had transpapillary stents placed that did not bridge the area of 
leakage and three had prostheses placed across the ductal disruption. Eight of nine fistulas were success- 
fully closed by means of this technique including five within 48 hours. There was one instance of stent 
migration and one patient developed prosthesis occlusion and an infected pseudocyst, which was treated 
with stent exchange. Stents were retrieved 10 to 14 days after fistula closure and no patient has had a re- 
currence at a median follow-up of 3 years. Transpapillary stents appear to effect closure of pancreatico- 
cutaneous fistulas that fail to respond to conventional therapy. (J GASTROINTEST SURG 1997;1:357-361.) 

Transpapillary stents have been successfully placed 
in the treatment of pancreatic pseudocysts. I-Is They  
have been successfully used to treat other  conse- 
quences of pancreatic duct disruption including pan- 
creaticoenteric fistulas, pancreatic ascites, and high 
amylase pleural effusions. 19-21 Theoret ical ly  such 
stents also have the ability to treat persistent pancre- 
aticocutaneous fistulas that are the consequence of  
pancreatic necrosis, penetrating abdominal trauma, 
surgery, or percutaneous drainage of pseudocysts. 

M A T E R I A L  A N D  M E T H O D S  

All patients with persistent pancreaticocutaneous 
fistulas seen at Virginia Mason Medical Center  be- 
tween July 1986 and April 1996 were retrospectively 
reviewed. Specifically excluded from final analysis 
were patients who did not undergo diagnostic endo- 
scopic retrograde cholangiopancreatography 0SRCP) 
or in whom ERCP demonstrated complete duct oc- 
clusion with inability to bridge a disrupted duct (dis- 

connected duct syndrome). Data collected included 
patient demographics, etiology of the ductal disrup- 
tion, the endoscopic procedure performed and its 
complications, and the results of endoprosthesis  
placement including subsequent need for surgery. 

Nine patients (three women and six men; mean age 
51 years [range 29 to 78 years]) with persistent pan- 
creaticocutaneous fistulas and an otherwise intact 
pancreatic duct were reviewed. Etiology of the fistulas 
included percutaneous pseudocyst drainage in four 
patients, pancreatic necrosis in two, postoperative 
complications in two, and duodenal/duct of Santorini 
perforation at the time of endoscopic minor sphinc- 
terotomy performed elsewhere in One (Fig. 1, A and 
B; Fig. 2, A). Fistulas were present  for a mean (_+ 
SEM) of 35 _+ 11 days and averaged 225 +_ 55 ml of 
pure pancreatic juice output daily, and all patients had 
failed a trial of hyperalimentation plus somatostatin 
analogue (octreotide, Sandoz Pharmaceuticals, East 
Hanover, N.J.) prior  to the a t tempt  at endoscopic 
therapy. 

From the Sections of Gastroenterology and General Surgery, Virginia Mason Medical Center, Seattle, Wash. 
Reprint requests'. Richard A~ Kozarek, M.D.,-Section Head, Section of Gastroenterology, Virginia Mason Medical Center, 1100 Ninth 
Ave., P.O. Box 900 (C3-GAS), Seattle, WA 98111. 
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A B 
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Fig. 1. A, Percutaneous drain placed in fluid collection (ar- 
row) 3 weeks after islet cell enucleation from pancreatic tail. 
Pancreatogram was obtained at the time of drain placement. 
B, Abdominal CT demonstrates drain (arrow), with resolu- 
tion of fluid collection 2 weeks after drainage. The patient 
had persistent hyperamylasemia with fistula flow approxi- 
mating 250 ml/day. C, EndoscopicaUy placed prosthesis (ar- 
row) resulted in fistula closure within 48 hours. 

A B 

C 

Fig. 2. A, Minor papilla injection in a patient who sustained 
duodenal/dorsal pancreatic duct (open arrow) perforation 
at the time of minor sphincterotomy. Note air/contrast- 
filled common bile duct (closed arrow) and percutaneons 
lesser sac drain. B, Nitinol wire inserted into dorsal pan- 
creatic duct. Note stent in the biliary tree. C, Tube study 
following dual stenting showing small residual cavity. The 
fistula dosed within 72 hours. Residua of perforation are 
uncertain. 
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Procedures were carried out after antibiotic pre- 
coverage with a second-generation cephalosporin at 
the time of pancreatography. All patients were noted 
to have residual duct disruption (pancreatic head in 3, 
body in 3, and tail in 3; side branch disruption in 3; 
and main duct disruption in 6). Stent sizes ranged 
from 5 to 7 Fr and were selected based on the size of 
the main pancreatic duct. Three patients had pros- 
theses placed across the ductal disruption, whereas six 
had transpapillary stents placed in the pancreatic duct 
that did not bridge the area of leakage (Fig. 1, C; Fig. 
2, B and C). Stents were retrieved 10 to 14 days after 
external fistula closure. 

RESULTS 

Eight of nine pancreaticocutaneous fistulas were 
successfully closed by means of this technique includ- 
ing five within 48 hours and three others within a 
week. Complications included one instance of stent 
migration into the duodenum and one patient who 
developed an infected pseudocyst that was related to 
stent occlusion. The latter was successfully treated 
with prosthesis exchange. Stents were retrieved 10 to 
14 days after external fistula closure. One patient re- 
quired elective pancreatic resection for residual duct 
leak, although a second patient (depicted in Fig. 2) 
continues to have mild pain and low-grade hyper- 
amylasemia. 

D I S C U S S I O N  

Endoscopic therapy for a disrupted pancreatic duct 
has primarily dealt with internal as opposed to exter- 
nal pancreatic fistulas. 22,z3 Thus pseudocysts have 
been drained by needle-knife incision to create a fis- 
tula through the gastric or duodenal wall or by use of 
transpapillary drains or stents; pancreatic ascites and 
pleural effusions have been treated with a combina- 
tion paracentesis/thoracentesis and endoprosthesis 
placement, and pancreaticoenteric fistulas have un- 
dergone spontaneous healing after pancreatic juice di- 
version through a transpapillary stent. 

External pancreatic fistulas, in turn, are most often 
iatrogenic. Usually the consequence of percutaneous 
pseudocyst drainage or partial pancreatic resection, 
external fistulas occasionally occur in the setting of 
pancreatic necrosis, neoplasm, and penetrating ab- 
dominal trauma. 24 Most external fistulas resolve spon- 
taneously or eventually heal in conjunction with a de- 
crease in the output of pancreatic juice, which can be 
achieved with octreotide and/or hyperalimentation. 25-2s 
Alternatively, Garcia-Puges et al) 9 initiated high-dose 
pancreatic enzymes in five patients with external pan- 
creatic fistulas. Each of these fistulas had a significant 

reduction in flow and trypsin output and closed after 
1 to 12 days. 

There is a subset of patients, however, who prove 
to have refractory external fistulas. Such patients may 
have downstream duet obstruction from either a stric- 
ture, stone, or neoplasm, or they may have a true "dis- 
connected duct" syndrome in which necrosis or en- 
zymatic digestion has left the pancreas in two uncon- 
nected pieces. The latter condition may eventually re- 
sult in glandular involution, atrophy, and fibrosis with 
ultimate fistula closure, particularly with disruptions 
of the pancreatic tail. 3~ Alternatively, patients with 
complete disruptions in the midbody or head of the 
pancreas may ultimately require partial pancreatee- 
tomy. Because these latter situations are amenable to 
endoscopic therapy only by virtue of draining con- 
comitant fluid collections using a combination of 
transpapillary and transenteric techniques, 31 they 
were specifically excluded from our current series. 

Our retrospective review clearly demonstrates the 
efficacy of small-diameter prostheses to facilitate 
drainage of panereatieocutaneous fistulas. Whether 
these stents work by directly occluding major duct 
leaks or simply equalize the pancreatic duct and duo- 
denal pressures to facilitate flow is uncertain. The lat- 
ter appears to be more likely inasmuch as five of the 
six patients in whom only transpapillary stents were 
placed had resolution of their fistulas. This has also 
been seen with cystic duct leaks where transpapillary 
stenting proved as effective as prostheses placed into 
the common hepatic duet to effect leak closure. 32,33 
TranspapiUary stents would be unlikely to work, how- 
ever, in the event of a ductal stenosis downstream 
from the leak. As such, three of our patients had pros- 
theses placed that bridged the leak site proper. Two 
of these patients had inflammatory stenoses and the 
third had duodenal/duct of Santorini perforation fol- 
lowing a minor papilla sphincterotomy at another in- 
stitution. All three patients had rapid fistula closure 
without recurrence, although it is uncertain whether 
the latter patient will be left with a significant steno- 
sis at the sphincterotomy site because she currently 
has chronic pain and low-grade hyperamylasemia. 

Despite the ability to treat a subset of chronic pan- 
creaticocutaneous fistulas endoscopically, some cau- 
tion must be exercised. On the one hand, efficacy 
seems unlikely if the duct is completely disrupted and 
the pancreatic parenehyma is in two separate pieces 
as a consequence of enzymatic necrosis. On the other 
hand, procedures were not uncomplicated; there was 
one instance of spontaneous stent migration into the 
duodenum that required replacement plus an addi- 
tional stent occlusion resulting in infection of a con- 
comitant pseudocyst. The latter was successfully 
treated with antibiotics and stent exchange. Prosthe- 
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ses within the pancreatic duct, however, can them- 
selves be problematic. These problems include not 
only occlusion and internal or external migration, as 
previously noted, but also localized duct inflammation 
from iatrogenic lesions. 34,35 The  latter include not 
only side branch ectasias from occlusion but also in- 
flammatory stenoses, some of which fail to resolve 
even after the prosthesis is retrieved. It was fear of in- 
ducing lesions such as those previously cited rather 
than an inability to manipulate the prosthesis through 
a tortuous ductal system that led us to place short 
transpapillary stents in lieu of  longer ones that actu- 
ally bridged the disrupted area. As previously noted, 
these short stents proved effective in all but a single 
instance, and their rapid retrieval 10 to 14 days after 
fistula closure was associated with a minimum of ia- 
trogenic changes. 

Although some of these fistulas may have "sponta- 
neously" resolved with additional time, octreotide, 
and hyperalimentation, we believe that endoscopic 
therapy has a role in patients who fail to respond to 
conventional techniques. Its application may preclude 
the need for surgery or transform an urgent and po- 
tentially complicated surgical situation into one that 
can be treated electively. Further experience with this 
technique, therefore, appears reasonable to better de- 
fine patient and ductal selection criteria and prospec- 
tive closure and complication rates. 
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Dopexamine Maintains Mesenteric Blood Flow 
During Systemic Hypoxemia in the Neonatal Piglet 
Thomas V. Thomas, M.D., T. Paul Mace, M.D., Ella U. Cboe, B.S., Lewis M. Flint, M.D., 
Jobn J. Ferrara, M.D. 

In adults, dopexamine is a specific dopaminergic and 132-adrenergic agonist; its effects in neonates are 
unknown. Ultrasonic flow probes were placed around the ascending and descending aorta and cranial 
mesenteric artery of 0- to 2-day-old and 2-week-old piglets. Animals of each age group (9 to 14 per 
group) were subjected to (1) dopexamine infusion (5 ~g/kg/min); (2) 30 minutes of hypoxia (inspired 
oxygen content 0.12) followed by 30 minutes of reoxygenation; and (3) dopexamine infusion during hy- 
poxia and reoxygenation. In both age groups dopexamine alone increased ascending aorta blood flow 
(cardiac output minus coronary artery blood flow), mildly decreased mean arterial pressure, and increased 
cranial mesenteric artery blood flow. Compared to baseline values, 30 minutes of hypoxia produced sig- 
nificant (P <0.05, analysis of variance) decreases in cranial mesenteric artery blood flow in 0- to 2-day-old 
(58 -+ 13 ml/min vs. 30 _+ 8 ml/min) and 2-week-old (125 -+ 18 ml/min vs. 60 _+ 11 ml/min) piglets. In 
all cases blood flow returned to baseline values after reoxygenation. In both animal groups treated with 
dopexamine before hypoxia, the decreases in cranial mesenteric artery blood flow were eliminated (47 + 
5 ml/min vs. 44 +_ 6 mL/min in 0- to 2-day-old piglets; 140 _+ 27 ml/min vs. 117 +_ 18 ml/min in 2-week- 
old piglets). Dopexamine may prove to be of clinical benefit when neonates are threatened by hypox- 
emia-induced decreases in intestinal blood flow. (J GASTROLN~FEST SURG 1997;1:362-370.) 

Neonatal necrotizing enterocolitis is a major cause 
of  infant morbidity, particularly in infants who are 
born prematurely and/or of low birth weight. Clinical 
studies have identified several factors that are associ- 
ated with the development of necrotizing enterocoli- 
tis including hypoxemia, hypothermia, and some of 
the vasoconstrictors used in neonatal intensive care 
units.1 Each perturbation is thought to invoke a re- 
distribution of blood flow away from less critical or- 
gans (e.g., skin, intestine) to those vital to survival 
(e.g., heart, brain). If the insult is prolonged, intestinal 
mucosal ischemia ensues and luminal bacteria invade 
the intestinal wall and proliferate, leading to abscess 
formation and fuU-thickness intestinal necrosis. Im- 
provements in patient outcome can be expected once 
the mechanisms of  injury are elucidated, and treat- 
ments are designed to interrupt this pathophysiologic 
process. 

Lloyd 2 was among the first to postulate that hyp- 
oxia was responsible for changes in regional blood 
flow to the intestine of human neonates, similar to the 
mammalian diving reflex. Touloukian et al. 3 reported 
that asphyxia caused newborn piglet blood flow to de- 
crease by 35% to 50% throughout the gastrointestinal 
tract. In newborn piglets Alward et al. 4 found that, al- 
though cardiac output  remained stable, flow de- 
creased to the gastrointestinal tract, which on histo- 
logic examination showed ischemic changes. Others 
have shown that moderate degrees of hypoxia induce 
vasodilation in newborn piglet mesentery, whereas se- 
vere hypoxia causes vasoconstriction, s 

Dopamine is a commonly used vasoactive agent 
that, in adults at least, possesses the following dose- 
dependent activities: dopaminergic (<3 ixg/kg/min), 
131-adrenergic (3 to 10 Ixg/kg/min), and et-adrenergic 
(>10 ~g/kg/min). We have shown that, within this 

From the Department of Surgery, Tulane University School of Medicine, New Orleans, La. 
Supported by The Society for Surgery of the Alimentary Tract Career Development Award and the Louisiana Education Quality Support 
Fund. 
Presented at the Thirty-Seventh Annual Meeting of The Society for Surgery of the Alimentary Tract, San Francisco, Calif., May 19-22, 1997. 
Reprint requests: John J. Ferrara, M.D., Department of Surgery SL-22, Tulane University School of Medicine, 1430 Tulane Ave., New 
Orleans, LA 70112. 

