
Editorial 

Filling an Unmet  Need  

Tom R. DeMeesto;, M.D. 

Just as there are indisputable observations of na- 
ture that water wets, fire burns, and stones drop, so 
too is there evidence that the natural consequence of 
an expanding body of knowledge is specialization. To 
say this is not so is like wishing bricks would fly. A re- 
sult of this natural phenomenon toward specialization 
is that pockets of ignorance develop between bound- 
aries of specialties. In the medical world, if a patient 
experiences problems in one of these pockets, it is dif- 
ficult for that patient to find knowledgeable medical 
talent to focus on the complaint. Esophageal disease 
has fallen into such a pocket in that it crosses several 
medical specialties such as otorhinolaryngology from 
above, gastroenterology and general surgery from be- 
low, and general thoracic surgery and pulmonology 
from the sides. Each of these specialties understands a 
particular dimension of  the problem, but none has 
complete comprehension of it. As a consequence, bits 
and pieces of the literature on the esophagus are 
found in the journals pertaining to each of these 
fields. 

In this issue of Jou~NAL OF GASTROINTESTINAL 
SURGERY, there are three reports on the esophagus 
and in the four previous issues there were eight. Dr. 
Salminen and colleagues report that both fundoplica- 
tion and Roux-en-Y duodenal diversion remove the 
symptoms of gastroesophageal reflux and heal 
esophagitis. The  surprising observation is that the 
Roux-en-Y procedure does so without reducing 
esophageal acid exposure to normal. This is strong evi- 
dence that duodenal contents have a major role in the 
pathogenesis of  esophagitis when in an acid milieu. 
Dr. Patti and colleagues report that up to one third of 
patients with achalasia who are treated with pneu- 
matic dilatation have increased esophageal acid expo- 
sure and in several this exposure was not related to the 
presence of symptoms. Increased esophageal acid ex- 

posure was uncommon in patients who were un- 
treated. Consequently pneumatic dilatation, contrary 
to many of the reports in the literature that indicate 
otherwise, is not free of the complications of reflux. 
Dr. Crooks and colleagues reported, in deference to 
what others have suggested, that incomplete lower 
esophageal sphincter relaxation is not necessary for 
effective functioning of a Nissen fundoplication. 
Rather, the failure of normal sphincter relaxation after 
surgery is a result of constructing the fundoplication 
too tight or placing it under too much tension or tor- 
sion. With experience this tendency is reduced, and 
residual pressure during relaxation falls within the 
normal range. In contrast to the analyses of others, 
this indicates that an elevated residual pressure is not 
necessary for an effective fundoplication. Therefore 
it is not something to be sought but to be avoided. 

These observations provide significant insight into 
the physiology, pathology, and therapy of esophageal 
diseases. These reports could have been scattered 
among three different journals, for example, one de- 
voted to surgery, another to gastroenterology, and yet 
a third journal devoted to motility disorders. This all 
adds up to poor communication with the consequence 
of persistent controversy and slow growth in the un- 
derstanding of esophageal disease. This situation ex- 
ists despite the fact that gastroesophageal reflux dis• 
ease is the most common upper gastrointestinal dis- 
ease in present-day Western civilization. Herein lies 
an opportunity for our JOURNAL. I propose that our 
JOU1LNAL become the organ to disseminate informa- 
tion on the foregut, that is, on the physiology, pathol- 
ogy, and treatment of diseases of the pharynx, esoph- 
agus, and stomach. Here  is an opportunity to fill 
a need that has not yet been met, and JOURNAL OF 
GASTROINTESTINAL SURGERY is in the best position 
to fill it. 
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Original Articles 

pH-Metric Analysis After Successful Antireflux 
Surgery: Comparison of 24-Hour pH Profiles 
in Patients Undergoing Floppy Fundoplication 
or Roux-en-Y Duodenal Diversion 
Jukka T. Salminen, M.D., Jarmo A. Salo, M.D., Ph.D., Juha A. Tuominen, M.D., 
0. Juhani Riimb~ M.D., Ph.D., Martti Fdrkkild, M.D., Ph.D., Severi P. Mattila, M.D., Ph.D. 

Fundoplication is the most widely used antireflux method, whereas Roux-en-Y duodenal diversion (par- 
tial gastrectomy, vagotomy, and Roux-en-Y reconstruction) has been used in fewer patients with more 
complicated gastroesophageal reflux disease. Abnormal esophageal pH values are normalized after 
successful fundoplication. However, very little is known about possible changes in the pH profile after 
successful Roux-en-Y duodenal diversion. A total of 37 patients with severe gastroesophageal reflux dis- 
ease were treated by fundoplication (n = 22) or Roux-en-Y duodenal diversion (n = 15). Postopera- 
tively all patients in both groups were symptom free and healing of esophagitis was verified endoscopi- 
cally. After fundoplication, the 24-hour esophageal acid exposure decreased significandy (P = 0.03) and 
the pH profile normalized (pH <4 in 5.8% -+ 2.4% of thc recorded time). However, the decrease in 
esophageal acid exposure was not significant (P = 0.77) after successful Roux-en-Y reconstruction and the 
pH profile remained abnormal (pH <4 in 15.1% _+ 4.3 %). It was concluded that 24-hour esophageal 
pH monitoring is a reliable means of assessing the results of fundoplication, but the current test criteria 
should be reexamined in evaluating the results of Roux-en-Y duodenal diversion. Healing of esophagitis 
after Roux-en-Y duodenal diversion despite abnormal acid reflux, as shown by 24-hour pH measure- 
ments, suggests that duodenal contents also have a role in the pathogenesis of esophagitis in an acid mi- 
lieu. (J GASTROINTEST SURG 1997; 1:494-498.) 

The  principal method used in the surgical treat- 
ment of gastroesophageal reflux disease (GERD) and 
its complications (e.g., Barrett's esophagus) is fundo- 
plication. Roux-en-u duodenal diversion (partial gas- 
trectomy, vagotomy, and Roux-en-Y reconstruction) 
has been used in fewer patients with more compli- 
cated disease and after failed initial antireflux surgery. 
The well-documented clinical effect of filndoplication 
is based on the formation of  an antireflux valve, 1 
whereas the Roux-en-u procedure decreases gastric 
acid secretion and diverts the duodenal contents to 
the jejunumfl 

In 1969 Spencer 3 first described a method of pro- 
longed esophageal pH monitoring for detecting 
GERD.  Ambulatory 24-hour esophageal pH moni- 
toring enables detection of GERD with a high degree 

of  sensitivity and specificity. 4-7 Normal  individuals 
maintain an esophageal pH above 4 for a median of 
98.5% of the time. 7 A drop in pH to below 4 in the 
distal esophagus is indicative of an episode of acid gas- 
troesophageal reflux, s-8 

The percentage of time that the p i t  is below 4 is a 
simple and widely used means of expressing the re- 
suits of 24-hour esophageal pH monitoring. 6-8 A pa- 
tient is considered to have increased esophageal acid 
exposure if the percentage of total time that the pH is 
below 4 is greater than 4.2% to 7.0%. 6-8 The greatest 
prevalence of mucosal damage has been found in pa- 
tients with increased esophageal exposure to pH 0 
to 2 and also to p H  above 7. 9 However, acid expo- 
sure is obviously not the only factor; that is, the etiol- 
ogy of mucosal damage is multifactorial. Different 
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components of the gastroduodenal contents (e.g., 
pepsin and conjugated bile salts in an acid milieu and 
trypsin in an alkaline milieu) play an important role 
in the development of severe esophagitis. 1~ When 
the pH in the distal esophagus increases over 7, this is 
considered alkaline reflux containing a mixture of gas- 
tric and duodenal juices, ls-18 Stein et al) 7 reported 
that reflux of acid gastric juice contaminated with 
duodenal contents plays the most important role in 
the development of mucosal injury in GERD and it 
occurs more frequently in patients with stricture, es- 
pecially patients with Barrett's esophagus, than in pa- 
tients with GERD without complications. 16-18 Pa- 
tients with Barrett's esophagus are also at increased 
risk of developing esophageal adenocarcinoma. 19,2~ 
The role of duodenal contents in the pathogenesis of 
esophageal adenocarcinoma has also been stressed in 
experimental studies in which adenocarcinoma de- 
veloped in cases of surgically induced duodeno- 
esophageal reflux. 21,22 

It has been shown that abnormal esophageal pH 
values are normalized after successful fundoplica- 
tion. 23,24 However, very little is known about possible 
changes in the pH profile following successful Roux- 
en-u duodenal diversion. Therefore we analyzed the 
pre- and postoperative 24-hour esophageal pH mea- 
surements after clinically and endoscopically success- 
ful fundoplication and Roux-en-u diversion and com- 
pared them. Our preliminary results were published 
in 1996. 25 

MATERIAL A N D  M E T H O D S  

Thirty-seven consecutive patients seen between 
1992 and 1995 with severe GERD were included in 
this study. The protocol was approved by the Ethics 
Committee of Helsinki University Central Hospital. 
All patients had the typical symptoms of heartburn 
and regurgitation, and ulcerative esophagitis was ver- 
ified endoscopically before surgery. Twenty-two pa- 
tients underwent fundoplication and 15 underwent 
Roux-en-u duodenal diversion (partial gastrectomy, 
selective gastric vagotomy, and Roux-en-u recon- 
struction). Patients in the Roux-en-u group had 
esophagitis that was clinically and endoscopically 
more severe, as well as decreased esophageal body 
function as determined by standard manometry. The 
demographic data on these patients are presented in 
Table I. Abnormal 24-hour pH esophageal profiles 7 
were confirmed preoperatively. All patients had a his- 
tory of medical treatment with H2 blockers or proton 
pump inhibitors. 

Floppy fundoplication was performed according to 
a standard open technique consisting of total fundic 

Table I. Demographic data on 37 patients 
with GERD 

Age Range 
Method No. Male Female (yr) (yr) 

F 22 16 6 50.1 22-67 
RY 15 13 2 59.4 44-72 
TOTAL 37 29 8 54.0 22-72 

F = fundoplication; RY = Roux-en-u reconstruction. 

mobilization with ligation of short gastric vessels, 
360-degree anterior wall fundoplication, and a su- 
tured repair of the distal esophageal diaphragmatic 
hiatus. Apposition of the 2 em long fundic wrap was 
accomplished with two U-shaped Teflon patch su- 
tures and one suture fixed it to the lesser curva- 
ture. 23,26 The operator's index finger and an 18 F na- 
sogastric tube in the esophagus were used to confirm 
the absence of esophageal narrowing. Roux-en-u 
duodenal diversion consisted of selective gastric va- 
gotomy, a one-half to two-thirds gastrectomy, retro- 
colic end-to-end gastrojejunostomy, fixation of the 
gastric remnant with mesocolon, and fixation of the 
efferent loop in the retroperitoneum. The distance 
between the gastrojejunostomy and the jejunoje- 
junostomy was 50 cm. z7 

pH measurements were performed using an anti- 
mony pH catheter, a silver-silver chloride-electrocar- 
diographic-type cutaneous reference electrode, and 
an external portable digital data logger (Synectics 
Medical, Stockholm, Sweden). A pH electrode was 
passed transnasally and placed 5 cm above the upper 
border of the lower esophageal sphincter, which had 
been previously located by manometry. The reference 
electrode was placed on the chest skin. pH values in 
the distal esophagus were recorded at 4-second inter- 
vals for 24 hours. All medications that interfered with 
gastric acid secretion and gastrointestinal activity 
(particularly H2 blockers and proton pump inhibitors) 
were discontinued at least 1 week before the preop- 
erative testing was begun. 28 Postoperatively patients 
were not given any medications that would interfere 
with gastric acid secretion or gastrointestinal activity. 
Patients were instructed to continue with their nor- 
mal diet and daily activities. The stored data were an- 
alyzed using a commercial software program (Gas- 
trosoft, Inc., Irving, Tex.). The mean postoperative 
follow-up time was 6 months. The results are ex- 
pressed as mean values +_ standard error of the mean. 
Statistical analyses were performed using the 
Wilcoxon-Pratt test and the Mann-Whitney U test. 
P values less than 0.05 were considered significant. 



Journal of 
496 Salminen et al. Gastrointestinal Surgery 

Fundoplicit ion 

~ I 
35 

30 

25 

I -  

�9 Preoperative 
[! Postoperative 

15 

10 

5 

0 
pH 0-1 pH 1-2 pH 2-3 pH 3-4 pH 4-5 pH 5-6 pH 6-7 pH 7-8 

Fig. 1. Distribution of percentages of total time pre- and postoperatively at various pH intervals in 22 
patients who underwent fundoplication. P <0.05 for pH intervals 0 to I, 1 to 2, 2 to 3, and 3 to 4. 

R E S U L T S  

All patients in both groups became free of symp- 
toms (heartburn and/or regurgitation), and healing of 
esophagitis was verified endoscopically. In addition, 
patients did not complain of any of the typical side ef- 
fects such as bloating or stasis. Esophageal acid expo- 
sure at various pH intervals pre- and postoperatively 
in the fundoplication group is shown in Fig. 1. The  
esophageal acid exposure in this group diminished 
significantly in comparison to preoperative values, 
and the postoperative pH profile normalized (pH <4 
for 21.7% + 6.0% of the total time preoperatively 
and pH <4 for 5.8% + 2.4% of the total time post- 
operatively; P = 0.03). Also, the number  of reflux 
episodes lasting longer than 5 minutes decreased sig- 
nificantly (10.4 +_ 3.0 preoperatively and 2.3 _+ 1.0 
postoperatively; P = 0.02). In the Roux-en-u group, 
the pH profile remained abnormal and neither the 
esophageal acid exposure nor the number  of reflux 
episodes was significantly decreased (pH <4 for 
18.7% _+ 6.4% of the total time preoperatively and 
pH <4 for 15.1% _+ 4.3% postoperatively; P = 0.77), 
and the number of reflux episodes lasting longer than 
5 minutes was 8.5 _+ 2.8 preoperatively and 5.7 -+ 1.6 
postoperatively (P -- 0.93). I Iowever, the reflux time 
in the most acidic milieu decreased significantly. At 
the pH 0 to 1 interval, the reflux time was 3.9% _+ 
2.4% preoperatively vs. 0.04% +_ 0.02% postopera- 
tively (P = 0.005). Esophageal acid exposure at the 
pH 1 to 2 interval decreased from 4.4% _+ 1.8% to 
1.1% +_ 0.8%; P = 0.003) (Fig. 2). 

D I S C U S S I O N  

All patients were free of symptoms after undergo- 
ing either floppy fundoplication or Roux-en-Y duo- 
denal diversion, and healing of esophagitis was veri- 
fied endoscopically. Both techniques are usually ef- 
fective in the treatment of severe GERD; when they 
are used for the proper indications and correct surgi- 
cal technique is followed, 90% of patients are ren- 
dered asymptomatic. In this study, fundoplication re- 
sulted in normalization of preoperative pathologic 24- 
hour esophageal pH profiles, but 24-hour pH values 
remained abnormal after clinically and endoscopically 
successful Roux-en-u reconstruction. 

In the Roux-en-Y group, because of the vagotomy 
and partial gastrectomy, esophageal acid exposure in 
the most  acidic milieu (pH 0 to 1 and 1 to 2) de- 
creased significantly in spite of the fact that the total 
time the pH was below 4 was still abnormal. The  im- 
portance of a low esophageal pH in the pathogenesis 
of esophageal mucosal damage is stressed by Bremner 
et al., 9 who found the most severe cases of esophagitis 
among those patients with increased exposure to pH 
0 to 2 and above 7. On the other hand, the high 
esophageal H + concentration in an acid milieu does 
not directly correlate with the severity of esophageal 
mucosal injury, l~ Pepsin and conjugated bile salts be- 
long to the group of agents that are also active in an 
acid milieu and may therefore have a significant role 
as refluxate in the pathogenesis of esophageal mucosal 
damage. 1~176 There  was no difference between the 
exposure time to the pH 7 to 8 interval pre- and post- 
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Fig. 2. Distribution of percentages total time pre- and postoperatively at various pH intervals in 15 pa- 
tients who underwent Roux-en-u duodenal diversion. P <0.05 for pH intervals 0 to 1 and 1 to 2. 

operatively (8.26% _+ 3.05% vs. 8.23% _+ 2.19%; P 
-- 0.99) in the Roux-en-Y group. This suggests that a 
pH in this range is not solely due to refluxed duodenal 
contents and this method may yield data that are in- 
sufficient to make a diagnosis of alkaline duodenogas- 
troesophageal reflux. 12,17,31 Also, the antimony probes 
are inaccurate in pH units in the alkaline range and 
can record values 2.1 units higher than would be 
recorded with glass electrodes. 32 This study supports 
the view that duodenogastroesophageal reflux is diffi- 
cult to diagnose solely on the basis of esophageal pH 
monitoring. Therefore other methods such as 24- 
hour spectrophotometric measurements of the lumi- 
nal bilirubin concentration 31 are needed to detect re- 
flux of duodenal contents into the esophagus. 

The present study and others 23,24 suggest that post- 
operative 24-hour esophageal pH monitoring is a re- 
liable test for evaluating the results of fundoplication. 
However, the current test criteria should be reexam- 
ined if this test is to be used to assess the results of 
Roux-en-u duodenal diversion. Possible reasons why 
acid reflux still occurs in the Roux-en-Y group may be 
the persistence of lower esophageal sphincter incom- 
petence and the possibility of Roux stasis, both of 
which have been described previously. 33 This phe- 
nomenon may cause a predisposition to aspiration, 
but we have not encountered this problem in our pa- 
tients. 

We conclude that clinical and endoscopic healing 
of esophagitis following Roux-en-Y duodenal diver- 
sion, despite postoperative abnormal acid reflux as 

demonstrated by 24-hour esophageal pH monitoring, 
suggests that duodenal contents also have a role in the 
pathogenesis of GERD in an acid milieu. Since acid 
reflux still occurred in the Roux-en-Y group, the ab- 
sence of duodenal contents may play a major role in 
the healing of esophagitis. 
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Static and Dynamic Function of the Lower 
Esophageal Sphincter Before and After Laparoscopic 
Nissen Fundoplication 
Peter E Crookes, M.D., Manfred P Ritter, M.D., William E. Johnson, M.D., 
Cedric G. Bremn~ M.D., Jeffrey H. Peters, M.D., Tom R. DeMeester, M.D. 

The means by which fundoplication protects against reflux is disputed. We studied the resting and dy- 
namic features of the lower esophageal sphincter (LES) and 24-hour pH monitoring in 26 patients before 
and after laparoscopic Nissen fundoplication. Resting features were LES pressure, abdominal length, 
and total length. Dynamic function was assessed by the residual pressure in the LES during a swallo,& 
measured as the bolus flowed though the LES. All patients experienced near-total relief of heartburn and 
all but one had normal postoperative acid scores. Resting LES characteristics were restored to normal. 
Mean residual pressure on swallowing was 7.1 - 3.2 mm Hg in the patients postoperatively compared 
with 1.2 --- 1 mm Hg preoperatively and 4.0 +- 2.4 mm Hg in normal subjects. Eighteen of 26 patients 
had residual LES pressure within the normal range (<8.2 mm Hg). There was a tendency for residual 
pressures to be lower as experience with the procedure was gained. Incomplete LES relaxation is not 
necessary for effective functioning of a Nissen fundoplication. In construction of a Nissen fundoplication, 
creating a large retroesophageal window and deliberate dissection of the back of the posterior fundus 
from the left crus allows the creation of an effective antireflux procedure with restoration of static LES 
parameters to normal and minimal limitation of LES relaxation. (J GASTRO~rrEs'r SURG 1997;1:499- 
504.) 

The  mechanism of action of fundoplication is dis- 
puted. Several groups have demonstrated that Nissen 
fundoplication restores the resting mechanical char- 
acteristics of the lower esophageal sphincter (LES) to 
normal.l,2 A different explanation was suggested by 
Ireland et al., 3 namely, that fundoplication works by 
abolishing the ability of the LES to relax completely. 
According to these investigators, the fundoplication 
is therefore believed to reduce the frequency and ex- 
tent of  transient LES relaxations, and consequently to 
diminish the opportunity for episodes of acid reflux. 
Such a view also implies that the antireflux effect of  
fundoplication is inseparable from the tendency to 
dysphagia, since both rely on the same phenomenon. 
Furthermore, there is a perception that dysphagia is a 
more frequent problem after laparoscopic fundopli- 
cation than after open fundoplication. 4 The  aim of 
this study was to compare both the resting character- 
istics and the ability to relax of the LES before and 
after laparoscopic Nissen fundoplication, in an at- 

tempt to shed light on the mechanism of action of 
fundoplication, and to determine whether improve- 
ments in postoperative function were related to the 
surgeon's experience with this technique. 

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

Beginning in July 1992, patients undergoing laparo- 
scopic Nissen fundoplication were prospectively stud- 
ied clinically and physiologically before and after 
surgery. Twenty-six consecutive patients (17 men and 
11 women; median age 49 years; IQ range 39 to 57) in 
whom postoperative motility studies were conducted 
form the basis of this report. Symptoms were scored 
using a structured questionnaire administered by a 
nurse, who questioned patients specifically about the 
presence and severity of heartburn, regurgitation, 
dysphagia, chest pain, pulmonary symptoms, and 
lower gastrointestinal symptoms. Patients underwent 
upper gastrointestinal endoscopy with biopsy, video 
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esophagogram, esophageal manometry, and 24-hour 
esophageal pH moni tor ing  before surgery. Other  
physiologic tests such as ambulatory manometry  or 
bilirubin moni tor ing  were selectively employed. 
Postoperatively, regular clinical follow-up was main- 
tained by clinic visits, and physiologic tests were 
scheduled from 6 to 18 months postoperatively. The  
26 patients who agreed to undergo postoperative 
manometry and 24-hour esophageal pH monitoring 
represent a subgroup from a group of 158 patients in 
whom laparoscopic Nissen fundoplications have been 
performed since July 1992. 

E s o p h a g e a l  M a n o m e t r y  

Manometry was performed as previously described 
using a low-compliance pneumohydraul ic  perfused 
system consisting of an eight- lumen catheter with 
four circumferential side holes at 90 degrees and four 
additional side holes at 5 cm intervals along the 
c a t h e t e r / T h e  specific parameters studied included 
LES pressure, measured at the respiratory inversion 
point, overall length, and the length exposed to intra- 
abdominal pressure (abdominal length). 

Relaxation of the LES in response to swallowing 
was measured by positioning the catheter so that the 

four circumferential side holes were located in the up- 
per part of the high-pressure zone. This  prevented 
the catheter from recording intragastric pressure sec- 
ondary to upward movement  of the LES during the 
swallow-induced esophageal shortening. Five swal- 
lows of 5 cc water were given. To assess the resistance 
to the flow of liquid through the LES, the residual 
pressure in the LES was measured by the four cir- 
cumferential side holes at the moment  when the bolus 
was judged to the flowing through the sphincter. This 
moment  was determined as follows: the upstroke of 
the peristaltic wave in the transducer 5 cm proximal to 
the sphincter was recorded. This point indicates lu- 
minal closure and consequently the bolus is distal to 
this proximal transducer. Combined radiologic and 
manometr ic  studies indicate that a 5 cc bolus has 
reached the sphincter at that point. 6 Identification of 
the upstroke of the peristaltic wave 5 cm proximal to 
the LES is an objective and readily identifiable mo- 
ment  at which to measure the residual pressure in the 
LES. The  residual pressure was thus measured by 
each of the four circumferential side holes during five 
swallows, and the final value was the mean of these 
20 readings. The  results were compared with those of 
45 recently studied normal volunteers. The  technique 
is illustrated in Fig. 1. 
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: : L u m l n a l c : l o s u r e ~ r  : : : : : 

- 6 . O  

a U e v e :  : : : : : 
�9 ' ~ L E S  �9 �9 I I /  \ . . . .  ~ ~ "  
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Fig. 1. Tracing demonstrating relaxation of the IrES in response to a swallow. The residual pressure is 
measured at the point where the upstroke of the peristaltic wave in the channel 5 cm above the IrES in- 
dicates luminal closure. 
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Esophageal  p H  M o n i t o r i n g  

Twenty-four-hour pH monitoring was performed 
as previously described by positioning a glass pH elec- 
trode (Mui Scientific, Toronto,  Ontario, Canada) 
5 cm above the manometrically measured upper bor- 
der of the LES. 7 The  electrode was connected to a 
digital recording device (Microdigitrapper, Synectics 
Medical, Inc., Irving, Tex.) and pH was continually 
monitored for 24 hours. The  patient's diet was lim- 
ited to foods having a pH in the range 5 to 7. T h e  
stored data were transferred to a personal computer  
and analyzed according to our standard protocol, 
which includes measurement of the percentage of time 
the pH is less than 4 for the total monitored period, 
the upright period, and the supine period. The  total 
number  of reflux episodes, the number  of episodes 
longer than 5 minutes, and the duration of the longest 
episode were also calculated by the standard software 
analysis (Multigram, Gastrosoft, Inc., Irving, Tex.). 

Surgical  T e c h n i q u e  

Laparoscopic Nissen fundoplication was per- 
formed as previously described and included closure 
of the crura and division of the short gastric arteries. 8 
In all patients an attempt was made to reproduce pre- 
cisely the steps previously shown to be important in 
the postoperative outcome after open fundoplication.l 
These included thorough mobilization of the fundus 
by division of the short  gastric vessels, closure of 
the crura, sizing the fundoplication with an intra- 

esophageal bougie of 60 F, so as to create a tension- 
free fundus cradling the esophagus, with its anterior 
and posterior lips united by a horizontal mattress su- 
ture reinforced by Teflon pledgets. The  nasogastric 
tube was removed the next morning and liquids were 
allowed by mouth. The  patients were discharged on 
postoperative day 2 with instructions to remain on 
soft foods for 3 to 4 weeks. As experience was gained, 
minor modifications were introduced into the routine 
technique to take account of the effect of magnifica- 
tion. These included creating a larger retroesophageal 
window and a more deliberate dissection of the back 
of the cardia off the left crus. 

R E S U L T S  

All patients had total or near-total relief of heart- 
burn. Three  complained of mild symptoms but had 
normal scores on pH monitoring. Four patients had 
persistent dysphagia, which was mild in three. T h e  
one patient with severe dysphagia had a nonspecific 
esophageal motil i ty disorder, which became more  
pronounced postoperatively. 

The  resting parameters of the LES were restored 
to normal values (Fig. 2). Esophageal acid exposure 
was brought into the normal range in all but one pa- 
tient in whom the percentage of time the pH was less 
than 4 decreased from 43.9% to 8.9% (Fig. 3). Pre- 
operatively the mean residual LES pressure in the pa- 
tients was 1.1 _+ 1.0 m m  Hg, rising to a mean of 7.1 +_ 
3.2 m m  Hg postoperatively. Mean residual pressure 
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Fig. 2. LES pressure (A) and overall length and total length (B) before and after laparoscopic Nissen fun- 
doplication. 
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Fig. 3. Twenty-four-hour esophageal pH before and after laparoscopic Nissen fundoplication. 
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Fig. 4. LES residual pressure in normal control subjects and in patients before and after laparoscopic 
Nissen fundoplication. 

in control subjects was 4.2 + 2.4 mm Hg. Both pre- 
operative and postoperative pressures in the patients 
differed significantly from values in control subjects 
(P <0.001; Fig. 4). The ninety-fifth percentile for the 
normal subjects was 8.2 mm Hg: 18 of 26 patients had 
residual pressures within the normal range. LES 
residual pressure was negatively correlated with the 
surgeon's level of experience (r = 0.52; P = 0.009), 
with the higher values tending to occur in the early 
patients (Fig. 5). There was no significant correlation 
between residual pressure and esophageal acid expo- 
sure (r = -0.14; P = 0.19). 

D I S C U S S I O N  

We have shown that laparoscopic Nissen fundopli- 
cation effectively controls reflux both objectively and 
symptomatically. It not only restores the resting char- 
acteristics of the LES to normal but also increases the 
mean LES residual pressure during swallowing by ap- 
proximately 6 mm Hg. In only one third of the pa- 
tients does this residual pressure exceed the ninety- 
fifth percentile of normal. As experience with the pro- 
cedure was gained, a conscious attempt was made to 
create a larger retroesophageal window for the fun- 
dus to pass through and to ensure that the plicated 
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Fig. 5. The trend toward decreasing LES residual pressure as 
experience in laparoscopic fundoplication increased. 

fundus lay comfortably without  tension or torsion, 
cradling the lower esophagus. This  was reflected in 
the tendency for the more recent patients to have a 
lower residual pressure. It may be argued that the 26 
patients we studied are not  representative of the 
whole group, since those agreeing to postoperative 
studies may include a higher proport ion of symp- 
tomatic patients. However, all patients are offered 
clinical and physiologic follow-up, and the percentage 
who can be persuaded to undergo postoperative phys- 
iologic studies is comparable to other investigations. 

Measurement of LES function during relaxation is 
difficult, and there is no unanimity as to the best 
manometr ic  criterion for adequate relaxation. 9-12 
Most  investigators have used the Dentsleeve, but 
measurement  of the resting parameters of the LES 
such as overall length and intra-abdominal  length 
cannot  be achieved with this catheter. Using a 
catheter with four circumferential side holes at the 
same level gives information from different segments 
of the LES, but inaccurate placement of the catheter 
is possible especially when the LES is short. This  
problem rarely arises after fundoplication, and accu- 
rate positioning of the catheter was possible in 25 of 
the 26 postoperative patients. Studies employing both 
manometric assessment of residual pressure combined 
with simultaneous radiologic assessment of bolus 
transit through the LES would obviously provide 
stronger evidence that our measure of residual pres- 
sure reflects LES relaxation, but such studies are dif- 
ficult in routine clinical practice. Previously reported 
studies using this combination of methods show that 
luminal closure 5 cm above the LES best corresponds 

to the time of bolus transit through the LES. 6 In prac- 
tical terms this is a simple manometric measurement 
to obtain and it is not dependent on the experience or 
judgment of the person reading the tracing, since the 
point  at which the LES pressure is measured is so 
clearly discernible from the manometric tracing. 

It is important to understand that the residual pres- 
sure detected by this technique is merely a marker of 
outflow resistance and is not itself the cause of the re- 
sistance. Similarly, it is not possible to make a direct 
link between the residual pressure and the symptom 
of dysphagia, as the subjective sensation of dysphagia 
is related to the interaction of many other factors such 
as esophageal body peristalsis and afferent sensitivity. 
In our small group of patients, only four had any sig- 
nificant dysphagia and the patient with severe dys- 
phagia had an esophageal motility disorder. 

Based on this measurement, patients after laparo- 
scopic Nissen fundoplication, as a group, have higher 
residual pressures than normal  subjects. However, 
since in most patients the residual pressure falls within 
the normal range and yet reflux is effectively abol- 
ished, the creation of an elevated residual pressure is 
not necessary for the effective functioning of the fun- 
doplication. 

Tha t  this method of assessment is of surgical rele- 
vance is demonstrated by the gradual reduction in 
postoperative residual pressure as experience was 
gained with laparoscopic fundoplication. It is more 
difficult to judge the adequacy of the retroesophageal 
window during Nissen fundoplication when the pro- 
cedure is performed laparoscopically, because of the 
tendency for structures to be magnified and because 
the ability to widen the aperture digitally is lost. A 
conscious effort must be made to dissect the posterior 
part of the fundus and cardia off the left crus to allow 
the fundus to be passed behind the esophagus and lie 
comfortably without tension. Our  experience shows 
that such diligence has a tendency to result in lower 
residual pressures on swallowing without loss of an- 
tireflux protection. Although it is not possible in this 
small series of patients to correlate a low residual 
pressure with freedom from dysphagia, it seems only 
logical to perform the operation in such a way as to 
maintain dynamic function of the LES as close to 
normal as possible without compromising reflux pro- 
tection. 
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Importance of Preoperative and Postoperative pH 
Monitoring in Patients With Esophageal 
Achalasia 
Marco G. Patti, M.D., Massimo Arcerito, M.D., Jenny Tong, M.D., Mario De Pinto, M.D., 
Mario de Bellis, M.D., Anne Wang, M.D., Carlo V. Feo, M.D., Sean J. Mulvibill, M.D., 
Lawrence W. Way, M.D. 

Gastroesophageal reflux (GER) can develop in patients with esophageal achalasia either before treat- 
ment or following pneumatic dilatation or Heller myotomy. In this study we assessed the value of pre- and 
postoperative pH monitoring in identififing GER in patients with esophageal achalasia. Ambulatory pH 
monitoring was performed preoperatively in 40 patients with achalasia (18 untreated patients and 22 pa- 
tients after pneumatic dilatation), 27 (68%) of whom complained of heartburn in addition to dysphagia 
(group A), and postoperatively in 18 of 51 patients who underwent a thoracoscopic (n = 30) or laparo- 
scopic (n = 21) Heller myotomy (group B). The DeMeester reflux score was abnormal in 14 patients in 
group A, 13 of whom had been treated previously by pneumatic dilatation. Two types of pH tracings 
were seen: (1) GER in eight patients (7 of whom had undergone dilatation) and (2) pseudo-GER in six pa- 
tients (all 6 of whom had undergone dilatation). Therefore 7 (32%) of 22 patients had abnormal GER af- 
ter pneumatic dilatation. Postoperatively (group B) seven patients had abnormal GER (6 after thoraco- 
scopic and 1 after laparoscopic myotomy). Six of the seven patients were asymptomatic. These findings 
show that (1) approximately one third of patients treated by pneumatic dilatation had GER; (2) symptoms 
were an unreliable index of the presence of abnormal GER, so pH monitoring must be performed in or- 
der to make this diagnosis; and (3) the preoperative detection of GER in patients with achalasia is im- 
portant because it influences the choice of operation. (J GASTROIN~I'EST SURG 1997; 1:505-510.) 

At the time they present for surgical care, approx- 
imately half of  patients with esophageal achalasia 
complain of heartburn in addition to dysphagia) This 
paradoxical situation can result from gastroesophageal 
reflux (GER) z,3 or from stasis and fermentation of 
food in the esophagus. 3,4 Most often, GER is a com- 
plication of treatment, which is not surprising since 
pneumatic dilatation and Heller myotomy intention- 
ally disrupt the lower esophageal sphincter. 5-12 

In this study we assessed in patients with esophageal 
achalasia the following: (1) whether the diagnosis of 
GER could be made reliably based on symptoms 
alone; (2) the incidence of GER before and after op- 
erative treatment; and (3) the effects of this informa- 
tion on the choice of operation. 