362 



Vol. 1, No. 4 
1997 Dopamine Prevents Newborn Hypoxic Bowel Ischemia 363 

range, dopamine produces a dose-dependent increase 
in mesenteric blood flow in neonatal piglets;6 How- 
ever, others have data to suggest that, at high infusion 
concentrations, the appearance of peripheral vaso- 
constriction, tachycardia with increased myocardial 
consumption, and dysrhythmias may limit the effec- 
tiveness of dopamine. 7 Moreover, long-term use of 
dopamine has been shown to suppress pituitary func- 
tion in infants, s 

Dopexamine hydrochloride is a novel synthetic 
analogue of dopamine that has potent 132-adrenocep- 
tor and dopaminergic activity. Of note, this agent 
lacks appreciable I~1- or a-adrenergic activity. 9 Among 
the clinically relevant end points of these pharmaco- 
logic activities are afterload reduction and a mild pos- 
itive inotropic effect. 7 As such, dopexamine has been 
used in European countries to manage cardiac fail- 
urel~ its use in the United States has yet to be ap- 
proved. Dopexamine has a rapid onset of action, and 
its hemodynamic effects are typically observed within 
1 minute; in normal adult animal and human volun- 
teers, its half-life is 6 to 7 minutes. Side effects have 
been minimal and include slight increases in heart 
rate. 12 Of interest, dopexamine has also been shown 
to produce vasodilation of the mesenteric vascular bed 
in adult animals, although its hemodynamic effects in 
newborn animals are not well delineated. For these 
reasons the present study was undertaken to deter- 
mine the impact of dopexamine on regional blood 
flow monitored in newborn piglets subjected to a se- 
vere hypoxic challenge. 

MATERIAL A N D  M E T H O D S  

All experimental procedures were completed in ac- 
cordance with the guidelines and approval of the Tu- 
lane University School of Medicine Advisory Com- 
mittee for Animal Resources. 

Surgical Preparation and Ins t rumenta t ion  

Standard breed 0- to 2-day-old (1.2 _+ 0.2 kg) and 
2-week-old (3.1 + 0.6 kg) piglets were brought to the 
laboratory on the day of experimentation. The ani- 
mals were placed in a warmed environment and ob- 
served in the fasted state for 4 hours. Piglets with ob- 
vious signs of physical illness such as diarrhea and 
lethargy were excluded from the study. Each piglet 
was anesthetized with intraperitoneal pentobarbital 
sodium (35 mg/kg). Intraperitoneal pancuronium 
bromide (0.5 mg/kg) was administered in order to 
perform tracheostomy and intubation. The animals 
were placed on a small animal ventilator (Harvard Ap- 
paratus Inc., South Natick, Mass.) preset to deliver 8 
to 12 ml/kg tidal volume, 20 to 30 breaths/min, and 

an inspired oxygen content of 1.0. Ventilator settings 
were adjusted to maintain serially obtained arterial 
blood gas values within desired limits. Temperature, 
monitored with a rectal probe, was maintained with 
the aid of external heating sources as needed. 

After left groin cutdown, the femoral vein was can- 
nulated to administer maintenance intravenous fluid 
(lactated Ringer's solution with 5% dextrose, 1 to 2 
ml/kg/hr) and, in select groups, continuous infusion 
of dopexamine hydrochloride. The ipsilateral femoral 
artery was cannulated and connected to a pressure 
transducer (Statham model P23, Gould Instrument 
Systems, Inc., Valley View, Ohio) for the purpose of 
monitoring mean systemic arterial pressure (Grass 
model 7D polygraph, Instrument Co., Quincy, Mass.) 
and heart rate and to obtain blood samples. Through 
a left flank incision the cranial mesenteric artery 
(equivalent to the superior mesenteric artery in hu- 
mans) was isolated and encircled by an ultrasonic 
transit time flow probe (Transonic Systems Inc., Ith- 
ica, N.Y.) for continuous measurement of blood flow 
using a two-channel small animal blood flowmeter 
(model T206, Transonic Systems Inc.). A left thora- 
cotomy was then fashioned, and blood flow probes 
were positioned around the ascending and descend- 
ing aorta to measure cardiac output (minus coronary 
artery blood flow) and descending aortic blood flow, 
respectively. All incisions were closed to minimize 
evaporative heat loss. On completion of the surgical 
preparation, all animals were allowed a minimum 15- 
minute period of time to ensure stabilization of vital 
signs and arterial blood gases. 

Experimental  Protocols 

To determine the hemodynamic effects of varying 
doses of dopexamine in neonatal animals, instru- 
mented 0- to 2-day old (n = 4) and 2-week-old (n = 4) 
piglets were given dopexamine hydrochloride (Spey- 
wood Pharmaceuticals, Berkshire, England) by con- 
tinuous intravenous infusion (syringe pump model 
351, Sage Instruments, Boston, Mass.) at clinically 
relevant adult doses of 2, 5, and 10 Ixg/kg/min. The 
dosage sequence was randomized and each animal was 
challenged with every dose several times. Once a peak 
response for each monitored hemodynamic variable 
was attained, the infusion was discontinued and suffi- 
cient time was allowed to permit all monitored he- 
modynamic variables to return to their respective 
baseline levels before a subsequent infusion dose was 
instituted. Based on data obtained from these trials, a 
dopexamine dose of 5 Izg/kg/min was selected for use 
in subsequent experiments. 

Piglets from both age groups were randomly as- 
signed to one of the following experimental se- 
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quences: (1) 30 minutes of hypoxia (FIOz = 0.12)-- 
induced by ventilating the animals with a nitrogen- 
oxygen gas admixture)--followed by a 30-minute pe- 
riod of reoxygenation at an FIO2 concentration of 1.0 
(0- to 2-day-old piglets [n = I0]; 2-week-old piglets 
In = 14]) or (2) continuous infusion of dopexamine 
(5 Ixg/kg/min) instituted 10 minutes before a 30- 
minute period of hypoxia and continued through a 
30-minute period of reoxygenation (0- to 2-day-old 
piglets In = 9]; 2-week-old piglets [n = 10]). 

Chemical Compound Preparation 

Dopexamine hydrochloride (Speywood Pharma- 
ceuticals) was dissolved in 0.9% normal saline solu- 
tion, then diluted to a final concentration of 0.1 
mg/ml. To ensure freshness the drug was frequently 
reconstituted from its stock and kept refrigerated 
when not in use. 

Data Analysis 

Dose-response data were subjected to Student's 
paired t test, with statistical significance set at P <0.05. 
For all other variables monitored, within- and be- 
tween-group mean values (_+ 1 standard error) were 
subjected to analysis of variance. When a significant F 
ratio was reached, Newman-Keuls test was applied to 
detect specific differences. Significance was estab- 
lished at P <0.05. 

RESULTS 

The effects of varying doses of dopexamine in 
newborn piglets are shown in Table I. Dose-depen- 
dent increases in cardiac output were observed. In 
addition, all doses produced increases in heart rate, 
decreases in systemic mean arterial pressure, and in- 
creases in cranial mesenteric artery blood flow. 
Based on interpretation of these data, it was decided 
that the 5 ~g/kg/min dose of dopexamine induced 
the most favorable effects on cardiac output and 
mesenteric blood flow while minimizing what ap- 
peared to be adverse consequences on systemic mean 
arterial pressure and heart rate. This dose was there- 
Fore used throughout the remainder of the experi- 
ments. 

Displayed in Table II are the arterial blood gas val- 
ues and temperature recordings obtained from the 
neonatal piglets exposed to the hypoxic challenge. An 
immediate and significant decrease in Po2 was ob- 
served in all animal groups, an effect that was com- 
pletely reversed by the end of the reoxygenation pe- 
riod. In contrast, pH, Pco2, and temperature changed 

little during the course of the experimental protocols. 
In the 0- to 2-day-old animals exposed to hypoxia 

alone, there was a significant decrease in mean arte- 
rial pressure at 30 minutes of hypoxia, which returned 
to baseline levels 15 minutes after reoxygenation (Fig. 
1, A). Animals of the same age treated with dopexa- 
mine prior to the hypoxic insult again showed an im- 
mediate decrease in mean arterial pressure. That this 
hypotensive effect persisted throughout reoxygena- 
tion is consistent with the aforementioned impact of 
dopexamine on systemic mean arterial pressure. In 
contrast, the 2-week-old piglets appeared more toler- 
ant of the hypoxic episode, as they displayed no sig- 
nificant changes in mean arterial pressure during hyp- 
oxia or reoxygenation (Fig. 1, B). As occurred with the 
0- to 2-day-old animals, there was an immediate, sig- 
nificant decrease in mean arterial pressure in animals 
given dopexamine, an effect that lasted throughout 
the hypoxia/reoxygenation period. 

The position of each transit time flow probe placed 
on the ascending aorta of the neonatal piglets is such 
that it monitors cardiac output (minus coronary artery 
blood flow). In both age groups hypoxia induced sig- 
nificant decreases in cardiac output that were not 
completely reversed by reoxygenation (Fig. 2). On the 
other hand, dopexamine pretreatment resulted in 
maintenance of cardiac output at or above baseline 
levels throughout the duration of the experiments in 
both age groups. Hence, when compared at each ob- 
servation point, the cardiac outputs of both age 
groups treated with dopexamine prior to hypoxia 
were significantly higher than those noted in the ani- 
mals subjected to hypoxia alone, virtually throughout 
the experimental observation periods. Hypoxia in- 
duced mild, albeit insignificant, decreases in descend- 
ing aortic blood flow that were not apparent in the 
animals pretreated with dopexamine (Fig. 3). 

Cranial mesenteric artery blood flow markedly de- 
creased during hypoxia in the 0- to 2-day-old piglets, 
only to recover during reoxygenation (Fig. 4, A). In 
this same age group, prehypoxia treatment with 
dopexamine resulted in maintenance of cranial 
mesenteric artery blood flow throughout the experi- 
mental time frame. When compared with cranial 
mesenteric artery blood flow values observed in ani- 
mals exposed to hypoxia alone during the period of 
hypoxic stress, those recorded in animals pretreated 
with dopexamine were significantly higher at each ob- 
servation point. Likewise, the 2-week-old piglets ex- 
posed to hypoxia alone demonstrated significant re- 
ductions in cranial mesenteric artery blood flow dur- 
ing the hypoxic period, in contrast to the well-pre- 
served blood flow noted in animals pretreated with 
dopexamine (Fig. 4, B). 
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Table I. Dopexamine dose responses 

Dope.vaunine dose 
Variable Age group 2 M.g/kg/min 5 p~g/Iqg/min 10 gg/kg/min 

H R  (beats/min) 0-2 days 10.02 + 5.73 9.97 _+ 3.96* 13.3I + 2.53* 
2 weeks 5.92 _+ 0.77",t  11.13 + 3.24",t 25.08 +_ 2.30* 

M A P  (mm Hg)  0-2 days - 1 9 . 3 5  + 3.10" - 1 2 . 9 5  _+ 2.38* - 2 2 . 0 0  + 5.46 
2 weeks - 1 5 . 8 9  + 2.97* - 1 6 . 4 9  + 2.43* - 2 0 . 2 5  _+ 2.56* 

C O  (ml/min) 0-2 days - 4 . 0 5  _+ 2.33t  8.98 + 2.63",t 19.75 + 4.53* 
2 weeks 9.60 + 1.28",t 10.73 _+ 2.13"/f 25.09 + 3.73* 

C M A  (ml/min) 0-2 days 14.39 _+ 10.36 6.43 + 3.48t 18.28 _+ 2.38* 
2 weeks 11.58 + 4.28* 13.19 + 4.06* 6.48 + 2.51 

HR = heart rate: MAP = mean arterial pressure: CO= cardiac output; CMA = cranial mesenteric artery blood flow. 
*P <0.05 vs. baseline 
tP  <0.05 vs. 10 izg/kg/min. 

Table H. Arterial blood gases 

15' Reoxy- 30' Rooxy- 
Variable Treatment Age group Time 0 15' Hypoxia 30' Hypoxia genarlon genar/on 

0-2 days 7.39 _+ 0.06 7.36 -+ 0.03 7.36 __ 0.02 7.36 -+ 0.02 7.37 + 0.02 
HYP 

2 weeks 7.42 + 0.02 7.35 -+ 0.02 7.29 + 0.03 7.30 -+ 0.03 7.32 _+ 0.03 
p H  

D P X / H Y P  0-2 days 7.41 + 0.04 7.39 _+ 0.03 7.37 + 0.03 7.35 + 0.03 7.36 + 0.0" 
2 weeks 7.44 +_ 0.02 7.37 -+ 0.01" 7.33 -+ 0.01" 7.31 _+ 0.01" 7.33 + 0.0,"  

0-2 days 42 + 4  39+_2  3 4 + - 2  3 4 +  3 3 6 +  1 
Pco2 HYP 2 weeks 32 _+ I 35 + 2 38 + 2 35 + 1 35 _+ 1 

(mm Hg)  D P X / H Y P  0-2 days 36 + 4 34 + 3 33 + 3 30 +_ 2 33 _+ 1 
2weeks  26-+ I 3 0 _ + 2  27 + 3 2 8 _ + 2  3 0 + 2  

0-2 days 479 +_ 15 34 + 3* 35 + 2* 309 _+ 29* 445 _+ 67 
Po2 HYP 2 weeks 429 + 33 29 _+ 2* 28 + 1" 203 _+ 39* 414 _+ 42 

(mm Hg)  D P X / H Y P  0-2 days 423 +_ 21 34 _+ 3* 32 + 3" 294 -+ 38* 365 _+ 45 
2 weeks 429 + 25 29 +_ 2* 26 + 2* 205 _+ 25" 370 + 31 

0-2 days 38.1 + 0.1 38.2 _+ 0.1 38.3 +_ 0.1 38.4 + 0.1 38.5 + 0.2 
Temperature HYP 2 weeks 37.5 + 0.2 37.6 +_ 0.2 37.6 +_ 0.2 37.8 + 0.1 38.0 _+ 0.1 

(~ C) D P X / H  0-2 days 38.0 + 0.1 38.0 + 0.1 38.0 _+ 0.1 38.2 + 0.1 38.3 + 0.2 
2 weeks 37.9 + 0.1 37.8 + 0.1 37.8 + 0.1 38.0 +_ 0.1 38.1 _+ 0.1 

HYP = hypoxia alone; DPX/HYP = dopexamine before hypoxia. 
*P <0.05 vs. baseline. 
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Fig. 1. Time course analysis of mean arterial pressure. Although hypoxia produced a significant decrease 
in mean arterial pressure in 0- to 2-day-old animals (A), it was well tolerated in the older piglets (B). In 
both age groups the systemic vasodilator effect of dopexamine was evident during the reoxygenation 
phase of the experiments. O = Hypoxia alon e groups; �9 = dopexamine pretreatment groups; *P = <0.05 
vs. hypoxia alone; ~ = P <0.05 vs. baseline. 
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Fig. 2. Cardiac output (minus coronary artery blood flow) displayed over time. In both 0- to 2-day-old 
(A) and 2-week-old 0R) piglets, dopexamine pretreatment blocked the otherwise significant reductions 
in cardiac output induced by hypoxia. �9 = Hypoxia alone groups; �9 = dopexamine pretreatment groups; 
* = P <0.05 vs. hypoxia alone; ~ = P <0.05 vs. baseline. 
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Fig. 3. Time course analysis of descending aortic blood flow. Although statistically insignificant, the 
slight reductions in descending aortic blood flow observed in both age groups were abrogated by dopex- 
amine pretreatment. �9 = Hypoxia alone groups; �9 = dopexamine pretreatment groups. 
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Fig. 4. Cranial.mesenteric artery blood flow displayed over time. In both the 0- to 2-day-old (A) and 2- 
week-old 03) piglet groups, hypoxia induced marked reductions in cranial mesenteric artery blood flow 
that were reversed on reoxygenation. Dopexamine-treated groups maintained baseline cranial mesenteric 
artery blood fl9W throughoutrthe hypoxia/reoxygenation period. �9 = Hypoxia alone groups; �9 = dopex- 
amine pretreatment groups; * -- P <0.05 vs. hypoxia alone; t = P <0.05 vs. baseline. 
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DISCUSSION 

Data reported herein suggest that the hemody- 
namic consequences of dopexamine when infused in 
newborn piglets are virtually identical to those docu- 
mented in adult animal and human studies. These ef- 
fects are mediated via several mechanisms related to 
the pharmacologic receptor profile of this agent. Car- 
diac output is thought to be increased through a vari- 
ety of avenues. In an exhaustive series of in vitro and 
in vivo animal experiments, Brown et al. 9 demon- 
strated that, when contrasted with the potency of 
dopamine, dopexamine was 60 times more active at 
vascular J32-adrenoceptor sites. Using a canine prepa- 
ration, Smith et al. 13 showed that this peripheral va- 
sodilator effect of dopexamine was enhanced directly 
by stimulation of vascular dopaminergic-1 (DA-1) re- 
ceptors and indirectly through stimulation of pre- 
junctional dopaminergic-2 (DA-2) receptors. The end 
result of these actions is a reduction in systemic mean 
arterial pressure, or afterload reduction. Brown et al. 
also demonstrated that dopexamine displays a direct 
inotropic effect through 13radrenoceptor agonist 
properties, whereas Smith et al. showed direct agonist 
activity at cardiac 132-adrenoceptors. Finally, Bass et 
al. 14 used a canine model to show that an appreciable 
contribution to the inotropic effect of dopexamine 
comes from a baroreceptor-mediated reflex release of 
norepinephrine from sympathetic nerve terminals in 
combination with inhibition of its neuronal uptake 
(uptake-1 pathway). The end result of afterload re- 
duction and heightened myocardial contractility is an 
increase in cardiac output, which is the primary rea- 
son for the clinical use of dopexamine. In experiments 
performed on conscious, instrumented dogs, it was 
revealed that the dopexamine-induced tachycardia-- 
the primary side effect of this drug--is mediated 
through the aforementioned direct cardiac [32-adreno- 
ceptor agonist activity and baroceptor response. 

Of specific interest, dopexamine was also shown to 
display mesenteric vasodilator activity in dogs. 12 
Amenta et al. is used ligand binding and autoradi- 
ographic techniques in rats to demonstrate that the 
increased mesenteric blood flow and decreased 
mesenteric vascular resistance following dopexamine 
infusion was due to binding onto DA-1 receptors and 
132-adrenoceptors. In this regard, although moderate 
doses of dopamine also produce mesenteric vasodila- 
tion in adults, higher doses induce an ~1- and c~2- 
adrenoceptor-mediated peripheral vasoconstriction. 7 
That dopexamine has no demonstrable c~-adrenergic 
activity avoids this potentially deleterious side effect 
of dopamine. 

Data from this study demonstrate that the hemo- 
dynamic profile of dopexamine documented in adult 
animal and human experiments can be replicated in 
newborns. These findings are consistent in some re- 
spects with those reported by Taylor et al. 16 who 
found that 1 to 100 ixg/kg/min dopamine infusions in 
awake, chronically instrumented newborn sheep pro- 
duced dose-related decreases in mean arterial pres- 
sure and increases in heart rate. However, these ef- 
fects were appreciated only at the highest (e.g., su- 
perpharmacologic) dose; moreover, the cardiac index 
was not appreciably altered at any dose in the new- 
born lambs. It is suspected that differences in species 
and experimental design account for the apparent dis- 
crepancies between their data and our own observa- 
tions. As such, it is believed that a more detailed 
analysis of the effects of dopexamine in newborn ani- 
mal models be undertaken before recommending that 
this agent be used in humans. 

Each newborn animal group responded in similar 
fashion to the severe hypoxic insult, with moderate 
decreases in cardiac output and more profound de- 
creases in mesenteric blood flow. That dopexamine 
maintained baseline cardiac output throughout the 
periods of hypoxia and reoxygenation represents a 
novel observation that exposes another avenue for sci- 
entific investigation in that, to date, dopexamine has 
been used almost exclusively to treat adults with low- 
cardiac-output syndromes stemming from primary 
congestive heart failure. 7 Data from these experiments 
indicate that afterload reduction played an appreciable 
role in this effect, as the dopexamine-treated groups 
maintained their cardiac output concomitant with de- 
creases in mean arterial pressure that persisted 
throughout the hypoxia and reoxygenation phases. In 
contrast, the mean arterial pressures recorded at the 
end of the reoxygenation phase in the hypoxia alone 
animal groups were equivalent to baseline values, yet 
the cardiac output in these animals remained signifi- 
cantly lower at those same respective observation 
points. 

The most striking finding in this study was the 
ability of dopexamine to maintain baseline newborn 
piglet mesenteric blood flow in the face of a severe 
hypoxic insult. Although it is suspected that this 
mesenteric vasodilator response is mediated through 
direct 13-adrenoceptor and DA-1 receptor activation, 
the extent to which the dopexamine-induced increase 
in cardiac output plays a contributing role is un- 
known. To help address this issue, experiments are 
currently being conducted in which hypoxic piglets 
are given direct intramesenteric infusions of dopex- 
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amine. Regardless of its mechanism(s) of action, this 
heretofore unreported observation is thought to pos- 
sess significant potential for additional experimental 
endeavors. Foremost, although we were unable to 
identify a dose-response effect of dopexamine relative 
to mesenteric blood flow in control newborn piglets, 
it is considered prudent to reexamine this issue in hyp- 
oxic animals. Whether dopexamine can reverse al- 
ready established hypoxia-induced mesenteric vaso- 
constriction needs to be addressed. Moreover, it re- 
mains to be determined whether this dopexamine- 
related preservation of neonatal mesenteric blood 
flow during hypoxia translates into an improvement 
in tissue (e.g., small intestinal) oxygenation. In this re- 
gard Cain and Curtis 17 have shown that oxygen ex- 
traction was not improved in dopexamine-treated en- 
dotoxic dogs subsequently exposed to hypoxic insult. 
Although there are several obvious differences be- 
tween the experimental designs oudined in that re- 
port and our own, their observations do raise an im- 
portant issue that must be addressed. 

Finally, as it is well recognized that prematurity 
and low birth weight are primary epidemiologic fac- 
tors associated with the development of neonatal in- 
testinal ischemic diseases, the same experimental par- 
adigm is being applied to piglets delivered at 90% of 
their gestational age, using our previously described 
techniques, is At present, however, it is concluded that 
the data reported herein are of sufficient interest to 
warrant further investigation. 
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Discussion 
Dr. B. Schirmer (Charlottesville, Va.). Have you done 

any studies to examine the effect of any dopamine antago- 
nists in the system? Does that negate the effect of the 
dopexamine? 

Dr. Tiff. Thomas. That will be one of our future areas of 
investigation. We plan to perform tests using direct in- 
tramesenteric arterial injections of the drug as well as an- 
tagonists. 

Dr. Schirmer. How far away from being able to use this 
in humans are you? 

Dr. Thomas. It has been used in Great Britain for sev- 
eral years in adults with acute congestive heart failure. I am 
not sure how far away we are from clinical approval in this 
country. 

Dr. L. Cicalese (Pittsburgh, Pa.). I realize that you main- 
tain blood flow in the mesenteric vessels and you examine 
the animals only after 30 minutes of reperfusion, which may 
be too early to detect any histologic change, but did you 
look at free radical production or infiltration of neu- 
trophils? 

Dr. Thomas. We plan to examine infiltration of neu- 
trophils with our next phase of the study. Of  the back- 
ground studies that I mentioned, several looked at the his- 
tology of intestinal segments after exposure to hypoxia of 
varying degrees. Histologic changes of vascular congestion 
were seen after as little as 15 minutes of hypoxia. 



Tumor Necrosis Factor-Alpha Regulates Inducible 
Nitric Oxide Synthase Gene Expression in the Portal 
Hypertensive Gastric Mucosa of the Rat 
Amir Kaviani, B~I., Masayuki Ohm, M.D., Rabiba Itani, B.S., Fred Sander, B.S., 
Andrzej S. Tarnawski, M.D., D.Sc., L James Sarfeh, M.D., Fwt.C.S. 

Increased expression of both nitric oxide synthase (NOS) and tumor necrosis factor-alpha (TNF-ct) have 
been implicated in the hyperdynamic circulation of portal hypertension. Since overexpression of these 
proteins would affect gastric mucosal defenses, which are impaired in portal hypertension, we examined 
the expression and interrelationships of TNF-et and NOS in the gastric mucosa of portal hypertensive 
rats. Following staged portal vein ligation, gastric strips from portal hypertensive rats were incubated in 
organ culture medium with or without TNF-~ antibody. The expression of TNF-et and NOS mRNAs 
was assessed by reverse transcription-polymerase chain reaction (RT-PCR) at baseline and after 1, 2, and 
6 hours of incubation. RT-PCR demonstrated a threefold increase in inducible NOS mRNA and a 50% 
increase in TNF-a mRNA expression at baseline in portal hypertensive animals as compared to sham- 
operated animals. In tissue incubated with TNF-ct neutralizing antibody, inducible NOS mRNA ex- 
pression was significantly decreased by 40%, 70%, and 80% after 1, 2, and 6 hours, respectively. Since in- 
creased TNF-ct and NOS production could potentially impair gastric mucosal defenses, our findings 
suggest a major role for these proteins in the development of portal hypertensive gastropathy. (J GAS- 
TRO~TEST SURG 1997;1:371-376.) 

Upper  gastrointestinal hemorrhage from abnormal 
gastric mucosa (gastropathy) has been recognized as 
a major cause of morbidity and mortality associated 
with portal hypertension. 1,2 Several studies have illus- 
trated the increased susceptibility of the portal hyper- 
tensive (PHT) stomach to injury and have delineated 
the ultrastructural and microvascular changes (vascu- 
lopathy) in the P H T  gastric mucosa. 3-5 These changes 
include marked endothelial cell hypertrophy and re- 
duced capillary luminal area. T h e  resultant hypoxy- 
genation of the luminal surface of P H T  gastric mu- 
cosa renders it highly susceptible to injury. 3,6,7 T h e  
mechanism responsible for endothehal abnormalities 
in the P H T  gastric mucosa remains unknown. 

Tumor  necrosis factor-alpha (TNF-a)  is an impor- 
tant mediator of inflammation, which is produced by 
mononuclear  cells in response to tissue injury, bacte- 
rial endotoxin, and neoplasia, s,9 Recent studies have 
implicated TNF-c~ as a major mechanism responsible 
for the development of  the hyperdynamic circulation 

associated with portal hypertension.l~ Treatment with 
TNF-ct  neutralizing antibody was shown to reverse 
the hyperdynamic state in P H T  rats. i~ In addition, 
factors that promote  T N F - a  synthesis increase the 
susceptibility of  gastric mucosa to damage, whereas 
T N F - a  inhibitors have the opposite effect. 11,12 

Al though the precise mechanism of  action of 
T N F - a  in the gastric mucosa remains unknown, nu- 
merous in vitro studies have demonstrated that this 
cytokine exerts its effects through upregulation of the 
enzyme nitric oxide synthase (NOS) resulting in re- 
lease of the potent  vasodilator nitric oxide (NO). 13 
Generation of N O  is an important  factor in modulat- 
ing gastric mucosal blood flow and a key element in 
mucosal defenses. 14 Although the effects of N O  at low 
levels are cytoprotective, 15 excessive N O  production 
has cytotoxic potential  and has been shown to in- 
crease gastric mucosal injury. 16,17 Numerous  investi- 
gators have demonstrated increased NOS activity in 
P H T  models and have suggested that increased re- 
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lease of NO may be responsible for the hyperdynamic 
state. ~8,19 Recently E1-Newihi et al. 2~ reported that 
gastric mucosal NOS activity and NO production are 
significantly increased in cirrhotic patients with P H T  
gastropathy compared to normal control subjects. In 
addition, we have demonstrated that NOS mRNA 
and protein are overexpressed in the PHT gastric mu- 
cosa and that moderate inhibition of the increased 
NOS activity by No-nitro-L-arginine methyl ester 
normalizes ethanol-induced gastric mucosal injury in 
portal hypertension. 21,22 Therefore understanding the 
interactions of TNF-c( and NOS in PHT gastric mu- 
cosa may lead to a better understanding of PHT gas- 
tropathy and vasculopathy, forming the basis of the 
present study. 

To elucidate the interrelationship between TNF-a  
and NOS in the PHT gastric mucosa, we examined 
baseline expression of TNF-a  and NOS mRNAs in 
P H T  gastric mucosa and studied the effect of neu- 
tralizing TNF-c( in organ culture on the regulation of 
NOS mRNA production. 