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

Between October 1989 and November 1995, a to- 
tal of 1200 patients were referred to the Swallowing 
Center of the University of California, San Francisco, 
for evaluation of foregut symptoms. Esophageal acha- 
lasia was diagnosed in 87 patients (7%) by esophageal 
manometry, upper gastrointestinal series, and en- 
doscopy. Ambulatory pH monitoring was performed 
in 40 of these patients (group A). Eighteen patients 
(45%) had had either no previous treatment or med- 
ications alone, and 22 patients (54%) had been treated 
by balloon dilatation. Fig. 1 shows the demographic 
data and severity of symptoms. All patients had dys- 
phagia, and 27 patients (68%) complained of discom- 
fort that was thought by the treating physicians to be 
heartburn. 
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Fig. 1. Demographic data and severity of symptoms in 40 pa- 
tients with esophageal achalasia. 

Esophageal manometry and ambulatory pH mon- 
itoring were repeated postoperatively in 18 of 51 pa- 
tients who underwent a thoracoscopic or laparoscopic 
Heller myotomy between January 1991 and August 
1995 (group B). 

Esophageal Manometry 

Patients were studied in the morn ing  after an 
overnight fast. All medications that could interfere 
with esophageal motor function (e.g., calcium channel- 
blocking agents, nitrates, and prokinetic agents) were 
discontinued at least 24 hours before the study. The  
manometry  catheter was placed under  fluoroscopic 
guidance in 16 patients in group A (40%) and in all 
18 patients in group B. The  study was performed ac- 
cording to previously described techniques. 13 

A m b u l a t o r y  p H  M o n i t o r i n g  

Esophageal acid exposure was measured using a 
probe with an antimony sensor positioned 5 cm above 
the upper border of the manometrically located lower 
esophageal sphincter. 13 Acid-suppressing medications 
were discontinued 3 days (H2 blockers) or 14 days 
(proton pump inhibitors) before the study. A chest ra- 
diograph was obtained to confirm that the probe was 
properly positioned in the esophagus. The  data were 
analyzed using a commercial software program (Gas- 
trosoft, Synectics Medical, Irving, Tex.). 

The  tracing of patients with abnormal DeMeester 
scores (i.e., score > 15) H were examined to distinguish 
between bona fide acid reflux (GER) and acid pH re- 

suiting from food stasis in the esophagus (pseudo- 
GER). Al though a certain amount  of  GER is nor- 
mal (i.e., DeMeester  score <15), the term gastro- 
esophageal reflux in this report is used exclusively to 
refer to abnormal amounts of reflux (i.e., DeMeester 
score > 15). 

Thoracoscopic Myotomy 

Thirty patients underwent myotomy through a left 
chest approach using previously described tech- 
niques. 11,15 T h e  myo tomy was 7 cm long and ex- 
tended 0.5 cm onto the gastric wall. No  antireflux 
procedure was included. 

Lapa roscop i c  Myotomy 

In 21 patients the myo tomy was performed 
through an abdominal approach. The  myotomy was 7 
cm long and extended 1.0 to 1.5 cm beyond the lower 
esophageal sphincter onto the stomach. In addition to 
the myotomy, a Dor fundoplication was performed in 
all 21 of these patients using techniques similar to 
those described by Rosati et al. 16 

Stat is t ical  Analysis  

Student's t test and the Mann-Whitney U test were 
used for statistical evaluation of the data. All results 
are expressed as mean -+ standard error of the mean. 
Differences were considered significant at P <0.05. 

R E S U L T S  
Group A 

The  DeMeester score was normal (<15) in 26 pa- 
tients (65%) (average 2 + 1; range 0.2 to 14) and ab- 
normal (>15) in 14 patients (35%) (mean 32 + 5; me- 
dian 25; range 16 to 76). Fig. 2 shows the severity of 
the symptoms in patients with normal and abnormal 
DeMeester scores. The  nature and severity of symp- 
toms were similar in the two groups (P = NS). Table 
I shows the t reatment  modalities used in these pa- 
tients before they were tested. 

There  were two types of pH monitoring tracings 
(Fig. 3) among the 14 patients with abnormal scores: 
(1) true GER (n = 8), characterized by intermittent 
drops of the pH below 3 with subsequent clearance 
and return of the pH to above 5, and (2) pseudo- 
GER, or false GER (n = 6), characterized by a slow 
downward drift of the pH curve below 4 without a re- 
turn to higher  levels. T h e  nature and severity of 
symptoms were similar in these two groups (P = NS) 
(Fig. 4). Seven patients with true GER and all patients 



T a b l e  I .  T r e a t m e n t  modali t ies  used in patients  with normal  (n = 26) and abnormal  (n = 14) D e M e e s t e r  scores 
pr ior  to test ing 

Normal DeMeester score Abnormal DeMeester score 
Treatment No. (%) No. (%) 

Medications 
Nitrates 3 (12) 0 
Calcium channel blockers 8 (31) 3 (21) 
Prokinetic agents 2 (8) 2 (14) 
H2 blockers 5 (19) 4 (28) 
Proton pump inhibitors 5 (19) 7 (50) 

Botulinus toxin injection 0 1 (7) 
Dilatation 9 (35) 13 (93) 

No. of dilatations/patient 2 (range 1-3) 1.7 (range 1-4) 

Score : 0 = No symptoms 
1 = Mild 
2 : Moderate 
3 = Severe 
4 : Very Severe 

[ i D e M e e s t e r  S c o r e  < 15 ( 26  pts)  

D e M e e s t e r  S c o r e  �9 15 ( 14 pts)  

iSco~l  n = 4 0  I)t_ss 

Heartburn Dysphagla Regurgitation 

Fig. 2. Severity of symptoms in patients with normal and abnormal DeMeester scores. There was no dif- 
ference in the severity of symptoms between the two groups. 

I I 

7.0 ~ N ~,~ C: Cure I ",'.a 

2 f , ,  : , . . . . ,  

:i l i  ' re 
L.O 

i l l  
M 

m 

0.0 

: W W m  
: I lo lch  
: E l t i ~ n  
: ~ml lh  

I, : I M l ~ t e a l  
4 hotws 

.~ : l i M  

I n l u ?  

Real GER False GER 
Fig. 3. Types of pH tracings in patients with esophageal achalasia. GER = gastroesophageal reflux. 
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Fig. 4. Severity of symptoms in patients with gasu:oesophageal 
reflux (GER) and pseudo-GER. There was no difference in the 
severity of symptoms between the two groups. 

with pseudo-GER had undergone dilatations in the 
past (1.7 dilatations/patient; range 1 to 4). Therefore 
7 (32%) of 22 patients who had undergone dilatation 
had true GER. T h e  remaining patient with GER 
(DcMeester score 21) had had no previous invasive 
treatment. 

Group B 

Postoperative pH moni tor ing  (n -- 18 patients) 
showed abnormal (real) GER in 6 of i0 patients after 
thoracoscopic myotomy (average DeMeester score 38 
__ 10; median score 24; range 21 to 77) and in one of 
eight patients following laparoscopic myotomy and 
Dor fundoplication (DeMeester score 19). Only one 
of these seven patients with GER (DeMeester score 
61) complained of heartburn. None of these patients 
had abnormal (real) GER preoperatively, and there- 
fore the postoperative abnormal reflux discovered by 
pH monitoring was attributed to the operation. One 
patient had GER and dysphagia after dilatation but 
before the Heller myotomy, and in this patient lap- 
aroscopic Heller myotomy and Dor  fundoplication 
eliminated both. 

Among these 18 patients, good to excellent results 
in the relief of dysphagia were obtained in nine pa- 
tients following thoracoscopic myotomy (90%) and in 
all patients following laparoscopic myotomy (100%). 
Overall, 17 patients (94%) had good to excellent 
results. Six patients (33 %) who experienced heart- 
burn-like discomfort  postoperatively had normal 
DeMeester scores on ambulatory pH monitoring. 

D I S C U S S I O N  
Preoperative Assessment 

Symptoms are rarely specific enough by themselves 
to diagnose esophageal functional disorders. 17,18 For 
example, only two thirds of those who are thought  to 
have gastroesophageal reflux disease based on a com- 
plaint of heartburn have abnormal reflux on 24-hour 
pH monitoring. 17,18 Only one third of patients with 
dysphagia who are initially thought  to have an 
esophageal motor  disorder ultimately are found to 
have abnormal motili ty when tested. 18 Therefore  
treatment should rarely be instituted on the basis of 
symptoms alone, inasmuch as esophageal function 
tests are necessary to make an accurate diagnosis. 17-19 

In patients with achalasia, hear tburn can result 
from GER or stasis and fermentation of food within 
the esophagus. 1-4 Ambulatory pH monitoring yields 
abnormal scores in both cases, but a distinction be- 
tween the two is possible by examining the tracings 
(Fig. 3). In previously untreated patients with achaia- 
sia, heartburn is most often caused by slow esophageal 
emptying, for GER is uncommon  in this situation. 
On the other hand, GER is relatively common fol- 
lowing esophageal balloon dilatation. Even if our 
study was performed on a selected group of patients 
(i.e., patients with residual dysphagia after pneumatic 
dilatation), it is noteworthy that one third of those 
who had undergone esophageal dilatation had abnor- 
mal esophageal acid exposure on 24-hour pH moni- 
toring, and only 70% of them experienced heartburn. 
The  latter shows that the sensitivity as well as the 
specificity of sTmptoms is poor in reflecting the status 
of esophageal functional disease. Sixty-seven percent 
of the patients who had undergone dilatation and 
were found to have pseudo-GER had heartburn in ad- 
dition to dysphagia, both symptoms being indications 
that the dilatations had not decreased the outflow re- 
sistance sufficiently; slow emptying persisted. 

The  identification of patients with GER after di- 
latation is important for the following reasons: (1) re- 
flux is often clinically silent, and untreated patients 
are at risk of developing a stricture or Barrett's esoph- 
agns; (2) regardless of the effect on dysphagia, addi- 
tional dilatations can only worsen the reflux; and (3) if 
surgery is performed, it must  include an antireflux 
feature (i.e., fundoplication) in addition to the my- 
otomy. Thus we recommend routine preoperative pH 
moni tor ing  in any patient with achalasia who has 
symptoms suggestive of heartburn or a history of pre- 
vious balloon dilatations. 

Postoperative Assessment 

GER was present in 6 (60%) of 10 patients tested 
after thoracoscopic myotomy and was marginally 
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present in one (13%) of  eight patients after laparo- 
scopic m y o t o m y  and Dor  fundoplicat ion.  N o n e  of  
these patients had abnormal G E R  preoperatively. Six 
of  these seven patients were asymptomatic. Streitz et 
al. 24 reported that when heartburn appeared follow- 
ing a myo tomy for achalasia, the average time of  on- 
set was about  10 years postoperatively. Taken to- 
gether,  these observations suggest that  the silent 
phase can be quite long, since it seems more likely 
that  the sphincter incompetence occurred as an im- 
mediate effect of  the myotomy rather than something 
that developed years later. 

T h e  best opera t ion for esophageal achalasia has 
been debated for years. Traditionally, the results of  
surgery have been based on symptomatic assessment, 
which is now known to be less reliable than originally 
thought.  7-9 Because a myo tomy eliminates or largely 
eliminates the antireflux barrier in patients who have 
no esophageal peristalsis, and because reflux is often 
asymptomatic, it may be important  to identify by pH 
monitoring which patients have reflux postoperatively 
before a stricture or Barrett's esophagus develops. 2~ 
22 These patients, in fact, can be treated by H2 block- 
ers or proton pump inhibitors. Alternatively, if reflux 
has occurred after thoracoscopic myotomy, a partial 
fundoplication could be added laparoscopically. 

Ambulatory pH monitoring has recendy been used 
to assess the frequency of  G E R  after a Hel ler  my- 
otomy, whether  performed as an open or minimally 
invasive procedure.  1~ W h e n  the operat ion was 
performed by laparotomy, approximately 10% of pa- 
t ients had reflux, 1~ and when it was per formed 
through a left thoracotomy, 29% of patients had re- 
flux.24 In contrast, fewer patients had reflux following 
a laparoscopic Heller  myo tomy with a Toupet (0% of  
patients) 25 or  a Dor  (6% of  patients) fundoplica-  
tion. 26,27 Fur the rmore ,  a laparoscopic Hel ler  my- 
o tomy with fundoplication is preferred for patients 
who have dysphagia and reflux following dilatation 
because it corrects both abnormalities. 

These findings show that (1) symptoms are not  re- 
liable to diagnose GER; (2) preoperative pH moni-  
toring is essential to identify those patients with acha- 
lasia who have GER; (3) approximately one third of  
our patients who had been treated by dilatation had 
GER; and (4) G E R  is uncommon in patients with this 
disease who have not  undergone dilatation or surgery. 
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Comparison of Ischemic and Reperfusion Injury in 
Canine Bowel Viability Assessment 
Robert E. Brolin, M.D., Christopher Bibbo, D.O., Andrew Petscbenik, B.S., 
Micbad T. ReddeU, B.S., John L. Semmlow, Ph.D. 

The purpose of these experiments was to evaluate two methods of bowel viability assessment in two dis- 
tinct models of intestinal ischemia. Bowel viability was assessed in 32 dogs by means of three methods: 
(1) a probe that quantified the intestinal electromyographic (EMG) measurements in millivolts (mV), 
(2) Doppler ultrasonography, and (3) perfusion fluorometry, which quantified serosal blood flow in in- 
dexed dye fluorescence units (dfi). Ischemia was created using one of two methods: (1) a chronic model 
in which the blood supply to 40 cm of ileum was ligated and viability assessed 24 hours later, or (2) an 
acute model in which the main superior mesenteric artery was occluded for 3~A hours and then released. 
Viability parameters were assessed every 5 minutes for 30 minutes after release. After viability assess- 
ment was completed, the ischemic bowel was resected and anastomosed at the site where the EMG mea- 
surements approximated 50% of the values obtained in normal bowel. In the chronic group 3 of 20 dogs 
died of necrosis in contrast to none of 12 dogs in the acute reperfusion group. In the acute model EMG 
values steadily increased after reperfusion, stabilizing by 15 minutes after release. Mean EMG values at 
15 through 30 minutes after release were significantly greater than the 5- and 10-minute postrelease and 
prerelease values, suggesting that the electromyogram is affected by reperfusion. Conversely, postrelease 
fluorometry measurements rapidly increased to levels that exceeded measurements obtained in normal 
bowel. There was a significant difference in the number of audible Doppler signals in the marginal artery 
of survivors of the acute vs. the chronic model. Fluorometry measurements in survivors of the acute 
model (99 --- 9 dfi) were significantly greater than measurements in the chronic model (54 --- 4 dfi, 
P ---0.004). Conversely, intermodel differences in the EMG measurements were not significant. These re- 
suits show significant differences in the magnitude of ischemic damage induced by reperfusion vs. mesen- 
teric ligation, which had a significant impact on the objective blood flow measurements that were used to 
predict bowel viability. The results also suggest that intestinal reperfusion injury in dogs has a negligible 
impact on bowel survival. (1 GASTROINTEST SURG 1997; 1:511-516.) 

There  is currently no reliable objective method  for 
in t raopera t ive  assessment  o f  bowel  viabili ty in the 
clinical setting. Diagnosis of  bowel viability primarily 
depends on interpretation of  subjective criteria such 
as presence of  visible peristalsis, visual assessment of  
bowel color, bleeding from the cut edge, or  presence 
of  pulsatile arterial b lood  flow as de te rmined  by  
Doppler  ultrasound imaging. 1-3 Although Doppler  ul- 
t rasound is p robab ly  the mos t  c o m m o n  object ive 
m e t h o d  of  intestinal viabil i ty assessment  current ly  
used in the clinical setting, our previous experimental 
studies yielded conflicting results with the use of  this 

approach in a chronic canine model  o f  mesenteric li- 
gation. 4,5 

We  have designed a probe  that is capable of  quan- 
tifying both  intestinal e lec t romyogram (EMG)  and 
smooth  muscle  contract i le  activity in the ischemic 
small bowel, s,6 In our previous studies with this probe, 
we used a chronic canine model  of  ischemia that con- 
sistently produced a gradation of  ischemic damage in 
a 40 cm length of  ileum. In those  exper iments  the 
myoelec t r ic  measurements  were  compared  with 
Dopp le r  u l t rasound and quanti t ive perfusion fluo- 
rometry  as determinants of  long-term bowel survival. 

From the Departments of Surgery (R.E.B., C.B., A.P., and M.T.R.) and Biomedical Engineering (J.L.S.), University of Medicine and 
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The primary purpose of this series of experiments was 
to determine whether the predictive accuracy of ei- 
ther the quantified myoelectric measurements or the 
objective blood flow measurements is affected by 
reperfusion injury in the bowel. Toward that end, our 
chronic canine model was compared with an acute 
model of ischemia followed by reperfusion. 

thesia. Anesthesia was induced with sodium thiamy- 
lal, 8 mg/kg, and maintained with a 50% mixture of 
1.0% to 1.5% halothane and nitrous oxide. During 
each laparotomy all dogs received lactated Ringer's 
solution intravenously at a rate of >-100 ml/hr. No 
heparin or antibiotics were used. 

The chronic model of ischemia shown in Fig. 2 was 

M A T E R I A L  A N D  M E T H O D S  
Viability Assessment  Paramete r s  

Parameters used in this study included subjective 
visual assessment of bowel color, two objective mea- 
surements of intestinal blood flow (i.e., perfusion flu- 
orometry and Doppler ultrasonography), and quanti- 
fied electromyography using a specially designed 
probe, the electronic contractility meter (ECM). 
Bowel color was arbitrarily graded by one observer 
according to the following criteria: pink/viable bowel 
showed no change in color in comparison with adja- 
cent normal bowel outside of the 40 cm ischemic seg- 
ment; slightly cyanotic (dusky) bowel appeared hem- 
orrhagic and darker in color than normal bowel; mod- 
erately cyanotic bowel was blue but judged as possibly 
viable; and deep blue or black bowel was judged as 
nonviable. Doppler ultrasound data were also re- 
corded by one observer as the presence or absence of 
an audible pulsatile signal in the marginal artery. 

An illustration of the ECM is shown in Fig. 1. The 
electromyogram (EMG) is recorded by means of two 
3.0 mm diameter, nonpenetrating silver electrodes lo- 
cated on the top arm of the probe. A computer algo- 
rithm quantifies the primary components of the 
EMG, the basal electrical rhythm (slow waves) and 
contractile (spike) activity in milliw)lts (mV). After a 
response time of 15 to 20 seconds, the quantified 
EMG is displayed by the ECM. The electrical cir- 
cuitry of the probe has been described in detail else- 
where. 7 

Intestinal blood perfusion was measured on the 
serosal surface using a perfusion fluorometer (model 
PF4, Diversatonics Inc., Broomall, Pa.). The fluorom- 
eter uses fiberoptics to noninvasively quantify the 
fluorescence of sodium fluorescein in tissue. Each 
animal was given 15 Ixg/kg sodium fluorescein intra- 
venously. Ten minutes following injection of the dye, 
fluorometry measurements were recorded at each 
2 cm interval within the ischemic segment. Measure- 
ments are expressed in indexed dye fluorescence units 
(dfi). 

Exper imenta l  Models 

Both experimental groups underwent laparotomy 
for creation of intestinal ischemia under general anes- 

CABLE TO STIMULATOR 
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~''" ;..~ -o/~ STRAIN GAUGES 
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Fig. 1. Electronic contractility meter probe as it is clamped on 
the bowel. A spring clamp allows for precise adjustment of the 
flexible support arms to provide good contact with the bowel. 
Prior to each measurement, the intraelectrode resistance is 
checked to ensure good contact between the electrodes and the 
bowel wall. The  small silver electrodes used to record the 
EMG are not shown. (From Brolin RE, Semmlow JL, Koch 
RA, et al. Myoclectric assessment of bowel viability. Surgery 
1987;102:32-38.) 

' 8cn l  

40cn 

// 
Fig.  2. The  mesenteric blood supply to a 40 cm length of 
ileum was ligated. The marginal artery (MA) was also ligated 
for a distance of 8 cm in the center of the ischemic segment, 
thus depriving that length of bowel of all collateral flow. (PA = 
peripheral arterioles). (From Brolin RE, Semmlow JI,, Koch 
RA, et al. Myoelectric assessment of bowel viability. Surgery 
1987;102:32-38.) 
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used in 20 dogs. This model consistently produces a 
gradation of ischemic damage ranging from normal- 
appearing bowel at the periphery to grossly gan- 
grenous bowel at the center of the 40 cm ischemic 
segment. A second laparotomy was performed 24 
hours later, at which time the five viability assessment 
parameters were evaluated at 2 cm intervals within the 
40 cm ischemic segment. EMG and fluorometry mea- 
surements were also recorded in normal bowel prox- 
imal and distal to the boundaries of the ischemic seg- 
ment. 

In the acute model 12 dogs underwent a 3~A-hour 
period of ischemia followed by reperfusion. The main 
superior mesenteric artery was isolated and occluded 
at its base with a vascular snare and an atraumatic vas- 
cular clamp (Baxter CV No. 5114, Applied Medical 
Resources, Laguna Hills, Calif.). The marginal artery 
and vein at the outer boundaries of the ischemic 
bowel were similarly clamped en mass with Baxter 
clamps. The  superior mesenteric vein was not oc- 
cluded. Absence of arterial inflow was confirmed by 
Doppler ultrasonography after all clamps were ap- 
plied. The  length of ischemic bowel was then mea- 
sured and the midpoint was marked with a serosal su- 
ture of 3-0 silk. The  bowel was then covered with 
warm, saline-soaked towels for 3~A hours. Following 
the period of ischemia, the clamps were released and 
bowel viability was assessed using the parameters pre- 
viously described. Bowel color was visually assessed 
before injection of the fluorescein. EMG and fluo- 
rometry measurements were recorded every 5 min- 
utes at 20 cm intervals along the entire length of is- 
chemic bowel. 

After viability assessment was completed, resection 
of ischemic bowel was performed using the EMG to 
determine the site of resection and anastomosis. The 
site of resection and anastomosis in both models was 
predetermined at approximately 50% of the EMG 
value obtained in normal bowel. This value was cho- 
sen because in previous experiments using the chronic 
model an indexed EMG value of 0.50 was associated 
with problematic survival. 5,6 In the reperfusion group 
the bowel was merely transected and reanastomosed 
because the EMG values invariably increased above 
the 0.50 threshold 30 minutes after the clamps were 
released. All anastomoses were performed using an in- 
ner layer of continuous 3-0 polyglycolic acid sutures 
(Vicryl, Ethicon, Inc., Somerville, N.J.) and an outer 
layer of interrupted seromuscular 3-0 silk sutures. 

Postoperatively all dogs were closely monitored ac- 
cording to Institutional Animal Care and Use Com- 
mittee 0ACUC) guidelines. Any dog that exhibited 
signs of sepsis was immediately killed using a mixture 
of potassium chloride and pentobarbital given intra- 
venously. Dogs that recovered uneventfully were 

killed 10 days after resection and anastomosis. Au- 
topsy was performed immediately after the animals 
were killed in all cases. At the time the animals were 
killed each anastomosis was inspected in situ for evi- 
dence of anastomotic leaks. 

Analysis of Data 
EMG and fluorometry data were analyzed using 

both raw and indexed (normalized) measurements ac- 
cording to methodology described in detail else- 
where, s Because our chronic model consistently pro- 
duced necrosis in the center of the ischemic segment, 
indexing of the EMG was performed to account for 
the predictably lower level of myoelectric activity that 
is recorded in normal bowel located distal to an area 
of severe ischemic damage. 8,9 

All numeric data are expressed as mean values _+ 
standard error of the mean (SEM). Comparative sta- 
tistics were performed using chi-square analysis, two- 
tailed paired and unpaired Student's t tests, and two- 
way analysis of variance. 

R E S U L T S  

There were three deaths from anastomotic leaks in 
the chronic model and none in the acute model. All 
leaks were fatal and resulted from necrosis at the anas- 
tomotic site. There were no anastomotic leaks in ei- 
ther group when the EMG measurement at the re- 
section margin was ->60% of the EMG measurement 
in normal bowel. 

Comparison of  Exper imenta l  Models  

The  ischemic segments of all dogs contained re- 
gions of pink/viable bowel. Grossly gangrenous bowel 
was noted in all but 2 of the 20 dogs in the chronic is- 
chemia group. Conversely, none of the 12 dogs in the 
acute reperfusion group had visual evidence of irre- 
versible ischemia. Table I shows the viability assess- 
ment data obtained at the resection margin in the two 
models. Bowel color at the resection margin was sig- 
nificantly different between the two models. Dusky- 
appearing bowel in the reperfusion group became 
pink 5 to 10 minutes after the clamps were released. 
Bowel color in the chronic group did not change dur- 
ing the period of observation. In the chronic model 
Doppler signals were audible in the marginal artery 
at 17 of the 40 resection margins. Conversely, in the 
acute model Doppler signals were audible in the mar- 
ginal artery throughout the entire small bowel imme- 
diately after the vascular clamps were released. 

There were no differences in the EMG or fluo- 
rometry measurements obtained in normal bowel of 
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Table I. Comparison of methods of viability assessment in two experimental models 

Viability Chronic model Acute model 
parameters (n = 40) (n = 24) Difference 

Intestinal color 
Pink 9 20 X 2 = 21.0; P <0.0001" 

Dusky 28 4 
Blue 3 0 

Doppler signal in 
marginal artery 
Present 18 24 X 2 = 20.1; P <0.0001" 
Absent 22 0 

Indexed fluorometry 54 -+ 4 dfi 99 -+ 9 dfi P -<0.004t 
Indexed EMG 48 -+ 6 mV 49 + 5 mV P - 0.91t 

N = number of observations in each model (two resection margins per dog). Data are presented as mean + SEM. Data from the acute model were 
obtained immediately after reestablishment of arterial inflow. Mean EMG measurements in normal bowel were 97 -+ 18 mV and 95 + 11 mV in 
the chronic and acute groups, respectively, dfi = indexed dye fluorescence units; mV = millivolts. 
*Difference between models computed using chi-square analysis. 
tDifferenee between models computed using unpaired Student's t test. 
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Fig. 3. EMG measurements recorded at the resection margin of 
the acute reperfusion model. Time zero is immediately prior to 
release of the clamps. Subsequent measurements were obtained 
at 5-minute intervals and recorded as mean ___ SEM. * = signif- 
icant difference vs. time zero measurement by paired Student's t 
test. 

the acute vs. the chronic model. However, at the re- 
section margin the mean indexed fluorometry mea- 
surements of  dogs in the chronic model that survived 
were significantly less than the mean indexed mea- 
surements at the cut point of  survivors in the acute 
reperfusion group (Table I). Conversely, the mean in- 
dexed E M G  measurements obtained at the cut point 
of survivors in the acute model shortly after release of 
the clamps were no different from the corresponding 
measurements obtained at the resection margin from 
survivors in the chronic model. 

The  fluorometry measurements were less affected 
by reperfusion than the E M G  measurements. After 
release of  the clamps, fluorometry measurements in- 
creased rapidly to levels that often exceeded the mea- 
surements obtained in normal bowel. Conversely, 
E M G  measurements increased more slowly after 
reperfusion as shown in Fig. 3. Mean E M G  values at 

15 through 3 0 minutes after release were significantly 
greater than the 5- and 10-minute postrelease and 
prerelease measurements. 

D I S C U S S I O N  

Reperfusion injury is defined as the damage that 
occurs in tissue during the resumption of blood flow 
following an acute episode of ischemia. The  injury to 
tissue resulting from reperfusion is first evident in the 
tips of the mucosal villi and is caused by toxic metabo- 
lites such as oxygen free radicals. Conversely, ischemic 
injury is caused by tissue hypoxia. The  mucosal dam- 
age induced by reperfusion injury is usually reversible. 
Although the mucosa is particularly sensitive to reper- 
fusion injury, there is little histologic evidence of  sub- 
mucosal damage in the vast majority of  studies of in- 
testinal reperfusion injury. Several investigators have 
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suggested that the submucosal layer is protected from 
ischemic damage by a countercurrent exchange mech- 
anism that deprives the mucosa of oxygen during pe- 
riods of reduced blood flow. l~ 

There is a finite period of time during which tis- 
sue damage can occur as a direct consequence of 
reperfusion. It is generally acknowledged that at least 
15 minutes of ischemia is necessary to produce any 
tissue damage in the gut. 12'13 However, tissue damage 
following mesenteric occlusion exceeding 4 hours is 
usually a consequence of hypoxia rather than reper- 
fusion injury. 11"13 

There are conflicting data regarding the duration 
of ischemia that is necessary to produce irreversible 
damage in the bowel. These discrepancies are proba- 
bly due to differences in both the capability of vari- 
ous species to withstand intestinal ischemic injury and 
variations in methodologies used to induce ischemia. 
Although Robinson and Mirkovitch 14 induced exten- 
sive mucosal damage in dogs after only 60 minutes of 
mesenteric occlusion followed by reperfusion, histo- 
logic and metabolic studies performed in the same an- 
imals 24 hours later showed complete structural and 
functional recovery. Conversely, other investigators 
have shown that rat intestine is vulnerable to irre- 
versible ischemic injury after occlusion times of less 
than 90 minutes. 15-17 Administration of fluids and an- 
tibiotics may prolong the interval between the initial 
ischemic insult and transmural infarction. Amano et 
al. Is have shown that rat intestine will maintain its in- 
tegrity after 4 hours of total ischemia when the animal 
is supported systemically by intravenous fluids and an- 
tibiotics. However, ischemic times approaching 8 
hours usually resulted in transmural necrosis despite 
adequate hemodynamic support. In the present study 
liberal intraoperative administration of lactated 
Ringer's solution may have attenuated the magnitude 
of ischemic damage in the reperfusion group. 

The primary goal of these experiments was to com- 
pare several objective bowel viability assessment pa- 
rameters in two distinct models of intestinal ischemic 
disease. We were particularly interested in whether 
reperfusion injury could be detected by either the sur- 
face EMG or the two objective blood flow measure- 
ments. The reperfusion model used in our study was 
designed in an attempt to produce tissue damage ex- 
clusively from reperfusion rather than from hypoxic 
injury. The duration of occlusion (3 ~A hours) used in 
this model was based on results of experiments by Bo- 
ras et al. 19,2~ and Grogaard e t  al., 12 which showed that 
reperfusion injury in canine small bowel is consis- 
tently produced after 120 to 180 minutes of arterial 
occlusion. Conversely, our chronic model was de- 
signed to create a "steady state" of ischemic damage 
that would be typical of the pattern encountered by 

surgeons during emergency operations performed for 
intestinal ischemic disease. 

The data in Table I clearly show the difference in 
magnitude of ischemic changes produced by the two 
models used in these experiments. In the reperfusion 
model there were only subtle changes in bowel color. 
Doppler pulses returned in the marginal artery im- 
mediately after release of the occlusion clamps. How- 
ever, 3 ~A hours of ischemia resulted in a transient de- 
crease in intestinal myoelectric activity since mean 
EMG values during the first 10 minutes after reper- 
fusion were significantly lower than measurements 
obtained between 15 and 30 minutes after restoration 
of blood flow (see Fig. 3). These results suggest that 
the myenteric plexus is affected by reperfusion injury. 
Conversely, the fluorometry measurements increased 
to normal or supranormal levels immediately after re- 
lease of the clamps, suggesting that capillaries in the 
muscularis and serosa remained open throughout the 
period of ischemia. These results suggest that the 
quantified EMG may be a more sensitive indicator of 
the magnitude of ischemic damage than either 
Doppler ultrasonography or perfusion fluorometry. 
These observations also suggest that the duration of 
ischemia has a significant impact on objective blood 
flow measurements used for assessment of bowel via- 
bility. 

Although the experimental protocol was designed 
so that ischemic bowel was resected and anastomosed 
at the EMG measurement that most closely approxi- 
mated 50% of the measurement obtained in normal 
bowel, there were five cases in the reperfusion group 
in which the lowest indexed EMG value obtained 
throughout the entire length of ischemic bowel was 
>60 mV. Moreover, no bowel was actually resected in 
the reperfusion group because the EMG measure- 
ments invariably increased above the 50 mV threshold 
by 30 minutes after release of the clamps. The is- 
chemic insult caused by reperfusion did not adversely 
affect intestinal anastomotic healing since all of the 
anastomoses in this group were intact at the time the 
animals were killed. Clearly, the 3 ~A-hour occlusion 
time used in these experiments was insufficient to 
produce irreversible ischemic damage in canine small 
bowel. 

C O N C L U S I O N  

These experiments show significant differences in 
the degree of intestinal ischemic damage induced by 
24 hours of segmental mesenteric occlusion as com- 
pared to 3 ~ hours of ischemia followed by reperfu- 
sion. Although reperfusion injury did not result in ir- 
reversible intestinal ischemic damage in these experi- 
ments, reperfusion has a subclinical but measurable 
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effect on the submucosal neuromuscular plexus, 
which was detected by the ECM probe. Because ex- 
tensive mucosal damage does not consistently result 
in bowel infarction, measurements used in bowel via- 
bility assessment should probably be obtained from 
the serosal surface. This study also suggests that 
bowel survival may be an inappropriate end-point 
measurement of reperfusion injury in dogs. 
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Conversion of Proximal to Distal Gastric Bypass 
for Failed Gastric Bypass for Superobesity 

Harvey J. Sugerman, M.D., John M. Kellum, M.D., Eric J. DeMaria, M.D. 

The purpose of this study was to analyze outcome following malabsorptive distal gastric bypass (D-GBP) 
in superobese patients who were reoperated for recurrent obesity comorbidity after a failed standard gas- 
tric bypass (S-GBP). Twenty-seven formerly superobese patients with a failed S-GBP converted to a D- 
GBP were studied. The small bowel was anastomosed 250 cm from the ileocecal valve to the discon- 
nected Roux limb; the bypassed small intestine was connected to the ileum 50 cm from the ileocecal valve 
in five patients between 1985 and 1986 and 150 em from the ileocecal valve in 22 patients thereafter. 
Comorbidity was reassessed yearly following conversion to D-GBP. Malnutrition occurred in all five pa- 
tients with a 50 cm "common tract"; all required further revision and two died of hepatic failure. Three 
of 22 patients with a 150 cm common tract were reoperated with bowel lengthening because of malnu- 
trition. Initial body mass index was 57 --- 2 kg/m 2 and fell from 46 --- 2 kg/m 2 before revision to 37 --+ 2 
kg/m 2 at 1 year and 32 --- 2 kg/m 2 at 5 years after revision; the percentage of excess weight lost went 
from 30 --- 4% to 61 - 4% at 1 year and 69 --+ 5% at 5 years after revision. Preoperative comorbidity in 
patients undergoing revision included 14 with insulin-dependent type II diabetes mellitus, 11 with sleep 
apnea, 14 with hypoventilation, 13 with hypertension, and two with venous stasis ulcers. Obesity co- 
morbidity was corrected within 1 year in all but two patients with hypertension and remained stable in all 
patients followed for 5 years. Revision of a failed S-GBP to a 150 cm common tract D-GBP corrects 
failed weight loss and severe obesity comorbidity but requires nutritional support to prevent protein- 
calorie malnutrition, iron and fat-soluble vitamin deficiencies, and further revision in some patients to 
correct malnutrition. A 50 cm common tract has an unacceptable morbidity and mortality. (J GAS-" 
TROrNTEST SURG 1997; 1 : 517- 525.) 