MATERIAL A N D  M E T H O D S  

This study was approved by the subcommittee for 
animal studies of the Long Beach (Calif.) Department 
of Veterans Affairs Medical Center. Seventy male 
Sprague-Dawley rats (weight range 250 to 275 g) 
were used in this study. Rats were maintained indi- 
vidually in wire bottom cages with free access to stan- 
dard rat chow (Rodent Diet No. 8504, Harlan Teklad, 
Madison, Wis.) and water. The room where the ani- 
mals were housed was maintained on a 12-hour light- 
dark cycle. The room temperature was maintained at 
18 ~ to 22 ~ C and the humidity at 60% to 70%. 

Portal hypertension was produced in 35 rats that 
were anesthetized with Nembutal (50 mg/kg intra- 
peritoneally) (Abbot Laboratories, North Chicago, 
Ill.) and subjected to staged portal vein occlusion ac- 
companied by splenic vein ligation as previously de- 
scribed. 6 Thirty-five sham-operated (control) rats un- 
derwent laparotomy with exploration of the splenic 
and portal veins without ligation of these structures. 
After 2 weeks, the animals were fasted for 24 hours 
and anesthetized with Nembutal (50 mg/kg intraperi- 
toneally) followed by laparotomy. Portal venous pres- 
sure was measured by cannulation with a PE-50 
catheter through a peripheral mesenteric vein. The 
zero reference point was the inferior vena cava. After 
measurement of pressure, the stomach was removed 
and opened along the greater curvature. The fore- 
stomach and antrum were discarded, and the remain- 
der of the specimen was cut into small strips (0.5 x 
0.5 cm), which were used in all incubation experi- 
ments. Samples were incubated in organ culture 

medium composed of Dulbecco's modified Eagle's 
medium (90%) (Mediatech, Inc., Herndon, Va.), fetal 
bovine serum (10%) (Gemini Bioproducts, Calabasas, 
Calif.), and antibiotic/antimycotic solution (penicillin 
G, 10,000 U/ml; amphotericin B, 25 mg/ml; and 
streptomycin, 1000 U/ml) (Mediatech, Inc.). Falcon 
3043 organ culture wells were purchased from Bec- 
ton Dickinson (Lincoln Park, N.J.). One group of 
wells contained 4 ml of culture medium solution pre- 
viously described. To a second group, TNF-~ neu- 
tralizing antibody (Genzyme, Cambridge, Mass.) was 
added in excess (5000 U/ml). Gastric mucosal strips 
(6 samples/well) were incubated at 37 ~ C i n  5% car~ 
bon dioxide. Samples were removed from the incuba- 
tor at 1-, 2-, and 6-hour time intervals. 

RNA Isolation and Reverse Transcription- 
Polymerase Chain Reaction for NOS 
and TNF-a 

Gastric specimens were imediately frozen in liquid 
nitrogen and stored at - 8 0  ~ C. Samples were ho- 
mogenized with a Polytron homogenizer (Kinemat- 
ica AG, Littau, Switzerland) in 4 mol/L guanidinium 
isothiocyanate, and total RNA was prepared after 
guanidinium isothiocyanate-phenol-chloroform pro- 
cedure as previously described. 23 The total RNA con- 
centration of each sample was determined from ab- 
sorbance at 260 nm, and the quality of each RNA 
preparation was determined by agarose-formal- 
dehyde gel electrophoresis and ethidium bromide 
staining. 

Reverse transcription and polymerase chain reac- 
tions (RT-PCR) were carried out using a GeneAmp 
RNA polymerase chain reaction (PCR) kit and a 
DNA thermal cycler (Perkin-Elmer Corp., Norwalk, 
Conn.) according to standard techniques. 24,2s Briefly, 
0.3 I~g of total RNA was used as the template to syn- 
thesize complementary DNA with 2.5 units of 
Moloney murine leukemia virus reverse transcriptase, 
in 10 ~1 of buffer containing 10 mmol/L Tris-HCl, 
pH 8.3; 50 mmol/L KC1; 5 mmol/L MgC12; 1 
mmol/L each deoxyribonucleoside triphosphate; 2.5 
mmol/L of random hexamer; and 1.4 unit/ml of ri- 
bonuclease inhibitor. Reverse transcription was per- 
formed at room temperature for 20 minutes, then at 
42 ~ C for 15 minutes, at 99 ~ C for 5 minutes, and 5 ~ 
C for 5 minutes. The.resulting complementary DNA 
was used as a template for subsequent polymerase 
chain reaction. The PCR was performed in 50 ~1 of 
buffer containing 10 mmol/L Tris-HC1, pH 8.3; 2 
mmol/L MgC12; 50 mmol/L KC1; 0.2 mmol/L each 
deoxyribonucleoside triphosphate; 0.25 I~g of each 
primer; and 1.2 units of Taq DNA polymerase. The 
amplification was performed for 34 cycles of 1 minute 
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at 94 ~ C for denaturing, 1 minute  at 63 ~ C for an- 
nealing, and 2 minutes at 72 ~ C for extension. T h e  
primers for constitutive NOS (eNOS) were defined 
by the following complementary  D N A  base se- 
quences26: sense, 5 ' - T A C G G A G C A G C A A A T C -  
CAC-3';  antisense, 5 ' - C A G G C T G C A G T C C T T T -  
GATC-3 ' .  T h e  primers for inducible NOS (iNOS) 
were defined by the following complementary DNA 
base sequences27: sense, 5 ' -CACAAGGCCACAT-  
C G G A T T T C - 3 ' ;  antisense, 5 ' -TGCATACCACT-  
TCAACCCGAG-3 ' .  T h e  primers for TNF-et  were 
defined by the following complementary  D N A  se- 
quences28: sense, 5 ' - T A C T G A A C T T C G G G G T -  
G A T T G G T C C - 3  '; antisense, 5 ' - C A G C C T T G T C -  
CCTTGAAGAGAACC-3 ' .  PCR of [3-aetin served as 
a positive control  and an internal standard. T h e  
primers for 13-actin were defined by the following 
complementary  D N A  base sequences29: sense, 5'- 
T T G T A A C  C A A C T G G G A C G A T A T G G - 3 ' ;  anti- 
sense, 5 '- G A T C T T G A T C T T C A T G G T G C T A G -  
G3' .  Nine-microliter aliquots of the PCR amplified 
mixture were subjected to electrophoresis on 1.5% 
agarose gel and DNA was visualized by ethidium bro- 
mide staining. Location of the predicted PCR prod- 
ucts (base pairs) was confirmed by using a 100-base 
pair ladder (GIBCO BRL, Gaithersburg, Md.) as a 
standard size marker. T h e  gel was then photographed 
under ultraviolet transillumination. 

For quantitation we determined the intensity of 
P C R  products on the negative film of the gel pho- 
tographs according to the method of Griffins et al. 27 
Expression of  the products  was quantified using a 
video image analysis system (Image-1/FL, Universal 
Imaging Corp., Westchester, Pa.). An index of mes- 
senger RNA expression [Index = Area • Intensity] 
was determined for each sample�9 The  index of NOS 
and TNF-c~ signals was standardized against that of 
the 13-actin signal from the same RNA and expressed 
as the NOS or TNF-a/13-actin ratio�9 

Stat is t ical  Analysis  

Results were expressed as mean _+ standard devia- 
tion. Student's t test was used to determine the statis- 
tical significance between P H T  and sham-operated 
rats. One-way analysis of variance was used to deter- 
mine the sequential RT-PCR data. 

R E S U L T S  

T h e  gross appearance of the s tomach in sham- 
operated animals was normal in contrast to the P H T  
rats in which numerous collateral vessels could be vi- 
sualized around the markedly dilated serosa, especially 
at the gastroesophageal junction. 

Portal Pressure 

Portal venous pressure in P H T  animals was signif- 
icantly higher as compared t o  sham-operated animals 
(22.9 + 2.1 vs. 16.0 + 1.6 cm H20,  respectively; P 
<0.01). 

Reverse Transcription-Polymerase Chain 
Reaction for iNOS, eNOS, and TNF-cx 

Baseline eNOS m R N A  expression was increased 
by 75% (P <0.01) in the P H T  group as compared to 
the sham-operated group. In P H T  animals, RT-PCR 
revealed increases in both TNF-cx and iNOS m R N A  
expression as compared to the sham-operated group, 
the relative increases being 50% and 300%, respec- 
tively (P <0.01; Figs�9 1 and 2). In P H T  gastric mu-  
cosal strips incubated with TNF-0t neutralizing anti- 
body, iNOS m R N A  expression was significantly re- 

14 days 
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Fig. 1. mRNA expression for TNF-a and iNOS with RT- 
PCR at 14 days after portal vein ligation and sham operation. 
SO --- sham operated rat; PHT = portal hypertensive rat. 
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Fig. 2. Relative amounts ofiNOS (a) cNOS (m), and TNF-a 
(t3) mRNAs quantified by the Image-1 system and expressed 
as the mRNA/13-actin ratio. Values are in mean video image 
units. SO = sham-operated rats; PHT = potal hypertensive rats; 
*P = <0.01 compared to the SO group. 
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Fig. 3. mRNA expression for iNOS with RT-PCR following 
incubation of P H T  gastric strips in culture medium alone ( - )  
or with TNF-et antibody (+ )  at 0, 1, 2, and 6 hours. 
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Fig. 4. Relative amounts of iNOS mRNA in P H T  gastric 
strips incubated in culture medium alone (D) or in the pres- 
ence of TNF-et antibody (~), quantified by the Image-1 sys- 
tem and expressed in mean video image units. *P -- <0.05 com- 
pared to culture medium alone. 

duced at all time intervals as compared to gastric mu- 
cosal strips incubated in culture medium alone, the 
incremental decreases being 40%, 70%, and 80% af- 
ter 1, 2, and 6 hours of incubation, respectively (P 
<0.05; Figs. 3 and 4). No significant change in cNOS 
or TNF-et mRNA expression was observed at any 
time interval following incubation with TNF-ot anti- 
body. 

D I S C U S S I O N  

The present study demonstrates that both TNF-a  
and NOS mRNAs are overexpressed in the PHT gas- 
trie mueosa when examined in isolated gastric strips 
incubated in culture medium. It is important to note 
that by neutralizing TNF-ct with its appropriate anti- 

body added to the culture medium, iNOS mRNA ex- 
pression is downregulated. This reduction of iNOS 
mRNA expression was the most marked after 6 hours' 
incubation as compared to 1 and 2 hours, and the ef- 
fect seems to correlate directly with the length of time 
that the tissue was exposed to TNF-a  antibody. Since 
the experiments were performed in isolated gastric 
strips, this finding implies that the interrelationship 
of TNF-a  with iNOS in the gastric mucosa is direct 
and independent of vascular or central neurogenic in- 
fluences. 

In previous s~dies, quantitative ultrastructural 
analysis of the PHT gastric mucosa microvascular en- 
dothelial cells demonstrated marked abnormalities-- 
collectively termed PHT gastric mucosal vasculopa- 
thy. 4,s The endothelia have expanded cytoplasm, in- 
creased numbers of pinocytotic vesicles, and the cap- 
illary basement membranes are markedly thickened. 4 
Because of the capillary luminal narrowing, we found 
that the P H T  gastric mucosal surface--but not 
serosa--has significantly reduced oxygenation com- 
pared to sham-operated control rats, 7 similar to what 
is now found in PHT humans. 3~ This chronic hy- 
pooxygenation may be the basis for impaired mucosal 
defense with increased susceptibility of PHT gastric 
mucosa to damage--a characteristic feature of gastric 
mucosal gastropathy. 

TNF-ot is a cytotoxic polypeptide produced by 
mononuclear cells activated by damaged tissue, tumor 
cells, and bacterial endotoxin. It is a mediator of the 
host response to sepsis and neoplasia. It increases vas- 
cular permeability, causing structural and metabolic 
changes in vascular endothelial cells. 8,9 It enhances 
macrophage attachment to endothelial cells, promot- 
ing the inflammatory response to tissue injury and in- 
fection. This protein also induces hypotension as a re- 
sult of stimulating NO production. 3z Relevant to the 
role of TNF-a  in P H T  gastropathy and vasculopa- 
thy, there are several major lines of evidence that must 
be considered: 

1. Recent studies have implicated this cytokine as a 
major contributor to the hyperdynamic circula- 
tion associated with portal hypertension in pre- 
hepatic P H T  rats. 1~ 

2. Patients with portal hypertension and cirrhosis 
produce higher amounts of TNF-et. 33-3s 

3. Factors that enhance TNF-a  synthesis and/or 
release increase gastric mucosal susceptibility to 
injury, whereas those that inhibit its release (e.g~ 
pentoxifylline) reduce gastric mucosal injury.11,12 

4. TNF-et produces ultrastructural microvascular 
abnormalities in pulmonary microvessels that 
are similar to the vasculopathy of the P H T  
stomach that we have demonstrated. 4,36 
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5. Also TNF-ot increases vascular permeability and 
produces tissue edema, findings that are consis- 
tendy found in PHT gastric mucosa. 4,s 

6. Our demonstration of the increased susceptibil- 
ity of the PHT gastric mucosal microvasculature 
to damage is relevant in light of findings that 
TNF-a induces structural and metabolic injury 
to endothelial cells. 3,8,9 

The preceding evidence strongly supports the hy- 
pothesis that the mechanism leading to PHT gastric 
mucosal vasculopathy and gastropathy is activation of 
the gene for TNF-a with overproduction of its pro- 
tein. However, the effects of TNF-a  may be medi- 
ated by the NOS system. We have demonstrated that 
NOS mRNA and protein are overexpressed in the 
PHT stomach, and moderate inhibition of the in- 
creased NOS activity normalizes increased suscepti- 
bility of PHT gastric mucosa to damage, z 1,22 In addi- 
tion, a recent study demonstrated that thalidomide, 
which is a selective inhibitor of TNF production, de- 
creases TNF-et plasma levels and NO production, 
ameliorating the systemic hyperdynamic circulation 
of portal hypertension. 37 Therefore our demonstra- 
tion of the overexpression and close interaction of 
TNF-a and iNOS would suggest that these proteins 
in PHT gastric mucosa may be major factors in the 
development of the mucosal microvasculopathy and 
gastropathy in portal hypertension. 

CONCLUSION 

Our study demonstrated that portal hypertension 
activates the TNF-ct and iNOS mRNAs in the PHT 
gastric mueosa and that overexpression of iNOS 
mRNA is significantly inhibited by anti-TNF-ot neu- 
tralizing antibody. Since increased TNF-ct and NOS 
production could potentially impair gastric mueosal 
defense, our findings suggest that these proteins play 
a major role in the development of PHT gastric mu- 
cosa.  
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Selective Management of Hepatic Venous 
Outflow Obstruction 
Gregory G. Tsiotos, M.D., David M. Nagorney, M.D., Piet C. de Groen, M.D. 

To describe the outcome of selective management of hepatic venous outflow obstruction (HVOO), based 
on its presentation and liver function, we reviewed the records of 49 consecutive patients managed at 
our institution between 1984 and 1993. Twenty-six patients were managed surgically, 12 nonsurgically, 
and 11 were not treated. Portosystemic shunts (PSS) were performed in 18 patients (patency 83 %). Two 
patients (11%) died postoperatively, 11 (61%) did well (mean follow-up 6.4 years), three (17%) required 
subsequent orthotopic liver transplantation, and two (11%) died of late liver failure. PSS remained patent 
if the preoperative pressure gradient between the portal vein and the infrahepatic inferior vena eava was 
greater than 10 mm Hg and across the intrahepatic inferior vena cava 18 mm Hg or less. All six ortho- 
topic liver transplantations (three as primary treatment and three after failed PSS) were successful (mean 
follow-up 4.8 years). Five patients underwent other procedures. Nine (75%) of the 12 nonsurgically 
treated patients did well (mean follow-up 3.8 years). The most important predictor of successful out- 
come after PSS or medical management was the degree of liver function. All 11 untreated patients died 
either of end-stage liver failure (n = 7; 63 %) or of severe comorbid disease (n = 4; 37%). In patients with 
preserved liver function, medical management of HVOO can be successful early in the course of the dis- 
ease; a late presentation necessitates PSS. Orthotopic liver transplantation should be employed in 
patients with liver failure and may decrease the high mortality rate of HVOO. (J GASTROINTEST SURG 
1997;1:377-385.) 

Hepatic venous outflow obstruction (HVOO), his- 
torically referred to as the Budd-Chiari syndrome, is 
a complex clinicopathologic disease of variable etiol- 
ogy, characterized by thrombosis of the hepatic veins 1 
and associated with progressive hepatocellular dys- 
function. It is rare in the general population; patients 
with H V O O  comprise less than 5% of those operated 
on for portal hypertension 2 and approximately 1% of 
those undergoing liver transplantation. 3 Regardless of 
the mechanism of HVOO,  increased postsinusoidal 
resistance to hepatic blood flow causes centrilobular 
venous congestion, intrahepatic hypertension, and he- 
patocellular injury. Clinical evidence suggests that 
severity of hepatic dysfunction is probably related to 
the rapidity of onset and extent of  HVOO.  4 Abrupt, 
complete H V O O  leads to extensive hepatocellular 
necrosis and fulminant hepatic failure. In contrast, in- 
sidious, incomplete H V O O  may be associated with 
portal decompression through hepatovenous collat- 

eral vessels and reduced hepatocellular injury. This 
pathophysiologic concept of H V O O  suggests a broad 
clinical spectrum of disease. 

We have been impressed by the variability in clin- 
ical presentation and the unpredictability of progres- 
sion of HVOO. Consequently the management of pa- 
tients with H V O O  has been difficult. Numerous  
treatment options ranging from diuretic alone to or- 
thotopic liver transplantation have proved effective, 
but few reports have evaluated an unselected patient 
cohort to assess the disease spectrum and outcome. 5-7 
Although H V O O  is being diagnosed with increasing 
frequency, s its low incidence makes a prospective 
study unrealistic. Thus our aims were to review the 
spectrum of clinical presentation and treatment  of 
HVOO,  to characterize factors associated with dis- 
ease severity and chronicity, to determine the long- 
term clinical outcome at a referral center, and to pro- 
pose an algorithm for clinical management. 
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PATIENTS A N D  M E T H O D S  

The records of all patients with the diagnosis of 
HVOO, who were managed at the Mayo Clinic be- 
tween March 1984 and December 1993, were re- 
viewed. The diagnosis of HVOO was based on the 
absence of blood flow in the major hepatic veins as 
demonstrated by imaging. Patients' age, sex, symp- 
toms and signs, liver tests, imaging studies, etiology 
of the disease, treatment, hospital stay, outcome, and 
quality of life were recorded. The time interval be- 
tween the onset of symptoms and the diagnosis was 
estimated, and liver function was assessed by the 
Child-Pugh classification at the time of diagnosis and 
at the last follow-up examination. Preoperative liver 
biopsies obtained from all patients undergoing post- 
sytemic shunt (PSS) or orthotopic liver transplanta- 
tion (OLT) were correlated with the outcome of PSS. 
HVOO was documented by duplex ultrasonography, 
contrast-enhanced CT, or both. Preoperative hepatic 
angiography was performed selectively, comple- 
mented by manometry. Pressures in the suprahepatic 
and infrahepatic inferior vena cava (1VC) and hepatic 
vein (HV) were measured directly, and wedge HV 
pressure was used to estimate portal vein (PV) pres- 
sure. Patency of PSS was determined by duplex ultra- 
sonography or angiography. 

Treatment was classified as supportive, medical, or 
surgical based on the major focus of management. 
Treatment outcome was assessed by clinical perfor- 
mance status and hepatic function. Follow-up was 
complete to death or August 1995 and was based on 

the last office visit or standardized telephone inter- 
view. Statistical comparisons were made using Fis- 
cher's exact test or Pearson's chi-square test. Survival 
was estimated by the Kaplan-Meier method. 

RESULTS 

Between 1984 and 1993, 49 patients were diag- 
nosed with I-YVOO at our institution. There were 18 
men and 31 women (male:female ratio 1:1.7). The 
mean age was 43 years (range 17 to 73 years). 

Clinical Presenta t ion  

Most patients presented with ascites (86%), fol- 
lowed byhepatomegaly (69%), lower extremity 
edema (55%), right upper quadrant abdominal 
pain and fatigue (51% each), jaundice (39%), and 
splenomegaly (24%). Eneephalopathy (18%) and 
hemorrhage (8%) were less common. The exact time 
of onset of HVOO could only be estimated because 
clinical presentation was nonspecific. Eighteen pa- 
tients hadan acute onset (less than 6 weeks) 7 with the 
clinical findings of fulminant hepatic failure. Typically 
a prodrome of ascites and dull abdominal pain of in- 
creasing severity prompted evaluation. 

We indentified a definite or probable etiology in 
44 (90%) of our patients (Table 1). A hypercoagulable 
state, including polycythemia rubra vera and paroxys- 
mal nocturnal hemoglobinuria, was considered 
causative in 53 % of patients. Use of oral contraceptive 

Table I. Etiology of HVOO 

No. of patients % 

Hypercoagulable state 
Polyeythemia rubra vera 
Paroxysmal nocturnal hemoglobinuria 
Protein C deficiency 
Lupus anticoagulant 
Myeloproliferative disorder 
Idiopathic 

Cirrhosis 
Webs 
Cancer 
Systemic lupus erythematosus 
Polycystic liver disease 
Pregnancy 
Oral contraceptives* 
Congestive heart failure 
Unknown 

(n = 7) 
(n= 5) 
(n=4) 
(11=4) 
(n=4) 
(n=2) 

26 53 

4 8 
3 6 
3 6 
2 4 
2 4 
2 4 
1 2 
1 2 
5 10 

49 100 

*Cofactor in three additional patients in a hypercoagulable state. 
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steroids was a cofactor in three patients with a con- 
current hypercoagulable state but in only one patient 
without recognized coagulopathy. HVOO was caused 
by severe comorbid conditions in four patients: end- 
stage intrahepatic malignancy in three and severe car- 
diomyopathy (left ventricular ejection fraction 10%) 
in one. The cause was unknown in only five patients 
(10%). 

Duplex ultrasound examination of the hepatic veins 
was diagnostic in 39 (87%) of 45 patients and con- 
trast-enhanced CT in 24 (90%) of 27 patients. An- 
giography confirmed HVOO by demonstrating ob- 
struction of major hepatic veins, webs, or a "spider 
web" injection pattern in 33 patients. Manometry 
confirmed HVOO with an elevated wedge-free HV 
pressure gradient in 21 patients. In the remaining 12, 
technical factors precluded wedge measurements. All 
patients who were treated for HVOO underwent an- 
giography. 

Liver biopsy was performed in 34 patients before 
treatment. Dilatation or congestion was present in 
nine patients (26%), fibrosis or necrosis in 21 (62 %), 
and cancer or normal tissue in two each (6%). Liver 
function at the time of diagnosis was classified as 
Child-Pugh class A in 23 patients (47%), class B in 16 
(32%), and class C in 10 (20%). 

Management 

The 49 patients were categorized into four groups 
for assessment of therapy: surgical (n = 26), medical 
(n = 12), supportive (n = 7), and severe comorbidity 
(n = 4) (Table II). 

Surgical Management. Twenty-six patients un- 
derwent an operation for treatment of HVOO. PSS 

Table II. Management of patients with HVOO 

No. of patients 

Surgical treatment 26 
PSS as only treatment (n = 15) 
OLT as primary treatment (n = 3) 
OLT after PSS (n = 3) 
Right hepatectomy (n = 1) 
LeVeen/Denver shunt (n = 4) 

Medical treatment 12 
Anticoagulation, steroids, etc. (n = 10) 
TIPS (n = 1) 
Angioplasty, thrombolysis (n = 1) 

Supportive care 7 
Severe comorbidity 

49 

was performed in 18 patients. Fifteen patients had 
side-to-side portocaval shunts (PCS), one patient had 
a portocaval-cavoatrial shunt (PC-CAS) with spiral 
saphenous vein graft because of juxtahepatic IVC oc- 
clusion, and one patient underwent dorsocranial liver 
resection with hepatoatrial anastomosis (Senning pro- 
cedure) and pulmonary valve replacement because of 
thrombosis extending into the suprahepatic IVC. One 
patient had a mesocaval shunt with ringed polytetra- 
fluoroethylene graft because of PV thrombosis. Two 
patients (11%) died postoperatively: one of sepsis and 
one of hepatorenal failure from IVC ~thrombosis and 
shunt occlusion. The mean duration of symptoms was 
100 _+ 17 days. Fifteen patients were treated by PSS 
only; in three patients (17%) initially treated by PSS, 
treaunent failed and these patients were converted to 
OLT. PSS failure was caused by fulminant hepatic 
failure in one Child-Pugh class C patient (immedi- 
ately postoperatively) and by shunt thrombosis in two 
patients (1 week and 1 year postoperatively). 

Early patency of PSS was 83% and was predicted 
by preoperative PV-HV and infrahepatic-suprahep- 
atic IVC pressure gradients. Two patients with early 
thrombosis of PCS who eventually underwent OLT 
had an inffahepatic-suprahepatic IVC pressure gradi- 
ent of 19 mm Hg or greater. All remaining 13 patients 
had a portocaval pressure gradient (wedge HV pres- 
sure minus the infrahepatic IVC pressure) of 10 mm 
Hg or greater, and a transhepatic IVC pressure gradi- 
ent (infrahepatic minus suprahepatic IVC pressure) of 
18 mm Hg or less during preoperative manometry, 
and their shunts remained patent. Thrombosis of a 
PC-CAS occurred in an additional patient 1 year 
postoperatively because of extensive thromboses sec- 
ondary to hypercoagulability and despite aggressive 
anticoagulant therapy. 

Thirteen patients with PSS as the only and defmi- 
five therapy were discharged after initial hospitaliza- 
tion. Mean duration of hospitalization was 11 days 
(range 6 to 33 days). Mean postoperative follow-up 
has been 6.4 years (range 1.5 to 11.8 years). Two pa- 
tients (11%) died of late liver failure (after 1.9 and 9.3 
years, respectively), despite confirmation of shunt pa- 
tency by duplex ultrasonography at last follow-up. 
Liver function in the remaining patients was well pre- 
served and remained the same as that determined pre- 
operatively (9 patients, 82%) or improved (2 patients, 
18%). The two patients with late liver failure were 
Child-Pugh class A and B initially. Overall 5-year ac- 
tuarial survival was 79%. The 5-year estimate of treat- 
ment success of PSS (including patients with failed 
PSS who were converted to OLT) was 66%. All sur- 
vivors were asymptomatic at last follow-up and had 
an excellent performance status (Eastern Conference 
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Oncology Group [ECOG] = 0). Shunt patency has 
been confirmed by Doppler ultrasonography, angiog- 
raphy, or both in these patients. 

Histopathologic findings from liver biopsies were 
not predictive among patients undergoing PSS. In 
two patients centrilobular congestion or dilatation 
was noted on preoperative liver biopsy and 13 had 
necrosis or fibrosis. The four patients who died after 
PSS (early and late death) belonged to the latter 
group, but fibrosis and necrosis did not prove to 
have a statistically significant correlation with early 
(P = 0.55), late (P = 0.5), or overall (P = 0.36) shunt 
patency and survival. 

Four patients had peritoneovenous shunts (two 
LeVeen and two Denver shunts) for palliation of 
ascites. Other surgical options were precluded be- 
cause of extensive portovenous and suprahepatic and 
infrahepatic caval thrombosis, or both, in two patients 
and refusal of OLT despite liver failure in one. These 
three patients died of liver failure at 1, 8, and 21 
months, respectively. Interestingly, although PSS 
was precluded in the fourth patient because of 
extensive portovenous thrombosis, therapy for 
her myeloproliferative disorder with hydroxyurea 
and anticoagnlation has been associated with a 
survival of 9.8 years. Hepatic veins have partially 
recanalized and liver function has returned to normal. 
Finally, one additional patient underwent left hepa- 
tectomy and cyst fenestration for polycystic liver 
disease causing HVOO and remains well 1.8 years 
postoperatively. 

Six patients underwent OLT: three as initial treat- 
ment and three after failure of PSS as previously men- 
tioned. Long-standing HVOO and poor hepatocel- 
lular function (Child-Pugh class B or C) was the indi- 
cation for OLT in the first three patients. Fulminant 
hepatic failure and shunt occlusion (as previously de- 
scribed) necessitated the remainder. Liver biopsy 
demonstrated fibrosis or necrosis in all of these pa- 
tients. However, clinical status and not histopatho- 
logic findings prompted OLT. Mean duration of 
symptoms before treatment was 78 + 32 days. There 
were no perioperative deaths. Mean duration of hos- 
pitalization was 32 days (range 12 to 74 days). Mean 
postoperative follow-up has been 4 years (range 1.2 
to 6.8 years). There was one late death from an unre- 
lated cause (intravenous drug abuse) at 2.1 years. 
Overall 5-year actuarial survival was 75%. All patients 
had excellent liver function at follow-up (Child-Pugh 
class A) and an excellent clinical performance status 
(ECOG = 0). Although the patient who underwent 
OLT after thrombosis of the PC-CAS had a recur- 
rence of ascites and lower extremity edema after OLT, 

as a result of thromboses of the superior mesenteric 
vein and infrarenal IVC, hepatic allograft function is 
normal. 