A standard gastric bypass (S-GBP)  with a 45 cm 
Roux limb, a 15 ml gastric pouch, and a 1 cm gastro- 
je junostomy has been found to produce a significantly 
greater weight  loss than a banded gastroplasty in both  
randomized prospective studies 1-4 and retrospective 
studies, s T h e  S -GBP provides the loss of  66% excess 
weight (%EVCL), defined as the loss of  weight in ex- 
cess of  ideal b o d y  weight  (IBVq) according to the  
1983 Metropol i tan  Life Insurance tables, 6 at 2 years, 
60% at 5 years, and 50% at 10 years after surgery. 7-9 
However ,  in 15 % of  patients this procedure  will fail 
through inadequate weight loss or  weight regain from 
the excessive ingestion of  high-fat "junk" foods, which 
crumble  and pass through the s toma wi thout  resis- 
tance, or  th rough  the loss of  or  failure to develop 
symptoms of  dumping syndrome with the ingestion 
of  high-calorie liquids and sweets, the so-called "soft" 

calories. I-5,7-11 This  is associated with inadequate con- 
trol or recurrence of  preoperative obesi ty comorbid  
conditions such as severe hypertension, diabetes, hy- 
poventi la t ion,  sleep apnea, or  venous  stasis ulcers. 
Restapling a disrupted staple line will often produce a 
return to the patient's previous weight  loss curve; this 
can usually be detected by the history of  a marked in- 
crease in the ability to eat high-fiber foods and an up- 
per  gastrointestinal radiographic series demonstrat -  
ing early filling of  the distal bypassed stomach with 
contrast  material. Revision of  a dilated stoma is al- 
most  always unsuccessful. 12 

It seemed reasonable to evaluate a more  aggressive 
approach using a malabsorption procedure that might 
be warranted in particularly severe cases. We  chose to 
use a modification of  the partial biliopancreatic by- 
pass procedure,  which differed from the original op- 
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eration proposed by Scopinaro et al. 13 in that it in- 
volved a small 30 ml gastric pouch without resection 
of the distal stomach and a 150 cm "common absorp- 
tive limb," we have termed this procedure distal gas- 
tric bypass (D-GBP). The  Scopinaro partial biliopan- 
creatic bypass involves the creation of a 200 ml gastric 
pouch in superobese patients and a 400 ml pouch in 
those who are not superobese, with resection of the 
distal stomach. The  small bowel is transected 250 cm 
from the ileocecal valve and the distal end is anasto- 
mosed to the stomach pouch. T h e  bypassed small 
bowel (the so-called "biliopancreatic limb") is 200 to 
400 cm in length and is anastomosed to the ileum 
50 cm from the ileocecal valve, creating a 200 cm 
"alimentary limb" through which food passes with 
little absorption and a 50 cm "common limb" where 
bile and pancreatic juices permit  digestion and nutri- 
ent absorption. 

When  we performed the D-GBP procedure with 
a 200 ml gastric pouch and a 50 cm common limb in 
superobese (body mass index [BMI] ->50 kg /m 2) 
American patients who ate large quantities of high-fat 
junk food, a large percentage of them developed se- 
vere protein-calorie malnutrition and fat-soluble vit- 
amin deficiencies. 14 We then conducted a randomized 
prospective trial of S-GBP vs. D-GBP with a small 30 
ml gastric pouch in superobese patients where the by- 
passed small bowel was connected to the ileum 150 
cm from the ileocecal valve, creating a 100 cm ali- 
mentary limb, a 200 to 300 cm biliopancreatic limb, 
and a 150 cm common limb. 15 The  D-GBP was asso- 
ciated with a significantly greater weight loss than the 
S-GBP at 2 to 4 years after surgery (Table I) but re- 
quired lengthening of the common  tract in 25% of 
patients because of protein-calorie malnutrition, fat- 
soluble vitamin deficiency, and hypocalcemia with os- 

teoporosis. Two D-GBP patients have required 
monthly intramuscular injections of 50,000 IU vita- 
min D and six 600 mg calcium tablets per day for the 
treatment of severe osteoporosis associated with bone 
pain. Three  patients have required in termit tent  
courses of metronidazole (250 mg twice a day) to treat 
symptoms of bacterial overgrowth (fever, diarrhea, 
malaise) in the "biliopancreatic tract." We have been 
unable to identify determinants (age, sex, preopera- 
tive weight, or eating habits) of unfavorable clinical 
outcomes after D-GBP. 

Although we recognized the potential problems as- 
sociated with D-GBP, we initially thought  it was ap- 
propriate to use a 50 cm common absorptive intesti- 
nal tract in superobese patients in whom S-GBP had 
failed, based on the data from the Italian experience 
with partial biliopancreatic diversion. 13 Because most 
of the patients with a 50 cm common tract developed 
severe malnutrition and fat-soluble vitamin deficien- 
cies, we thought  it reasonable to convert superobese 
patients with a failed S-GBP without staple line dis- 
ruption, and severe obesity comorbidity, to a less mal- 
absorptive 150 cm common  tract D-GBP when no 
other treatment has proved effective, recognizing that 
there would still be a risk of protein-calorie malnutri- 
tion, fat-soluble vitamin deficiencies, and osteoporo- 
sis. This  decision was based on data from our ran- 
domized prospective trial of S-GBP vs. 150 cm D- 
GBP for superobesity. 15 

M E T H O D S  

Superobese patients with a BMI of 50 k g / m  2 o r  

greater were considered to have a failed S-GBP if they 
had lost less than 40% of their excess weight at 3 or 
more  years after surgery and if the procedure had 

Table I. Weight loss in S-GBP vs. D-GBP: A randomized prospective trial 

S - G B P  D - G B P  S-GBP D - G B P  S-GBP D - G B P  
Preop Preop 2 yr  2 yr  4 yr  4 yr  

N o .  o f  pa t ients  26 27 25 15" 21 12~ 
W e i g h t ( p o u n d s )  361 + 11 379 -+ 10 225 -+ 8 201 _+ 11 242 +- 11 212 _+ 16~ 
W e i g h t  loss (pounds)  - -  - -  133 • 10 174 +_ 9 111 - 11 163 ___ 135 
% W L  - -  - -  36 • 2 44 +_ 3 31 -+ 3 44  +_ 3 ,  
% E W L  - -  - -  60 • 3 75 -+ 4~ 51 -+ 5 70 _+ 5~ 
% I B W  262 _+ 5 272 _+ 10 164-+ 6 145 _+ 8 ,  177 • 7 152 _+ 11 ,  
B M I  (kg /m 2) 59 -+ 1 61 + 1 37 -- 1 32 + 2qt 40 • 2 35 • 3qt 

S-GBP = standard gastric bypass; D-GBP = distal gastric bypass; BMI = body mass index; % W L  = percentage weight loss; % E W L  = percentage 
excess weight loss; %IBW = percentage ideal body weight. 
*One S-GBP patient was lost to follow-up; seven D-GBP patients required conversion to S-GBP because of  protein-calorie malnutrition and 
five were lost to follow-up. 
tAn additional four S-GBP and three D-GBP patients were lost to follow-up. 
~P <0.01 D-GBP vs. S-GBP. 
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failed to correct, or patients had a recurrence of their 
original severe (sleep apnea, hypoventilation, diabetes, 
or hypertension difficult to control with medication) 
preoperative comorbidity. They  were also considered 
for revisional surgery if they were regaining weight 
despite intensive dietary counseling and they had se- 
vere obesity comorbidity that could be predicted to 
recur if they continued to gain weight. Twenty-seven 
patients were offered conversion of a D-GBP after a 
thorough discussion of the risks and benefits of the 
procedure based on data from the randomized 
prospective trial. The  operation (Fig. 1) consisted of 
transection of the Roux limb at the jejunojejunostomy 
using a GIA-60 stapler (Autosuture, U.S. Surgical 
Corp., Norwalk, Conn.) with 2.5 m m  staples (white 
cartridge). The  small bowel was then transected 250 
cm from the ileocecal valve using another GIA-60 sta- 
pler and anastomosed to the Roux limb as a functional 
end-to-end anastomosis, using a side-to-side anasto- 
mosis with a third GIA-60 application and a PI-55 
horizontal stapler (U.S. Surgical Corp.) with 
medium-sized (3.5 mm) staples (blue cartridge). The  
bypassed small bowel was then anastomosed to the 
ileum 50 cm from the ileocecal valve in five patients 
between June 1986 and July 1988, creating a 50 cm 
common tract. Because of the development of severe 
protein-calorie malnutrit ion in all five patients with 
the 50 cm common tract, this operation was discon- 
tinued. Subsequently the ileum was transected at 250 

f ig .  1. Schematic of conversion of  S-GBP to 150 cm D-GBE 
Distal small bowel transected 250 cm from the ileocecal valve 
and proximal end anastomosed to the disconnected 45 cm 
Roux limb. Bypassed small bowel, or "biliopancreatic limb," 
anastomosed to the ileum at 150 cm from the ileocecal valve. 
This creates a 145 cm "alimentary limb," a 150 cm "common 
limb," and a 250 to 400 cm "biliopancreatic limb." 

cm from the ileocecal valve and the bypassed small 
bowel was anastomosed to the ileum at 150 cm from 
the ileocecal valve in 22 patients, creating a 150 cm 
common tract, a 145 cm alimentary tract, and a by- 
passed biliary tract, which was between 200 and 400 
cm (not measured in most  patients). Five of these 22 
patients had a previous failed horizontal gastroplasty 
prior to their S-GBP. All patients had an upper gas- 
trointestinal radiographic examination prior to revi- 
sional surgery to rule out gastric staple line disrup- 
tion~ 

In these 27 patients, severe obesity comorbidity in- 
cluded type II diabetes, sleep apnea, hypoventilation, 
venous stasis ulcers, and hypertension. All patients 
with type II diabetes were taking 20 or more units of 
insulin per day. Hypovent i la t ion was defined as a 
PaO2 of 55 m m  H or less and/or a PaCO2 of 47 m m  
Hg  or more. Room air arterial blood gases were ob- 
tained before S-GBP and before revisional D-GBP, 
as well as I year following conversion to D-GBP in 
all patients with clinically obvious shortness of breath. 
All patients with symptoms of sleep apnea (restless 
sleep, severe snoring, multiple episodes of awakening, 
daytime somnolence) underwent sleep polysomnog- 
raphy and the sleep apnea index (No. of apneas + No. 
of hypopneas/hour  of sleep) was found to be 20 or 
more (moderate to severe sleep apnea) prior to both 
their original and prerevisional gastric bypasses. The  
presence of sleep apnea was based on the continued 
need for treatment with either nasal continuous pos- 
itive airway pressure (CPAP) or tracheostomy. Pa- 
tients with hypertension had to be taking at least one 
antihypertensive medication not including a diuretic. 
T h e  diagnosis of venous stasis ulcers required the 
presence of a nonhealing pretibial ulcer despite the 
use of rigid medicated compression boots or split- 
thickness skin grafts. 

All patients who underwent the procedure were ad- 
vised to take a multivitamin, three 500 mg calcium 
tablets or extra-strength T U M S ,  500 ixg of vitamin 
B12, 10,000 units of vitamin A, 400 units of vitamin 
D, and 400 units of vitamin E daily. If  hypoprotein- 
emia (albumin -<3 gm/dl) developed, they were also 
advised to take three noncoated pancreatic enzymes 
(Viokase or pancrealipase, not  Pancrease) three times 
a day with meals. All menstruating women were ad- 
vised to take one 325 mg iron tablet daily unless they 
developed chemical evidence of iron deficiency ane- 
mia, in which case they were asked to increase their 
oral iron medication to three tablets daily. Laboratory 
tests to determine values for sodium, potassium, chlo- 
ride, carbon dioxide, iron, calcium, magnesium, blood 
urea nitrogen, creatinine, bilirubin, alkaline phos- 
phatase, oxaloacetic acid and glucose-pyruvate trans- 
ferases, hemoglobin, hematocrit, vitamin B12, and fat- 
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soluble vitamins were performed at 6 months, 1 year, 
18 months, and yearly thereafter after revision to D- 
GBP. Patients were contacted regarding abnormal val- 
ues and advised 'to alter their medication supplements 
accordingly. Patients with low levels of calcium, iron, 
hemoglobin, albumin, or fat-soluble vitamins were 
seen at 3-month intervals until these values returned 
to normal. Patients who had a persistently low serum 
albumin level that could not be corrected by dietary 
manipulation (high-protein supplements such as 
Ensure-Plus, Sustacal, or Carnation Liquid Breakfast) 
and oral pancreatic enzymes (three with each meal 
three times a day and two with snacks twice a day) or 
who did not comply with dietary recommendations 
were converted to a less malabsorptive procedure by 
adding length to the common tract. Early and late 
postoperative complications were compiled by re- 
viewing the outpatient charts. 

BMI, %EWL, and %IBWwere determined for all 
patients before S-GBP, before conversion to D-GBP, 
and yearly thereafter. Data are expressed as means _+ 
standard error of the mean and were analyzed by 
paired Student's t test with Fischer's exact modifica- 
tion and analysis of variance when appropriate; P 
<0.05 was considered significant. 

R E S U L T S  

Conversion from a failed S-GBP to D-GBP was 
performed in 27 (2.2%) of 1231 patients who had un- 

dergone a S-GBP, or 5.6% of 485 superobese patients 
who underwent S-GBP from 1981 through 1994. 
The  time between S-GBP and conversion ranged 
from 2 to 12 years (mean 5.6 _+ 0.6 years). Average 
preoperative weight before the initial GBP in these 
27 patients was 367 _+ 13 pounds, BMI 57 -+ 2 kg/m 2, 
and %IBW 264 _+ 11 (Table II). At the time of con- 
version, in these same patients BMI was 46 + 2 kg/m 2 
and %IBW 201 _+ 7, which is consistent with morbid 
obesity. They weighed 296 -+ 10 pounds and their % 
E W L  was only 30 ___ 4. One or more serious comor- 
bidity factors were present in each of them (Table III). 
Nineteen (70%) of these patients were women and 
eight (30%) were men in contrast to 18% of the 1231 
S-GBP patients or 22% of the 485 superobese S-GBP 
patients who were male; 14 (52%) were black and 
13 (48%) were white as compared to 28% of the over- 
all S-GBP population and 39% of our superobese 
S-GBP patients who were black. 

One year after conversion to D-GBP, the average 
BMI of 25 patients (2 were lost to follow-up) was 37 
_+ 2 kg/m 2, % E W L  was 61 _+ 4, and %IBWwas 162 
-+ 7 (see Table II). The  weight loss remained rela- 
tively stable after conversion in 10 of the 12 patients 
who had the operation five or more years who were 
available for follow-up. Obesity comorbidity had re- 
solved in all except two patients who had persistent 
hypertension (see Table III). No patients with an in- 
tact D-GBP have regained more than 5% of their 
lowest weight up to 9 years after conversion. 

Table II. Weight loss following conversion from S-GBP to D-GBP 

Weight BMI 
No. (pounds) (kg/m 2) %EWL %IBW 

Before S-GBP 27 367 + 13 57 + 2 --  264 • 11 
Before D-GBP 27 296 • 10" 46 -+ 2* 30 - 4 201 + 7* 
1 year after 25/27 232 _+ 9t 37 -+ 2t 61 +_ 4~ 162 - 7t 
3 yr after 13/16 216 -+ 15t 35 -+ 2t 67 -+ 5t 152 _+ 10t 
5 yr after 11/12 211 --- 14t 33 + 2t 69 -+ 5t 144 -+ 7t 

S-GBP = standard gastric bypass; D-GBP = distal gastric bypass; BMI = body mass index; %EWL = percentage excess weight loss; %IBW = 
percentage ideal body weight. 
*P <0.01 S-GBP compared to preoperative values. 
tP <0.01 D-GBP vs. S-GBP. 

Table III. Obesity comorbidity before and after conversion to D-GBP 

Before S-GBP Before D - G B P  1 yr after D - G B P  

Type II diabetes mellitus 14 6 0 
Sleep apnea 11 7 0 
Hypoventilation 14 5 0 
Hypertension 13 11 2 
Venous stasis 2 2 0 
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All five patients who had a 50 cm common tract de- 
veloped severe protein-calorie malnutrition that was 
refractory to high-protein liquid supplements as well 
as non-enteric-coated pancreatic enzymes. They were 
given total parenteral nutrition (TPN),  which tran- 
siently corrected their malnutrition; malnutrition re- 
curred, however, following discontinuation of T P N .  
After another course of  T P N ,  these patients were 
converted to a less malabsorptive procedure by mov- 
ing the entero-enterostomy and extending the com- 
mon tract to 150 cm in three patients, 200 cm in one 
patient, and 250 cm in the remaining two patients. 
Two of these patients died of  hepatic failure 1 to 
3 years after their second revision despite T P N  and 
aggressive medical management. These  deaths oc- 
curred prior to our ability to provide liver transplan- 
tation. Twenty-two patients underwent revisional D- 
GBP with a 150 cm common tract; two of them sub- 
sequendy required revision to a "long-limb" gastric 
bypassl6 because of refractory protein-calorie malnu- 
trition and one other patient underwent revision to a 
250 cm common tract. The  three patients who un- 
derwent further revision were given T P N  to correct 
their malnourished state prior to revision. One patient 
had a gastrostomy tube placed percutaneously under 
fluoroscopic guidance into her bypassed stomach for 
supplemental enteral nutrition to correct protein- 
calorie malnutrition, which developed shortly after 
she underwent conversion to a 150 cm D-GBP. The 
supplemental feedings were able to be discontinued 
1 year after conversion and the feeding tube was re- 
moved. 

Laboratory data at the most recent follow-up 
(within the past 12 months in all but two patients) 
were frequently abnormal despite micronutrient sup- 
plementation. All patients had a least one abnormal 
laboratory value at some time following conversion. 
Hemoglobin was less than 11 g/dl in 21% with hemat- 
ocrit less than 30% in 7% of patients. Several of these 
patients had normal serum iron and vitamin B12 levels 
suggesting an anemia of chronic disease. Albumin was 
less than 3.6 g/dl in 56% and less than 3.0 g/dl in 12% 
of patients; 23 % had hypocalcemia after correction 
for hypoalbuminemia, 63 % had decreased vitamin D- 
25, and 38% had vitamin E-alpha. Two patients de- 
veloped intermittent symptoms of bacterial over- 
growth in the bypassed intestine (increased diarrhea, 
fever, and malaise), which responded to repetitive 2- 
week courses of  metronidazole (250 mg per orem 
twice a day). 

Early postoperative complications included one 
wound seroma, one wound hematoma, one wound in- 
fection, two intra-abdominal abscesses, four small 
bowel obstructions requiring laparotomy and adhesi- 
olysis, two staple line disruptions, and two anasto- 
motic ulcers. Late complications included 12 inci- 

sional herniorrhaphies and two anal fissures secondary 
to frequent diarrhea. Eight of  the 27 patients had a 
prior cholecystectomy before revision to a D-GBP; 
seven underwent cholecystectomy at the time of re- 
vision and six after revision secondary to the develop- 
ment of cholecystitis, leaving only 6 of the 27 patients 
who did not undergo cholecystectomy. The potential 
benefits of conversion to D-GBP are exemplified by 
the following case report. 

Case Report 
A 28-year-old black operating room transportation em- 

ployee suffered from severe hypertension (blood pressure 
190/120 mm Hg), while taking clonidine, and type II dia- 
betes mellitus, for which he was taking 15 units of regular 
insulin and 64 units of NPH insulin every morning and 64 
units of NPH insulin at night. He had severe obstructive 
sleep apnea with a sleep apnea index of 57, for which he re- 
quired nocturnal nasal CPAP. He was 67 inches tall and 
weighed 428 pounds, with a BMI of 67 kg/m 2 and 286% 
IBW; he underwent a S-GBP on February 22, 1988. At 1 
year after surgery he had lost 146 pounds which was 58% 
EWL, reaching a BMI of 44 kg/m 2 and 188% IBW. At that 
time his sleep apnea had resolved clinically, he no longer 
required insulin or other hypoglycemic medications to 
maintain his blood sugar under 150 mg/dl or any medica- 
tion to control his blood pressure, which was 168/89 mm 
Hg. 

Unfortunately he began to regain weight during the 
second year. Dietary evaluation revealed that he was in- 
gesting approximately 2250 calories/day, 25 % of which 
was in the form of high-fat foods such as potato chips, 
corn chips, popcorn, bacon, sausage, and biscuits. Despite 
attempts at behavioral modification under the guidance of 
a dietician, he continued to gain weight. An upper gas- 
trointestinal study revealed an intact gastric staple line and 
approximately 1 cm gastrojejunal stoma. At 4 years after 
his S-GBP, his weight had increased from 282 to 330 
pounds with a BMI of 52 kg/m 2 and 252% IBW. He re- 
developed severe hypertension (blood pressure 192/117 
mm Hg), which was refractory to medication (50 mg 
metoprolol and two I0 to 25 mg enalapril tablets daily) 
and associated with an increase in blood urea nitrogen to 
25 mg/dl and creatinine to 2.6 mg/dl, as well as recurrence 
of type I1 diabetes mellitus, which necessitated 35 units of 
NPH insulin every morning for control of his hyper- 
glycemia. After discussing the risks and benefits of the 
malabsorptive procedure, his S-GBP was converted to a 
150 cm D-GBP. One year later, he had lost 78 pounds or 
63% EWL after the surgical revision, reaching a BMI of 
39 kg/m 2, which corresponded to 168% IBW. Four years 
after his conversion to a D-GBP, he weighed 222 pounds, 
which was 148% IBW, and his BMI was 35 kg/m 2 for a 
71% EWL. He no longer requires nasal CPAP for the 
control of sleep apnea symptoms nor does he require any 
hypoglycemic agents to maintain his blood glucose below 
150 mg/dl or medication for control of blood pressure, 
which is currently 154/80 mm Hg. Because of mild hy- 
poalbuminemia (3.0 g/dl) he has to take pancreatic en- 
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zymes, which have raised his albumin to 3.2 g/dl. He also 
takes fat-soluble vitamins, vitamin B~2, and calcium with 
normal annual vitamin A, D, E, B,z, and calcium levels. 

D I S C U S S I O N  

Previous studies have shown that a significantly 
greater weight loss is achieved with S-GBP than with 
banded gastroplasty. 1-s,l~ Most  patients who un- 
dergo a gastric bypass find that they lose their desire 
to eat high-density carbohydrates or develop persis- 
tent dumping syndrome symptoms with their inges- 
tion. 1-s,1~ Unfortunately, S-GBP will fail in approx- 
imately 15 % of these patients, primarily because of 
ingestion of excessive quantities of high-fat foods, 
which crumble easily and pass through the stoma 
without providing a feeling of satiety. 1~ Even if the 
stoma is found to be dilated on upper gastrointestinal 
radiography, revision of the stoma has not been asso- 
ciated with resumption of significant weight loss. 12 
Revision of a failed S-GBP secondary to a disrupted 
staple line 17 or conversion of a failed vertical banded 
gastroplasty to a S-GBP Is can be performed with low 
morbidity and mortality. The  current study evaluated 
conversion of superobese patients (BMI ->50 kg/m 2) 
in whom S-GBP had failed and who had redeveloped 
obesity comorbidity in the absence of staple line dis- 
ruption to a malabsorptive D-GBP. This  represented 
approximately 2% of our S-GBP patients and was 
therefore restricted to a small percentage of those pa- 
tients in whom S-GBP had failed. Revision to D-GBP 
was performed in a higher percentage of males (30%) 
than our overall S-GBP population (18%) or super- 
obese S-GBP patients (22%), but these differences 
were not significant. There  were more black patients 
who underwent  conversion to D-GBP (52%) than 
our total S-GBP group (28%; P <0.02) or superobese 
S-GBP patients (39%). 

The  data in this study demonstrated that a 50 cm 
common tract in which the food from the alimentary 
tract meets the bile and pancreatic juices from the bil- 
iary tract is much too short and is associated with an 
unacceptable incidence of protein-calorie malnutri- 
tion. Most patients did well with a 150 cm common 
tract, although three patients still required revision to 
a longer common tract because of malnutrition. In a 
previous randomized prospective trial in which su- 
perobese patients underwent a 150 cm D-GBP with a 
small gastric pouch and stoma, 25% developed severe 
protein-calorie malnutrition and required operative 
revision. ~5 It was not possible to differentiate between 
patients who did poorly in this randomized study and 
the majority who did well when the data were retro- 
spectively analyzed with regard to age, sex, preopera- 

tire weight, or eating habits. Based on the currently 
available data, it still is not possible to predict who will 
do well and who will develop nutritional problems 
following conversion to the malabsorptive procedure. 
It is also not possible to predict the length of common 
tract needed to maintain adequate protein and fat- 
soluble vitamin absorption. 

The  D-GBP is a fat malabsorptive operation that is 
invariably associated with foul-smelling stools that 
float. It is mandatory that these patients take supple- 
mental fat-soluble vitamins and calcium to prevent 
night blindness and osteoporosis and that these lev- 
els, as well as the serum albumin level, be evaluated 
at least once a year. If abnormalities are noted, cor- 
rection with additional supplements (e.g., fat-soluble 
vitamins, calcium, magnesium) are necessary with 
reevaluation on a quarterly basis until these values re- 
turn to normal. Mild protein-calorie malnutrition will 
require protein supplements and oral non-enter ic-  
coated pancreatic enzymes to improve absorption. Pa- 
tients can develop symptoms of bacterial overgrowth 
(i.e., diarrhea, fever, malaise) as a result of the over- 
growth of bacteria in their bypassed intestine (the bil- 
iary tract); the incidence of this appears to be much 
lower than in the previous jejunoileal intestinal bypass 
operation, as there is still bile and pancreatic juice 
flowing through this limb. In termi t ten t  courses of 
metronidazole, 250 mg per orem twice a day, are usu- 
ally effective. The  additional tests, supplements, and 
antibiotics can be costly. Occasionally patients who 
undergo this radical procedure fail to return for fol- 
low-up, which can lead to serious medical problems 
necessitating rehospitalization for intravenous nutri- 
tion and further surgical revision. 

In another recent report, 80 patients with an aver- 
age BMI of 40 k g / m  2 prior to obesity surgery under- 
went conversion to a i00 cm D-GBP for failed weight 
loss following various bariatric surgical procedures 
(i.e., gastroplasty, gastric banding, gastric bypass). 
Protein-calorie malnutrition developed in 28 patients 
(35%), one of whom died of malnutrit ion. 19 Other  
major problems in this study included iron deficiency 
anemia (35%), intractable diarrhea (18%), and pro- 
longed, frequent vomit ing (4%). The  authors con- 
cluded that the success of the procedure depended on 
patient compliance with proper  nutri t ion, supple- 
ments, and regular follow-up with laboratory moni- 
toring. However, the nutrient supplements, office vis- 
its, and laboratory tests can be very expensive and 
patients may not be able to afford to be compliant. It 
is probable that a 100 cm D-GBP is too radical a pro- 
cedure for patients who are not superobese. 

All of the patients in this study who underwent  
conversion of D-GBP were superobese and had asso- 
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ciated severe obesity comorbidity. At this time there is 
no other effective treatment. Obesity hypoventilation 
syndrome, severe hypertension, and diabetes are life- 
threatening conditions. Chronic venous stasis ulcers 
that fail to heal with the use of skin grafts, medicated 
rigid compression boots, and elevation are severely 
disabling. Although sleep apnea responds to tra- 
cheostomy or nasal CPAP, both are unpleasant and 
the latter is often unused. The  additional weight loss 
that occurred with conversion to D-GBP was associ- 
ated with resolution of severe obesity comorbidity in 
almost all of these patients. These  patients were all 
superobese and had failed a S-GBP with a 45 cm 
Roux limb. It is possible that the long-limb gastric by- 
pass with a 150 cm Roux limb, 16 which we are cur- 
rently using for superobese patients, will have better 
long-term efficacy, obviating the need to convert as 
many patients to the malabsorptive D-GBP. Long-  
term results of this procedure are not yet available. 

T h e  D-GBP procedure differs from partial bil- 
iopancreatic bypass in that it involves a much smaller 
gastric pouch than the operation devised by the Italian 
group, 13 and it is performed without a gastrectomy. In 
a previous study we found that the partial biliopancre- 
atic bypass for superobese patients with a 200 ml gas- 
tric pouch and a 50 cm common tract was associated 
with an unacceptably high incidence of protein-calorie 
malnutrition, fat-soluble vitamin deficiencies, and os- 
teoporosis, t4 A high incidence of these complications 
has been reported by other  investigators from the 
United States, 19-22 in contrast to studies from Italy) 3 
Severely obese Americans consume a diet that is much 
higher in fat compared to Italians whose diet has a 
high starch content; therefore Americans may have 
more steatorrhea producing severe fat-soluble vitamin, 
calcium, and protein deficiencies with a radical fat real- 
absorptive procedure. In our opinion, a D-GBP with a 
50 cm common tract should not  be used at all in se- 
verely obese American patients and a 150 cm common 
tract should be considered only for patients who are 
superobese and who also have severe comorbidity. It 
is possible that an even longer common limb of 200 to 
250 cm may be used to reduce the risk of protein- 
calorie malnutrition, steatorrhea, and associated cal- 
cium and fat-soluble vitamin deficiencies. It is also 
possible that a long biliopancreatic limb might obvi- 
ate the problems associated with malnutrition but may 
again be associated with an inadequate weight loss. 

C O N C L U S I O N  

Superobese patients who have a failed S-GBP and 
who also have severe comorbidity should be consid- 
ered candidates for conversion to a D-GBP with a 150 

cm common  limb, as the problems associated with 
obesity comorbidity are almost uniformly reversible 
with weight loss. T h e  operation is potentially dan- 
gerous, mandates long-term follow-up, and is entirely 
dependent on the willingness and ability of the patient 
to adhere to follow-up monitoring and treatment. It 
may require further conversion to a less malabsorp- 
five procedure. A 50 cm common limb has an unac- 
ceptable morbidity and mortality in our population. 
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Discussion 
Dr. J.G. Kral (Brooklyn, N.Y.). This  repor t  demon-  

strates that we are recovering from the backlash that fol- 
lowed the mismanagement  of  patients undergoing intesti- 
nal bypass, when for many years nobody considered per-  
forming malabsorptive operations. The  perspective is the 
realization that we are dealing with a disease that has all the 
hallmarks of  malignancy not only is there hyperplasia of  
tissue, but there is an odds ratio of  mortality between two- 
and 37-fold for conditions such as sudden death, hormonal 
and nutritional cancer, diabetes, and stroke. This report de- 
scribes a staged approach to this virtually malignant disease, 
which is quite logical. 

My questions are based on two of the soft points in this 
repor t - - tha t  is, the criteria for progressing to reoperation 
using a more aggressive procedure in cases where there is 
no manifest recurrence of serious comorbidity. There  is rro 
question that patients with recurrence of  any serious co- 
morbid conditions need more aggressive operations with a 
staged strategy. Wha t  are your criteria for patients who did 
not have any recurrence of severe mortality-inducing com- 
plications of  their obesity. 

You mention that laboratory test results were obtained 
"when possible." I think it is ethically imperative for sur- 
geons involved in this type of surgery to do everything to 
guarantee follow-up. Such factors as the patient's inability 
to pay for laboratory tests or the prescribed medications 
pose a serious ethical dilemma in the management  of  these 
often poor patients. How do you select your patients? Did 
you analyze whether sex is of  any importance in the likeli- 
hood of requiring aggressive reoperation? 

D~. H. Sugerman. There  were more male than female 
patients who needed reoperation, but in terms of the ones 
who had complications following the distal bypass, we 
could find no clues relating to sex, weight, preoperat ive 
weight, and so forth. Regarding the decision as to when to 
reoperate, they all had to have severe comorbidity at one 
time or another. If  they were rapidly regaining weight and 
there appeared to be no sign that this was going to stop, 
then even though their comorbidity had not yet recurred, 
we thought  it was appropriate to proceed with revisional 
surgery. 

Dr. K. MacDonald (Greenville, N.C.). This  concept is 
intriguing to all of  us who perform this type of surgery, as 
we are all plagmed by what to do for those patients who fail 
to lose weight. Certainly we do not have very good luck 
with revised gastrojejunostomies and sometimes even staple 
line breakdown occurs. As the superobese patients fre- 
quently fail to lose the weight considered acceptable in 

terms of reduced health risks, would you recommend this 
type of  operation as a primary procedure for those super- 
obese patients? 

Dr. Sugerman. T h e  answer to the latter question is no. 
I think it is a very high-risk procedure and I do not think it 
should be done as a primary operation. Many people be- 
lieve that if the patient has not done well after a gastroplasty 
or gastric bypass, it is the patient's own fault and that is all 
these people are willing to do for them. It  has been our be- 
lief and policy that if patients have significant medical prob- 
lems related to their obesity, and they have not lost a sig- 
nificant amount of  weight, then we would perform the pro- 
cedure to treat comorbidity or prevent its recurrence, but 
only under those circumstances. This  is a very radical op- 
eration with some significant problems. 

We have had two patients lost to follow-up. We know 
where they are, but we have not been able to get them to 
return for laboratory studies. Whether  this is an economic 
consideration, we do not really know. Obviously the hospi- 
tal charges them for their laboratory tests. I think it is ob- 
vious that  the surgeons performing these malabsorptive 
procedures have a very serious follow-up problem. 

Dr. R. Brolin (New Brunswick, N.J.). Regarding the 
two patients who developed liver failure. Did you perform 
liver biopsies at any point in time in any of  these patients? 
Did either of  the two patients who died have evidence of 
preexisting liver disease at any time prior to the revisional 
procedure? 