Medical Management. Twelve patients had med- 
ical (nonoperative) treatment. Mean duration of 
symptoms in these patients at diagnosis was 41 + 11 
days. Most of these patients had recent-onset ITVOO 
and preserved liver function. Eleven patients were 
Child-Pugh class A. One patient (Child-Pugh class C) 
who had HV and IVC thrombosis underwent a trans- 
jugular intrahepatic portosystemic shunt (TIPS) and 
placement of an expandable metallic stent in the IVC. 
Despite initial improvement with upgraded liver func- 
tion to class B and hospital discharge, he died of sep- 
sis 3 months later (early mortality rate 8%). One pa- 
tient with IVC web was successfullyxreated with an- 
gioplasty and thrombolysis and remains asymptomatic 
with a patent IVC after 2.7 years. Ten patients have 
been managed with anticoagnlation (n = 6), steroids 
(n -- 4), diuretics (n = 4), or combinations (n = 5). All 
were discharged after a mean hospitalization of 10 
days (range 0 to 40 days) with excellent liver function 
and resolution of symptoms. 

Mean follow-up after discharge of these patients 
has been 3.8 years (range 0.3 to 10.3 years). Nine pa- 
tients (75%) are alive, asymptomatic, and had excel- 
lent liver function at last follow-up. Their clinical per- 
formance status is normal. Two patients (17%) who 
had clinical progression of HVOO were not referred 
for surgical management and died of liver failure after 
1.8 and 2.3 years respectively. Overall, medical man- 
agement in this select group of patients led to a 92 % 
initial success rate, and 75% are alive and well after 
a mean of 3.8 years. The 5-year actuarial survival was 
71%. 

Supportive Care. Seven patients presented with 
early HVOO and severe hepatocellular dysfunction 
(Child-Pugh class C). Mean duration of symptoms at 
presentation was 44 + 15 days. All patients had en- 
cephalopathy and four had upper gastrointestinal 
hemorrhage. One patient had undergone OLT twice 
previously for primary biliary cirrhosis. One patient 
died of uncontrollable esophageal variceal bleeding 
on admission. Attempted thrombolysis using tissue 
plasminogen activator in one patient and anticoagula- 
tion in two patients was unsuccessful. Severe liver in- 
sufficiency with refractory coagulopathy prohibited 
PSS. Three patients were activated for OLT but died 
before a donor became available. The hospital course 
of these patients evolved rapidly with hepatorenal 
syndrome, multiple system organ failure, and death 
within 15 days of admission (mean 9 days). 

Severe Comorbidity. In four patients HVOO was a 
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complication of other severe underlying disease (end- 
stage cancer in three and severe congestive heart fail- 
ure in one). Treatment targeted specifically for 
HVOO was not implemented. All four died within 18 
months (median 7 months) after diagnosis. 

C O R R E L A T I O N  O F  C L I N I C A L  
P R E S E N T A T I O N  A N D  M A N A G E M E N T  

We stratified outcome on the basis of the timing of 
clinical presentation (early vs. late) and liver function 
(preserved vs. decompensated) to attempt to identify 
distinct subgroups for a management algorithm. 

Early HVO0, Preserved Liver Function. Eleven 
of 12 patients treated medically belong to this sub- 
group. All were Child-Pugh class A. Medical man- 
agement was associated with 100% early and 82% (9 
of 11 patients) late success. Overall 5-year actuarial 
survival was 78%. Although this approach was effec- 
tive for these patients, careful long-term management 
is essential. HVOO will progress in some patients and 
should prompt evaluation for surgical therapy. 

Early HVO0, Decompensated Liver Function. 
The seven patients who received supportive care only 
and the patient who underwent TIPS and IVC stent 
placement comprise this group. Liver function dete- 
riorated rapidly and all were Child-Pugh class C at di- 
agnosis. All of these patients died. Although radio- 
logic intervention was temporarily successful in one 
patient, only OLT offers definitive treatment for ful- 
minant hepatic failure associated with HVOO. Med- 
ical and radiologic intervention in these patients 
should be used only to prepare them for OLT. 

Late HVO0, Preserved Liver Function. Seventeen 
patients who were Child-Pugh class A (n = 11) or class 
B (n = 6) and who underwent PSS comprise this 
group. Excluding one patient who died of sepsis and 
two patients with PCS occlusion from unfavorable 
pressure gradients, the remainder fared well. Five- 
year actuarial survival was 79%. The duration of 
symptoms was longer in this group than in the group 
with early HVOO and preserved liver function (100 
+ 17 days vs. 41 + 11 days; P = 0.01). However, de- 
spite shunt patency, there were two late deaths from 
liver failure. PSS clearly provides effective therapy in 
most of these patients, but preservation of liver func- 
tion is not ensured indefinitely and careful long-term 
observation is warranted. 

Late HVO0, Decompensated Liver Function. 
Four patients comprise this subgroup and underwent 
OLT: three as their initial treatment and the fourth 
with fulminant hepatic failure after PCS. All were 
Child-Pugh class C. OLT has been associated with 

excellent liver function and quality of life after a mean 
follow-up of 4 years (range 1.2 to 6.8 years). OLT for 
patients with end-stage liver disease provides the only 
definitive therapy. 

DISCUSSION 

We have analyzed 49 consecutive patients with 
HVOO seen at the Mayo Clinic over a 10-year pe- 
riod. By careful examination for abnormal hemato- 
logic conditions and other risk factors, we were able 
to identify a likely cause in 90% of our patients. Med- 
ical treatment was successful only in patients with 
early disease and preserved liver function. Patients 
with chronic disease and preserved liver function were 
successfully treated by PSS. OLT was the only treat- 
ment for patients with decompensated liver function, 
whether presentation was early or late. Venography 
of the perihepatic vasculature with manometry was es- 
sential for selection of the appropriate PSS and cor- 
related with shunt patency and patient outcome. 
Histopathologic findings on liver biopsy, although 
important, were not associated with outcome. In this 
unselected cohort of patients with HVOO, the mor- 
tality rate was high (45%), but the mortality rate for 
those who were treated was 29%. Our conclusions are 
schematically shown in Fig. 1 as a proposed algorithm 
for diagnosis, staging, and treatment of patients with 
HVOO. 

The etiology of HVOO varies worldwide. Under- 
lying coagulopathies must be carefully defined for on- 
going treatment.Despite etiology, early or late pre- 
sentation is characterized by symptom duration of less 
than or greater than 6 weeks. Clinical suspicion of 
HVOO can usually be confirmed by duplex ultra- 
sonography and dynamic CT. Additionally, perihep- 
atic venography and manometry should be used to 
further characterize the severity of HVOO and iden- 
tify the best treatment option. 

Preoperative bilobar liver biopsy (percutaneous or 
transjugular) has a central role in the diagnosis and 
the pathologic staging of HVOO. Centrilobular con- 
gestion and dilatation are consistent with a recent ob- 
struction, whereas necrosis and fibrosis are compati- 
ble with chronic advanced disease. Although the find- 
ings on liver biopsy have been emphasized as the 
"dominant factor" for selection among the surgical 
options, 9 our findings did not corroborate this postu- 
late. In contrast, our findings suggested that preser- 
vation of hepatocellular function did not correlate 
with histopathologic findings herein. Our observation 
is supported by those of others who have demon- 
strated that hepatocellular function rather than histo- 
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Fig. 1. Suggested algorithm for diagnosis, staging, and treatment of hepatic venous outflow obstruc- 
tion. CT = computed tomography; HV = hepatic vein; 1VC = inferior vena cava; MRI = magnetic reso- 
nance imaging; OLT = orthotopic li~r transplantation; PV = portal vein. 

logic findings should be the critical factor in deciding 
between PSS and OLT. 10,1x 

In our opinion two primary factors determine the 
choice of therapy: (I) the relative timing between on- 
set and diagnosis of H V O O  and (2) the level of liver 
function and the rate of its deterioration. Patients 
who present with acute H V O O  and fulminant hepatic 
failure usually deteriorate rapidly to hepatorenal fail- 
ure. Medical therapy is not  successful as illustrated by 
our seven acutely ill patients with Child-Pugh class C 
liver function who died within 2 weeks of diagnosis. 
PSS in this setting not  only carries a prohibitive mor-  
tality rate but may aggravate the existing hepatic in- 
jury and prevent compensation as well. OLT is cur- 
rently the only option for end-stage liver failure. In- 
deed we have successfully performed transplantation 
in one such patient, and other investigators have re- 
ported encouraging results with 1-year survival rates 
of 63% to 68%. 12,13 

Early H V O O  with well-preserved and stable liver 
function at diagnosis is not  uncommon and occurred 
in 25% of our patients. Recent thrombosis without 
impaired hepatic function may allow medical man- 
agement directed toward thrombolysis and anticoag- 
ulation. Steroids, hydroxyurea, diuretics, or other  
agents can be useful adjuncts depending on the etiol- 
ogy of H-VOO. This approach was used in 11 patients 

with Child-Pugh class A liver function and was ini- 
tially successful in all of them. Nine patients (82%) 
were alive with excellent liver function after a mean 
of 3.8 years with a 5-year actuarial survival of 78%. 
Two late deaths from liver failure (1.8 and 2.3 years 
later) could possibly have been averted by early refer- 
ral for PSS or OLT at the time of recurrence of symp- 
toms. The  often dismal results reported after medical 
therapy 4,14,15 are likely due to selection of patients 
with end-stage liver disease. Our data have shown that 
medical therapy was effective in these patients with 
early H V O O  and well-preserved, stable liver func- 
tion. Moreover, other nonoperative methods should 
be considered in patients with a stenotic or occluded 
segment of the IVC. The  combination of TIPS and 
IVC metallic stent was initially successful in one pa- 
tient, and angioplasty and thrombolysis comprised the 
definitive treatment in one of two such patients in our 
series. Percutaneous balloon angioplasty 16-18 and ex- 
pandable metallic stents 19,2~ have been successful in 
improving long-term results. TIPS for H V O O  has 
been described 2x,z2 but the long-term patency of TIPS 
in patients with hypercoagulability is unknown. 

If  patients present after several months of symp- 
toms, suggesting a chronic course, the role of medical 
management  is minimal. The  main goal of therapy is 
the restoration of hepatic function. The  degree of he- 
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patic impairment at diagnosis dictates the choice be- 
tween liver decompression or transplantation. If he- 
patocellular function is well preserved (Child-Pugh 
class A or B), PSS can halt deterioration 7,9,1~ or even 
improve function, 23,24 regardless of biopsy find- 
ings.7,10,11 Portal decompression must be nonselective. 
The choice of shunt is dictated by the anatomy and 
the preoperative manometric findings of the perihe- 
patic vasculature. PV and IVC patency and appropri- 
ate pressure gradients between the IVC and the PV 
are critical for decision making. 

Although perihepatic manometry has been advised 
prior to PSS for HVOO, limited data have defined 
the parameters for shunt patency. Our results support 
a PV-infrahepatic IVC gradient of at least 10 mm 
Hg. 9,25 Although preoperative gradients exceeding 20 
mm Hg have been recommended, 7 flow through the 
PSS should be adequate with a gradient of 10 mm Hg 
if postoperative resistance across the PSS is nil. The 
degree of IVC stenosis acceptable for long-term pa- 
tency of PCS is less well defined. We found that an 
infrahepatic-suprahepatic IVC gradient of 18 mm Hg 
or less was associated with PSS patency. Although 
other studies failed to show that gradients of 1023 or 
15 mm Hg 11 along the IVC correlated with patency, 
PCS is not recommended when the IVC gradient ex- 
ceeds 20 mm Hgfl 6 

With appropriate patient selection, PCS has been 
associated with 80% to 100% early and late pa- 
tency, 9,1~ stabilized or improved liver func- 
tion, 9'24 5-year actuarial or actual survival ranging 
from 57% to 85%, H,28 and return to normal lifestyle 
in 75% to 100% of patients, l~ Stabilization or 
even regression of the pathologic changes has also 
been observed. 9,1~ The perioperative mortality rate 
however, remains between 5% and 19% 11,24,27 (11% 
in our series) and is mainly attributed to multiple or- 
gan failure secondary to end-stage liver disease or to 
early shunt thrombosis. 2s We believe that the mortal- 
ity rate may be lowered by better patient selection 
(OLT rather than PSS for patients with advanced liver 
disease) and shunt selection (tailoring the choice of 
PSS according to pressure gradients). One postoper- 
ative death in our series could have been prevented by 
applying our current criteria. More sophisticated se- 
lection may decrease early PSS failure. Conversion to 
OLT occurred in 17% of our patients, similar to oth- 
ers. 11 Indeed two of our three patients who underwent 
PSS and were converted to OLT would have under- 
gone OLT or another kind of PSS based on our cur- 
rent assessment of pressure gradients. 

If PCS is technically or anatomically precluded by 
PV thrombosis, an interposition mesocaval shunt is 
an alternative option. Our one mesocaval shunt (using 
artificial graft) remains patent with anticoagnlation 

therapy, and liver function is excellent 11.8 years post- 
operatively. Although Bismuth and Sherlock 23 have 
reported 90% primary and 100% secondary patency 
and 95% 5-year actuarial survival after mesocaval 
shunt, others have reported high thrombosis rates 
ranging from 23% to 75%, 11,14,26 especially with syn- 
thetic conduits. Autogenous vein grafts may lead to 
improved patency. 11 Routine postoperative anticoag- 
ulation has been strongly recommended after 
PSS, 1~ especially when prosthetic grafts are 
used, and has been our standard practice_. 

The independent venous drainage of the caudate 
lobe into the IVC leads to its enlargement, which may 
often have therapeutic implications. First, caudate hy- 
pertrophy may compress the IVC and cause infra- 
hepatic venous hypertension, the degree of which in 
relation to PV pressure may determine the choice of 
surgical treatment. If the PV pressure exceeds the in- 
frahepatic IVC pressure by more than 10 mm Hg, 
PSS will decompress the liver. If PV pressure and in- 
frahepatic IVC pressure are similar, decompression is 
precluded. 11 Second, the presence of the enlarged 
caudate between the PV and the IVC may technically 
interfere with construction of the PCS. 27 We and oth- 
ers believe that if both venous structures are exten- 
sively and circumferentially mobilized, such difficulty 
usually will not occur and a side-to-side, tension- and 
angulation-free PCS can be performed. 24 Using this 
technique we accomplished a PCS in all 15 patients. 