I wonder if you considered the use of  parenteral hyper- 
alimentation as a treatment adjunct prior to surgical revi- 
sion in some of  these cases. Certainly that has been de- 
scribed by the Italian investigators and others in the treat- 
ment  of  the protein-calorie malnutri t ion associated with 
this particular operation. 

I have had some experience with a similar procedure,  
both as a revision procedure and as a primary operation for 
superobese patients. Wha t  I have found is that the anemia 
that is seen in conjunction with these distal gastric bypasses 
or biliopancreatic-like procedures tends to be a normocytic, 
normochromic  anemia, and is not associated with either 
iron deficiency or BI2 deficiency. I wonder if your experi- 
ence in that regard is similar. 

I would like you to comment  on the dietary evaluations 
that are performed in these patients at the t ime you see 
them postoperatively. As I suspect you know, Scopinaro's 
group reports the so-called postcibal effect where the calo- 
rie intake during the first year after their procedure is sub- 
stantially reduced in comparison with both the preopera- 
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five intake and the intake after the first year. They attribute 
this to many of the metabolic complications that are seen 
with these procedures. 

I would like your opinion regarding a group of patients 
who simply are not candidates for revision. Your emphasis 
on follow-up with this type of operation is exceedingly im- 
portant, and in my opinion there is a group of patients who, 
for a variety of reasons, when they fail a primary procedure 
probably should not be considered for revision. 

Dr. Sugerman. With regard to liver biopsies, you and I 
have both seen patients with idiopathic obesity-related cir- 
rhosis. The two patients who died of liver failure did not 
have liver biopsies, but they had no gross evidence of cir- 
rhosis before either their primary gastric bypass or their re- 
visional procedure. 

All of the patients who developed malnutrition following 
conversion to the distal gastric bypass were given TPN 
prior to their revisional procedure, and in some of them the 
TPN was then boosted as necessary. One patient had a per- 
cutaneous G tube inserted in the distal stomach, and after 
about a year her body became acclimated to her bypass pro- 
cedure. 

In terms of normocytic, normochromic anemia, that has 
occurred in some of our patients. 

There was no apparent significant decrease in caloric in- 
take. There did seem to be a decrease in fat intake after 
conversion to the malabsorptive procedure, but I think this 
is because patients were counseled that the more fat they 

consumed, the more bowel movements they were going to 
have, the more foul-smelling they would be, the more un- 
pleasant their convalescence, and the higher the risk of os- 
teoporosis. I do not think there was any really major change 
in the volume of food they ingested. It did change the 
choices they made. 

I would agree that patients who have not returned for 
follow-up, and then return after having regained their weight 
are unreliable and should not be offered this operation. 

Dr. ft. Sonneland (Spokane, Wash.). Bariatric surgery 
has been on the agenda for approximately 25 years. Either 
in your own series or in any other series that you know of, 
can you give us figures as to their employability and their 
longevity? 

Dr. Sugerman. I think that all of us would like to see 
randomized prospective data; however, there will never be 
randomized data with respect to employability and longev- 
ity. There is a study being conducted in Sweden that hope- 
fully will provide some answers. In that study 10,000 
Swedish patients are being entered into a dietary program, 
2000 of whom will undergo surgery. Already we know that 
in the dietary arm, there are patients who have lost no 
weight and they have progressively increasing comorbidity. 
Those in the surgical arm have lost a third of their weight, 
on average, with a progressive decrease in comorbidity. We 
anticipate a significant decrease in mortality in the surgical 
group. 

Commentary 
C o n t r o v e r s y  and  O b e s i t y  S u r g e r y m W ' h a t  E l se  

The  billion dollar weight loss industry targeting 
the pleasantly plump has done nothing to educate the 
public about the disease of obesity, the plight of the 
obese in a society obsessed by anorexic Calvin Klein 
models, or the contribution of fatness to escalating 
medical costs. Miraculously, coincident with FDA ap- 
proval of  the first new drugs for obesity in decades 
(dexfenfluramine and tetrahydrolipstatin), a former 
Surgeon General has spoken out about the disease, 
talk shows have taken an interest, and as surgeons are 
advertising for obese patients, societies of  the surgical 
establishment have begun to accept papers on the 
topic for presentation and even publication! 

The  most important message of the preceding ar- 
ticle by Sugerman et al. is that severe obesity and its 
surgical treatment is very serious business, indeed. 
The  glass is half full when we note that 1231 patients 
undergoing standard Roux-en-Y gastric bypass be- 
tween 1981 and 1994 have shed pounds, stopped tak- 
ing medications, and improved their quality of  life to 
a degree unsurpassed by any treatment of any disease. 
It is half empty, however, when we consider that 10% 
to 15 % (my estimate) of  these 1231 patients might be 

John G. Kral, M.D., Ph.D. 

Is New? 

medical failures that we are unable to "weed out" pre- 
operatively or salvage postoperatively. 

If one denies that obesity is a legitimate disease, en- 
compassing individuals abused as children, as well as 
those with "thrifty genes," defective leptin receptors, 
or those who are simply too poor to avoid high-fat 
Western diets that can lead to obesity (blame the pa- 
tient for gluttony), it is very difficult to accept, let 
alone appreciate, the extraordinary efforts by these in- 
vestigators to help the subset of  patients described in 
this article. During the "dark era" of jejunoileal by- 
pass (blame the operation not the medical profession 
for ignorance about how best to manage it), some of 
us were willing to make similar efforts to make the 
operation work in selected cases. The  backlash after 
blatant mismanagement of jejunoileal bypass patients 
led to ever smaller, ever more proximal constrictions 
of the gastrointestinal tract (from gastroplasty to sub- 
cricoid esophageal banding 1) in attempts to foil the 
"soft calorie syndrome. ''2 

This report by Sugerman et al. exemplifies a sig- 
nificant recent trend in obesity surgery--that is, the 
resurgence of  increasingly malabsorptive operations. 
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five intake and the intake after the first year. They attribute 
this to many of the metabolic complications that are seen 
with these procedures. 

I would like your opinion regarding a group of patients 
who simply are not candidates for revision. Your emphasis 
on follow-up with this type of operation is exceedingly im- 
portant, and in my opinion there is a group of patients who, 
for a variety of reasons, when they fail a primary procedure 
probably should not be considered for revision. 

Dr. Sugerman. With regard to liver biopsies, you and I 
have both seen patients with idiopathic obesity-related cir- 
rhosis. The two patients who died of liver failure did not 
have liver biopsies, but they had no gross evidence of cir- 
rhosis before either their primary gastric bypass or their re- 
visional procedure. 

All of the patients who developed malnutrition following 
conversion to the distal gastric bypass were given TPN 
prior to their revisional procedure, and in some of them the 
TPN was then boosted as necessary. One patient had a per- 
cutaneous G tube inserted in the distal stomach, and after 
about a year her body became acclimated to her bypass pro- 
cedure. 

In terms of normocytic, normochromic anemia, that has 
occurred in some of our patients. 

There was no apparent significant decrease in caloric in- 
take. There did seem to be a decrease in fat intake after 
conversion to the malabsorptive procedure, but I think this 
is because patients were counseled that the more fat they 

consumed, the more bowel movements they were going to 
have, the more foul-smelling they would be, the more un- 
pleasant their convalescence, and the higher the risk of os- 
teoporosis. I do not think there was any really major change 
in the volume of food they ingested. It did change the 
choices they made. 

I would agree that patients who have not returned for 
follow-up, and then return after having regained their weight 
are unreliable and should not be offered this operation. 

Dr. ft. Sonneland (Spokane, Wash.). Bariatric surgery 
has been on the agenda for approximately 25 years. Either 
in your own series or in any other series that you know of, 
can you give us figures as to their employability and their 
longevity? 

Dr. Sugerman. I think that all of us would like to see 
randomized prospective data; however, there will never be 
randomized data with respect to employability and longev- 
ity. There is a study being conducted in Sweden that hope- 
fully will provide some answers. In that study 10,000 
Swedish patients are being entered into a dietary program, 
2000 of whom will undergo surgery. Already we know that 
in the dietary arm, there are patients who have lost no 
weight and they have progressively increasing comorbidity. 
Those in the surgical arm have lost a third of their weight, 
on average, with a progressive decrease in comorbidity. We 
anticipate a significant decrease in mortality in the surgical 
group. 

Commentary 
C o n t r o v e r s y  and  O b e s i t y  S u r g e r y m W ' h a t  E l se  

The  billion dollar weight loss industry targeting 
the pleasantly plump has done nothing to educate the 
public about the disease of obesity, the plight of the 
obese in a society obsessed by anorexic Calvin Klein 
models, or the contribution of fatness to escalating 
medical costs. Miraculously, coincident with FDA ap- 
proval of  the first new drugs for obesity in decades 
(dexfenfluramine and tetrahydrolipstatin), a former 
Surgeon General has spoken out about the disease, 
talk shows have taken an interest, and as surgeons are 
advertising for obese patients, societies of  the surgical 
establishment have begun to accept papers on the 
topic for presentation and even publication! 

The  most important message of the preceding ar- 
ticle by Sugerman et al. is that severe obesity and its 
surgical treatment is very serious business, indeed. 
The  glass is half full when we note that 1231 patients 
undergoing standard Roux-en-Y gastric bypass be- 
tween 1981 and 1994 have shed pounds, stopped tak- 
ing medications, and improved their quality of  life to 
a degree unsurpassed by any treatment of any disease. 
It is half empty, however, when we consider that 10% 
to 15 % (my estimate) of  these 1231 patients might be 

John G. Kral, M.D., Ph.D. 

Is New? 

medical failures that we are unable to "weed out" pre- 
operatively or salvage postoperatively. 

If one denies that obesity is a legitimate disease, en- 
compassing individuals abused as children, as well as 
those with "thrifty genes," defective leptin receptors, 
or those who are simply too poor to avoid high-fat 
Western diets that can lead to obesity (blame the pa- 
tient for gluttony), it is very difficult to accept, let 
alone appreciate, the extraordinary efforts by these in- 
vestigators to help the subset of  patients described in 
this article. During the "dark era" of jejunoileal by- 
pass (blame the operation not the medical profession 
for ignorance about how best to manage it), some of 
us were willing to make similar efforts to make the 
operation work in selected cases. The  backlash after 
blatant mismanagement of jejunoileal bypass patients 
led to ever smaller, ever more proximal constrictions 
of the gastrointestinal tract (from gastroplasty to sub- 
cricoid esophageal banding 1) in attempts to foil the 
"soft calorie syndrome. ''2 

This report by Sugerman et al. exemplifies a sig- 
nificant recent trend in obesity surgery--that is, the 
resurgence of  increasingly malabsorptive operations. 
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It also exemplifies a new concept in antiobesity 
surgery--a staged approach 3 instead of the "one-stop 
shopping" or "one-size-fits-all" mentality of super ag- 
gressive malnutritional operations as primary proce- 
dures for superobesity. 4,5 In the absence of outcome 
predictors, one might have to accept a primary gas- 
tric restriction operation as a test of the severity of 
the eating disorder or the comorbidity. Therapeutic 
failure of the relatively safe and simple gastric restric- 
tion would "qualify" the patient for a more aggressive, 
riskier malabsorptive operation. 

There is no "free lunch" in the treatment of obe- 
sity. Effective operations come with penalties. In this 
series, there were at least two deaths among the 27 
patients studied, and anywhere from one to three 
were lost to follow-up. (In Table I, among 53 patients, 
13 [25%] were lost to follow-up.) Twenty percent of 
the patients in this series had serious malnutrition, 
three required gut lengthening operations, and one 
needed 1 year's worth of supplemental jejunostomy 
feeding. The tragedy of obesity and its surgical treat- 
ment  is that the patients almost universally prefer 
postoperative medical failure to being fat in a lean 
world. 6 

The article by Sugerman et al. raises several issues. 
Although the growing epidemic of obesity is creating 
new markets endearing gastrointestinal surgeons to 
their managed care employers, the simplicity of ob- 
structive antiobesity operations bears no resemblance 
to the complex management of the superobese or the 
40% or more of patients with inadequate gastric re- 
strictive operations beyond 5 years postoperatively. 
Malabsorptive operations titrating proportions of 
stomach and stoma size to small intestinal limb 
lengths should be considered human experimentation, 
as evidenced by Sugerman's 30 ml (reference 15 in 
their report) to 200 ml (just how they are measured is 
uncertain) gastric pouches attached to 50 to 150 cm 
common limbs with bypassed bowel varying by 
100%, that is, 200 to 400 cm. Poverty, expense, or a 
"United States managed care environment" are not 
excuses for failing to investigate, prevent, or treat the 

effects of these types of operations. Beyond the man- 
dated educated informed consent, there should be a 
requirement for the surgeon to have ascertained, with 
a reasonable degree of certainty, that each patient has 
the minimum socioeconomic resources needed to 
guarantee the costly follow-up that is called for. 

Even as new drugs become available, antiobesity 
surgery is needed to provide cost-effective (economic 
parity with nonoperative methods after 4 to 5 years7), 
sustained, curative treatment of severe comorbidity. 
Realization of the powerful preventive potential of 
surgical treatment should lead to earlier operations in 
patients younger than the current mean age of ap- 
proximately 38 years and below the current "ap- 
proved" weight levels for a BMI of 35 to 40 k g / m  2. 
This might prevent progression of the eating disor- 
der (at least 40% of severely obese patients fulfill 
DSM IV criteria 8 for binge eating disorder) and es- 
tablishment of irreversible severe comorbidity. Nev- 
ertheless, surgical treatment of obesity should not be 
taken lightly? 
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Development of Systemic Immunologic Responses 
Against Hepatic Metastases During Gene Therapy 
for Peritoneal Carcinomatosis With Retroviral 
HS-tk and Ganciclovir 
Takeyuki Misawa, M.D., Mimi H. Chiang, Ph.D., Lalita Pandit, M.D., 
Erlinda M. Gordon, M.D., W. French Anderson, M.D., Dilip Parekh, M.D. 

Gene therapy with retroviral mediated gene transfer of the herpes simplex thymidine ldnase (HS-tk) 
gene into a tumor mass confers sensitivity of the tumor cells to ganciclovir (GCV). Tumor-specific im- 
munologic responses may develop following treatment of the primary tumor with retroviral HS-tk and 
GCV. In the present study we assessed whether GCV treatment of HS-tk transduced colon cancer (TK +) 
implanted in the peritoneal cavity induced a systemic antitumor response that would inhibit growth of a 
second wild-type (TK-) tumor implanted in the liver. DHDK12 rat colon cancer cells were transduced 
in vitro with the retroviral HS-tk vector and established as a permanent cell line (TK § cells). TK + or TK-  
DHDK12 cells (6 • 106 cells) were injected intraperitoneally on day 0 into BD-IX rats. On day 10, TK-  
cells (3 • 106 cells) were injected into the liver in all the groups. The animals were then treated with 
C_~V (150 mg/kg) for 13 days. TK § peritoneal tumors underwent significant regression during therapy 
with GCV (0.05 -+ 0.004 g; n = 7) compared to wild-type (TK-) tumors (2.2 + 0.7g; n = 6) (P <0.05). 
The volume of TK-  tumors in the liver was significandy lower in GCV-treated rats with TK + peritoneal 
tumors (12.5 + 8.3 mm 3) compared to rats with T K -  peritoneal tumors (96.7 - 18.1 mm 3) 
(P <0.05). Histology of the liver tumors in the TK + groups showed a dense monocytic infiltrate with fi- 
brosis and only occasional viable tumor cells. Gene therapy with retroviral HS-tk vectors may provide a 
novel approach to treatment of gastrointestinal cancer by both direct eytotoxicity and an indirect mech- 
anism that may include enhanced immunologic responses against disseminated disease. (J GASTROIN- 
TEST SURG 1997;1:527-533.) 

Metastatic gastrointestinal cancer is associated with 
a dismal prognosis.l,2 T h e  median survival of  patients 
with gastric, biliary tract, or pancreatic cancer 
metastat ic to the per i toneum or liver is less than 6 
months and most patients die within a year. 1,2 Patients 
with colon cancer have a somewhat  longer  median 
survival; however, there are virtually no 5-year sur- 
vivors from metastat ic  gastrointest inal  cancer. ~,2 
Chemoradiat ion has not  been shown to be very effec- 
tive for metastatic gastrointestinal cancer. 1,2 Although 
intraperitoneal chemotherapy has been shown to be 
of  some benefit in ovarian cancer, this modali ty has 
not  been shown to be very effective in gastrointestinal 
cancer metastatic to the peritoneal cavity. 1,2 Metasta- 
tic pancreatic cancer has a particularly dismal prog- 

nosis, since an active regimen against this disease has 
not  been found despite numerous clinical trials) Clin- 
icians who frequently deal with patients with metasta- 
tic gastrointestinal cancer clearly recognize the need 
for development  of  effective alternative therapeutic 
approaches. 

Gene  therapy has developed as a consequence of  
the tremendous increase in the information available 
on the biology of  cancer and the development of  gene 
transfer technology. 3-6 T h e  transfer of  drug suscepti- 
bility genes into malignant tumors by retroviral and 
adenoviral vectors is a novel approach for t reatment  
of  cance rY  Transfer of  the herpes simplex thymidine 
kinase (HS-tk) gene into tumor cells renders the wans- 
duced cells susceptible to the viral drug ganciclovir 

From the Department of Surgery (T.M., M.H.C., L.E, and D.P.) and Gene Therapy Laboratories (E.M.G. and W.EA.), University of 
Southern California School of Medicine, Los Angeles, Calif. 
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( G C V ) .  3-5 This is the most promising gene therapy 
approach currently under investigation that uses a sui- 
cide gene transfer strategy. 

Disseminated gastrointestinal cancer is often 
metastatic only to the peritoneal cavity and to the 
liver. We have previously demonstrated that in- 
traperitoneal injections of a concentrated supernate 
of the HS-tk retroviral vector with ganciclovir treat- 
ment lead to inhibition of metastatic peritoneal can- 
cer. 7 Successful therapy for peritoneal metastases may, 
however, have no effect on disease-free survival since 
many of the patients will return with metastatic dis- 
ease in the liver. Recent reports have suggested that 
immune responses develop during retroviral HS- 
tk /GCV treatment of the primary cancer that limit 
subsequent growth of a distant naive nontransduced 
tumor. 8,9 As a first step toward developing a protocol 
for managing metastatic gastrointestinal cancer, we 
attempted to determine in this study whether treat- 
ment  with GCV of peritoneal implants transduced 
with the HS-tk retrovirus (TK +) leads to develop- 
ment  of systemic antitumor responses that inhibit 
growth of a second naive nontransduced (TK-) dis- 
tant tumor implanted in the liver. We hypothesized 
that if systemic antitumor responses develop during 
GCV treatment of HS-tk transduced peritoneal car- 
cinomatosis, then this would provide a rationale for 
treatment of metastatic gastrointestinal cancer with 
intraperitoneal gene therapy. 

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

The DHDK12 cell line is an established colon car- 
cinoma cell line originating from a 1,2-dimethylhy- 
dralazine-induced colon adenocarcinoma in syngeneic 
BD-IX rats. 1~ The DKDK12 cells were cultured as 
monolayers in Dulbecco's modified Eagle's medium 
(DMEM) containing 10% fetal bovine serum under 
humidified conditions in the presence of 5 % carbon 
dioxide. 

Retroviral Mediated Gene Transfer 

The G1TklSvNa.7 vector was provided by Genetic 
Therapy, Inc. (Gaithersburg, Md.). The G1 backbone 
of this vector is derived from the Moloney murine 
leukemia virus. The G1TklSvNa.7 vector contains the 
HS-tk gene just downstream from the 5' long termi- 
nal repeat sequence and uses this long terminal repeat 
sequence as its promoter. The SV40 early promoter 
serves as an internal promoter for the neomycin phos- 
photransferase gene (NeoR), which confers resistance 

to the neomycin analogue geneticin (G418). The HS- 
tk vector is packaged by the amphotrophic retroviral 
producer cell line, PA317, which was derived from 
N I H  3T3 cells. The  G1TkSvNa.7/PA317 producer 
cell line generates a supernatant fluid with a titer of 
4.9 x 106 colony-forming units/ml. The  DHDK12 
cells were transduced with the HS-tk vector super- 
natant (G1Tkl SvNa.7) in the presence of protamine 
(10 ~xg/ml) at 37 ~ C for 2 hours. After 2 hours, fresh 
tissue culture growth medium was added, and the 
transduced cells were then selected in G418 (0.4 
mg/ml). The selected NeoR clones were subcultured 
and established as a permanent  HS-tk transduced 
DHDK12 cell line (TK + cell line). 

In Vivo Experimental Protocol 

Male BD-IX rats (7 weeks old; National Cancer 
Institute, Bethesda, Md.) were used. Animals were 
given free access to standard laboratory chow and 
water throughout  the experiment. T K  + and T K -  
DHDK12 cells were grown to near-confluence in 175 
cm 2 flasks, washed twice with phosphate-buffered 
saline solution, and dispersed by incubation at 37 ~ C 
with 0.05 % trypsin-ethylenediametetraacetic acid for 
8 minutes. The cells were washed with DMEM plus 
10% fetal bovine serum to inactivate trypsin, and 
aliquots of the cell suspensions were stained with try- 
pan blue, counted in a hemocytometer,  and resus- 
pended at 6 x 106 viable cells/ml. T K  + or T K -  
DHDK12 cells (6 x 106 cells/animal) dispersed in 1.0 
ml Hanks' balanced salt solution (HBSS) were injected 
intraperitoneally. The  rats were then observed for 10 
days for establishment of peritoneal tumors. On day 
10, rats were anesthetized with pentobarbital (35 to 
50 mg/kg body weight), and a laparotomy was per- 
formed to select the animals with established in- 
traperitoneal tumor deposits as assessed by visual ex- 
amination for inclusion into the study. Fourteen 
(74.0%) of 19 rats injected with T K -  cells and 15 
(75%) of 20 rats injected with T K  + cells developed 
macroscopic peritoneal tumors. The  tumor foci were 
scattered over the omentum. We estimated the num- 
ber of foci, and the animals were then randomized to 
the different treatment groups (Table I) after being 
stratified for the number of loci. T K  DHDK12 cells 
(3 X 106 cells/animal) dispersed in 0.05 ml HBSS 
were inoculated under the liver capsule in all the 
groups. Treatment with GCV (150 mg/kg/day) was 
begun 3 days after the laparotomy and continued for 
13 days (Fig. 1). There  were no deaths from GCV 
treatment in any of the groups. The  tumors in the 
peritoneal cavity and liver were harvested on day 30 of 
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Table I. Treatment groups 

Group No.  Per i tonea l  tumor Treatment Liver  t u m o r  

T K - / G -  7 TK- PBS TK- 
TK-/G+ 6 TK- GCV TK- 
TK§ 7 TK + PBS TK- 
TK+/G+ 7 TK § GCV TK- 

T K  § = HS-tk  transduced cells; T K -  = wild-type nontransduced cells; PSB = phosphate-buffered saline solution; C_dZV = ganciclovir (I 50 
mg/kg). 

Table II. Effects of treatment of T K  § or T K  peritoneal rumors with GCV on growth of T K -  liver tumors 

Group No.  Per i tonea l  t u m o r  (g) Liver  vo lume (ram 3) 

T K - / G -  7 9.9 + 3.5 255.1 +_ 66.2 
TK+/G - 6 3.4 _+ 2.0 195.2 ___ 43.6 
TK-/G+ 7 2.2 _+ 0.7 96.7 + 18.1 
TK+/G+ 7 0.05 _+ 0.004* 12.5 +_ 8.8* 

*P <0.05 vs. all control groups. 

IP Injection of 
6xl06TK + or 
TK" cells 

I 
Day 0 

Laparotomy & 
Liver inoculation of 
3xl06TK-cells 

I ,1 q[ 
Day10 Day13 

Sacrifice 

GCV treatment [ I 
150 mglkglday �9 [ 

Day 26 Day 30 

Fig. 1. Experimental protocol for the in vivo study. 

the experiment. Peritoneal tumor weight and liver tu- 
mor  volume were then measured, and the liver tu- 
mors were fixed in formalin for histologic analysis. 
The  experimental protocol is summarized in Fig. 1. 

R E S U L T S  
P e r i t o n e a l  T u m o r s  

Extensive spread of  peritoneal tumors was found 
throughout  the entire peritoneal cavity, the abdominal 
wall, and the re t roper i toneum in the T K - / G - ,  
T K - / G + ,  and T K + / G  - groups. In contrast, in four 
(57%) of  the seven animals in the T K + / G +  group, 
complete  regression of  the peri toneal  tumors  was 
found and only tiny foci (< 1 mm in diameter) limited 
to within the omentum were found in the other three 
animals (Fig. 2). The  mean weight of  the peritoneal 
tumor  was significantly less in the T K + / G +  group 
(0.05 + 0.004 g) compared to the other  t r ea tment  

groups ( T K - / G -  = 9.9 _+ 3.5 g; T K - / G +  = 2.2 __+ 
0.7g; and T K + / G  - = 3.4 ___ 2.0 g; P <0.05) (Table 
II). The  marked increase in sensitivity in vivo o f T K  § 
transduced tumor  cells to G C V  is demonstrated by 
the 40-fold reduct ion in mass of  the tumors  in the 
T K + / G +  group compared to the T K - / G +  treat-  
ment  group (Fig. 3, A). A tendency toward a reduc- 
tion in the tumor weight of  the T K + / G  - group was 
seen in comparison to the T K - / G -  group; however, 
this difference failed to reach statistical significance. 

L i v e r  T u m o r s  

Macroscopic tumor  in the liver was found in all 
three control  groups ( T K - / G - ,  T K - / G + ,  and 
T K §  T h e  mean volume of  the hepatic tumors 
in the T K §  group (12.5 + 8.8 m m  3) was sig- 
nificantly less compared to the control  groups 
( T K - / G -  = 255.1 +_ 66.2 mm3; T K - / G +  = 96.7 
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A B 

Fig. 2. Effects of GCV treatment on TK + and TK- peritoneal tumors in BD-IX rats. Peritoneal tumor 
on day 30 after implantation of 6 • 106 cells and treatment with GCV (150 mg/kg daily) in the TK+/G+ 
group (A) and the TK-/G+ group (B). The marked sensitivity ofTK + tumors to GCV is clearly demon- 
strated by the dramatic difference in the amount of peritoneal tumors between the two groups. 
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Fig. 3. Growth of TK- liver tumors during treatment of TK § or TK- peritoneal tumors with GCV. A, 
Intraperitoneal tumor. A highly significant reduction of TK § peritoneal tumors (TK+/G+ group) is 
found after treatment with GCV compared to TK- tumors (TK-/G+ group). B, Liver tumor CFK-). 
Growth of TK-  liver tumors was significantly inhibited during treatment of TK + peritoneal tumors 
(TK+/G+ group) with GCV compared to TK- peritoneal tumors (TK-/G+ group; * = P <0.05). 

+ 18.1 ramS; and q ' K + / G  - = 195.2 _+ 43.6 mm~; P 
<0.05) (Table ]I and Fig. 3, B). T h e  liver tumors were 
macroscopical ly  visible in all the cont ro l  animals; 
however, in the T K + / G +  groups, three of  seven rats 
did not  show any tumor  at the injection site. Gross  
inspection of  the hepatic tumors  in the control  ani- 
mals showed that the tumors  were composed of  soli- 
tary, wel l -def ined,  grayish white  nodules.  In the 
T K + / G +  animals, the hepatic tumors were rather ill 
defined and much smaller compared  to the cont ro l  

groups. Microscopically, in control  animals, the he- 
patic tumors formed distinct nodules, displacing the 
hepatocytes,  and showed evidence of  a poorly differ- 
entiated adenocarcinoma consisting mainly of  tumor  
cells organized into lobules or several thick cell cords 
(Fig. 4). In the T K + / G +  group, the residual tumor  
consisted o f  fibrotic scars with a few scattered tumor  
cells broken up into islands and located within dense 
f ibrotic  tissue with a significant  inf i l t ra t ion of  
mononuclear  inflammatory cells (see Fig. 4). 
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Fig. 4. Histology of liver tumors. A, Liver tumors in the 
TK-/G+ group showing a well-formed adenocarcinoma in 
the liver. B, TK- liver tumor in the TK+/G+ group demon- 
strafing a dense fibrosis and inflammatory infiltrate with only a 
few scattered tumor cells (original magnification • 

D I S C U S S I O N  

Moolten 12 first demonstrated that the transfer of 
the HS-tk gene into tumor cells renders the cells sus- 
ceptible to the viral drug ganciclovir. Transfection of 
tumor cells is significantly better with viral vectors 
than with physical methods, and therefore the devel- 
opment of viral vectors has made clinical gene therapy 
possible. 13 Both retroviral and adenoviral vectors have 
been used for efficient transfer of the HS-tk gene into 
tumor cells and at present 11 clinical trials are in 
progress evaluating this approach for cancer) -6 The  
enhanced susceptibility of tumor cells transduced with 
the HS-rk gene to the viral drug ganciclovir is clearly 
illustrated in our study, which demonstrates that T K  § 
peritoneal implants were almost completely elimi- 
nated by 13 days of treatment with ganciclovir, and 
the amount of peritoneal disease in the T K §  

group was 40-fold less than that in the T K - / G +  
group. 

Gastrointestinal cancers frequently metastasize to 
the peritoneal cavity and/or the liver. Peritoneal 
metastatic disease may be a target for gene therapy 
since locoregional treatment is possible by intraperi- 
toneal administration of retroviral or adenoviral vec- 
tors. We have previously demonstrated that retrovi- 
ral vectors efficiently transduce gastrointestinal tumor 
cells in the presence of human ascitic fluid suggesting 
that the vector will be active in the milieu of the peri- 
toneal cavity. 7 We have also demonstrated that in- 
traperitoneal injections of a concentrated retroviral 
vector supernate lead to significant and profound in- 
hibition of pancreatic cancer metastatic to the peri- 
toneal cavity, suggesting that intraperitoneal gene 
therapy with HS-tk vectors may provide a novel ap- 
proach to the treatment of metastatic gastrointestinal 
cancer. 7 Treatment  of peritoneal metastases alone, 
however, may not lead to improved survival because 
of the high probability of development of metastatic 
disease in the liver and elsewhere. 

Barba et al. 8 first suggested that a systemic tumor- 
specific immune response develops during G C V  
treatment of 9L glioma xenografts transduced by in 
situ gene transfer after intratumoral injection of the 
retroviral T K  producer cell line. Twenty-two percent 
of the animals treated by gene therapy with the T K  
producer cells in their study demonstrated long-term 
survival. Rechallenge of the long-term survivors with 
T K -  9L cells at a second site in the brain or in the 
subcutaneous tissue at 90 days after treatment of the 
primary tumor was associated with significant growth 
inhibition of the implanted tumors at the secondary 
sites compared to naive rats not previously exposed to 
9L cells. Tapscott et al. 9 compared the in vivo growth 
o f T K  + and T K -  9L glioma tumor cells in F344 rats 
and found that significantly smaller tumors were 
formed after implantation of T K  + tumor cells com- 
pared to T K -  tumor cells. It was suggested in this 
study that the growth of the genetically modified 
T K  + tumor cells was inhibited by a systemic antitu- 
mor response mounted against the foreign viral T K  
protein in the cytoplasm of the T K  + 9L tumor cells. 
Our study provides further evidence that a systemic 
anti tumor response develops during t reatment  of 
T K  + tumors with GCV. We found significantly 
smaller T K -  liver tumors in the group treated with 
T K + / G +  compared to the T K - / G +  group. The  
only difference between the groups was the injection 
of T K  + cells into the peritoneal cavity in the experi- 
mental group and naive T K -  cells into the control 
group; the liver tumor in both groups was from 
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T K -  cells. The  almost complete regression of peri- 
toneal disease in the T K + / G +  group was associated 
with significant reductions in the size of the T K -  liver 
tumors. 

The  mechanisms for the systemic antitumor re- 
sponses seen during retroviral mediated gene therapy 
with the HS-tk vector are not clear. 8,9 It has been sug- 
gested that development of an immune response dur- 
ing HS-tlo'GCV treatment is stimulated by the for- 
eign viral HS-tk protein in the cytoplasm of the trans- 
duced host target tumor cell. 9 Our results suggest that 
this mechanism, if present, accounts only to a small 
extent for the systemic antitumor effects seen in our 
study, since only a trend toward smaller tumors in the 
peritoneal cavity was found in the T K §  - group 
compared to the T K - / G -  group. Furthermore, there 
were no differences in the size of the liver tumors in 
the  T K - / G -  and TK+/G - groups. Since growth in- 
hibition of the liver tumors was found only in the 
T K §  group, our results suggest that cell killing 
of the transduced T K  § tumors is necessary for the de- 
velopment of systemic responses that inhibit growth 
of distant T K -  tumors. 

In our study the dose of GCV used was similar to 
that previously reported by Caruso et al. 14 with the 
use of DHDK12 cells during gene therapy experi- 
ments for treatment of  liver metastases. Mthough 
these investigators did not find a direct toxic effect on 
DHDKI2  tumor cells at a GCV dose of 150 mg/kg, 
some direct toxicity was found in our study since the 
tumors treated with T K - / G +  tumors were smaller 
compared to T K - / G -  tumors. The  inhibition of 
growth of the liver and peritoneal tumors in the 
T K + / G +  group, however, is not  a GCV-mediated 
nonspecific toxic effect since the magnitude of growth 
inhibition of the tumors in the TK+/G+ group was at 
least 40-fold greater for the peritoneal tumors and 20- 
fold greater for the liver tumors compared to the 
T K - / G +  group, suggesting that a specific anti- 
tumor response is seen in the tumors treated with 
TK+/G+.  

Our finding that an immune response appears to 
develop during GCV treatment of  T K  § peritoneal 
implants provides support for further manipulation of 
the immune system for maximum antitumor effect. 
Transduction of mouse colon cancer cells with adeno- 
viral vectors that incorporate both the HS-tk gene 
and a cytokine gene such as interleukin-2 leads to an 
augmented antitumor effect compared to treatment 
with a HS-tk  vector alone. 15 Dranoff  et al. 16 have 
shown that gene transfer of several immunostimula- 
tory cytokines such as interleukin-2 and GM-CSF 
into tumor cells leads to significant immune-mediated 
antit-tmaor effects. Our data dearly show that although 
there was significant reduction of liver tumors in the 

T K + / G +  animals, viable tumor cells were still pres- 
ent in the liver suggesting that the observed systemic 
antitumor effect was only partial. These results pro- 
vide a rationale for further study as to whether this 
partial antitumor effect could be further augmented 
either by simultaneous intratumoral injections of a 
second vector carrying genes for immunologically ac- 
tive cytokines or by using a combination vector car- 
rying genes for both HS-tk and an immunostimula- 
tory cytokine. Successful gene therapy may change 
the present concepts of management of patients with 
metastatic gastrointestinal cancer. If the experimental 
approaches described herein are successful in the pa- 
tient care setting, then this may provide novel options 
for treatment of gastrointestinal cancer both in the 
adjuvant setting and for established metastatic gas- 
trointestinal cancer. 