HVOO associated with high-grade stenosis or oc- 
dusion of the IVC poses a particularly difficult prob- 
lem. Hepatic decompression cannot be achieved by 
PCS alone. Several options have been proposed to by- 
pass the IVC obstruction. We performed a PC-CAS 
and one dorsocranial liver resection with direct 
hepatoatrial anastomosis (Senning procedure) to 
address this specific problem. Although PC-CAS is 
not commonly performed, excellent early results in a 
small series of five patients 29 have not been widely 
reproduced 3~ Mesoatrial shunts, although appealing, 
proved to be associated with very high rates (63% to 
67%) of early and late thrombosis 9,24 and low survival 
(37% to 49%). 24,26 Because mesoatrial shunts or PC- 
CAS require the use of long prosthetic conduits, 
which generally tend to thrombose over time, 11 OLT 
may emerge as the best therapy for this subgroup of 
patients. The Senning procedure 31 offers a direct so- 
lution to the problem of HVOO with segmental oc- 
clusion of the juxtahepatic IVC and uniquely decom- 
presses the liver by excising the obstruction. Although 
very limited experience in 17 cases 32 has been re- 
ported, worldwide early results are promising. 

OLT has been reserved for patients with severely 
compromised hepatocellular function. Fibrosis or 
necrosis in liver biopsy alone, when function is well 
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preserved, is not an indication for OLT. 10'11 In our ex- 
perience OLT was associated with no perioperative 
deaths, 100% 2-year actual survival, and 75% 5-year 
actuarial survival. Our findings support those of oth- 
ers who reported actuarial survival rates of 69% to 
88% for 1 year and 45% to 88% for 3 years. 3,1~ A 
normal lifestyle has been resumed by 86% 10 to 100% 
(herein) of the surviving patients. Although OLT for 
HVOO carries a perioperative mortality rate of nearly 
14%, 1~ it provides the only treatment option in 
patients with end-stage hepatic failure and/or failed 
PSS. Because thrombosis of the HVs of the implanted 
liver can occur in 6% to 19% of patients, 3,",33 long- 
term anticoagulation therapy is imperative. Anticoag- 
ulation may not be needed if OLT is performed for 
HVOO secondary to deficiency of antithrombin-3, 
protein-S, or other proteins that regulate coagulation 
and are produced in the liver, 3 but this remains un- 
proved. 

CONCLUSION 

Medical therapy, shunt surgery, and liver trans- 
plantation may all be successful in appropriately se- 
lected patients chosen on the basis of time of presen- 
tation, degree of liver function, and pressure gradi- 
ents within the perihepatic vasculature. In our opinion 
these treatment modalities do not compete but in- 
stead complement each other. The role of the physi- 
cian and surgeon is to accurately identify the stage of 
HVOO in individual patients and to implement the 
most appropriate therapy. 
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Discussion 
Dr. M. Henderson (Cleveland, Ohio). I would take is- 

sue with your final slide and conclusion. I think one needs 
to be cautious, even in that early group of patients, that 
there may be more hepatic dysfunction than is revealed on 
laboratory tests. My question relates to that early assess- 
ment of the liver and the role you see for biopsy for ongo- 
ing evidence of hepatocyte necrosis. We found this to be 
probably the most important factor in dictating early de- 
compression when there was significant ongoing central he- 
patocellular necrosis. Do you have any information on the 
role of the biopsy? 

Dr. G.G. Tsiotos. We are very well aware of Dr. Hen- 

demon's data. In our experience we failed to prove any cor- 
relation between histopathologic findings and long-term 
outcome, either in the group as a whole or in the subgroup 
with PSS. There was no significant difference in long-term 
outcome between patients who had either congestion/ 
dilatation or necrosis/fibrosis in liver biopsy, which was 
bilobar preoperatively in all patients who underwent either 
PSS, OLT, or aggressive medical therapy. 

Dr. IE. Meyers (Worcester, Mass.). Were all biopsies 
performed safely? 

Dr. Tsiotos. Yes, there were no complications. 



Mechanisms of Insulin-Induced Relaxation of the 
Canine Proximal Stomach After Proximal Gastric 
Vagotomy 

Hideki Morimoto, M.D., Keith A. Kelly, M.D. 

The aim of this study was to determine whether insulin-induced relaxation of the proximal stomach af- 
ter proximal gastric vagotomy is mediated by vagal release of antral gastrin. In six conscious, fasted dogs 
following proximal gastric vagotomy, the effects of intravenous insulin (1 U/kg) and intravenous gastrin 
(1 Ixg/kg) on proximal gastric motility, as measured by a gastric barostat, on plasma glucose, and on 
plasma gastrin, as measured by radioimmunoassay, were assessed 1 hour before and for 2 hours after in- 
jection. The effects of a cholecystokinin (CCK)-A receptor antagonist and a CCK-B receptor antagonist 
on insulin-induced or gastrin-induced relaxation of the proximal stomach and on plasma glucose and 
gastrin were also determined. Intravenous insulin decreased plasma glucose (before [mean _+ SD], 97 + 
5 mg/dl vs. after, 45 -+ 3 mg/dl; P <0.05), increased plasma gastrin (before, 240 _+ 59 pg/ml vs. peak af- 
ter, 387 _+ 85 pg/ml; P <0.05), and relaxed the proximal stomach (100% _+ 0% barostat volume vs. 202% 
+ 15 % volume; P <0.05). Exogenously administered gastrin also relaxed the proximal stomach without 
decreasing plasma glucose. CCK-B blockade diminished, but did not abolish, the gastric relaxation caused 
by insulin or gastrin, whereas CCK-A blockade had little effect. It was concluded that insulin-induced re- 
laxation of the proximal stomach after proximal gastric vagotomy is mediated, in part, by vagal release of 
antral gastrin. (J GASTROINTEST SURG 1997;1:386-394.) 

Truncal vagotomy is still used by many surgeons to 
treat gastric and duodenal ulcers, even though it may 
disturb gastric motility and emptying and result in 
postsurgical disability. Truncal vagotomy impairs re- 
ceptive relaxation of the stomach 1 and thus may speed 
gastric emptying of liquids. 2 Truncal vagotomy some- 
times induces ectopic pacemakers in the distal stom- 
ach, which can drive gastric contractions in an aborad 
or reverse direction. 2 Truncal vagotomy also weakens 
gastric antral peristalsis. The  net result is a slowing of 
gastric emptying of solids. Gastric emptying of solids 
is so slowed by truncal vagotomy that pyloroplasty is 
usually performed to combat it. However, pyloro- 
plasty itself has adverse effects on gastric motility and 
is followed by a 10% to 30% incidence of dumping 
symptoms and alkaline reflux gastritis. 3 

Proximal gastric vagotomy (PGV) preserves gastric 
motility and emptying better than trtmcal vagotomy, 
results in fewer symptoms, and avoids the need for 

pyloroplasty. This is likely because PGV maintains 
antral and pyloric innervation and gastric emptying 
of solids, 4 whereas tnmcal vagotomy does not. In ad- 
dition, PGV may preserve gastric receptive relaxation 
and gastric emptying of liquids better than truncal 
vagotomy. Insulin-induced relaxation of the proximal 
stomach is maintained after PGV. 4 These data suggest 
that relaxation of the proximal stomach may be medi- 
ated not only by vagal efferents to the gastric fundus 
and corpus, as previously thought, 1 but also by an- 
other vagal mechanism preserved by PGV. In this 
study we investigated the hypothesis that this addi- 
tional mechanism is the vagal release of antral gastrin, 
a known relaxant of  the proximal stomach. 5-7 
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tional Animal Care and Use Committee of Mayo 
Clinic Scottsdale, and the following surgical proce- 
dures and experiments were performed in accordance 
with the guidelines of the National Institutes of 
Health and the Public Health Service, as outlined in 
the manual, "Guide for the Care and Use of Labora- 
tory Animals." 

Preparation of Animals 

Six adult mongrel dogs, each weighing between 17 
and 24 kg, underwent PGV and gastrostomy. After a 
16-hour fast, dogs were anesthetized with methohex- 
ital sodium (12.5 rng/kg intravenously), and anesthe- 
sia was maintained with mechanical ventilation and a 
mixture of oxygen and halothane (0.5% to 1.5%) via 
an endotracheal tube. Through a midline celiotomy 
under sterile conditions, PGV was performed by di- 
viding the neurovascular bundles to the lesser curva- 
ture of the stomach from a point 7 cm orad to the py- 
lorus up to and including the esophagogastric junc- 
tion. 8 The distal 2 cm of esophagus was mobilized, 
and all accessory vagal branches from the anterior, 
posterior, and intermediate vagal trunks to the gas- 
tric fundus and corpus were divided, carefully pre- 
serving the trunks themselves, the hepatic and celiac 
branches, and the nerves of Latarjet to the antrum 
and pylorus. A Thomas cannula with a diameter of 9 
mm was then inserted through the anterior gastric 
wall close to the greater curvature and 10 cm proximal 
to the pylorus and secured with a pursestring suture. 
The external end of the cannula was brought to the 
surface through the anterior abdominal wall and se- 
cured with a suture. The Thomas cannula was kept 
sealed when not in use. 

Butorphanol tartrate (0.25 mg/kg) was adminis- 
tered intramuscularly for analgesia just after the op- 
eration, on the evening of the operative day, and as 
needed thereafter. The dogs were allowed liquids by 
mouth but no solid food for 3 days postoperatively. 
Parenteral fluids were also given as needed during this 
period. The dogs were fed a soft diet on postopera- 
tive days 4 through 6 and a normal diet thereafter. 
They were allowed a 2 week recovery period after the 
operation, prior to beginning the postoperative tests. 
All dogs were weighed twice weekly. They steadily 
gained weight during the experiments. 

Gastric Acid Ou tpu t  

The adequacy of the proximal gastric vagal dener- 
vation was assessed using an insulin stimulation test 
(1 IU/kg intravenously), during which gastric output 
of acid was measured. Gastric juice was collected in 
15-minute aliquots from the freely draining gastric 

cannula or an orogastric tube used during the preop- 
erative control tests. To assess the completeness of the 
collection, a 0.025% phenolsulfonphthalein (PSP) so- 
lution, a nonabsorbable marker, was infused at 1 
ml/min during the tests through a soft Silastic catheter 
(2.5 mm in diameter) positioned in the gastric fundus 
alongside the gastric barostat, as previously de- 
scribed. 9 The concentration of PSP in gastric samples 
was determined by spectrophotometric analysis, and 
the amount of PSP recovered was calculated from the 
volumes and concentrations recovered over time. 
Portions of the gastric aliquots were titrated against 
1.0 mol/L sodium hydroxide to measure the concen- 
tration of protons in the sample. The total acid output 
was calculated from the volume recovered per 15 
minutes and the proton concentration, and the value 
was corrected for the proportion of gastric juice re- 
covered, as determined by the PSP recovery. No or 
minimal (<2 mEq/l 5 min) acid output during the first 
hour after insulin injection was considered to confirm 
the completeness of PGV. 4 Three dogs were tested 
before PGV (control) and all six dogs were tested 
after vagotomy. 

Proximal Gastric Motil i ty 

Proximal gastric motility was measured using an 
electronic barostat. 4,1~ A compliant plastic bag was 
attached to the distal end of a 16 F plastic tube, the 
proximal end of which was connected to a rigid bel- 
lows containing air. The bag, catheter, and bellows 
formed a closed system (maximal volume 800 ml). An 
electronically driven motor continually adjusted the 
bellows to maintain the air pressure within the system 
at a value specified by the operator. When placed in 
the proximal stomach, the air pressure within the sys- 
tem expanded the bag to fill the proximal stomach to 
the extent that gastric muscular tone allowed. In the 
standing, awake dog a pressure of 3 mm Hg was suf- 
ficient to expand the barostat bag without disturbing 
gastrointestinal interdigestive motility.11,12 

Plasma Insulin, Gastrin, and Glucose 

Plasma insulin and gastrin levels were measured by 
radioimmunoassay B,14 at the Mayo Clinic Research 
Center, Rochester Minnesota, and plasma glucose 
levels by a glucose analyzer (One Touch II, Lifescan, 
Johnson & Johnson, Milpitas, Calif.) at Mayo Clinic 
Scottsdale. 

Conduct of Tests 

Each conscious dog underwent repeated insulin 
and gastrin tests on different days. A minimal 2-day 
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interval was taken between experiments on a particu- 
lar dog. After a 16-hour fast, the dogs were placed in 
a harness-sling. The  dogs stood continuously on their 
forelimbs, while the sling supported the hind limbs 
without exerting pressure on the abdomen. The  gas- 
tric cannula was opened and cleaned of any debris that 
had accumulated in the dead space within the cannula. 
A pneumograph was placed around the animal's chest. 
A collapsed barostat bag was introduced through the 
gastric cannula and positioned in the gastric fundus 
and proximal corpus. The  pressure in the barostat was 
electronically set and maintained at 3 m m  Hg. Con- 
tinuous measurements of the pneumographic fluctua- 
tions and the barostat volume and pressure were made 
on an electronic pressure recorder. The  signals were 
simultaneously converted to digital signals at 8 Hz 
and stored on magnetic media to be analyzed later? 

The  dogs were studied with the preceding appara- 
tus in place for at least 1 hour until the barostat vol- 
ume became stable. Either insulin from bovine pan- 
creas (Sigma Diagnostics, St. Louis, Mo.) or human 
synthetic sulfated gastrin-17 (Sigma) reconsti tuted 
with saline solution was given intravenously at 1 
IU/kg and 1 ~g/kg, respectively. These doses of in- 
sulin and gastrin were chosen became they have re- 
suited in relaxation of the proximal stomach in previ- 
ous experiments in intact dogs. 4,s Cholecystokinin 
(CCK) receptor antagonists, L-364,718 (Merck & 
Co., West Point, Pa.) 14,1s and L-365,260 (Merck) ,  16,17 
were reconstituted with 8 volumes percent of glycerol 
(J.T. Baker, Inc., Phillipsburg, N.J.), 56% polyethyl- 
ene glycol (E.M. Science, Gibbstown, N.J.), and 36% 
distilled water, and one or the other was injected at 1 
mg/kg intravenously 30 minutes before insulin or gas- 
trin in experiments where the effects of CCK block- 
ade were assessed. These doses were chosen because 
they have been shown by others to provide effective 
blockade of CCK receptors. 14-17 

At the beginning of each test, a blood sample (2 ml) 
was obtained from the cephalic vein for measurement 
of plasma glucose, insulin, and gastrin levels. Just be- 
fore the insulin or gastrin injection, a second blood 
sample was obtained. Every 15 minutes for the fol- 
lowing 2 hours, the gastric effluents were collected 
and sampled for determination of the concentration 
of  PSP and protons, and blood samples were ob- 
tained. The  recording from the gastric barostat con- 
tinued over the 2-hour period. 