The DHDK12 cell line was a gift from Dr. Seiichiro Ishii, Depart- 
ment of Surgery, Keio University School of Medicine, Tokyo, Japan. 
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Duodenal Segment Complications in Vascularized 
Pancreas Transplantation 
Robert J. Stratta, M.D., Rakesh Sindhi, M.D., Debra Sudan, M.D., John T. Jerius, M.D., 
Stanley J. Radio, M.D. 

Bladder drainage by the duodenal segment (DS) technique is currently the preferred method of pancreas 
transplantation (PTX) but is associated with unique complications. Over a 7-year period, 191 diabetic pa- 
tients underwent 201 whole-organ PTXs with bladder drainage using a 6 to 8 cm length of DS as an exo- 
crine conduit. A retrospective chart review was performed to document all DS morbidity. DS complica- 
tions occurred in 38 cases (19%). Twelve patients developed DS leaks and required operative repair. DS 
bleeding was documented in 26 cases, necessitating cystoscopy in 22 patients and open repair in eight pa- 
tients for significant hematuria. Cytomegalovirus (CMV) duodenitis was diagnosed in seven cases, with 
four presenting as DS leaks and three with hematuria. Five patients experienced ampullary obstruction 
early after PTX. Rejection of the DS was confirmed by biopsy in 13 patients, including eight cases of 
acute and five cases of chronic rejection. Two patients had stone formation from the DS staple line. En- 
teric conversion was performed in five patients for DS abnormalities (leaks in 2 cases, bleeding in 2, and 
CMV duodenitis in 1). Among patients with DS complications, patient survival is 84% and pancreas 
graft survival is 68% after a mean follow-up of 44 + 12 months. Complications related to the DS remain 
an important source of morbidity but rarely cause death after PTX. In spite of unique side effects, trans- 
plantation of the DS remains an acceptable alternative for exocrine drainage after PTX. (J GASTROINTEST 
SURG 1997;534-544.) 

With improvements in organ retrieval technology, 
refinements in surgical techniques, and advances in 
clinical immunosuppression, success rates for vascu- 
larized pancreas transplantation (PTX) have im- 
proved dramatically. 1 As a result, PTX has become an 
accepted treatment option in appropriately selected 
diabetic patients. 2 The history of clinical PTX largely 
revolves around the development and application of 
various surgical techniques) Lillehei et al. 4 initially 
described the technique of whole-organ pancreatico- 
duodenal transplantation in the late 1960s. Cook et 
al. 5 introduced the concept of  urinary bladder 
drainage of the exocrine pancreas in the early 1980s. 
Nghiem and Corry 6 later modified these methods to 
incorporate whole-organ pancreaticoduodenal trans- 
plantation with anastomosis of a segment of duode- 
num to the urinary bladder. 

Bladder drainage with a duodenal segment (DS) 
conduit is currently the preferred technique for man- 

aging exocrine secretions after vascularized PTX. Ac- 
cording to United Network for Organ Sharing 
(UNOS) Registry data, more than 90% of PTXs are 
performed by this me thod)  The  success of PTX is 
due in part to bladder drainage by the DS technique, 
which is not only safe but also allows monitoring of 
exocrine secretions in the urine and affords cysto- 
scopic access to the allograft for visual inspection or 
biopsy. 7 However, this technique creates an unphysi- 
ologic connection with the duodenal conduit inter- 
posed between the allograft pancreas and the urinary 
bladder that may cause problems. Although well tol- 
erated in the majority of PTX recipients, bladder 
drainage by the DS technique has been associated 
with metabolic and urologic complications resulting 
from altered physiology. 7-13 In most reports in the lit- 
erature, there is a failure to differentiate complica- 
tions specific to the DS from either urologic or intra- 
abdominal morbidity. Ix-is In only a few reports are DS 
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complications regarded as a separate entity. 16-18 Inde- 
pendent of the method of drainage (bladder vs. en- 
teric), transplantation of the DS as an exocrine con- 
duit is a paradigm of bowel transplantation. The pur- 
pose of this study was to review our experience and 
present a spectrum of morbidity unique to the DS in 
PTX recipients. 

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

During an 82-month period extending from April 
1989 through February 1996, we performed 201 con- 
secutive PTXs in 191 adult diabetic patients includ- 
ing 136 simultaneous kidney-pancreas transplanta- 
tions (SKPT), 42 PTXs alone, 20 sequential pancreas 
transplantations after kidney transplantation (PAK), 
and three combined liver-pancreas transplantations 
(LP). The  age of the recipients was 38 years with a 
mean duration of diabetes of 25 years. All patients un- 
derwent a comprehensive pretransplant evaluation as 
outlined previously) 9 In all cases the pancreas was 
procured from heart-beating cadaveric donors in con- 
junction with multiple-organ retrieval, z~ Combined 
hepatectomy and pancreaticoduodenosplenectomy 
was performed by an en bloc technique. The organ 
donors ranged in age from 8 to 56 years (mean 25 
years), and all donors weighed at least 28 kg (mean 68 
kg). All organs were preserved in University of Wis- 
consin solution with a mean pancreaticoduodenal 
preservation time of 16.5 hours (range 8 to 28 hours). 

All patients underwent whole-organ PTX with 
bladder drainage by the DS technique as described 
previously. ~1 Prior to PTX, reconstruction of the DS 
was performed with the intention of fashioning a 6 
to 8 cm length of the second portion of the duode- 
num attached to the head of the pancreas without 
opening the duodenum. A gastrointestinal stapler was 
used to isolate the DS, taking care not to compro- 
mise the integrity of the ampulla of Vater (Fig. 1). 
The  proximal and distal duodenal staple lines were 
then inverted with 3-0 monofilament suture. After 
revascnlarization of the allograft, pancreaticoduode- 
nocystostomy was performed as a side-to-side anas- 
tomosis of the DS to the urinary bladder. A 3 to 4 cm 
longitudinal incision was made along the antimesen- 
teric surface of the DS followed by a cystotomy sim- 
ilar in length in an appropriate area on the posterior 
aspect of the bladder. Depending on the orientation 
of the pancreas in the iliac fossa, the cystotomy was 
either transverse or vertical relative to the patient. A 
two-layer hand-sewn duodenocystostomy was then 
performed with a running inner layer and an inter- 
rupted outer layer of absorbable monofilament su- 
ture (Fig. 2). In some cases the lateral umbilical liga- 
ments were "rolled up" and loosely wrapped around 

Fig. 1. Duodenal segment reconstruction of the pancreas allo- 
graft showing dissection and stapled division of the distal duo- 
denum after identification of the ampulla by probing the com- 
mon bile duct. 

Right Iliac V e i n ~ ~  Right Iliac Artery-~_ ~. ~ ' ~  j~% 
DuodenalSegment ~f~( , ~ ~  

Fig. 2. Method of whole-organ pancreas transplantation with 
bladder drainage by the duodenal segment technique. 

the duodenocystostomy to help prevent leaks from a 
potentially ischemic DS. 

Patients were selected for transplantation based on 
ABO blood type compatibility, degree of sensitization, 
period of time on the waiting list, a negative T-lym- 
phocytotoxic crossmatch, medical urgency, and human 
leukocyte antigen (HLA) matching in accordance 
with UNOS guidelines. 22 The  mean HLA-ABDR 
match was 1.4 _+ 0.3 for SKPT and 2.65 + 0.6 for 
PTX-alone and PAK recipients. Perioperative antibi- 
otic prophylaxis consisted of a preoperative, an intra- 
operative, and three postoperative doses of cefazolin 
(1 grn intravenously). Patients also received a single 
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postoperative dose of vancomycin (1 gm intrave- 
nously). Antifungal prophylaxis consisted of daily 
doses of ketoconazole (400 mg orally) or fluconazole 
(2 00 mg orally) for 2 to 3 months. All patients also re- 
ceived trimethoprim/sulfamethoxazole prophylaxis 
(for Pneumocystis) twice weekly for 12 months. Antivi- 
ral prophylaxis included intravenous ganciclovir for 2 
weeks followed by oral acyclovir for 3 months. 23 An- 
tiplatelet therapy consisting of oral aspirin (80 
mg/day) was administered to all patients. In addition, 
solitary PTX-alone recipients received 5000 units of 
intravenous heparin intraoperatively with subcuta- 
neous heparin (5000 units twice daily) continued post- 
operatively for 5 to 7 days until the patient was fully 
ambulatory. 

All patients were managed with triple or quadru- 
ple immunosuppression with either OKT3 (Ortho- 
clone, Ortho Biotech Inc., Raritan, N.J.) or andthy- 
mocyte globulin (ATGAM, The Upjohn Company, 
Kalamazoo, Mich.) induction for 10 to 14 days in 
combination with cyclosporine, steroids, and azathio- 
prine. 24 Urethral catheter drainage was maintained 
for 7 to 10 days postoperatively. Low-pressure cys- 
tography with demonstration of DS reflux and docu- 
mentation of the absence of an anastomotic leak was 
usually performed prior to catheter removal (Fig. 3). 
Initial rejection episodes were treated with pulsed or 
recycled corticosteroids. OKT3 or ATGAM was em- 
ployed for the treatment of steroid-resistant rejection, 
rejection occurring during induction therapy, or 
biopsy-proved moderate-to-severe rejection. The di- 
agnosis of rejection was based on clinical criteria, al- 
lograft dysfunction, serum and urine amylase levels, 
serum anodal trypsinogen levels, and urine cytology 
and was confirmed by pancreaticoduodenal his- 
topathology. 25,26 

After transplantation, duplex ultrasonography and 
radionuclide perfusion scanning were performed on 
postoperative day 1 and whenever clinically indicated 
to evaluate graft perfusion, anatomy, and fluid collec- 
tions. DS leaks were confirmed by conventional cys- 
tography, CT scan-cystography, or radionuclide scan- 
ning. Hematuria was evaluated by conventional cys- 
t o s c o p y .  27 Ultrasound-guided, cystoscopically di- 
rected DS and pancreas allograft biopsies were per- 
formed for clinical indications such as hematuria or 
allograft dysfunction. 28 The diagnoses of duodenal re- 
jection and cytomegalovirus (CMV) duodenitis were 
confirmed by DS histopathology. 29,3~ The diagnoses 
of ampullary obstruction and foreign body (stone) 
formation were based on clinical presentation in the 
absence of other cystoscopic, histologic, or imaging 
findings. 31 

Enteric conversion was performed through a lower 
m!dline intraperitoneal approach and required mobi- 

Fig. 3. Conventional retrograde cystogram showing reflux of 
contrast medium into the duodenal segment. 

lization and takedown of the duodenocystostomy fol- 
lowed by a three-layer closure of the bladder. 14 The 
DS and head of the pancreas were then carefully mo- 
bilized. In most cases, enteric drainage was established 
by side-to-side duodenoenterostomy (Fig. 4). This 
was performed by direct anastomosis of the graft duo- 
denum to an intact, in-continuity loop of mid-small 
bowel that could be easily brought down to the DS 
without tension. In one patient, enteric drainage was 
performed between the DS and the efferent end of a 
defunctionalized Roux-en-u limb of small bowel. Peri- 
operative antibiotic prophylaxis consisted of a single 
preoperative, an intraoperative, and three postopera- 
tive doses of intravenous cefazolin. Nasogastric tube 
decompression was usually maintained for 3 days, and 
the cystotomy closure was protected with an in- 
dwelling urethral catheter for 5 days. 

A retrospective chart review of hospital records was 
performed to document all morbidity related to the 
DS occurring at any time after PTX. Data were 
recorded as mean _ standard deviation and analyzed 
according to the type of transplant. Univariate analy- 
sis was performed by Student's t test for continuous 
variables, chi-square test for categoric variables, and 
Fisher's exact test when data were sparse. Actuarial pa- 
tient and pancreas graft survival rates were computed 
by Wilcoxon life-table analysis. A P value of less than 
0.05 was considered significant. 

RESULTS 

One or more DS complications occurred in 38 
cases (19%) after PTX. The incidence of DS compli- 
cations was similar according to the type of transplant: 



Vol. 1, No. 6 
1997 Duodenal Complications in Pancreas Transplant 537 

i 
I 
I 

' / Recipient 
\ small intestine 

Duodenal 
segment 

Pancreas 
~x 

x 

"' Common 
lilac vessels 

Bladder 

Fig. 5. CT scan-cystogram demonstrating reflux of contrast 
medium into the duodenal segment with large leak and fluid 
collection between the bladder and rectum. 

Fig. 4. Technique of exocrine drainage conversion from blad- 
der to enteric drainage while maintaining the duodenal seg- 
ment conduit. 

26 (19%) after SKPT, nine (21%) after P T X  alone, 
three (15%) after PAK, and none after LE The  inci- 
dence of specific DS complications was as follows: 12 
DS leaks (6%), 26 instances of DS bleeding (13%), 
seven cases of C MV duodenitis (3.5 %), five ampullary 
obstructions (2.5%), 13 cases of DS rejection (6.5%), 
and two instances of stone formation in the DS (1%). 
Clinical presentation was variable but usually included 
fever, hyperamylasemia, allograft pancreatitis, lower 
abdominal pain, ileus with abdominal distention, 
leukocytosis, hematuria,  or a reduct ion in urinary 
amylase. The  diagnosis of DS complications was usu- 
ally suggested by imaging studies and confirmed ei- 
ther by direct visualization (cystoscopic or open sur- 
gical) or histopathologic examination. A summary of 
specific DS complications follows. 

D S  Leaks  

Twelve patients developed localized DS perforation 
or necrosis manifesting as a urine leak and pancreatic 
fistula. In nine cases (6.6%) these complications oc- 
curred after SKPT and in three cases (7%) after P T X  

alone. Clinical presentation usually included the sud- 
den onset of lower abdominal pain and hyperamyl- 
asemia followed by fever, leukocytosis, ascites, and 
ileus. Antecedent hematuria occurred in six cases. Di- 
agnosis was based on evidence of extravasation either 
by voiding cystography or C T  scan-cystogram (Fig. 
5). Nine leaks occurred early (within 6 months), at a 
mean of  56 days after PTX.  T h e  remaining three 
leaks occurred between 6 and 12 months after PTX. 
Specific DS pathology was documented  in five pa- 
tients including four cases of C M V  duodenitis and 
one case of rejection. In the remaining seven cases 
(5 early and 2 late), a specific etiology was not deter- 
mined but was presumed to be related to technical 
difficulties or ischemia. 

Open surgical repair was performed in all 12 pa- 
tients. Eleven of them underwent primary repair with 
bladder drainage, whereas the remaining patient un- 
derwent enteric conversion because the leak occurred 
12 months  after PTX. Seven patients (58%) devel- 
oped peripancreatic sepsis, including four with recur- 
rent leaks at a mean of 35 days after the initial repair. 
Six of these seven patients underwent a second oper- 
ation, including one enteric conversion and one allo- 
graft pancreatectomy. Mean length of hospital stay for 
a DS leak was 18 days (range 5 to 48 days). Patient 
survival was 83% and pancreas graft survival was 
75%. DS leak was responsible for the death of one pa- 
t ient  following pancreas graft loss in an individual 
who developed two DS leaks as a result of CMV duo- 
denitis 3.5 and 5 months after P T X  alone. The  initial 
leak was managed with open surgical repair, and the 
recurrent leak was treated with allograft pancreatec- 



Journal  of  
5 3 8  Stratta et al. Gastrointestinal Surgery 

tomy. Eight days later, the patient suffered a massive 
pulmonary embolism and died. 

DS Bleeding 
Hematuria related to DS hemorrhage occurred in 

26 patients including 15 (11%) after SKPT, eight 
(19%) after PTX alone, and three (15%) after PAK. 
Patients presented with persistent or recurrent hema- 
turia with or without urinary retention. Initial man- 
agement consisted of urethral catheter drainage in all 
cases. A total of 22 cases occurred early (within 6 
months) at a mean of 53 days after PTX. The re- 
maining four cases occurred late at a mean of 36 
months after PTX. Etiology included rejection in 
12 patients, DS leak in six, CMV duodenitis in three, 
foreign body (stone) formation in two and was un- 
known in three. 

Therapy consisted of cystoscopy in 22 patients, 
open repair in three, and expectant management in 
one. Seven patients required repeat cystoscopy, five of 
whom subsequently underwent open repair. Two pa- 
tients underwent enteric conversion, whereas another 
patient required allograft pancreatectomy for a my- 
cotic pseudoaneurysm that had ruptured into the DS. 
Mean length of hospital stay for DS bleeding was 10 
days (range 1 to 24 days). Patient survival was 81% 
and pancreas graft survival was 65%. DS bleeding was 
related to death in two patients and pancreas graft 
losses in three. One patient underwent enteric con- 
version for recurrent DS bleeding 67 months after 
SK_PT. Histopathologic examination of the DS re- 
vealed chronic rejection and ischemia. The enteric 
conversion procedure was complicated by an anasto- 
motic leak and breakdown leading to intra-abdomi- 
nal sepsis and eventual death 2 months later. Another 
patient presented with severe hematuria 10 months 
after PTX alone and 8 months after open surgical re- 
pair of a DS leak from CMV duodenitis. Open surgi- 

cal exploration revealed DS hemorrhage and bladder 
rupture. The patient subsequently died 18 days later 
from sepsis and aplastic anemia. The remaining graft 
loss related to DS bleeding occurred in a patient who 
developed duodenal rupture from severe rejection 6 
weeks after PTX alone. Although the duodenal rup- 
ture was successfully repaired and the patient under- 
went revision duodenocystostomy, the solitary pan- 
creas graft was lost to unrelenting rejection 3 months 
later. 

C M V  Duodeni t is  

Invasive CMV infection of the DS was docu- 
mented in seven patients including four (3 %) after 
SKPT and three (7%) after PTX alone. Six patients 
received organs from CMV-seropositive donors in- 
cluding two with primary CMV exposure. As noted 
previously, four presented with DS leaks and the re- 
maining three had hematuria due to DS bleeding. 
The histopathologic diagnosis was confirmed by open 
biopsy in the four patients with DS leaks and by cyto- 
scopic DS biopsy in the remaining three with hema- 
turia (Fig. 6). All cases occurred between 2 and 4.5 
months after PTX at a mean of 95 days. 

Open surgical repair was performed in five cases of 
CMV duodenitis and cystoscopy alone in the remain- 
ing two. The mean length of hospital stay was 10 days 
(range 1 to 37 days). Two patients developed recur- 
rent leaks as a result of biopsy-proved CMV duo- 
denitis at a mean of 56 days after the initial repair. 
Both underwent reoperation, with one successful re- 
pair and one allograft pancreatectomy complicated by 
a fatal pulmonary embolus as previously discussed. 
Patient survival was 71% and pancreas graft survival 
was 57%. The other death occurred as a result of sep- 
sis and aplastic anemia 8 months after open surgical 
repair of a DS leak without documentation of recur- 
rent CMV infection as previously noted. The re- 

k . . . . .  

Fig. 6. Cystoscopically directed biopsy of duodenal segment 
mucosa with enteritis with villous blunting and characteristic 
nuclear and cytoplasmic inclusions of cytomegalovirus (arrow). 
(Hematoxylin and eosin stain; • 200.) 
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maining pancreas graft loss occurred several years af- 
ter successful open repair of a DS leak from C M V  
duodenitis and was due to chronic rejection. 

A m p u l l a r y  O b s t r u c t i o n  

Five patients developed ampullary obstruction 
manifesting as a marked decrease in urinary amylase 
with or without pancreatitis or a pancreatic fistula in 
the absence of a documented urine leak or vascular 
thrombosis. Obstruction occurred after SKPT in two 
cases (2%), after PTX alone in two cases (5%), and 
after PAK in the remaining case (5%). All cases oc- 
curred early at a mean of 46 days (range 5 to 150 
days), after PTX.  T h e  etiology was believed to be 
technical in two patients, rejection in two, and post- 
biopsy swelling in one. Initial management  consisted 
of urethral catheter drainage and treatment with San- 
dostatin (Sandoz Pharmaceuticals,  East Hanover,  
N.J.). Sphinc tero tomy was not  at tempted.  Three  
cases subsequently resolved, one patient developed 
persistent pancreatitis and responded to open surgi- 
cal drainage of a peripancreatic phlegmon, and the re- 

maining case was complicated by the development of 
a pancreatic fistula, which resulted in allograft pan- 
createctomy due to necrotizing pancreatitis. T h e  
mean length of hospital stay was 21 days (range 7 to 
44 days). Patient  survival was 100% and pancreas 
graft survival was 20%. In contrast to the one pan- 
creas graft loss due to allograft pancreatectomy, the 
three remaining graft losses were unrelated to am- 
pullary obstruction and resulted from chronic rejec- 
tion in PTX-alone recipients. 

D u o d e n a l  R e j e c t i o n  

A total of 13 patients had biopsy-proved evidence 
of DS rejection including eight (6%) after SKPT, 
three (7%) after P T X  alone, and two (10%) after 
PAK. Clinical presentation included hematuria (DS 
bleeding) in 12 and DS leak in one. The  diagnosis was 
confirmed by cystoscopic DS biopsy in seven patients 
and open DS biopsy in six. Evidence of  acute duode- 
nal rejection was found in eight biopsies (Fig. 7) and 
chronic duodenal rejection in the remaining five (Fig. 
8). Acute rejection was diagnosed at a mean of 4.7 

Fig. 7. Explanted pancreas allograft with features of acute re- 
jection in the duodenal segment mucosa including infiltrate of 
lymphocytes and eosinophils with intraepithelial lymphocytes, 
villous blunting, and crypt cell necrosis. (Hematoxylin and 
eosin stain; x 100.) 

. . . . . . . . . . . . . . . .  ~ .  , ~ Ni .g .  i : J . ' ~  

Fig. 8. Explanted pancreas allograft with features of chronic 
rejection in the duodenal segment mucosa including villous 
blunting and severe atrophy, gland disarray and dilatation, and 
mucosal fibrosis. Vascular changes of transplant arteriopathy 
were present in pancreas portion of the allograft. (Hematoxylin 
and eosin stain; x40.) 
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months, whereas chronic rejection occurred at a mean 
of 46 months after PTX. 

Five patients were treated with pulsed cortico- 
steroids, four with antilymphocyte rescue therapy, and 
four with observation alone. Two patients underwent 
open surgical repair (one for a DS leak and one for 
persistent bleeding due to duodenal rupture). T h e  
mean length of hospital stay for duodenal rejection 
was 14 days (range 1 to 65 days). Patient survival was 
69% and pancreas graft survival was 46%. Two deaths 
were temporarily related to duodenal rejection and 
resulted from intra-abdominal sepsis. One patient un- 
derwent allograft pancreatectomy for chronic rejec- 
tion complicated by a DS fistula, whereas three other 
graft losses were due to acute and chronic rejection. 

E n t e r i c  Convers ion 

Five patients (13 %) underwent enteric conversion 
because of DS pathology. Indications for enteric con- 
version included the following: early DS leak in one, 
late DS leak in one, early DS bleeding in one, late DS 
bleeding in one, and C M V  duodenitis in one. The  
mean length of stay after enteric conversion was 26 
days (range 10 to 65 days). Patient survival was 80% 
and pancreas graft survival was 60%. In the two pa- 
tients who had enteric conversions performed late (at 
5.3 and 6 years after PTX), chronic rejection of the 
DS was documented by open biopsy at the time of the 
procedure. Both of these patients subsequently de- 
veloped anastomotic leaks, with death from intra- 
abdominal sepsis in one and eventual allograft pan- 
createctomy in the other. 

All DS C o m p l i c a t i o n s  

The  majority (79%) of the DS complications oc- 
curred within the first 6 months after PTX. The  mean 
length of hospital stay associated with DS complica- 
tions was 13.4 days. Open surgical repair was per- 
formed in 58%, cystoscopy in 63%, and enteric con- 
version in 13 % of patients. Two deaths were directly 
attributed to DS complications. Mthough DS com- 
plications resulted in a 13 % rate of allograft pancrea- 
tectomy, the presence of DS complications was not 
associated with either an increased risk of pancrea- 
tectomy or decreased pancreas graft survival when 
compared to patients without  DS complications 
(Table I and Fig. 9). 

D I S C U S S I O N  

Vascularized PTX has assumed an increasingly im- 
portant role in the treatment of highly selected insulin- 

Table I. Results 

Duodenal  s egmen t  complicat ions 

Yes No 

Number 38 163 in 153 patients 
Patient survival 32 (84%) 138 (90%) 
Pancreas graft survival 26 (68%) 114 (70%) 
Follow-up (mo)* 44 _+ 12 39 -+ 9 

(range 7-85) (range 3-81) 
Graft pancreatectomy 5 (13%) 22 (13%) 

*Values are expressed as mean +- standard deviation; P = not significant. 
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Fig. 9. Actuarial pancreas graft survival in patients with and 
without duodenal segment (DS) complications. No significant 
difference was noted. 

dependent patients with complications of diabetes. 2,3 
However, the benefits of P T X  must  be weighed 
against the morbidity associated with the operative 
procedure and long-term immunosuppression. PTX 
is associated with a higher morbidi ty than kidney 
transplantation. In addition to rejection, the major 
causes of graft loss after PTX are vascular thrombosis, 
pancreatitis, and infection. 1-3 Because of the unfor- 
giving nature of the pancreas as a parenchymal organ, 
the preferred method of transplantation has evolved 
into a whole-organ pancreaticoduodenal technique. 3 
By incorporating a portion of the donor's duodenum 
into the pancreas allograft, exocrine drainage can be 
achieved without  violating parenchymal integrity. 
However, transplantation of the DS as an exocrine 
conduit  is a paradigm of bowel transplantation and 
may be associated with unique complications. 

In 1984 Starzl et al. 32 reported on four cases of 
composite splanchnic organ grafts, which included 
the entire pancreas, the spleen, and variable amounts 
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of donor duodenum and jejunum. One graft was lost 
to early venous thrombosis. Two grafts transplanted 
with duodenojejunal limbs developed protein-losing 
enteropathy resulting in subsequent reoperation with 
bowel resection, leaving a proximal duodenal "bubble" 
that was anastomosed to the jejunum of the recipient. 
In the final case, a short segment of the duodenum 
closed at both ends was anastomosed side to side to 
the recipient jejunum without any subsequent com- 
plications. Based on this initial experience, the authors 
concluded that inclusion of the extrapancreatic organs 
(spleen and bowel) was responsible for much of the 
morbidity of this procedure. Subsequent to this re- 
port, bladder drainage by the duodenal segment tech- 
nique became the method of choice for pancreas 
transplantation in the next decade. 32 

Most centers report an operative complication rate 
of 20% to 30% after PTX related to vascular prob- 
lems, urologic problems, difficulties related to exo- 
crine pancreatic drainage and allograft pancreatitis, 
wound or infectious complications, and miscellaneous 
problems.3,11,13,32-38 In most of these reports there is a 
failure to differentiate complications specific to the 
DS from either urologic or intra-abdominal morbid- 
ity. 14 Only a few reports regard DS complications as a 
separate entity. 16-m In 1990 Gruessner et al. 16 reported 
on 15 cases (10%) of duodenal complications requir- 
ing surgical repair after PTX. Eleven patients had DS 
leaks, three had DS hemorrhage, and one had DS 
necrosis. Twelve DS complications were believed to 
be technical in nature, two were due to ~ and one 
was due to rejection. Four patients (26.7%) experi- 
enced graft loss due to allograft pancreatectomy, and 
another patient underwent allograft duodenectomy 
for severe DS rejection and necrosis with preservation 
of pancreas graft function. 

In 1993 Elkhammas et al. 17 reported on 30 SKPT 
recipients (20%) with DS complications including 12 
patients with urine leaks and 18 with hematuria. 
Seven patients with DS leaks were successfully 
treated nonoperatively with prolonged indwelling 
urethral catheter drainage and antibiotics. In addi- 
tion, six patients with hematuria were successfully 
treated with urethral catheter drainage and continu- 
ous bladder irrigation, thus avoiding cystoscopy or 
open repair. One patient underwent enteric conver- 
sion in this series, and no graft losses resulted from 
either complication. 

In an updated series from the University of Min- 
nesota, Hakim et al. 4~ reported on 42 patients with 
DS leaks, 26 with DS-related hematuria confirmed by 
cystoscopy, two with recurrent stone formation at the 
DS staple line, nine with recurrent urinary tract in- 
fections requiring cystoscopy and removal of suture 

or staple material in the DS as the focus of infection, 
and six with duodenal ulceration due to invasive CMV 
infection. The overall incidence of DS complications 
was 23%. Eight patients (9.4%) underwent enteric 
conversion, and the rate of pancreas graft loss directly 
related to DS complications was 8%. Isolated case re- 
ports of DS ulcer perforation and DS rupture due to 
rejection have also appeared in the literature. 4~ 

There have been a number of indirect studies of DS 
complications in PTX recipients reported either as 
the presenting symptom (hematuria, perforation, or 
"urologic" complication) or as the specific treatment 
(enteric conversion or "surgical" therapy) .  3,11-15,32-38,42-47 

Gross hematuria is the most frequent major urologic 
complication, occurring in approximately 10% of pa- 
tients with bladder-drained PTXs. 48 Early hematuria 
can be minimized by careful preparation and handling 
of the DS to avoid devascularization or mucosal hem- 
orrhage. Urethral catheter drainage is the mainstay of 
therapy, with most episodes being self-limited. 27 Cys- 
toscopy is reserved for refractory cases. In our experi- 
ence the DS was the most common site of bleeding 
resulting in significant hematuria. By following a sys- 
tematic approach, gross hematuria was treated suc- 
cessfully with minimal morbidity or graft loss and 
only rarely required open surgical therapy. 

Further review of the literature reveals that perfo- 
ration of the DS and urinary extravasation occurs 
nearly as frequently as gross hematuria (4% to 14%) 
and, if unrecognized, may result in significant mor- 
bidity.3.11-13,16,17,48 Most pailents experience the sudden 
onset of lower abdominal pain and hyperamylasemia. 
Abdominal pain usually subsides with placement of an 
indwelling urethral catheter in the absence of peri- 
tonitis. A high degree of clinical suspicion is some- 
times required because patients may present with only 
vague abdominal symptoms and fever in the setting 
of immunosuppression. The most common site of DS 
leak is nonanastomotic, usually at one of the staple 
lines. If a standard retrograde cystogram does not 
demonstrate the leak, a CT scan-cystogram or ra- 
dionuclide voiding cystourethrogram can be helpful 
to confirm the presence of a perforation. 3,48-51 DS 
leaks may occur early or late, with early cases usually 
attributed to technical difficulties or ischemia and late 
cases resulting from rejection or infection. These 
leaks are usually treated by direct open repair, al- 
though some authors advocate nonoperative manage- 
ment with prolonged urethral catheter drainage in the 
absence of peritonitisJ 4 Others perform an enteric 
conversion for DS leaks, particularly if these leaks are 
recurrent or associated with significant DS disease. 42~ 
In our experience 9 of 12 DS leaks occurred early and 
the distal staple line was the most common site. All 
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patients underwent open repair including two in 
whom enteric conversion was performed. 

For PTX recipients with bladder drainage, enteric 
conversion is recommended for refractory problems 
such as dehydration with intractable metabolic acido- 
sis, chronic urethritis with urethral disruption or stric- 
ture, recurrent urine leaks with severe DS pathology, 
persistent hematuria, chronic urinary tract infections 
with foreign body formation or urosepsis, transitional 
cell dysplasia, and recurrent reflux pancreatitis. 14,42-46 
Most  authors recommend waiting 3 to 6 months be- 
fore considering an enteric conversion because many 
of the previously mentioned problems are self-limited 
and improve with time and nonoperative manage- 
ment)  4 For persistent, refractory, or late cases, how- 
ever, enteric conversion can be performed with low 
morbidity and can be effective in treating urologic, 
metabolic, or DS complications. Enteric conversion 
rates range from 10% to 20% in most large se- 
ries. 3,14,42 -46,48 

In our experience the rate of  enteric conversion 
performed for urologic complications (3 %) is low 
compared to rates in other published series (7% to 
15 %). 14 However, these series failed to distinguish be- 
tween urologic and DS complications. In reviewing 
this literature we noted that DS pathology accounted 
for 40% to 50% of enteric conversions performed for 
so-called urologic complications.3,14,~ -46 We do not 
believe that it is appropriate to categorize DS prob- 
lems with urologic complications because this may 
contribute to misrepresentation of the morbidity of 
bladder drainage. 

In this descriptive study, DS complications oc- 
curred in 19% of PTX recipients, with bleeding and 
perforation being the two most common clinical pre- 
sentations. Ampullary obstruction and foreign body 
formation were less common. Possible causes in- 
cluded rejection, invasive CMV infection, and tech- 
nical difficulties leading to ischemia. Nearly 80% of 
DS complications occurred within the first 6 months 
after PTX, and most required operative intervention 
such as open surgical repair (58%), cystoscopy (63 %), 
or enteric conversion (13 %). Two deaths (1%) were 
directly related to DS complications, and the rate of 
allograft pancreatectomy (13 %) was no different in 
patients with and without DS complications. Similarly, 
patient and pancreas allograft survival rates were sim- 
ilar in patients with and without DS complications. 
Based on this retrospective experience, we believe that 
whole-organ pancreaticoduodenal transplantation is 
associated with a finite risk of DS complications that 
are an important source of morbidity but rarely cause 
death. Analysis of DS complications may provide in- 
sight into morbidity associated with bowel transplan- 
tation. Early diagnosis and prompt intervention (open 

surgery or cystoscopy) can result in a high rate of graft 
salvage. In spite of unique side effects, transplantation 
of the DS as an exocrine conduit remains an accept- 
able alternative for either bladder or enteric drainage 
after PTX and is a paradigm of bowel transplantation. 

We gratefully acknowledge the assistance and expertise of Jannene 
Sass and Deborah Aaron in preparation of the manuscript. 
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Use of an Ileal Roux Limb to Prevent 
the Roux Stasis Syndrome 

Michinaga Takahashi, M.D., Bao-Lien Nguyen Tu, M.D., Edoardo Leombruni, M.D., 
Keitb A. Kelly, M.D. 

The aim of this study was to determine whether the use of an ileal Roux limb, rather than a jejunal Roux 
limb, would prevent the Roux stasis syndrome that can occur after Roux gastrectomy. An ileal Roux limb 
was constructed in eight dogs and anastomosed to the gastric remnant after distal hemigastrectomy. Flow 
of thyme through the jejunum was preserved via an ileojejunostomy and a jejunoileostomy. Six dogs with 
distal gastrectomy and a conventional Roux gastrojejunostomy served as a control group. Chronic enteric 
recording electrodes and intraluminal, open-tipped pressure catheters were implanted in all dogs. After 
recovery, the electrical activity and motility of the Roux limbs and the rates of gastric emptying of liquids 
and solids were measured. Dogs with a Roux gastroileostomy had a slower frequency of pacesetter 
potentials in the Roux limb, a greater Roux motility index, and a faster rate of gastric emptying of liquids 
and solids than did dogs with a Roux gastrojejunostomy. Stomal ulcers, however, developed in seven of 
the eight ileal Roux limbs but in none of the jejunal Roux limbs. It was concluded that Roux gas- 
troileostomy does ameliorate the Roux stasis syndrome, but there is a greater risk of stomal ulceration in 
the limb. (J GASTROINTEST SURG 1997;1:545-553.) 

Ectopic pacemakers appear in a jejunal Roux limb 
after Roux gastrectomy. TM These pacemakers drive 
the proximal part of  the limb in a retrograde direc- 
tion and slow gastric emptying. 5,a Nausea, vomiting, 
and pain may result. 7,8 Reoperation may then be nec- 
essary, but it may not alleviate the symptoms. 9,t~ 

Roux limbs are almost always fashioned from je- 
junum. The  ileum, however, has electrical and motor 
properties that might favor its use as a Roux limb. 
The  frequency of pacesetter potentials (PPs) is lower 
in the ileum than in the jejunum, the velocity of ileal 
PP propagation is slower, and the wavelength of ileal 
PPs is shorter. It The wavelength of a PP corresponds 
to the length of bowel whose motility is controlled by 
that PP. Thus ectopic pacemakers that might appear 
in an ileal Roux limb ought to disturb motility over 
shorter segments of bowel than would such pacemak- 
ers in a jejunal Roux limb. The  ileum also has more 
clustered motor waves than does the jejunum. 12 We 
have shown in previous tests that clustered waves pro- 
mote distal enteric transit, especially of solids, via a 
mechanism independent of the frequency or direction 

of propagation of the PPs. 13 These findings suggest 
that a Roux ileal limb might continue to propel con- 
tent distally even though ectopic pacemakers were 
present in the limb. 

Our specific aims, thus, were to assess the enteric 
electrical and motor patterns and the rates of gastric 
emptying in dogs with an ileal Roux limb after Roux 
gastrectomy, and to compare these patterns and the 
rates of gastric emptying to those of dogs with a jeju- 
nal Roux limb. 

M E T H O D S  
Expe r imen ta l  P r e p a r a t i o n  

The  experimental protocol was approved by the 
Animal Care and Use Committee of the Mayo Clinic 
on April 3, 1995. Surgical procedures and experi- 
ments were performed in accordance with the 
"Guidelines for the Care and Use of Laboratory An- 
imals" (NIH publication No. 82-23, revised 1985). 

Fourteen female mongrel dogs weighing between 
16 and 22 kg were fasted overnight and given 100 mg 
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Fig. 1. Canine experimental preparations. After distal hemigastrectomy, gastrointestinal continuity was 
restored by Roux gastroileostomy in the experimental group (left) and Roux gastrojejunostomy in the 
control group (right). 

of cephalothin intravenously. General anesthesia was 
induced with methohexital sodium (12.5 mg/kg), 
1.5% isoflurane, and atropine sulfate (0.04 mg/kg). 
Using sterile operative techniques, a midline ce- 
liotomy was made and a distal hemigastrectomy was 
accomplished. 

An ileal Roux limb was fashioned in eight of  the 
dogs. The  small bowel was divided at a site one-half 
the distance between the ligament of Treitz and the 
ileocolic valve, the distal cut end was closed, and the 
gastric remnant was anastomosed end to side to the 
ileum just distal to the closure (Fig. 1). The  proximal 
jejunum, 15 cm from the ligament of Treitz, was anas- 
tomosed side to end to the ileum at a site 40 cm distal 
to the gastroileostomy. The ileum was transected at 
the side-to-end jejunoileostomy, except for a neuro- 
muscular bridge that was left intact to maintain pace- 
setter potential propagation from the Roux ileal limb 
to the more distal ileum. The lumen of the ileum dis- 
tal to the bridge was sutured closed, while the distal 
cut end of divided jejunum was anastomosed to the 
ileum just distal to the bridge. The  operation estab- 
lished a 40 cm Roux ileal limb and yet maintained 
transit through the same length ofjejunoileum as does 
a conventional Roux jejunal limb. A second group of 
six dogs with conventional Roux gastrojejunostomies 
and 40 cm jejunal Roux limbs were used as controls 

(see Fig. 1). Vagotomy was not performed in either 
group of dogs, because we did not wish to obscure the 
cause of slow gastric emptying expected to be present, 
at least in the dogs with Roux jejunal loops, by adding 
an additional factor, postvagotomy gastric atony. 

In both groups of dogs, enteric electrodes were ap- 
plied at 4 cm intervals as in Fig. 1. All electrodes were 
monopolar Ag-AgCI recording electrodes. The  elec- 
trodes were connected by insulated copper wires to a 
multioutlet connector embedded in a stainless steel 
cannula positioned in and anchored to the right ante- 
rior abdominal wall. In addition, a triple-lumen poly- 
ethylene catheter (internal diameter of each channel 
= 1 mm) was inserted 1 cm distal to the orad end of 
the Roux limb and its open side ports were positioned 
in the Roux limb 10 cm, 15 cm, and 20 cm distal to 
the gastroenterostomy. The  external ends of the 
catheter were brought to the exterior via a metal con- 
nector in a stainless steel cannula implanted in the left 
anterior abdominal wall. The abdomen was sutured 
closed. 

Analgesics (Butophin, 10 mg subcutaneously) were 
given every 4 hours after the operation for 2 days. 
The dogs were fasted for the first two postoperative 
days, during which time they received intravenous 
glucose, water, and electrolytes. Oral feedings were 
begun on the third postoperative day. Three weeks af- 
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ter surgery, when the animals had recovered from the 
operation, studies of myoelectric activity, motility, and 
gastric emptying were commenced. 

Conduc t  of  Exper iments  

Electrical Activity and Motility. Small intestinal 
electrical activity and motility were measured during 
fasting on three different days in each conscious ani- 
mal. The dogs were starved for 18 hours prior to each 
daily study. They were placed fully conscious in a 
Pavlov stand, and the electrodes were connected to an 
electrical amplifier/computer acquisition system us- 
ing the stainless steel cannula as a ground. The unipo- 
lar electrical signals were amplified by means of Mayo 
custom-built analogue amplifiers. The amplified ana- 
logue signals were then converted to digital signals 
sampled at 100 Hz, which were displayed in real time 
on an electronic monitor while simultaneously stored 
on magnetic media to be analyzed later. Roux limb 
motility was recorded concurrently with electrical ac- 
tivity. Motility was measured via the perfused side 
holes of the implanted polyethylene catheters using a 
low-compliance perfusion system connected to pres- 
sure transducers and a pressure-recording monitor for 
each channel) 4 The pressure data were also digitized 
and stored on disk for later computer analysis. Elec- 
trical activity and motility were measured for 4 hours 
during fasting. 

On three different days after another 18-hour 
ovemight fast, the dogs were given two cans (312 g, 
394 cal: 45% protein, 28% fat, 17% carbohydrate)of 
canine a/d feline (Hill's Pet Nutrition, Topeka, Kan.) 
containing 8.5% protein, 5.25% fat, and 78% mois- 
ture. The dogs were placed in the Pavlov sling, and 
electrical activity and motility were recorded for 2 
hours in the same manner as during the fasting studies. 

Gastric Emptying. The rate of gastric emptying 
of a mixed meal was assessed in each dog on three 
other days. After an 18-hour overnight fast, the dogs 
were given a meal consisting of 200 m125% dextrose, 
50 ml of 111In-labeled beef broth (Campbell Soup 
Co., Paris, Tex.), and 50 g of 99roTe-labeled chicken 
liver chopped into 1 cm cubes, while electrical record- 
ings were made. The liquid component of the meal 
contained 207 kcal (97% carbohydrate and 2.5% pro- 
tein), while the solid component had 78 kcal (2% car- 
bohydrate, 65% protein, and 33% fat). The chicken 
liver was prepared using an in vitro labeling tech- 
nique; 1.0 mCi of 99mTc-sulfur colloid was injected at 
multiple sites into the parenchyma of 50 g of fresh 
chicken liver. The liver was then enclosed in a water- 
tight bag and boiled for 15 minutes. The cooked liver 

was then cut into cubes 1 cm on a side. The liquid was 
prepared by injecting 0.10 mCi of 111In-DTPA into 
the beef broth/dextrose solution. The liver cubes were 
placed in the beef broth, and the entire meal con- 
sumed by the dogs, usually within 2 minutes. 

After the meal was consumed, the head of a gamma 
camera (model 409 [Elscint, Inc., Arlington Heights, 
Ill.], with a medium-energy collimator) was elevated 
to be in contact with the anterior surface of the dog's 
abdomen as the dog lay in the prone position in the 
Pavlov sling. Static anterior view scintigraphic images 
with 20% windows around the i i 1In energy peak (247 
keV) and around the 99mTe energy peak (140 keV) 
were obtained for 2.0 minutes every 10 minutes for 
the first 20 minutes, every 20 minutes for the next 100 
minutes, and then every 30 minutes thereafter until 
at least 50% of the solid marker had left the stomach. 
Scintigraphic images were stored and later analyzed. 

Analysis of  Data 

Electrical Activity. Digitized myoelectric signals 
were analyzed using a VAX/VMS platform by a pre- 
viously described method developed in our labora- 
tory. Is The three basic analysis steps were as follows: 
(1) identification of the precise time (within 1/100th 
of a second) of each PP in all recording channels dur- 
ing each experiment; (2) using the PP event times in a 
single recording channel to calculate the instanta- 
neous and the mean PP frequency in each channel 
during each experiment; and (3) using the PP event 
times in adjacent recording channels (spatially sepa- 
rated by 4 cm on the bowel wall) to determine the 
propagation direction of each PP detected in each 
channel. For example, in a typical 4-hour fasting 
study, assuming a PP frequency of approximately 20 
cpm and 100% PP recognition, this analysis tech- 
nique identified approximately 4800 PPs in each of 
nine channels for a total of 43,200 PPs over a 4-hour 
period. It also determined the PP propagation direc- 
tion and velocity (4 cm/interelectrode time delay) for 
each of the pairs of adjacent electrodes for a total of 
38,400 propagation events. 

PP frequency and direction of propagation were 
examined during phase 1, phase 2, and phase 3 of the 
interdigestive migrating myoelectric complex (/VlMC), 
as identified by inspection of the tracings using the 
criteria of Code and Marlett 16 as well as during feeding. 

Motility. The motility data were analyzed using 
programs developed in our laboratory, is,16 Briefly, the 
programs allowed identification of single pressure 
waves and clustered pressure waves. The frequency, 
amplitude, area under the curve, direction of propa- 
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gation, and velocity of propagation of the waves were 
determined. A motility index was calculated as the am- 
plitude • duration of clustered waves per 10 minutes. 

Gastric Emptying. Scintigraphic images were an- 
alyzed using a Medical Data System A2 computer  
(Medical Data Systems, Ann Arbor, Mich.). For each 
static image, the gastric region of interest was inter- 
actively derived, and total counts lllIn raw (t) and 
99mTc raw (t) were obtained at each time, t. Counts, 
corrected for background, crossover, and radioactive 
decay, were obtained using the following formulas: 

HlIn cor(t)  = [HlIn raw(t) -- 111In bkgrnd]  • 2 t /3888 m i n  

99m'Fc cor( t )  = [99roTe raw(t) - 99roTE bkg rnd  - 0.55 • 
l l l In  raw(t)] • 2t/361 m i n  

The  fraction of each marker remaining in the stom- 
ach at each time, t, was derived by dividing the cor- 
rected counts by the maximal value of corrected 
counts over the experiment. The  fractions obtained 
were then used to fit a power exponential function as 
previously described17: 

f(t) = 2 - ( t /Tl/2)b 

where f -- fraction of  meal component  remaining rel- 
ative to 1.0 at time 0, TI/2 = half emptying time, and 
b = the exponent power that describes delayed or ac- 
celerated early emptying. The  use of anterior scinti- 
graphic images alone produces an artifactual delay in 
the time of peak counts, which distorts the power ex- 
ponential curve fitting the procedure for solid emp- 
tying. To partially compensate for this calculation of 
the T1/2 and b parameters, only time points after the 
maximal observation were used in the solid curve fit- 
ring. The  Tl/2, b and lag phase for gastric emptying of 
solids and liquids were assessed in each dog, as de- 
scribed above. 

Statistical Analysis. Data from the two groups of 
dogs were compared using Student's t test for un- 
paired data and the Bonferroni correction where in- 
dicated. 

Postmortem Examination 

After completion of the experiments, all animals 
were killed with an overdose of pentobarbital sodium 
and the areas of operation inspected. In particular, the 
integrity of the luminal closure at the site of the neu- 
romuscular bridge in the ileal Roux dogs was exam- 
ined. The  lumen of the bowel on one side of the clo- 
sure was distended to 200 m m  Hg pressure with a 1% 
solution of methylene blue, while the lumen on the 
other side was inspected for the appearance of the 
methylene blue. 

R E S U L T S  
Condition of  the Dogs 

The  dogs with an ileal Roux limb were in fair or 
poor health after the operation. Three  of the eight 
dogs died between 3 and 10 weeks after operation. 
None  of the three contributed emptying data before 
death, but two of the three contributed elec~trical and 
motor  data. The  five dogs that survived had impaired 
nutr i t ion and lost a mean _ standard error of the 
mean (SEM) of 0.66 + 0.58 kg of body weight by 10 
weeks after the operation. Among the five survivors, 
all contributed electrical, motor, and emptying data, 
but one developed gastric outlet obstruction 1 month 
after the operation. Only the emptying test performed 
3 weeks after the operation was used to calculate the 
rate of gastric emptying in this dog. In total, six ileal 
Roux dogs contributed electrical data, six dogs pro- 
vided motor  data, and five dogs provided emptying 
data. In contrast to the ileal Roux dogs, the jejunal 
Roux dogs did well after the operation. None  died, 
and no weight loss occurred. In fact, the jejunal Roux 
dogs gained 0.28 - 0.71 kg during the course of the 
experiments. All six jejunal Roux dogs completed all 
electrical, motor, and emptying tests. 

Elect r ica l  Act ivi ty  

Pacesetter Potentials. The  frequency of the PPs in 
the ileal Roux limb (mean _+ SEM = I0 - 1 cpm) was 
slower than that in the jejunal Roux limb (13 +_ 1 
cpm; P <0.05) during phase 1 of the MMC, during 
phase 3 of the MMC, and in the fed state (Fig. 2 and 
Table I). In addition, the percentage of PPs that prop- 
agated aborally was less in the ileal Roux limbs than in 
the jejunal Roux limbs during phase 3 of the MMCs 
and during the fed state (see Table I) but not during 
phase 1 of the MMC. In contrast to the Roux limbs, 
the frequency of the PPs and the percentage of aborad 
propagation of PPs in the proximal jejunum were sim- 
ilar in the two groups of dogs (see Table I). 

Migrating Myoelectric Complexes. The  period of 
interdigestive MMCs,  that is, the minutes from the 
end of one phase 3 of an M M C  to the end of the next 
phase III, was longer in the ileal Roux limbs than in 
the jejunal Roux limbs, both in the Roux limbs them- 
selves (103 + 8.5 minutes vs. 67 -+ 2.8 minutes; P 
<0.05) and in the bowel distal to the Roux limbs (105 
_+ 7.8 minutes vs. 64 _+ 2.6 minutes; P <0.05). The  
period of the MMCs  in the proximal jejunum (99 
minutes), however, was similar in the two groups of 
dogs (Table II). 

T h e  time required for phase 3 of the M M C  to 
travel from electrode 4 to electrode 10, a distance of 
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T a b l e  I .  En te r i c  e lectr ical  act ivi ty  after  distal  h e m i g a s t r e e t o m y  and recons t ruc t ion  wi th  an ileal Roux l imb  o r  a 
jejunal  Roux l imb 

Mean = SEM frequency ofPPs  (cpm) Mean + SEM % aborad PP propagation 

Fasting FmilJag 

Phase 1 Phase 3 Phase 1 Phase 3 
Area of bowel of  MMC of MMC After feeding of MMC of MMC After feeding 

R o u x  l imb 

ileal Roux (n = 6 dogs) 10.4 +-- 0.5 12.4 -- 0.2 11.2 --- 0.6 66 --. 3.4 52 • 2.5 61 --- 2.6 
Jejunal Roux (11 = 6 dogs) 13.4 -- 0.4* 14.5 -- 0.5* 14.2 --- 0.4* 70 _+ 4.0 68 --- 2.5* 77 _+ 4.2* 

Proximal  je junum 

Ileal Roux (n = 6 dogs) 18.9 • 0.2 19.0 _ 0.3 18.8 -+ 0.2 99 -+ 0.5 91 -+ 4.7 94 -+ 4.9 
Jejunal Roux (n = 6 dogs) 19.3 _ 0.2 19.3 • 0.2 19.2 • 0.5 84 -+ 6.3 67 -+ 9.2 79 -~ 8.6 

PP = pacesetter potential;/~LMC = migrating myoeleetric complex. 
*Values differ from those above (P <0.01). 

T a b l e  I L  Pe r iod  and p ropaga t i on  o f  in terdiges t ive  myoe lec t r i c  complex  in t he  Roux l imb,  in bowel  distal to the  
Roux  l imb,  and in the proximal  j e junum after Roux gas t ro i l eos tomy (ileal Roux) o r  Roux gas t ro je junos tomy 
(jejunal Roux) 

Mean _+ SEM period ofMMC (min)* 

Bowel distal to Mean _+ SEM for MMC 
Type of Roux limb Roux llmb Roux limb Proxlm~l jejunum propagation (min)t 

Heal (n =- 6 dogs) 103 • 8.5 105 • 7.8 98 __. 6.2 22 • 1.7 
Jejunal (n = 6 dogs) 67 -+ 2.8qt 65 • 2.6~: 100 _+ 6.8 6.5 - 0.7qt 

*Period of migrating myoelectric complexes (MMC) represents the duration from the end of the one phase 3 to the end of the next phase 3. 
tMinutes for phase 3 to propagate 35 cm from the Roux limb (electrode 4, see Fig. 1) to the bowel distal to the Roux limb (ileal Roux dogs, elec- 
trode 10; jejunai Roux dogs, electrode 8). 
CVatues differ from those above (P <0.01). 

Phase I of MMC Dog 1 

E2 

Ea ~ 

E4 ~ 

Dog 9 

Phase 3 of MMC 

E2 

E4 

L. ~ 
1 5 S ~  

Fig. 2. Electrical tracings from a Roux limb during phases 1 and 3 of the interdigestive migrating myo- 
electric complex (-MMC) in a dog with hemigastrectomy and a Roux gastroileostomy (left) or a Roux 
gastrojejtnaostomy (right). 
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35 cm, in the ileal Roux dogs was 21.6 +_ 1.7 minutes, 
whereas in the jejunal Roux dogs it was 6.5 • 0.7 
minutes (P <0.05). Thus  the velocity of propagation 
of phase 3 was slower in the ileal Roux dogs than the 
jejunal Roux dogs (1.6 cm/min  vs. 5.4 cm/min,  re- 
spectively; P <0.05). 

MMCs were abolished 15 to 30 minutes after feed- 
ing in both groups of dogs. 

R o u x  L i m b  Mot i l i t y  

The  motility index (MI) was greater during fasting 
and with feeding in the ileal Roux limb than in the je- 
junal Roux limb (phase 1 of fasting -- 10.9 -+ 0.9 vs. 
8.0 _+ 0.5; fed state = 12.0 + 0.6 vs. 10.5 -+ 0.6; 
P <0.05; Table III). In contrast, the frequency and 
amplitude of clustered waves, the number  of clusters 
that propagated aborally, and the duration of the clus- 
ters did not differ in the two groups of dogs (Table 
IV). However, the velocity of aborad propagation of 
clusters was faster after feeding in the ileal Roux limbs 
than in the jejunal Roux limbs (28.2 _+ 2.9 cm/min vs. 
19.8 _+ 2.3 cm/min; P <0.05), although the velocity of 
orad propagation was not. 

Gas t r ic  E m p t y i n g  

Liquids and solids emptied faster from the gastric 
remnant in the ileal Roux dogs than in the jejunal Roux 
dogs. The  T1/2 of liquid emptying of the ileal Roux 
dogs was 107 __ 9.2 minutes in the ileal Roux dogs and 
166 __ 18.5 minutes in the jejunal Roux dogs (P <0.05), 
whereas the T m  of solid emptying was 164.6 • 8.5 
minutes in the ileal Roux dogs and 213.6 -+ 18.3 min- 
utes in the jejunal Roux dogs (Fig. 3; P <0.05). 

Postmortem Studies 

In the three ileal Roux dogs that died, the cause of 
death was generalized peritonitis from perforated 
stomal ulcers in the ileal Roux limb. The  ulcers were 
located at a site just distal to the gastroilestomy (Fig. 
4). Of  the five ileal Roux dogs that survived, four also 
had stomal ulcers, two of which were "kissing" ulcers. 
In one of these dogs the kissing ulcers had penetrated 
into the liver, whereas in the other dog the kissing ul- 
cers had caused gastric outlet obstruction. The  other 
two dogs with ulcers had small stomal ulcers that were 
not perforated or obstructing. 

A patent enteric lumen between the ileal Roux limb 

Table 1H. Motility index (MI = loge [sum of the amplitude • number of pressure waves] + 1) in the Roux limb 
after Roux gastroileostomy (ileal Roux) or Roux gastrojejunostomy (jejunal Roux) 

Mean _+ SEM motility index (units) 

Type o f  Roux  l imb Phase  1 of MMC Phase 3 of  MMC Fed state 

Ileal (n = 6 dogs) I I  -+ 0.9 12 _+ 0.4 12 -+ 0.6 
Jejunal (n = 6 dogs) 8.0 + 0.5* 11 + 0.2* 11 -+ 0.6* 

MMC = migrating myoelectric complex. 
*Values differ from those above (P <0.05). 

Liquids Sol ids 

T1/2 

(min) 

p = 0.02 

T 1/2 

(min) 

p = 0.04 

I 

20o T 

100 .X~ 

r -~ Mean • 

I I Ileal Roux 
Jejunal Roux 

Fig. 3. Gastric emptying of liquids and solids after distal hemigastrectomy and Roux gastroileostomy 
(n = 5 dogs) or Roux gastrojejunostomy (n = 6 dogs). T1/2 = minutes required for one-half  of the liq- 
uid or solid component  of the meal to empty. 
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and the more distal ileum at the site of  the neuro- 
muscular bridge was found in the three ileal Roux 
dogs that died. The enteric stream in these three dogs 
likely bypassed the jejunum, resulting in a "short 
bowel." A fourth dog had a small, 3 mm diameter fis- 
tula between the ileal Roux limb and the more distal 
ileum across the neuromuscular bridge. This fistula 
was associated with a stomal ulcer in the limb. The  
other four ileal Roux dogs had no fistulas, but three of 
them had stomal ulcers. N o  jejunal Roux dogs had fis- 
tulas or stomal ulcers. 

D I S C U S S I O N  

Dogs with an ileal Roux limb emptied liquids and 
solids from their stomachs faster than dogs with a je- 
junal Roux limb. The  better emptying was likely due 
to a slower frequency of PPs in the ileal Roux limb, a 
shorter PP wavelength, a greater motility index, and 
clustered waves that moved distally with greater ve- 
locity in the ileal Roux limb than in the jejunal Roux 
limb or a combination of  these factors. Both limbs 
had similar clustered wave parameters otherwise, so 
that other changes in the patterns of  clustered waves 
were unlikely to have led to more rapid gastric emp- 
tying in the ileal Roux dogs. These  results suggest 
that subjects with ileal Roux limbs would be less likely 
to have the Roux stasis syndrome after the operation 
than would subjects with jejunal Roux limbs. 

�9 v .  "w - 

..r 

. ' .  
�9 " 4  

Fig. 4. Photograph of a perforated ileal ulcer (arrow) found at 
autopsy in a dog with an ileal Roux limb. The ulcer is located 
in the ileal limb just distal to the gastroileostomy. The forceps 
is retracting the gastric mucosa to expose the anastomosis. 
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The  ileal Roux limbs also had interdigestive 
M M C s  with a period similar to that of  the intact 
proximal jejunum and a velocity of aborad migration 
similar to that found in intact ileum, a2 compared to 
the shorter period and more rapid velocity in the je- 
junal Roux limbs. Others have also found shorter 
M M C  periods and more rapid M M C  velocities in je- 
junal Roux limbs. 1,3,18,19 Whether  the healthier pat- 
tern of  MMCs in the ileal limbs contributed to better 
function and less stasis in these limbs is unknown. 

Chen et al., 5 emphasized the importance of main- 
taining the flow of bile and pancreatic juice through 
Roux limbs in preserving gastric emptying. In their 
tests, gastric emptying of solids was faster after Bill- 
roth II gastrojejunostomy, which maintains biliopan- 
creatic flow through the efferent jejunum, than it was 
after Roux gastrojejunostomy, which diverts bile and 
pancreatic juice away from the Roux limb. This was 
true irrespective of the subsequent transection of the 
efferent jejunal limb in the Billroth dogs or division 
of  a neuromuscular bridge to the limb in the Roux 
dogs. Nonetheless, our current experiments provide 
evidence that the electrical and motor properties of 
the Roux limb itself are also major determinants of 
the rate of gastric emptying, and that the ileal Roux 
limb has a more favorable pattern in this regard than 
the jejunal Roux limb. 

The main problem with the ileal Roux limbs in our 
tests was that seven of eight of the dogs that had them 
developed stomal ulcers in the limbs. These ulcers 
seemed to be similar to Mann-Williamson ulcers. 2~ 
Mann and Williamson anastomosed the distal je- 
junum to the proximal duodenum without gastric re- 
section and diverted biliary and pancreatic juice to the 
distal ileum. Unbuffered gastric juice entered the 
proximal jejunum in their dogs and resulted in jeju- 
nal ulcers. We did not determine gastric acid secre- 
tion in our dogs, but it does seem that the mucosa of 
the ileal Roux limb was more susceptible to ulceration 
from gastric acid than was the jejunal mucosa. Nutri- 
tional deficits from a breakdown of the ileal-jejunal 
diversion and the resulting unintended ileal-ileal by- 
pass of the jejunum in some of the dogs likely also had 
a role. The presence of stomal ulcers in the ileal Roux 
limbs may have altered the patterns of myoelectric ac- 
tivity and motor activity or the rates of gastric empty- 
ing, but this is unknown. The one dog who developed 
ileal stenosis at the site of an ileal ulcer had no further 
tests of  gastric emptying once the obstruction devel- 
oped. 

In summary, dogs with hemigastrectomy and ileal 
Roux limbs had faster gastric emptying of  liquids and 
solids than dogs with jejunal Roux limbs, and so 
would be less likely to develop the Roux stasis syn- 
drome. However, seven of  eight dogs with ileal Roux 

limbs developed stomal ulcers in the ileal Roux limb, 
whereas no ulcers developed in a jejunal Roux limb. 
Because of the ulcers, an ileal Roux limb cannot be 
recommended for clinical application after gastrec- 
tomy at this time. The use of drugs that suppress acid 
secretion or the use of  vagotomy with a Roux ileal 
limb might make clinical application successful, but 
these approaches would need to be tested. 

We thank S. Hart, T. Lombari, and S. Rosewell for technical assis- 
tance. 
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Intestinal Flora and Nutrient Absorption After 
Intestinal Resection 

Jon S. Thompson, M.D., Eamonn M. Quigley, M.D. 

Intestinal resection results in loss of surface area, motor disruption, and an altered luminal milieu, all of 
which might influence bacterial growth. Our aim was to determine the effect of extensive intestinal re- 
section in the dog on small intestinal bacterial flora and nutrient absorption. Ten dogs underwent 75% 
proximal intestinal resection and were killed at either 12 or 40 weeks. Five animals underwent transection 
alone and were killed at 12 weeks. Ileal aspirates were cultured. Nutritional status and nutrient absorp- 
tion were measured every 4 weeks. Mean total and anaerobic ileal flora were increased after resection, sig- 
nificandy at 40 weeks. Overall, more cultures from resected animals had more than 5 x 106 total bacte- 
ria (6 of 10 vs. 0 of 10, P <0.05) and more than 105 anaerobic bacteria (5 of 10 vs. 0 of 10, P <0.05) than 
unoperated animals. Total but not anaerobic bacteria were increased after transection alone. Ingestion and 
absorption of carbohydrate decreased but absorption efficiency was maintained. Nitrogen intake de- 
creased but excretion and absorption were unchanged. Fat intake decreased and excretion was unchanged 
resulting in decreased absorption. Mean intake, excretion, and absorption of nutrients were not influ- 
enced by the presence of significant growths of total (>5 x 106/ml) or anaerobic (>105/ml) bacteria. It 
was concluded that (1) 75 % proximal intestinal resection results in significantly more aerobic and anaer- 
obic bacteria in the ileal remnant; (2) intestinal bacterial content does not correlate with absorption of nu- 
trients; and (3) the colon, and particularly colonic bacteria, may have a more important role in nutrient 
absorption than luminal flora in the small intestine after resection. (J GASTROnX'TEST SURG 1997; 1:554- 
560.) 

Overgrowth of bacteria, especially anaerobes, in 
the small intestine occurs in a variety of disease 
states. 1 Bacterial overgrowth in the small intestine can 
result in malabsorption of nutrients including carbo- 
hydrate, fat, and protein. Bacteria alter intestinal ab- 
sorption of nutrients by interacting with luminal nu- 
trients and the intestinal mucosa. The degree of over- 
growth correlates, to a large extent, with the severity 
of malabsorption.l Bacterial concentrations of greater 
than 105 organisms per milliliter in the small intesti- 
nal lumen have been associated with malabsorption. 

Intestinal resection results in loss of intestinal ab- 
sorptive area, transient motor disruption, and alter- 
ation in the luminal content of various secretions and 
nutrients. 2,3 These changes may have a profound ef- 
fect on the quantity and type of bacterial flora present 
in the small intestine, l Bacterial overgrowth sec- 
ondary to stasis clearly occurs in some patients with 
short-bowel syndrome. Although malabsorption of 

nutrients occurs after extensive resection, the role of 
altered bacterial flora in this impaired absorption, in 
the absence of significant stasis, is uncertain. Colonic 
bacterial mass and capacity to ferment nutrients are 
increased in patients with short-bowel syndrome. ~ 
However, it is not clear what changes in the bacterial 
flora occur in the small intestine after extensive in- 
testinal resection. 3,5 The  aims of the present study 
were to determine the effect of extensive intestinal re- 
section in dogs on small intestinal bacterial flora and 
the effect of such alterations on nutrient absorption. 

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

Fifteen mongrel dogs (13 to 20 kg) were included 
in the study, which was approved by the Omaha Vet- 
erans Affairs Animal Research Committee. Ten ani- 
mals underwent 75% proximal resection of the small 
intestine with maintenance of intestinal continuity. 

From the Surgical Service, Omaha Veterans Affairs Medical Center, and the Departments of Surgery and Internal Medicine, Section of 
Gastroenterology, University of Nebraska Medical Center, Omaha, Neb. 
Reprint requests: Jon S. Thompson, M.D., University of Nebraska Medical Center, Department of Surgery, 600 S. 42nd St., Omaha, NE 
68198-3280. 
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These animals were killed either 12 weeks (n = 5) or 
40 weeks (n = 5) postoperatively. Five animals under- 
went intestinal transection and reanastomosis ahme 
and served as controls; they were killed at 12 weeks. 
All animals were fed standard dog chow and caloric 
intake was recorded daily. Intestinal fluid was aspi- 
rated for bacterial culture from the normal ileum 
prior to resection and from the ileal remnant distal to 
the anastomosis at death. Nutritional status was de- 
termined on the basis of body weight and serum al- 
bumin levels. Intestinal absorption was evaluated pre- 
operatively and every 4 weeks after surgery by mea- 
suring stool weight and moisture and absorption of 
ingested carbohydrate, nitrogen, and fat. 

Operative Procedures 

After an overnight fast, the animals were anes- 
thetized with intravenous thiamylal sodium and 
halothane by inhalation. Through a midline incision 
the small intestine was measured twice along the an- 
timesenteric border from the duodenojejunal junction 
to the ile0cecal junction. The  average of these two 
values was used for intestinal length. Intestinal length 
ranged from 250 to 450 cm. Seventy-five percent of 
the measured intestinal length was resected beginning 
10 cm distal to the duodenojejunal junction. Intestinal 
continuity was restored by a two-layer end-to-end 
anastomosis. Transection with end-to-end anastomo- 
sis was performed at a similar site in the control 
group. Sections of distal intestine were removed at the 
site of anastomosis for histologic examination. 

Cefazolin (250 mg) was administered by intramus- 
cular injection, one dose preoperatively and two doses 
postoperatively. The  a~imals received intravenous 
fluid during the operation and took only water by 
mouth for 48 hours after the operation. On postoper- 
ative day 3 the dogs were offered 85 calories per kilo- 
gram of body weight per day of dog chow (Wayne 
Dog Food, St. Charles, Mo.) consisting of 25 % crude 
protein, 8% fat, and 50% carbohydrate by weight. On 
completion of the study period the abdomen was re- 
opened and the intestinal remnant length measured. 
Intestinal segments were removed just distal to the 
previous anastomosis for histologic studies. The ani- 
mals were then killed with the use of T61 euthanasia 
solution. 

Absorption Studies 

Absorption studies were performed by measuring 
oral intake, in grams, and calculating nutrient com- 
ponents. The animals were housed in metabolic cages 
and stool was collected for 48 hours every 4 weeks. To 

calculate net absorption, measured fecal nutrients 
were subtracted from the amount ingested. Absorp- 
tion was expressed as both grams per day and per- 
centage absorption. 