Data Analysis and Statistics 

T h e  total amounts  of acid produced during the 
hour  preceding the insulin or gastrin injection and 
during each of 2 hours after insulin or gastrin admin- 

istration were determined. The  barostat volumes were 
averaged over each successive 15-minute period be- 
fore and after the injection of insulin or gastrin. The  
plasma glucose, insulin, and gastrin levels were plot- 
ted against time. 

T h e  data were averaged across all replications 
(three times in each dog, except for the CCK receptor 
blockade experiments, which were performed one 
time in each dog), and the average measurements for 
each dog were used to calculate grand means for the 
six dogs. T h e  results were summarized as mean +_ 
standard deviation based on n = 6 dogs unless other- 
wise stated. W h e n  the baseline measurements  ob- 
tained from each dog prior to the administration of 
the experimental conditions varied within a dog, the 
baseline measurements were used as covariates in the 
analysis. 

The  study was designed as a three-factor block de- 
sign with repeated measures on all three factors: drug 
injected (insulin vs. gastrin), gastrin antagonist ad- 
ministered (no vs. yes), and time (before vs. after in- 
jection). Depending on the behavior of the responses, 
the measurements for a specific parameter obtained 
after the injection were analyzed as one individual pa- 
rameter measurement over time or summarized and 
analyzed as one individual parameter over a 2-hour 
period following injection. Each parameter (e.g., gas- 
tric acid production or proximal gastric motility) was 
analyzed using a separate three-factor analysis of vari- 
ance for repeated measurements to assess the main ef- 
fect and interaction differences, is Specific compar- 
isons of interest were made using Student's t test for 
paired differences. All P values calculated were two 
sided, and P values <0.05 were considered statistically 
significant. The  Bonferroni correction for multiple 
comparisons was applied as appropriate. 

RESULTS 
Plasma Glucose 

Insulin caused a p rompt  decrease in plasma glu- 
cose, whereas gastfin did not. The  decrease in plasma 
glucose brought about by insulin usually had returned 
to the control level by 2 hours after injection (Fig. 1, 
Table 1"). 

Gas t r i c  Acid  O u t p u t  

Insulin caused little or no increase in gastric acid 
secretion in dogs with PGV. Before vagotomy, basal 
acid output was 0.4 _~ 0.3 mEq/15 rain (n = 3 dogs). 
Output  increased 13-fold to 5.2 __ 0.7 mEq/15 rain 
by 45 minutes after insulin. In contrast, basal acid out- 
put only increased from 0.2 + 0.4 mEq/15 rain be- 
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Table I. Effects of insulin, gastrin, and CCK receptor antagonists after canine proximal gastric vagotomy 

Gastric Plasma Plasma Plasma 
lyarostat Gastric acid glucose insulin gastrin 

volume (%) (mEq/15 min) (mg/dl) (IU/ml) (pg/ml) 

Baseline 100 + 0 0.2 + 0.4 97 + 5 6 + 2 240 + 59 
Insul in  a lone 202 + 15" 0.9 + 0.4 45 + 3* 421 + 87* 387 + 75* 
Insul in  + L-364,718 195 + 7* 0.7 + 0.3 46 + 4* 386 + 75* 368 + 55* 
Insul in  + L-365,260 143 + 2 1 t  0.4 + 0.2 46 + 6* 377 + 59* 381 + 58* 
G a s u i n  alone 192 + 7* 1.1 + 0.4 94 + 2 9 + 2 322 + 45* 
Gas t r in  + L-364,718 218 + 13" 0.7 + 0.3 96 + 3 8 _+ 2 326 + 45* 
Gas t r in  + L-365,260 141 + 63" 0.5 + 0.3 96 + 7 9 + 3 317 + 33* 

All data are mean + standard deviation 45 minutes after insulin or gastrin injection except for plasma gastrin, the peak values of which are 30 to 
90 minutes after injection; n = 6 dogs. 
L-364,718, a CCK-A receptor blocker, and L-365,260, a CCK-B receptor blocker, were given 30 minutes before insulin or gasuin injection. 
Reconstitution solution was given 30 minutes before insulin or gastrin injection in insulin alone or gastrin alone group. 
*P <0.05 compared to baseline. 
t P  <0.05 compared to insulin alone or gastrin alone. 
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Fig.  1. Effect  of  insul in  or  gastr in  on  plasma glucose concent ra t ions  after  canine PGV. Insul in  or  gas- 
t r in  was injected in t ravenously  at  t ime zero. 
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fore insulin to 1.3 _+ 0.4 mEq/15 min after insulin 
when PGV had been done (n = 6 dogs). PSP recovery 
ranged between 35% and 65% for each 15-minute 
period in any experiment. These data suggest that 
PGV had effectively vagally denervated the gastric 
fundus and corpus of the dogs. 

Insulin- and Gastrin-Induced Relaxation of  
the Proximal Stomach 

Insulin injection caused a prompt relaxation of the 
proximal stomach (Fig. 2). Proximal gastric tone was 
largely restored by 2 hours after insulin injection. Ex- 
ogenously administered gastrin, like insulin, also re- 
laxed the proximal stomach (Fig. 2). Proximal gastric 
tone was also restored by 2 hours after gastrin injec- 
tion. 

Plasma Insulin and Gastrin Concentrations 
After Insulin or Gastrin Injection 

Plasma concentrations of insulin increased imme- 
diately after insulin injection and then declined expo- 
nentially over the ensuing 2 hours, returning to the 
control range between 60 and 90 minutes after injec- 
tion (data not shown). Basal plasma gastrin (before in- 
jection of insulin or gastrin) was 227 +_ 26 pg/ml be- 

fore PGV and 240 _+ 39 pg/ml after PGV (P >0.05). 
Plasma gastrin levels increased and peaked between 
30 and 60 minutes after insulin injection (Fig. 3). The 
increase in plasma gastrin did not clearly differ from 
baseline (0.1 > P >0.05) at any specific point in time, 
but the peak gastrin levels after insulin were greater (P 
<0.05) than the baseline levels before insulin injection. 

After gastrin injection, plasma gastrin increased 
immediately. Gastrin was then eliminated exponen- 
tially from plasma, returning to the control level by 2 
hours after injection (Fig. 3). Plasma concentrations 
of gastrin after gastrin injections were similar to those 
after insulin injections at periods of time between 30 
minutes and 2 hours after the injections. Plasma in- 
sulin values were unchanged by the gastrin injections 
(data not shown). 

These results suggest that insulin caused gastrin re- 
lease in dogs with PGV and that the increased plasma 
gastrin concentration was accompanied by relaxation 
of the proximal stomach. 

Effects of  CCK-A and CCK-B Antagonist on 
Insulin- and Gastrin-Induced Relaxation of  
the Proximal Stomach 

The reconstitution solution for CCK receptor an- 
tagonists without L-364,718 or L-365,260 did not af- 
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Fig. 2. Insulin- and gastrin-induced relaxation of the proximal stomach after canine PGV. Insulin or 
gastrin was injected at time zero. Proximal gastric barostat volume at time zero was standardized to 
100% in each experiment. 
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fect plasma concentrations of  glucose, insulin, or  gas- 
trin, nor  did it alter proximal gastric tone. This  solu- 
tion alone did not  interfere with the effects of  insulin 
or  gastrin injection on proximal gastric motil i ty de- 
scribed previously (data not  shown). 

L-365,260, a C C K - B  receptor  antagonist, partially 
inhibi ted the relaxation of  the proximal  s tomach 
brought  about  by insulin or  gastrin (P <0.05; Fig. 4, 
Table I), whereas L-364,718, a C C K - A  receptor  an- 
tagonist, had no consistent effect (P >0.05). Ne i the r  
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Fig. 3. Plasma gastrin after intravenous injection of insulin or gastrin at time zero in dogs with PGV. 

E 
~> 

2 
rn 

o~ 

25O 

20O 

150- 

100, 

.l 
-30 

JI, Insulin alone 

" p O ' - "  Insulin + CCK-A blockade 

., - - 0 -  - Insulin + CCK-B blockade 

+ SO 

~ Time (mini C C K  Insulin, 
blockade 1 U/kg, i.v. 

Fig. 4. Effect of CCK-A blockade (1 I~g/kg) or CCK-B blockade (1 ~g/kg) on insulin-induced relaxation 
of the proximal stomach after canine PGV. Insulin was given intravenously at time zero, after one or the 
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antagonist altered the other observed effects of insulin 
or gastrin, except for proximal gastric tone. 

D I S C U S S I O N  

Insulin-induced hypoglycemia is thought to stimu- 
late the vagal efferent neurons of the dorsal motor nu- 
cleus of the vagus.  19 Activation of these neurons has 
direct and indirect effects on distal gastric motility. 2~ 
Vagal stimuli cause contraction of the smooth muscle 
of the distal stomach through cholinergic pathways. 2~ 
Vagal stimuli also induce gastrin release from antral 
G cells 21 through cholinergic pathways. 2~ The gas- 
trin released further stimulates the contraction of 
smooth muscle of the distal stomach and changes the 
motility of the distal stomach from a fasting pattern 
to a "fed-like" pattern. 23 PGV preserves vagal inner- 
ration to the distal stomach and thus insulin-induced 
activation of distal gastric motility in dogs with 
PGV. 

Proximal gastric motility is also controlled by vagal 
innervation. Trtmcal vagotomy abolishes receptive re- 
laxation of the proximal stomach.1 Vagal relaxation of 
the proximal stomach is thought to be controlled by 
noncholinergic signaling pathways. 24-26 The relax- 
ation may be brought about, in part, by vagally in- 
duced release of vasoactive intestinal peptide, so- 
matostatin, or nitric oxide. 27 Besides the direct neural 
control of relaxation by vagal efferents, other mecha- 
nisms may be involved in the relaxation of the prox- 
imal stomach. PGV preserves the relaxation, 4 sug- 
gesting that insulin-induced relaxation of the proxi- 
mal stomach is conducted, in part, through mecha- 
nisms that are distinct from those mediated by vagal 
nerves to the proximal stomach. Gastrin is a known 
relaxant of the proximal stomach 5-7 and a contractant 
of the distal stomach. The present study provides ev- 
idence that insulin-induced relaxation of the proximal 
stomach is caused, in part, by vagally induced release 
of antral gastrin. 

The gastrin receptor is identical to the CCK re- 
ceptor type B (CCK-B receptor). 2s,29 The receptor is 
present on gastric smooth muscle. 3~ When gastrin 
molecules bind to the receptor on the smooth muscle 
cells of the proximal stomach, relaxation occurs and 
gastric emptying is slowed, although some believe 
that the concentrations of gastrin required to relax the 
proximal stomach and slow gastric emptying are not 
physiologic. 32 

The inhibitory effect of L-365,260 on the relax- 
ation of the proximal stomach by gastrin was partial in 

our tests. Only one dosage and one administration 
schedule of L-365,260 were used in the present study. 
The method of administration may not have been the 
best regimen. Further, the affinity of L-365,260 for 
CCK receptors is reported to be less in the dog than 
in other species such as humans. 17 Thus the blockade 
of gastrin receptors by L-365,260 in our tests may 
have been incomplete. Repeating the experiments 
with several larger doses ofL-365,260 would provide 
data on this point. 

The pattern of the increase in plasma gastrin and 
the relaxation of the proximal stomach followed a 
similar time course after insulin was given intra- 
venously, but the peak in plasma gastrin occurred be- 
fore the peak of gastric relaxation when gastrin was 
given intravenously. The cause of this lag effect with 
gastrin is not known, but it may relate, in part, to the 
activation of slower onset intramural neuronal path- 
ways by gastrin in addition to the effect of gastrin on 
proximal gastric smooth muscles. 

Intravenous insulin has been reported to induce 
premature interdigestive migrating myoelectric com- 
plexes, 33 a prominent component of which are in- 
creases in proximal gastric tone and increases in the 
amplitude and frequency of "volume" waves in the 
proximal stomach. 1~ These stimulatory changes in 
proximal gastric motility were not noted in our tests, 
suggesting that they may be mediated by vagal motor 
efferents to the proximal stomach, which were divided 
by the PGV. It would be of interest to follow proximal 
gastric tone throughout the interdigestive cycles in 
unstimulated animals after PGV. Presumably, in- 
creases in proximal gastric tone and cyclic waves 
would still be present. We have shown in previous 
tests that autotransplanted, extrinsically denervated 
pouches of proximal stomach continue to cycle with 
the main gastrointestinal tract, 34 likely because of the 
cyclical release of stimulatory hormones during the 
interdigestive complexes. 

The return of proximal gastric tone after insulin- 
induced relaxation in our previous tests was slower in 
dogs with PGV than in dogs with intact vagal inner- 
vation. 4 Acetylcholine or other stimulatory neuro- 
transmitters released by vagal efferents to the proxi- 
mal stomach in healthy control dogs may antagonize 
the effect of gastrin after insulin injection and allow 
the dogs to regain proximal gastric tone more quickly. 
These possible controlling mechanisms are appar- 
ently lost or impaired after PGV. 

Proximal gastric vagotomy decreases acid secretion 
from the proximal stomach, which in turn results in 
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less acid inhibition of antral gastrin release. Postop- 
erative hyperplasia of gastrin-secreting cells (G cells) 
and hypergastrinemia usually result. The increases in 
serum gastrin that we found in our tests after proximal 
vagotomy, however, were small (P >0.05). Perhaps the 
short, 2-week interval between the operation and test- 
ing did not allow sufficient time for G-cell hyperpla- 
sia to occur. 

The maintenance of the ability of the proximal 
stomach to relax and contract after PGV and the loss 
of these functions after truncal vagotomy provide 
more experimental evidence favoring PGV over tnm- 
cal vagotomy as the operative treatment of choice for 
chronic duodenal ulcers. 
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Merck & Co. for CCK antagonists, and S.R. Rosewell for secretarial 
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