A D-xylose intestinal absorption test was per- 
formed the week before the dogs were killed on ani- 
mals anesthetized after an overnight fast. An orogas- 
tric tube was positioned under fluoroscopic guidance 
in the antrum of the stomach; 250 ml of water con- 
taining 1 g ofxylose per kilogram of body weight was 
instilled. Urine was collected by Foley catheter 
drainage, and urinary xylose content was determined 
in the 5-hour specimen by means of a colorimetric 
method with 2 % p-bromoanaline. 6 

Analytic Procedures 

Intestinal tissue specimens were placed in formalin 
and processed for histologic examination under light 
microscopy. Sections were stained with hematoxylin 
and eosin. Villus height was measured on at least 10 
intact, axially oriented villi in each specimen with the 
aid of an ocular micrometer. 

Serum albumin values were measured in the clini- 
cal laboratory at Omaha Veterans Affairs Hospital by 
means of standard automated laboratory techniques. 
Stool wet weight was measured and stool dry weight 
determined by freeze drying. Fecal fat was deter- 
mined by the ether extraction technique. 7 Stool ni- 
trogen was measured by the Kieldahl method. 8 Fecal 
content of glucose equivalents was assessed by a spec- 
trophotometric technique. 9 

Bacterial cultures were obtained from the lumen of 
the ileum just distal to the anastomosis after an 
overnight fast. Two rayon-tipped swabs were satu- 
rated with fluid and placed in an anaerobic transport 
device that was immediately sealed and activated. The 
swabs were rinsed thoroughly in 1 ml of prereduced 
chopped-meat broth. This initial processing was con- 
sidered at 1:10 dilution. Serial dilutions were quanti- 
tatively plated on both aerobic and anaerobic media 
and incubated for 24 and 48 hours, respectively. 
Culture results were expressed as colonies per milli- 
liter. 

S T A T I S T I C A L  ANALYSIS 

All data are expressed as mean +- standard devia- 
tion. Measurements were analyzed by either one-way 
or repeated-measures analysis of variance and the 
Kruskal-Wallis test. Data comparisons were per- 
formed with a Bonferroni-corrected t test. Correla- 
tions were evaluated by linear regression analysis. Sta- 
tistical significance was ascribed to P values <0.05. 
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R E S U L T S  
Bacter ial  Cultures 

Mean concentrations of both total and anaerobic 
bacterial flora were increased in the ileal remnant of 
resected animals compared to normal ileum; this dif- 
ference achieved statistical significance at 40 weeks 
(Table I). Total bacteria were increased in the ileum 
of transected animals compared to unoperated values 
but mean concentrations of anaerobic bacteria were 
similar. Overall, significantly more cultures from re- 
sected animals had more than 5 • 106/ml total bacte- 
ria (6 of 10 vs. 0 of 10, P <0.05) and more than 105/ml 
anaerobic bacteria than control animals (5 of 10 vs. 0 
of 10, P <0.05). 

Nutrition and Adaptation 

Mean caloric intake was 70 calories per kilogram 
per day. The resected animals maintained their body 
weight (99% -+ 5% initial at 12 weeks and 95% _+ 9% 
initial at 40 weeks) and serum albumin levels (3.3 -+ 
0.3 g/dl at 12 weeks and 3.1 _+ 0.i g/dl at 40 weeks 

vs. 3.3 -+ 0.4 g/d1 preoperatively) after resection. In- 
testinal remnant length increased by 19% at 12 weeks 
(85 -+ 10 cm vs. 75 _+ 25 cm preoperatively) and 32% 
at 40 weeks (103 _+ 40 cm). Villus height increased 
by 8% at 12 weeks (303 _+ 38 ~m vs. 282 _+ 37 I~m 
preoperatively and 29% at 40 weeks (369 _+ 79 Ixm, 
P <0.05). 

Absorptive Studies  

Resected animals had initial clinical diarrhea, 
which resolved within 8 to 12 weeks. Stool weight did 
not increase significantly 4 and 8 weeks after resec- 
tion compared to preoperative values (187 _+ 64 g/day 
and 188 + 65 g/dayvs. 175 _+ 123 g/day). Stool mois- 
ture was increased significantly at 4 weeks (74% _+ 
6%) but not at 8 weeks (70% _+ 10%) compared to 
preoperative values (65% -+ 8%). 

Carbohydrate absorption was maintained at 97% 
to 99% of intake after 75 % proximal resection (Table 
II). However, total grams of carbohydrate ingested 
and absorbed were significantly decreased through- 

Table I. Comparison of ileal flora 

Preoperative Transection 

75% Proximal resection 

12 wk 40 wk 

Total bacteria 
Mean  concent ra t ion  (105/ml) 0.5(0.1-1.0) 3.6(2.2-4.8)* 51.3(0.5-200) 216.4(24-660)* 
N u m b e r  >5 • 106 0/10 0/5 2/5 4/5 

Anaerobic  bacteria 
Mean  concent ra t ion  (10S/ml) 0.2 (0-0.6) 0.8(0-2.0) 31.8(0.3-140) 2.3 (0-6)* 
N u m b e r  > 105 0/10 2/5 2/5 3/5 

*P <0.05 vs. preoperative value (Kruskal-Wallis test). 

Table II. Carbohydrate absorption following resection 

Intake Fecal excretion Absorption % Intake 
Week (g/day) (g/day) (g/day) absorbed 

Preop 
0 175 _+ 0 0.8 -+ 0.3 1 7 4 -  0 99 -+ 0 
4 116 + 65* 1.4 +- 0.7 114_+ 25* 97 _+ 1 
8 143 -+ 38* 1.8 + 0.8* 141 - 28* 98 -+ 1 
12 135 - 38" 1.6 + 0.4* 133 • 28* 99 • 1 
16 142 _+ 29 ~ 1.2 -+ 0.3* 141 _+ 29" 99 _+ 1 
20 153 + 24 ~ 1.4 -+ 0.2* 151 _+ 24 99 + 1 
24 158 -+ 16" 1.5 -+ 1.0 156 -+ 16" 99 -+ 1 
28 154-+ 30 1.0 _+ 0.7 153 +- 30 99 -+ 1 
32 161 -+ 19" 1.2 -+ 1.5 165 +- 18 99 +- 1 
36 153 + 25* 1.6 _+ 0.7 149 +- 27 98 +- 1 
40 139 -+ 27* 0.6 +- 0.4 134 + 13" 99 • 1 

*P <0.05 vs. preoperative value. 
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out most of the study period. Carbohydrate excretion 
increased twofold between 8 and 24 weeks but  re- 
mained quite small in relation to grams ingested. 

Ni t rogen  absorption was maintained at 80% to 
90% of intake after resection (Table 17I). Oral intake 
of nitrogen was significantly reduced during the first 
24 postoperative weeks. Fecal excretion and calcu- 
lated absorption of nitrogen, however, were un- 
changed during the study period. 

Fat absorption ranged from 82% to 93% of intake 
up to 40 weeks after resection (Table IV). Fat intake 
was reduced during the first 24 postoperative weeks. 
Fat absorption in grams was significantly less com- 
pared to preoperative values during the first 8 weeks 
after resection. Fecal fat excretion was unchanged 
during the period of study. 

Mean intake, excretion, and absorption of nutrients 
were similar in resected animals whether or not  total 

flora exceeded 5 • 106/ml or there were more than 
105 anaerobes in luminal cultures (Table V). Resected 
animals with more than 10 s and less than 10 s anaero- 
bic bacteria had similar serum albumin levels (3.3 _+ 
0.3 g/dl vs. 3.3 _ 0.2 g/dl) and body weight (100% 
__+7% vs. 98% ___ 5% initial weight) 12 weeks after re- 
section. Fecal fat excretion tended to increase in ani- 
mals with increased bacterial concentrations, but the 
difference did not achieve statistical significance. 

Initial intestinal remnant length was similar in an- 
imals with more than l0 s and less than l0 s anaerobic 
bacteria (78 ___ 23 cm vs. 73 _+ 15 cm). There  were no 
statistically significant correlations between either ini- 
tial remnant  length and carbohydrate (r = 0), nitro- 
gen (r = 0.011), and fat (r = -0.283) absorption or 
remnant  length at death and carbohydrate (r = 
-0.016), nitrogen (r = 0.314), and fat (r = -0.369) 
absorption. 

Table HI. Nitrogen absorption following resection 

Intake Fecal excretion Absorption % Intake 
Week (g/day) (g/day) (g/day) absorbed 

Preop 12.8 -+ 0 2.3 -+ 1.7 10.5 _+ 1.7 82 -+ 13 
4 8.5 -+ 4.8" 2.1 -z-- 1.0 8.7 s 4.6 80 -+ 11 
8 I0.0 -+ 2.1" 2.1 _+ 0.8 8.5 + 2.3 83 + 6 
12 9.9 m 2.0* 2.2 -+ 0.8 8.2 -+ 1.9 83 -+ 4 
16 10.4 +- 2.2" 1.9 -+ 1.2 9.3 -- 2.3 89 -+ 4 
20 11.2 _+ 1.7 1.3 _+ 0.4 9.9 + 1.9 88 + 5 
24 11.6 + 1.2" 1.6 + 1.3 10.0 + 1.1 86 + 11 
28 11.3 _+ 2.2 1.2 _+ 0.9 I0.0 + 2.8 88 _+ 11 
32 11.8 + 1.4 1.3 + 1.0 10.7 -4- 1.4 88 _+ 8 

36 10.3 _+ 1.5" 1.4 _+ 0.5 9.3 _+ 2.2 87 + 2 
40 1 1.2 4- 2.2 0.8 _+ 0.7 10.8 _+ 1.8 93 + 5 

*P <0.05 vs. preoperative value. 

Table IV. Fat absorption following resection 

Intake Fecal excretion Absorption % Intake 
Week (g/day) (g/day) (g/day) absorbed 

Preop  25.6 _+ 0.5 2.0 + 1.7 23.6 _+ 1.7 92 + 7 
4 16.9 -+ 9.5* 2.0 -+ 0.7 15.1 + 0.9" 90 -+ 7 
8 20.4 -+ 4.3* 2.2 -+ 1.3 16.1 _+ 5.3* 82 + 18 
12 19.7 -+ 4.0* 2.3 + 1.1 17.6 + 3.8 90 + 7 
16 20.7 -+ 1.3" 2.3 -+ 1.2 19.2 __ 4.5 92 _+ 4 
20 22.2 + 3.2* 2.1 _+ 1.0 20.1 4- 3.5 91 + 5 
24 21.2 _+ 23" 2.8 '-_ 1.5 20.5 _+ 2.3 88 _+ 6 
28 22.5 -+ 4.4 3.2 + 3.4 19.3 _+ 7.1 83 -+ 12 
32 23.7 _+ 2.6 3.1 -+ 2.8 21.2 _+ 3.0 88 _+ 11 
36 23.1 m 2.3 3.6 -+ 3.0 17.2 -+ 6.2 82 + 17 
40 21.5 -- 4.0* 1.6 +- 0.9 20.0 __+ 3.0 93 _+ 3 

*P <0.05 vs. preoperative value. 



Journal of 
558 Thompson aod Quigley Gastrointestinal Surgery 

T a b l e  V. Bacterial overgrowth and absorption 

<5 • 10 6 total >5 • 10 6 total <10 s anaerobes >lO s anaerobes 
(n = 4) (n = 6) (n : S) (n = S) 

Glucose (g/day) 
Intake 132 +- 33 145 + 19 134 -+ 28 146 -+ 3 
Excretion 1.6 - 2.6 1.4 -+ 2.1 1.6 -+ 0.2 1.3 + 0.2 
Absorbed 130 + 33 143 -+ 18 131 -+ 27 145 _+ 3 
% Absorbed 98 + 1 99 + 1 98 + 1 99 _+ 1 

Nitrogen (g/day) 
Intake 9.6 -+ 2.4 10.7 -+ 1.6 9.9 + 2.1 10.6 _ 1.8 
Excretion 1.8 -+ 0.3 2.0 +- 0.7 1.7 + 0.4 2.1 _+ 0.7 
Absorbed 8.1 -+ 2.3 9.6 -- 1.5 8.6 -+ 2.3 9.2 _+ 1.7 
% Absorbed 82 + 4 87 -+ 1 83 -+ 4 86 -+ 2 

Fat (g/day) 
Intake 19.2 -+ 4.7 21.1 -+ 2.8 19.5 -+ 4.1 21.2 _+ 3.1 
Excretion 1.7 -+ 0.5 2.7 + 1.1 1.8 -+ 0.5 2.8 _+ 1.3 
Absorbed 16.8 -+ 5.3 18.2 +- 3.4 17.0 + 4.5 18.3 +_ 4.4 
% Absorbed 87 + 7 86 + 9 87 + 6 85 _+ 11 

Urinary D-xylose excretion was 25% _+ 6% of the 
amount ingested in control animals, which was simi- 
lar overall to the values in the resected group (28% _+ 
4%). However, resected animals with more than l0 s 
anaerobic bacteria excreted 13 % -+ 4% of ingested 
xylose, which was significantly less than the values in 
controls and resected animals with less than l0 s 
anaerobic bacteria (35% -+ 11%, P <0.05). 

D I S C U S S I O N  

In the present study we found that luminal content 
of total and anaerobic bacteria increased in the ileum 
after a 75% resection of the proximal small intestine. 
A significant growth of total (>5 • 106) and anaerobic 
(> 105) bacteria was present in the ileal remnant in 
50% of resected animals but not  in normal ileum. 
Myrvold et al. s found no significant difference in je- 
junal and proximal ileal flora after 40% distal resec- 
tion in dogs compared to unoperated values. We pre- 
viously found no difference in jejunal flora after tran- 
section alone and 50% distal resection. 3 This appar- 
ent discrepancy among studies may be related to re- 
gional differences in small intestinal flora or the re- 
sponse to intestinal resection or to differences in the 
extent of resection. Furthermore, differences in sam- 
piing techniques find location of samples within a 
given intestinal segment may also influence culture 
results, s0 

Several factors might influence bacterial flora after 
intestinal resection. Luminal content of bacteria in 
the small intestine was increased after both transec- 
tion and proximal resection in the present study. We 
previously found similar bacterial content after both 

50% distal resection and transection alone. 3 Thus 
changes in bacterial flora after resection may be re- 
lated to disrupted motor patterns. Stasis secondary to 
anastomotic stenosis is less likely to be a factor inas- 
much as changes in flora have been observed both 
proximal and distal to the anastomosis in animals un- 
dergoing transection alone. Myrvold et al. s found that 
loss of the ileocecal valve markedly increased flora in 
the distal small intestine. Our previous study con- 
firmed this as well. 3 However, in the present study the 
ileocecal junction and the entire colon were main- 
tained in situ. Changes in luminal nutrients and se- 
cretions and the hormonal response to resection may 
also influence enteric flora. 

We found that animals undergoing 75% resection 
of the proximal intestine with an intact ileocecal junc- 
tion and colon experienced minimal disturbances of 
absorption of carbohydrate, fat, and nitrogen. In fact 
they maintained fairly normal nutritional status for up 
to 40 weeks after resection. Although oral intake di- 
minished, overall absorptive efficiency was main- 
tained. However, because the total available absorp- 
tive surface area is reduced after extensive resection, 
these animals might be expected to be fairly sensitive 
to changes in intestinal flora. Nonetheless, we found 
no differences in mean intake, excretion, or absorp- 
tion of nutrients when significant bacterial content 
( > 5  X 106 total bacteria or > l0 s anaerobes) was pres- 
ent. Whether or not small intestinal bacteria would 
play a more significant role with greater resection or 
colonic dysfunction is not clear. 

D-xylose excretion was similar to preoperative val- 
ues after resection. Thus intestinal resection does not 
appear to intrinsically alter intestinal absorption or 
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permeability of D-xylose. However, luminal bacterial 
growth in the small intestine diminished D-xylose ab- 
sorption in the resected animals with more than l0 s 
anaerobic bacteria. Because D-xylose is absorbed 
proximally in the small intestine and not in the colon, 
and is more sensitive to factors affecting intestinal ab- 
sorption than glucose, these findings suggest that bac- 
teria in the small intestine do impair absorption in the 
small intestine.~ t Iowever, bacteria may also metabo- 
lize D-xylose so that diminished urinary excretion 
may not accurately reflect intestinal absorption of car- 
bohydrates. 

Carbohydrate absorption remained highly efficient 
after resection in the present study. Intake and ab- 
sorption in grams per day were decreased for up to 9 
months. Although fecal excretion increased signifi- 
cantly, it remained quite small relative to intake. Fecal 
carbohydrate excretion preoperatively was quite sim- 
ilar to the less than 1 g excreted normally by hu- 
mans. 12 However, we did not observe the 20- to 40- 
fold increase in fecal excretion of carbohydrates re- 
ported in patients with short-bowel syndrome. 8,12 
This discrepancy may be related, in part, to dietary 
differences since dietary composition can markedly 
influence nutrient excretion, s In addition, some undi- 
gested carbohydrate may not have been measured by 
our fecal assay of glucose equivalents. Furthermore, 
animals in the present study had an intact ileocecal 
junction and colon, which might improve carbohy- 
drate absorption. Small intestinal absorption of nutri- 
ents was not measured directly. 

The important role of the large intestine in ab- 
sorption of carbohydrates after extensive intestinal re- 
section has recently received emphasis. The colon is 
important for salvaging calories from malabsorbed 
carbohydrates, increasing absorption of fluids and 
electrolytes and stimulating adaption of the intestinal 
remnant. 4,s Antibiotic therapy to reduce colonic flora 
reduces these beneficial effects suggesting that they 
are related to bacterial fermentation of nutrients to 
short-chain fatty acids. 13 Following intestinal resec- 
tion, excretion of carbohydrates is proportional to the 
amount of carbohydrates ingested if the colon is ab- 
sent. s Furthermore, the colon has the capacity to in- 
crease its ability to ferment unabsorbed carbohydrates 
after intestinal resection. 4 

We found that nitrogen absorption was maintained 
at 80% to 90% of ingested intake after 75% proximal 
resection. This is consistent with the 10% to 15% fe- 
cal loss of nitrogen reported by Stahlgren et al. 14 after 
80% proximal resection. Hylander et al. ~5 found that 
very extensive resection (> 150 cm) was required to 
reduce nitrogen absorption in patients with short- 
bowel syndrome and that preservation of the colon 
was not an important factor. Nordgaard et al. s also 

found that protein excretion was not markedly influ- 
enced by colectomy. Curtis et al. 16 also found that 
protein absorption was maintained in rats after 70% 
proximal small intestinal resection, even with bypass 
of the ileocecal valve. Thus bacterial flora may play a 
less important role in nitrogen absorption. 

Fat absorption was impaired transiently after re- 
section. Fat absorption is generally affected to a 
greater extent by resection than are carbohydrate and 
protein absorption. ~6 However, an ileal remnant, as 
was maintained in the present study, is more efficient 
at fat absorption than a jejunal remnant after 80% to 
85% intestinal resection. 14 Bypass of the ileocecal 
junction in conjunction with resection increases fat 
malabsorption but not nitrogen malabsorption. 3,14 Al- 
though bypass of the ileocecal junction increases bac- 
terial content in the small intestine, it also shortens 
transit time. In the present study the presence of sig- 
nificant bacteria in the small intestine did not appear 
to influence fat absorption. 14 

In summary, 75% resection of the proximal intes- 
tine in canines resulted in significantly more aerobic 
and anaerobic bacteria in the ileal remnant. This ex- 
tent of resection has minimal effect on absorption of 
carbohydrates and nitrogen and only transiently af- 
fected fat absorption. However, nutrient absorption 
did not correlate with bacterial overgrowth in the 
small intestine. These findings, taken with the results 
of other studies demonstrating a role for the colon 
and colonic bacteria in carbohydrate absorption, sug- 
gest that colonic bacteria may have a more important 
role in nutrient absorption than luminal bacteria in 
the small intestine after resection. 
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Peptide YY Selectively Stimulates Expression of the 
Colonocytic Phenotype 
Susan A. Sgambati, M.D., Gregory A. Turowski, M.D., Ph.D., Marc D. Basson, M.D., Ph.D. 

Peptide YY (PYY) is produced by colonic mucosal endocrine cells and modulates gastrointestinal en- 
docrine activity through specific Y-receptors. The direct effects of PYY on intestinal mucosal growth and 
differentiation remain uncharacterized. The abundance of PYY in colonic mucosa suggests that PYY acts 
locally to maintain colonocytic differentiation. We tested this hypothesis in human Caco-2 intestinal epi- 
thelial cells, which express alkaline phosphatase (AP) and dipeptidyl dipeptidase (DP), brush-border en- 
zymes differentially concentrated in large and small intestinal mucosa, respectively. The effects of PYY on 
enzyme specific activity were compared with those of pancreatic polypeptide, neuropeptide-Y, vasoactive 
intestinal peptide, pentagastrin, bombesin, and selective Yl- and Y2-receptor agonists. Brush-border en- 
zyme activity was assessed by AP and DP specific activity in cell lysates quantitated spectrophotometrically 
following synthetic substrate digestion. PYY, neuropeptide-Y, pancreatic polypeptide, and vasoactive 
intestinal peptide (10 -7 mol/L) stimulated AP activity. PYY brought about the greatest increase (38.0% 
-+ 11.0%, n = 48). Only PYY decreased DP specific activity (7.9% +- 2.2%, n = 48). The Y2-agonist but 
not the Yl-agonist mimicked these PYY effects (increasing AP 28.3% -+ 3.5% and decreasing DP 10.4% 
-+ 3.6%). These data suggest that PYY promotes differentiation toward a colonocytic phenotype in 
Caco-2 intestinal epithelial cells and that this effect may be mediated through the Y2-receptor subtype. 
(J GASTROINTEST SURG 1997;1:561-568.) 

Peptide YY (PYY) is a 36-amino acid regulatory 
peptide specifically concentrated in the mammalian 
terminal ileum and colon.L2 p y y  shares significant 
amino acid homology with the structurally related 
members of the pancreatic polypeptide (PP) family of 
brain-gut peptides, PP, and neuropeptide-Y (NPY). TM 

PYY is localized and produced by L-type (open) en- 
docrine cells of  the ileal and colonic epithelium and 
released into the circulation in response to luminal 
nutrients 2,s,6 and certain neural stimuli. 7 A subpopu- 
lation of L-cells possesses basal processes character- 
istic of paracrine cells, which permit the direct release 
of PYY for local activity. 1,8 

Despite its mucosal localization, PYY is principally 
recognized as an endocrine modulator of distant tar- 
get tissues, particularly within the gastrointestinal 
smooth muscle, where PYY powerfully inhibits gas- 
tric and intestinal motility. 9 In the colon, PYY acts 
through specific mucosal Y-receptor subtypes 1~ to 
promote epithelial absorptive function by inhibiting 

colonic motility and secretagogue-induced secretion 
while increasing basal net chloride absorption, s,12,13 
The  high mucosal concentration and local activity of 
PYY in the colon suggest the possibility that PYY 
may act in a paracrine fashion on the mucosa itself. 4 
PYY has been reported to stimulate intestinal mucosal 
proliferation in septic, 14 cachectic, is and parenterally 
fed rats 16 and following massive intestinal resec- 
tion. 17,1s Furthermore,  plasma PYY concentrations 
are significantly elevated within 24 hours following 
intestinal resection in rats and have been demon- 
strated in humans with short gut syndrome. 19 The ef- 
fects of PYY on colonic mucosal healing, specifically 
epithelial restitution, is thus a topic of considerable 
interest. 

Given this indirect evidence for trophic effects of 
PYY on the intestinal mucosa, we theorized that PYY 
might modulate colonocytic differentiation and stim- 
ulate colonic epithelial motility (restitution). We eval- 
uated this hypothesis using Caco-2 human intestinal 
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epithelial cells as a model. Although originally derived 
from a human colonic adenocarcinoma, Caco-2 cells 
are uniquely well differentiated. 2~ Caco-2 cells pos- 
sess morphologic and biochemical characteristics of 
normal small and large intestinal epithelium 22-24 and 
-exhibit the epithelial sheet migration characteristic of 
intestinal mucosal wound healing. 2s-27 Caco-2 cells 
can express alkaline phosphatase (AP) and dipeptidyl 
dipeptidase (DP) brush-border enzymes localized 
mainly to the large and small intestines, respec- 
tively. 28-31 Although detectable throughout the gut, 
AP is highly concentrated in the colon, where mu- 
cosal levels are approximately one order of magnitude 
greater than those of the small intestine. DP, in con- 
trast, represents a predominantly enterocytic brush- 
border enzyme, with small intestinal mucosal levels 
approximately two orders of magnitude greater than 
those found in the colon. 2s-32 Furthermore, DP has 
been shown to exhibit differentiation-dependent ex- 
pression in the rat jejunal crypt-villus axis 33 and in 
Caco-2 intestinal epithelial cells. 34 Because Caco-2 
cells express brush-border enzymes characteristic of 
both small and large intestinal epithelial cells, they re- 
semble fetal colonocytes and may serve as a model of 
the pluripotent human intestinal epithelial stem 
cell. 2~ We, along with other investigators, 
have previously demonstrated Caco-2 AP and DP lev- 
els to be responsive to a variety of in vitro stimuli in- 
cluding amino acids, 37 short-chain fatty acids, 3s phor- 
bol esters, 39 protein kinase C inhibitors, 4~ and cyclic 
nucleotides. 4t These studies have demonstrated sta- 
tistically significant changes in enzyme specific activ- 
ity on the order of 20% to 50% for AP and 7% to 
10% for DP. 

We compared the effects of PYY on Caco-2 differ- 
entiation and migration to the effects on these param- 
eters on other gut regulatory peptides. On the basis 
of preliminary dose-response studies performed for 
each of the eight peptides tested (range 10 -12 to 105 
mol/L, data not shown), 10 -7 mol/L concentrations 
of PYY, NPY, PP, vasoactive intestinal peptide (VIP), 
and Y1- and Y2-agonists and 10 -5 mol/L pentagas- 
trin and bombesin were used for our experiments. 
These concentrations represent the maximal peptide 
doses that produced a significant response. In addi- 
tion to PYY, we examined the effects of NPY and PP, 
which share 70% and 40% structural homology 
with PYY, respectively, 1,1~ which is found throughout 
the intestinal s u b m u c o s a ,  42 and pentagastrin and 
bombesin, both of which have been reported to stim- 
ulate growth in specific colon cancer models. 43-46 To 
evaluate the Y-receptor specificity mediating the ob- 
served effects of PYY on brush-border enzyme activ- 
ity, we assessed the effects of the substituted homo- 
logue and specific Yl-agonist, leucine 31 proline 34 
(neuropeptide-Y), 47,4s and the selcctive Y2-agonist 

long carboxyl-terminal fragment of PYY, PYY(13- 
36) 49,s~ on  Caco-2 AP and DP specific activity. 

M E T H O D S  
Cells 

The Caco-2 cells used in these studies represent a 
subclonal population specifically selected for its highly 
differentiated state. 35 Cells were maintained at 37 ~ C 
in 5 % carbon dioxide in Dulbecco's minimal essential 
medium supplemented with 10% fetal bovine serum 
(Gibco Laboratories, Grand Island, N.Y.), 10 g/ml 
transferrin (Boehringer Mannheim Corp., Indianapo- 
lis, Ind.), 2 mmol/L glutamine, 1 mmol/L pyruvate, 
10 mmol/L HEPES, 100 U/ml penicillin G, and 0.1 
mg/ml streptomycin. Cells were cultured to conflu- 
ence as described previously 25 and subsequently 
treated with the peptides. All experiments used for 
this study were performed on cells within 10 to 20 
passages. 

Matrix Proteins 

Type I collagen was purchased from Sigma Chem- 
ical (St. Louis, Mo.) and repurified by chloroform 
phenol extraction. Bacteriologic plastic dishes (Falcon 
Labware, Becton Dickinson Labware, Franklin Lakes, 
N.J.) were precoated with saturating quantities of ma- 
trix substrate as previously described. 2~ 

Chemicals  and Reagents 

PYY, NPY, PP, VIP, pentagastrin, bombesin, 
leucine 3 l prolin e34 (neuropeptide-Y), and PYY(13- 3 6) 
were purchased from Peninsula Laboratories, Inc. 
(Belmont, Calif.). The following concentrations were 
used: 10 -7 mol/L for PYY, NPY, PP, VIP, L31p 34 
(NPY), and PYY(13-36), and 10 -s mol/L for penta- 
gastrin and bombesin. These concentrations were 
based on preliminary dose-response curves previously 
constructed by our laboratory, as well as concentra- 
tions used by other investigators. 43-46,St,s2 All other 
chemicals and reagents were of the highest purity 
available and were purchased from commercial 
sources. 

Brush-Border Enzyme Activity 

The specific activity of the brush-border enzymes 
AP and DP was quantitated spectrophotometrically 
following synthetic substrate digestion. Cells were 
treated for 72 hours with peptide-supplemented 
medium, then lysed on ice in phosphate-buffered 
saline solution with 10 -3 mol/L calcium and 10 -4 
mol/L magnesium and containing 0.5% Triton X-100 
and 0.3 5 mol/L NaC1. Total protein in the cell lysates 
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was quantitated (BCA assay, Pierce Chemical Co., 
R~x:kford, Ill.) and aliquots of these cell lysates were 
diluted to equal protein concentration. AP specific ac- 
tivity was assayed by the digestion ofp-nitrophenyl 
phosphate disodium hexahydrate (Sigma) in 100 
mmoL/L glycine buffer (pH 10.0), and the resulting 
reaction product was quantitated at 410 nmol/L. DP 
specific activity was assayed following alanyl-p- 
nitroanilide (Sigma) digestion in 114 mmoL/L Tris 
buffer (pH 8.0), with the resulting reaction product 
quantitated at 380 nmol/L. Standard dilution curves 
for AP and DP were performed simultaneously for 
each assay using synthetic enz)qne standards of known 
activity (Sigma). _~dl experimental assays were per- 
formed within the linear range of the assay. Results 
were standardized in each experiment against known 
standards and expressed as enzyme activity, in inter- 
national units per gram of cellular protein. 4~ 

Epithelial Sheet Migration 

Epithelial sheet migration was calculated by ex- 
pansion of a circumscribed and confluent Caco-2 
monolayer across an accllular matrix, zs,:7 Cells were 
plated within stainless steel "fences" placed on matrix- 
precoated 35 nun bacteriologic plastic dishes. After 
the cells reached confluence, the fences were re- 
moved, thereby permitting cells to nfigrate radially. 
Cells were fed daily with control medium or peptide- 
supplemented medium (10 v mol/L of PYY, NPY, 
PP, and V'IP or 10 -~ mol/L of  pentagastrin and 
bombesin)..~ffter 6 days, the monolayers were fixed 
with 10% formalin in situ. The monotayers were then 
stained with hematoxylin. The  area of each mono- 
layer was measured using a Microtek II-XE flatbed 
scanner and PC-based morphometric software (Sig- 
maScan/Image, Jandel Scientific, ~M~aheim, Calif.). 
The  area of the origialal confining fence was then sub- 
tracted from the area covered by the cell monolayers 
to calculate the area of migration. 

Statistics 

Statistical analysis was carried out using analysis of 
variance with a 95% confidence interval. 

RESULTS 
PYY Effect on AP and D P  Specific Activity 

Of the peptides tested, the greatest stimulation of 
.~P was seen with PYY (10-;  tooL/L, shaded bars), 
which increased AP activity by 38.0% -_ 11.0% (n -- 
48, P <0.001). By contrast, treatancnt with PYY actu- 
ally decreased the specific activity of DP by 7.9% • 
2.2% (n -- 48, P <0.05) over control values (open 
bars, n - 48; Fig. 1). 

PP and N P Y  Effect on AP and D P  
Specific Activity 

PP and NPY (10 -7 mol/L each) stimulated AP 
specific activit T (open hars) by 23.0% _+ 4.1% (n -- 
14, P <0.01) and 12.1% + 7.8% (n = 12, P <0.05). 
PP and NPY did not significantly, affect DP specific 
activity (shaded bars, n -- I4; Fig. 2). 

i 1.2, 

0.8. 

~ o.6, 

. i  
0 . 4  

0.2 

0 

AP DP 

I * 

I, ig. 1. Effect of PYY on Caco-2 alkaline phosphatase (.4P) and 
dipeptidyl dipeptidase (DP) specific activity. PYY concentra- 
tions of 10 -7 mol/L (shaded bars) stimulated the specific activ- 
it), of AP (n -- 48, P <0.001) and decreased the specific activ- 
ity of DP (n = 48, P <0.05) as cc, mpared tr crmtn~l values 
(open bars, n = 48). 
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Fig. 2. Effect of pancreatic polypepfide (PP) and neuropep- 
tide-Y 6'v'PY) on Caco-2 AP and DP specifie acti,aty. PP and 
NPY concentratiorts of 10 7 mol/L increased AP activity (open 
bars) by 23.0% ~ 4.1% (n ~ 14, P<0.01) and 12.1% + 7.8% 
(n = 12, P <0.05). PP and NPY did not significantly affect DP 
specific activity, however (shaded bars, n = 14). 
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Fig. 3. Effect ofvasoactive intestinal peptide (VIP) on Caco-2 
AP and DP specific activity. VIP concentrations of 10 -7 mol/L 
(shaded bars) stimulated AP (n = 14, P <0.02) but did not sig- 
nificandy affect DP specific activity (n = 14) as compared to 
control values (open bars, n = 14). 
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Fig. 4. Effect of pentagastrin (PG) and bombesin (B) on Caco- 
2 AP and DP specific activity. PG and B concentrations of 10 -5 
mol/L did not affect AP activity (open bars, n = 14) but sig- 
nificantly stimulated DP (shaded bars, n = 14, P <0.05). 

V I P  Effect on AP and D P  Activity 

A VIP concentration of 10 -7 mol/L (shaded bars) 
increased AP specific activity by 23.5% _+ 7.0% (n = 
14, P <0.02) and did not significantly affect DP spe- 
cific activity (n = 14) compared to control values 
(open bars, n = 14; Fig. 3). 

Pentagastrin and Bombesin Effect on AP 
and D P  Specific Activity 

Pentagastrin and bombesin (n = 14, 10 -5 mol/L 
each) did not significantly affect AP specific activity 
(open bars, n = 14). Pentagastrin and bombesin stim- 
ulated DP specific activity (shaded bars), however, 
with a substantially greater effect produced by penta- 
gastrin. Pentagastrin increased DP specific activity by 
31.1% _+ 1.2% (n = 14, P <0.05), whereas bombesin 
increased DP activity by 9.6% + 1.9% (n = 14, P 
<0.05; Fig. 4). 

Receptor Mediation Studies 

In studies aimed at characterizing the Y-receptor 
subtype mediating the observed PYY effects on 
brush-border enzyme activity, only the selective Y2- 
receptor agonist PYY(13-36) significantly affected 
Caco-2 brush-border enzyme activity. PYY(13-36) 
(10 -7 tool/L) mimicked the effects of PYY on enzyme 
specific activity, increasing AP specific activity 28.3 % 
-+ 3.5% (open bars, n = 20; P <0.02) and decreasing 
DP specific activity 10.4% _+ 3.6% (shaded bars, n = 
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Fig. 5. Effect of Y1- and Y2-agonists on Caco-2 AP and DP 
specific activity. The Y2-selective agonist PYY(13-36) (10 -7 
mol/L) increased AP activity (open bars, n = 20; P <0.02) and 
decreased DP activity (shaded bars, n = 20; P <0.05). The spe- 
cific Yl-agonist L31p34(NpY) (10 -7 mol/L, n = 20) did not sig- 
nificandy affect AP or DP specific activity. 

20; P <0.05). In contrast, the specific Yl-agonist  
L31p34(NpY) (10 -7 mol/L, n = 20) did not affect ei- 
ther AP or DP specific activity (Fig. 5). 

Epithelial Sheet Migra t ion  

None of the peptides tested significantly affected 
Caco-2 epithelial sheet migration across a type I col- 
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lagen matrix. PYY (10 -7 mol/L) slightly decreased 
Caco-2 migration by 1.4% +__ 3.0% (n = 12). Simi- 
larly, NPY, VIP (10 -7 mol/L each), and bombesin 
(10 -5 mol/L) decreased Caco-2 migration by 1.2% ___ 
3.0% (n = 12), 6.2% --- 2.9% (n = 12), and 6.1% ___ 
2.9% (n = 10), respectively. PP (10 -7 mol/L and pen- 
tagastrin (10 -5 mol/L) slightly stimulated migration 
by 1.0% ___ 3.2% (n = 12) and 4.9% _+ 1.9% (n = 10), 
respectively. The observed increases and decreases in 
Caco-2 migration were not statistically significant 
(data not shown). 

Table I. Binding specificities of the structurally 
characterized receptors 

YI Y2 Y3 

PP ++ ++ + 
PYY ++ ++ ++ 
NPY ++ ++ +++ 
L 3 Ip34(ypy)  + + + - -  

PYY(I 3-36) + + + + ? 

D I S C U S S I O N  

This study demonstrates that equimolar (10 -7 
mol/L) concentrations of PYY, NPY, PP, and VIP 
stimulate the specific activity of the predominantly 
colonocytic brush-border enzyme AP. PYY had the 
greatest stimulatory effect, increasing AP activity by 
3 8%. Only PYY decreased the specific activity of the 
enterocytic marker DP, whereas pentagastrin and 
bombesin increased DP activity. Furthermore, these 
data suggest that the effects of PYY on Caco-2 brush- 
border enzyme specific activity may, in part, be me- 
diated through a Y2-receptor since the Y2-agonist 
PYY(13-36) but not the specific Yl-agonist L 31 
p34CNPY ) reproduced the brush-border enzyme ef- 
fects of PYY, that is, equivalently increased AP spe- 
cific activity and decreased DP specific activity. The 
peptide effects on brush-border enzyme activity oc- 
curred independent of changes in Caco-2 epithelial 
cell motility, suggesting specificity of the enzyme 
effect. 

Caco-2 intestinal epithelial cells morphologically 
and biochemically resemble fetal colonocytes and may 
express brush-border enzymes characteristic of either 
the small or large intestinal mucosa on differentiation. 
They therefore represent an excellent model for the 
study of human intestinal epithelial growth and dif- 
ferentiat ion) ~ The most widely used marker 
of mature colonocytes is AP." Although AP is present 
throughout the bowel, it is particularly concentrated 
in the colon. In rat colonic mucosa, for example, AP 
specific activity is quantitatively an order of magni- 
tude higher than small intestinal AP specific activity. 
In rabbit intestinal mucosa, the differential distribu- 
tion of the two enzymes is more pronounced, with 
colonocytic mucosal AP specific activity ranging from 
one to two orders of magnitude higher than small in- 
testinal AP activity. 28 

DP represents a class of glycoproteins that consti- 
tutes the majority of the human villus enterocyte 
brush-border membrane. 31 DP is generally accepted 
as an enterocytic brush-border marker enzyme be- 
cause it is abundant in small intestinal mucosa but ex- 

pressed at very low levels in colonic mucosa. 29-34 In 
human small intestinal mucosa, DP specific activity 
ranges from 75 to 1 i0 mU/mg of protein/min, where- 
as in colonic mucosa DP specific activity is less than 
5 mU/mg of protein/min. 29,3~ Certain differentiated 
colonic tumors and colonic cell lines such as the 
Caco-2 cell also express UP. 32,35,54 Although neither 
AP nor DP is exclusively localized to the small or 
large intestinal mucosa, their differential distribution 
permits their use as marker enzymes for the colonic 
and enterocytic phenotypes, respectively. 29,3~176 

Although intestinal differentiation is an extremely 
complex process, these data raise the possibility that 
PYY may function to maintain gut mucosal differen- 
tiation, specifically colonocytic differentiation, in 
Caco-2 human intestinal epithelial cells. The increase 
in ALP demonstrated with NPY and PP may also be 
related to mucosal Y-receptor activation, as the three 
peptides possess the requisite structural configuration 
for Y-receptor binding. 1~ The increase in AP activity 
observed with VIP cannot be explained on the basis 
of Y-receptor binding, however. The inability to 
demonstrate a significant decrease in DP specific ac- 
tivity in response to NPY, PP, and VIP may reflect a 
combination of the relatively lower potency of these 
compounds compared to PYY and the relatively 
smaller apparent effect of PYY receptor activation on 
Caco-2 DP as compared to AP specific activity. Al- 
though pentagastrin and bombesin did not affect AP 
specific activity, both peptides significantly increased 
Caco-2 DP activity, indicating that Caco-2 cells are 
capable of responding to appropriate gut peptides by 
increasing DP specific activity. 

PYY and NPY, members of the pancreatic peptide 
(PP) family of brain-gut peptides, share a common 
amino acid sequence, the "PP fold," with their parent 
peptide. The PP fold constitutes the essential struc- 
tural requirement for the binding of PYY and NPY 
to Y-receptors. 61 On the basis of the pharmacologic 
and binding activities of the PP family and related 
peptide fragments and homologues, Y-receptors have 
becn classified into several structurally distinct sub- 
types 10,11,62,63 (Table I). Our data raise the possibility 
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that the PYY effect on Caco-2 AP and DP specific ac- 
tivity may, in part, be mediated by the Y2-receptor, 
since only the selective Y2-agonist PYY(13-36) stim- 
ulated AP and decreased DP specific activity equiva- 
lently to PYY. On the basis of  these data, we cannot 
exclude the possibility of other less well-characterized 
receptors, for example, Y3, Y4, or YS, contributing to 
the observed effects as well. 1,5 

In vivo, mucosal levels of  PYY in the human colon 
range from 10 -s to 10 -7 mol/L.  Thus  the 10 -7 mol /L  
PYY concent ra t ion  used for these in vitro experi- 
ments is consistent with in vivo physiology. Although 
the observed changes in brush-border enzyme activ- 
ity are, in some instances, relatively small, the mag- 
nitude of  change in enzyme activity observed in these 
experiments is consistent with those described previ- 
ously. 37-41 Specifically, the aforementioned studies es- 
tablish that the statistically significant changes in AP 
activity were generally greater (20% to 50% of basal 
activity) than the changes observed for DP activity 
(7% to 20% of  basal activity). Fur thermore ,  these 
changes represent differences in the activity of  en- 
zyme catalysts. Thus  even relatively small changes in 
enzyme activity may be associated with substantial 
changes in the proteolyt ic  ability of  the intestinal 
brush border. 

The  concept that PYY may modulate intestinal ep- 
ithelial cell biology is consistent with previous obser- 
vations that  PYY may also stimulate intestinal mu- 
cosal growth. Changes in plasma PYY levels are seen 
in all models of  altered intestinal epithelial prolifera- 
tion. 14-19 Although we studied isolated cells in culture, 
the possibility exists that an autocrine effect of  growth 
factors or inf lammatory  mediators  secreted by the 
Caco-2 cells in theory may have contr ibuted to the 
observed results in addition to any direct effect of the 
gut peptides tested. 

None  of  the peptides tested affected Caco-2 mi- 
gration across a type I collagen matrix, further sup- 
porting the specificity of  the observed PYY effect on 
brush-border enzymes. We have previously demon- 
strated that changes in brush-border enzyme activity 
are independent of changes in proliferative activity. 64 
The  present study further suggests the possibility that 
changes in brush-border enzyme activity may be reg- 
ulated independent of  changes in epithelial motility. 

Although Caco-2 cells in culture represent an es- 
tablished, widely used model of  human intestinal ep- 
ithelial cells, differences in Y-receptor subtype local- 
ization, density, and expression, as well as the activity 
of  local growth factors and bioactive peptides, may 
vary in the in vivo setting. To the extent that we can 
extrapolate to in vivo conditions from in vitro phe- 
nomena, and to the extent to which AP and DP rep- 
resent markers of  colonocytic and enterocytic differ- 

entiation, respectively, these data strongly suggest that 
PYY selectively promotes the colonocytic phenotype 
in the Caco-2 human intestinal epithelial cell line. 
These data further suggest that the observed changes 
in Caco-2 brush-border enzyme activity are mediated 
through the Y2-receptor subtype. 
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Effects of Hyaluronic Acid/Carboxymethylcellulose 
Gel on Bowel Anastomoses in the New Zealand 
White Rabbit 

Anousbirvan Hadaegh, M.D., James Burns, Ph.D., Laurette Burgess, B.M., Rosalind Rose, B.S., 
Eric Rowe, B.S., Wayne W. LaMorte, M.D., Ph.D., M.PH., James M. Becker, M.D., EA.C.S. 

Intra-abdominal adhesions form in more than 90% of patients undergoing major abdominal surgery and 
can lead to significant complications. Application of a bioresorbable gel consisting of chemically modified 
hyaluronic acid (HA) and carboxymethylcellulose (CMC) has shown promise as a means of preventing in- 
tra-abdominal adhesions, but there have been concerns that the presence of the gel might interfere with 
the integrity and healing of bowel anastomoses. We tested the effects of HA/CMC gel on adhesion for- 
marion and anastomotic healing in 60 New Zealand white rabbits after transection and complete (100%) 
or incomplete (90%) anastomosis of the ileum. Half of the animals underwent application of HA/CMC 
gel and half served as control subjects. Animals were killed at 4, 7, or 14 days after surgery. Anastomotic 
adhesions were scored in a blinded fashion. Integrity of the anastomosis was tested by measuring burst- 
ing pressure at the anastomotic site and in an adjacent section of intact bowel. With complete anasto- 
mosis, HMCMC gel significantly reduced adhesion formation at 7 and 14 days after surgery (P <0.05), 
but gel application did not inhibit adhesion formation when the anastomosis was incomplete. Anasto- 
mosed segments of bowel burst at a lower pressure than intact bowel 4 days after surgery, but bursting 
pressures were normal at 7 and 14 days. Burst pressures of anastomoses receiving an application of 
HAYCMC gel were nearly identical to control anastomoses at all three rime points. HA/CMC gel did not 
interfere with the normal healing process of bowel anastomoses. Furthermore, HA/CMC gel decreased 
adhesion formation after complete anastomoses, yet it did not affect adhesion formation in the presence 
of anastomotic disruption. (J GASTROINTEST SLrRG 1997; 1:569-575.) 

Postsurgical adhesions are a significant cause of 
morbidity following abdominal, pelvic, and cardio- 
thoracic operations. In a recent multicenter clinical 
trial, adhesions were present in more than 90% of pa- 
tients who underwent major abdominal surgery. I The 
1991 Operative Laparoscopy Study Group reported 
that the incidence of intraperitoneal adhesions fol- 
lowing open gynecologic pelvic procedures was as 
high as 97%. 2 Postsurgical adhesions are the most 
common cause of small bowel obstruction and sec- 
ondary female infertility in the United States and can 
present a major difficulty during subsequent opera- 
five procedures. 3,4 

Adhesions are caused by a series of cellular and en- 
dogenous chemical inflammatory responses secondary 
to injury to serosal tissues. Various therapeutic modal- 

ities have been designed to prevent or reduce adhe- 
sions either by reducing the magnitude of  the inflam- 
matory response of damaged peritoneal surfaces or by 
separating the injured surfaces long enough to allow 
mesothelial repair without adhesion formation. 5 

A bioresorbable membrane of chemically modified 
hyaluronic acid (HA) and carboxymethylcellulose 
(CMC) has been shown to reduce postsurgical adhe- 
sions in two recent clinical trials. ~,6 A similarly for- 
mulated bioresorbable gel, H A / C M C  gel, reduced 
adhesions in three animal models. 7 

Because of uncertainty regarding the impact of ad- 
hesion prevention on the healing of intestinal anasto- 
moses, the aims of this study were twofold: (1) to eval- 
uate the integrity of bowel anastomoses after applica- 
tion of H A / C M C  gel, and (2) to determine the effect 

From the Division of Surgery, Boston University School of Medicine, Boston, Mass., and Genzyme (I.B., L.B., R.R., and E.R.), Cambridge, 
Mass. 
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of HA/CMC gel in the presence of anastomotic dis- 
ruption, a condition during which adhesions might be 
of benefit. 

METHODS 
Surgical P repara t ion  

All animal studies were reviewed and approved by 
the Institutional Animal Care and Use Committees at 
Boston University Medical Center and Genzyme 
Corporation (Cambridge, Mass.). Sixty adult female 
New Zealand white rabbits weighing approximately 
4 kg underwent celiotomy, transection of the ileum, 
and anastomosis. All animals were fasted for approxi- 
mately 24 hours prior to surgery. Each animal re- 
ceived preoperative antibiotic treatment with cephal- 
othin (20 mg/kg intramuscularly). Animals were pre- 
anesthetized with xylazine (10 mg/kg), acepromazine 
(3 mg/kg), and ketamine (30 mg/kg) intramuscularly. 
After endotracheal intubation, surgical anesthesia was 
maintained with isoflurane gas. The  abdomen was 
prepared and draped in a sterile fashion. A 3 to 4 cm 
midline incision was made below the umbilicus. A 
segment of ileum approximately 10 cm proximal to 
the appendix was transected sharply between two 
atraumatic bowel clamps. The bowel was then anas- 
tomosed using a continuous single layer of 5-0 
polypropylene sutures (Prolene). One half of the ani- 
mals underwent a complete (100%) anastomosis. The 
other one half underwent an incomplete anastomosis 
with 10% of the anastomosis on the antimesenteric 
border left open. 

One half of the animals in each anastomotic group 
(complete and incomplete) then received 5 ml of 
HA/CMC gel, applied as a homogeneous film directly 
over the anastomosis, 2 cm proximal and 2 cm distal 
to the anastomosis. An additional 5 ml of gel was in- 
stilled into the peritoneal cavity. The midline fascia 
was closed using a continuous 3-0 polyglycolic acid 
suture (Dexon) reinforced with interrupted sutures, 
and the skin was closed with a continuous 4-0 poly- 
glycolic acid suture (Dexon). 

Evaluation of Postoperative Adhesions 

Five animals from each group were sacrificed at 4, 
7, or 14 days postoperatively. At the time of death, 
their intra-abdominal adhesions were evaluated by a 
blinded observer who scored the adhesions in three 
categories: extent, tenacity, and total number of ad- 
hesions. The  extent of adhesion formation at the 
anastomotic site was scored on the basis of the per- 
centage of the bowel circumference involved with ad- 
hesions, and the tenacity of adhesions was scored 
based on the firmness of the adhesion's attachment 
(Table I). The  total number of adhesions was the 
number of individually identifiable and dividable ad- 
hesive bands between the anastomosis and the ab- 
dominal wall and adjacent bowel segments. 

Evaluation of Anastomotic In tegr i ty  
and Healing 

After evaluation of adhesions, a 10 cm segment of 
bowel, 3 cm proximal to and 7 cm distal to the anas- 
tomosis, was resected for evaluation of bursting pres- 
sure. In addition, a 10 cm proximal segment of intact 
bowel from each animal was resected. The intralumi- 
nal content of each segment was emptied and irri- 
gated with normal saline solution. The  bowel seg- 
ments were then tested for hydrostatic bursting pres- 
sure using a modification of the method of Holzman 
et al. 8 The distal end of each bowel segment was can- 
nulated with a 14 Fr Foley urinary catheter secured 
with 0-silk ligature, and the proximal end was oc- 
cluded with an atraumatic bowel clamp. Normal 
saline solution was then infused into the bowel lumen 
through the Foley catheter at a rate of 5 ml/min with 
a Harvard infusion pump (Harvard Apparatus, Inc., 
S. Natick, Mass.). One limb of the Foley catheter was 
connected to a Hewlett-Packard pressure transducer 
(Hewlett-Packard Medical Products Group, Andover, 
Mass.) and strip-chart recorder for continuous moni- 
toring of intraluminal pressure. Hydrostatic bursting 
pressure was defined as the pressure at which the 
bowel segment leaked. 

Table I. Criteria for grading the extent and tenacity of adhesions 

Extent 

% of anastomotic 
circumference involved Score 

Tenacity 

Description Score 

None 
25 
50 
75 

100 

0 Filmy 
1 Lysis by traction 
2 Lysis by sharp dissection 
3 
4 
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Statist ical  Analysis  

Results for each group are reported as the mean -+ 
standard error of the mean. Differences in bursting 
pressures and adhesion scores were tested for signifi- 
cance using a three-factor analysis of variance (com- 
pleteness of anastomosis, days after surgery, and ap- 
plication HA/CMC gel). Post hoc testing was done 
using the Tukey-Kramer test. In addition, bursting 
pressure was also measured in a segment of  intact 
bowel from each animal. The  bursting pressures for 
intact bowel were similar in all experimental groups. 
Consequently the bursting pressures for intact bowel 
segments were pooled and used as a single reference 
standard for both complete anastomoses and incom- 
plete anastomoses. 

A chi-square test was used to compare differences 
in mortality rates. 

R E S U L T S  

In the original 60 animals studied there was an 
overall mortality rate of 16%. Postoperative mortality 
was similar in animals receiving HA/CMC gel (18%) 
and controls (14%; P >0.05). Causes of death are 
summarized in Table II. Animals that were withdrawn 
from the study because of death or illness were re- 
placed with additional animals. 

Ef fec t  o f  H A / C M C  Gel  on  Complete  
Anastomoses 

Fig. 1 summarizes adhesion scores among animals 
with complete anastomosis of the ileal segment. In 
general, adhesions tended to increase somewhat from 
day 4 to day 7, but results obtained after 7 and 14 days 
were nearly identical, and these groups were com- 
bined for simplicity. The  extent of  adhesions, that is, 

Table 11. Causes of postoperative death 

Cause of death No gel Gel appfied 

With complete (100%) 
anastomosis 
Respiratory infection 2 2 
Bowel obstruction 0 2 
Anastomotic dehiscence 0 1 
Other l 1 

With incomplete (90%) 
anastomosis 
Respiratory infection 1 0 
Bowel obstruction 1 0 
Abdominal wound dehiscence 0 1 

the percentage of the anastomotic circumference in- 
volved with adhesions, was similar at day 4 after 
surgery, but after 7 days the extent of adhesion for- 
mation was significantly lower in anastomoses to 
which gel was applied (P <0.05). The  number of ad- 
hesions and the tenacity of adhesions were both sig- 
nificantly lower with H M C M C  gel application at all 
time points (P <0.05). 

Fig. 2 shows the mean bursting pressures for com- 
plete ileal anastomoses and compares them with 
bursting pressures observed in intact segments of 
ileum. On postoperative day 4, all anastomotic seg- 
ments burst at the anastomosis, but after 7 or 14 days 
bursting occurred adjacent to the anastomosis. Anas- 
tomosed segments of ileum burst at lower pressures 
than intact bowel on day 4 (P <0.05), but bursting 
pressures were similar in anastomoses to which gel 
was applied and control (non-gel) anastomoses. At 
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Fig. 1. Effects of HA/CMC gel on adhesion formation in an- 
imals undergoing complete anastomosis of the ileal segment. 
Criteria used for scoring the extent and tenacity of adhesions 
are listed in Table I. (* = P <0.05 compared to non-gel con- 
trols at the same time point.) 
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Fig. 2. Ileal bursting pressures in animals with complete anastomoses. (* = P <0.05 compared to intact 
segments of bowel from the same animals.) 

days 7 and 14, bursting pressures of the anastomosed 
segments were similar to those observed in the intact 
bowel segment. Moreover, bursting pressures were 
similar in anastomoses receiving HA/CMC gel and 
non-gel control anastomoses. Finally, there was no 
apparent association between anastomotic bursting 
pressure and the extent of adhesion formation in ei- 
ther animals to which gel was applied or in non-gel 
controls. 

Effec t  o f  H A / C M C  Gel  on  I n c o m p l e t e  
Anas tomoses  

Fig. 3 shows the effects of HA/CMC gel on adhe- 
sion formation in animals in which the anastomosis 
was incomplete (90% of bowel circumference). In 
control animals with anastomotic disruption, the ex- 
tent of  adhesion formation was significantly greater 
at 4 days than it had been with complete anastomosis 
(compare Figs. 1 and 3), although the number of ad- 
hesions formed and the tenacity scores were similar 
to those observed in animals with complete anasto- 
moses. However, in contrast to what was observed 
with complete anastomoses, HA/CMC gel applica- 
tion had no significant effect on adhesion formation 
in either the early or late postoperative period. Specif- 
ically, the greater extent of adhesion formation seen 
with anastomotic disruption at 4 days was not dimin- 
ished by the application of gel. 

Fig. 4 illustrates mean bursting pressures observed 
in animals with incomplete ileal anastomoses and 
again compares them with bursting pressures in in- 
tact segments of ileum. Similar to what was seen with 
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Fig. 3. Effects of HA/CMC gel on adhesion formation in an- 
imals undergoing incomplete anastomosis (90% of bowel cir- 
cumference). (None of the differences were statistically signif- 
icant; P >0.05.) 
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Fig. 4. Ileal bursting pressures in animals with incomplete anastomoses (90% of bowel circumference). 
(* = P <0.05 compared to intact segments of bowel from the same animals.) 

complete anastomoses, all anastomotic segments burst 
at the site of the anastomosis on day 4, but after 7 or 
14 days bursting occurred adjacent to the anastomo- 
sis. Once again, anastomosed segments of ileum burst 
at lower pressures than intact bowel on day 4 (P 
<0.05), but bursting pressures were similar for anas- 
tomoses to which gel was applied and non-gel con- 
trois. At days 7 and 14, bursting pressures of the anas- 
tomosed segments were similar to those observed in 
intact bowel segments, and bursting pressures again 
were similar in anastomoses receiving H A / C M C  gel 
and non-gel control anastomoses. 

D I S C U S S I O N  

Adhesions are a significant cause of postsurgical 
complications, resulting in bowel obstruction, infer- 
tility, and pain. In addition to their undesirable clini- 
cal impact, adhesions are associated with substantial 
increases in health care costs? According to the 1993 
National Inpatient Profile, more than 400,000 opera- 
tions were performed in the United States for the ly- 
sis of adhesions in 1992. The  total costs related to ad- 
hesions have been estimated to be $1.2 billion per 
year. 9 

Adhesions are defined as healing fibrosis between 
two damaged tissue surfaces that normally are sepa- 
rated. 1~ Peritoneal tissue trauma activates a series of 
cellular and endogenous chemical responses involv- 
ing cytokines, complement,  and the clotting system. 
Wi th  the use of electron microscopy, Raftery 11 
demonstrated that  adhesion formation begins with 
fibrin deposit ion within an inf lammatory exudate 

formed over an injured serosal layer. The  fibrin ma- 
trix is used as a scaffolding for new vascular granula- 
tion tissue containing macrophages, fibroblasts, and 
giant cells, 12 which later organize into a distinct net- 
work of histamine-releasing cells, fibroblasts, and col- 
lagen, s resulting in adhesion formation. Mesothelial 
cells exhibit fibrinolytic activity, which is influenced 
by a variety of factors including inflammation and in- 
fection. If  the net fibrinolytic activity following injury 
is sufficient, the fibrin matrix resolves and mesothe- 
lial repair occurs without adhesion formation. ~3,14 

Current strategies regarding adhesion reduction or 
prevention are threefold. The  first is reduction of tissue 
trauma by careful tissue handling and surgical tech- 
nique. Studies have shown that tissue ischemia, desic- 
cation, unnecessary tissue damage due to retraction, 
clamping, extensive electrocautery, and foreign bodies 
such as suture material, talc, or starch powder from sur- 
gical gloves are associated with an increased incidence 
of adhesions.15 The  second strategy is to interfere with 
the initial inflammatory response or fibrin matrix for- 
marion by use of agents such as corticosteroids, 16 non- 
steroidal anti-inflammatory drugs (NSAIDs), 17 or he- 
parin) s This approach has had variable effects on ad- 
hesion formation, s The  third strategy focuses on sepa- 
rating damaged peritoneal surfaces for a long enough 
period to permit mesothelial repair without adhesion 
formation using barrier materials such as dextran 70 
(Hyskon, Pharmacia Laboratories, Princeton, N.J.), 19,20 
oxidized regenerated cellulose (Interceed[TC7], John- 
son & Johnson Medical, Inc., Arlington, Tex.), 21-23 
polytetrafluoroethylene membrane (Gore-Tex Surgi- 
cal Membrane, W.L. Gore & Associates, Inc., Flagstaff, 
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Ar iz . ) ,  24,25 o r  sodium hyaluronate/carboxymethylcellu- 
lose membrane (Seprafilm Bioresorbable Membrane, 
Genzyme, Cambridge, Mass.) .  1,6,26 

HA is a naturally occurring glycosaminoglycan 
that is found in the basement membrane of cells and 
in soft tissues. HA has unique physical properties such 
as tissue protection and joint lubrication, and it en- 
hances tissue elasticity. 27 CMC is a bioresorbable syn- 
thetic polysaccharide polymer that has been shown to 
reduce adhesions in its liquid form. TM A lyophilized, 
dehydrated CMC sponge has been shown to reduce 
postoperative adhesions more effectively than oxi- 
dized regenerated cellulose (Interceed). 29 T h e  
HA/CMC gel has been chemically altered to make it 
less water soluble and less susceptible to in vivo degra- 
dation. This  preparation forms a hydrophilic viscous 
gel that coats tissue surfaces and remains in the peri- 
toneal cavity long enough to provide a mechanical 
barrier during the phase of peritoneal repair when ad- 
hesions form. The  ability of HA/CMC gel to prevent 
adhesions was recently demonstrated in two animal 
species employing standardized surgical trauma. 6 A 
similar membrane formulat ion (Seprafilm Biore- 
sorbable Membrane) has been shown to reduce the 
extent and severity of postsurgical adhesions in two 
multicenter clinical trials following abdominal and 
pelvic operations. 1,5 

The  goal of this study was to examine the effects 
of H A / C M C  gel on intestinal anastomotic healing, 
with or wi thout  leakage, by evaluating hydrostatic 
bursting pressure. According to Laplace's law, bowel 
wall tension is directly proportional to the radius of 
the bowel and intraluminal pressure. 3~ Intraluminal 
hydrostatic bursting pressure determines the multiax- 
ial force or energy required to disrupt the bowel at its 
weakest point. Christensen et al. 31 showed that deter- 
mination of hydrostatic bursting pressure is a valid 
technique for evaluating anastomotic integrity in the 
early stages of bowel healing. In this study, bursting 
in the early phase of healing occurred at the site of 
anastomosis and occurred at a lower pressure than 
that of intact bowel. This  was true regardless of 
whether the anastomosis was complete or incomplete. 
These findings are consistent with earlier reports that 
the integrity of a bowel anastomosis during the first 
5 days after surgery depends on the holding strength 
of the sutures. 31 Furthermore, intra-abdominal infec- 
tion interferes with the early stages of anastomotic 
healing. 32 Ahrendt et al. 33 demonstrated that the hy- 
drostatic bursting pressure and collagen content  of 
colonic anastomoses were lower in the presence of in- 
tra-abdominal sepsis. The  results of our study show 
that bursting occurred adjacent to the anastomosis on 

the seventh and fourteenth postoperative days, when 
bursting pressures were similar to those of intact 
bowel, regardless of  whether  the anastomosis was 
complete or incomplete. The  radiologic and mechan- 
ical studies of Christensen et al. 31 found that by the 
sixth postoperative day 60% of the bowel segments 
ruptured adjacent to the anastomosis rather than at 
the anastomosis, per se. They  postulated that disrup- 
tion tended to occur in the adjacent bowel segments 
as a consequence of Laplace's law, which predicts that 
at a given intraluminal pressure, wall tension will be 
higher in the adjacent segments where luminal diam- 
eter is greater than at the healing anastomotic site. 31 
Regardless of the mechanism involved, HA/CMC gel 
did not influence bursting pressure with complete or 
incomplete anastomoses. 

Studies by Ryan et al. 34 and Diamond et al. 35 
showed that there are no changes in adhesion forma- 
tion after 7 days. We observed a similar time course 
for adhesion formation. Adhesion formation as mea- 
sured by the extent, total number, and tenacity of ad- 
hesions was reduced in the presence of HA/CMC gel 
in animals with complete intestinal anastomoses. 
These results are consistent with earlier findings that 
HA/CMC film or gel decreased adhesion formation 
following an intra-abdominal procedure.l,6,7,26 It is 
perhaps noteworthy that the application of HA/CMC 
gel to complete anastomoses resulted in fewer adhe- 
sions, yet healing of these anastomoses was compara- 
ble to that observed in the non-gel  controls. This  
would suggest that adhesions to the anastomosis are 
not a prerequisite for normal healing. However, in the 
presence of an incomplete anastomosis, HA/CMC gel 
did not influence adhesion formation. We speculate 
that the greater inflammatory response elicited by 
anastomotic disruption overwhelms the barrier func- 
tion of H A / C M C  gel. 

C O N C L U S I O N  

H A / C M C  gel did not  interfere with the normal 
process of bowel anastomotic healing as measured by 
hydrostatic bursting pressure, even in the presence of 
anastomotic disruption. Further, H A / C M C  gel de- 
creased adhesion formation in complete anastomoses 
but did not affect adhesion formation in the presence 
of an anastomotic leak. 

We gratr acknowledge the assistance of Jude Cult in study design 
and manuscript preparation and the assistance of Roberto Rodriguez 
in animal care. 
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Subject Review 

Management of Hepatic Metastases From Colorectal 
Cancer: Systemic Chemotherapy 
Brian Leyland-Jones, M.D., Susan Burdette-Radoux, M.D. 

The current phase III studies of chemotherapy in advanced colorectal cancer include 60% to 85 % of pa- 
tients with the liver as a site of metastatic disease. Within the past 10 years, various modulatory combi- 
nations of 5-fluorouracil (5-FU) with agents such as leucovorin, interferon, N-(phosphonacetyl)-L-as- 
partate (PALA), and methotrexate have produced higher response rates than 5-FU alone. A major seven- 
arm study, conducted by the Southwestern Oncology Group and reported in 1995, suggested that single- 
agent, continuous-infusion 5-FU demonstrated the most encouraging results. Nine of 12 reported ran- 
domized studies comparing the combination of 5-FU and leucovorin with 5-FU alone report significant 
increases in response rates; two studies reported significant increases in survival. The meta-analysis proj- 
ect involving 1381 patients confirmed the increase in response rate with the combination (23 %) vs. 
5-FU alone (11%) but did not demonstrate any significant difference in median survival. The current is- 
sues involving 5-FU administration largely concentrate on the best approach (modulation vs. scheduling) 
and comprehensive evaluation of end points (quality of life, survival, and pharmacoeconomics). The cur- 
rent literature examining quality-of-life issues suggests that 5-FU and low-dose leucovorin produce the 
best overall improvement in symptoms. Others argue that continuous-infusion scheduling is also associ- 
ated with a very good quality of life (although the increased cost and morbidity of continuous-infusion ad- 
ministration has to be factored into this consideration). An important phase III study is currently being 
conducted by the National Cancer Institute of Canada comparing immediate vs. delayed (until sympto- 
matic) chemotherapy in patients with advanced colorectal cancer. Of the new approaches to therapy, per- 
haps the most immediately applicable are the new thymidylate synthase inhibitors (in particular, To- 
mudex, which produces a response rate equivalent to that of 5-FU plus leucovorin with less toxicity and 
a more convenient schedule). (J GASTROINTEST SURG 1997; 1:576-582.) 

This article attempts to summarize the current 
state of the art of chemotherapy for metastatic colon 
cancer. Whereas the current phase III chemotherapy 
studies are usually conducted in patients with ad- 
vanced colorectal cancer, regardless of the site of 
metastatic disease, they include 60% to 85% of pa- 
tients with the liver as the site of metastatic disease. 1 
Hence these studies have been used as the prime 
source of references for this report. 

Within the past 10 years, various modulatory com- 
binations of 5-fluorouracil (5-FU) with agents such as 
leucovorin (LV), interferon, N-(phosphonacetyl)-L- 
aspartate (PALA), and methotrexate have produced 
higher response rates than 5-FU alone. It is interest- 
ing, however, to compare review articles from the late 

1980s 2,3 with more recent editorials. 4,5 Whereas the 
former articles were more hopeful, the latter editori- 
als confirm the results of major phase III studies 
demonstrating a significant increase in response rates 
compared with bolus 5-FU; however, the benefit of 
these 5-FU modulatory combinations on overall sur- 
vival is questionable. 

It is useful to review the history of 5-FU in metasta- 
tic colon cancer. Its efficacy was first demonstrated in 
the 1970s, with most studies confirming an overall re- 
sponse rate of approximately 10% to 20%. The ma- 
jority of these responses are partial, with complete re- 
sponses being rare. The  median survival for all 
metastatic colorectal cancer patients treated with 5- 
FU is 6 to 8 months, compared with a median survival 
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of 12 to 18 months for the responding patients. 6 Tox- 
icity of 5-FU increases in parallel with the dosage 
used, the age of the patient, and poor performance sta- 
tus. Other  agents have not performed much better. 
Nitrosoureas, chlorozotocin, me thy l -CCNU (cyclo- 
hexyl-2-chloroethyl-nitrosourea), and mitomycin C 
are all reported to have a 10% to 15% partial response 
rate. 1,7 Interestingly, the fluorouracil/cisplafin (FU/cis- 
DDP)  combinations developed for use in head and 
neck malignancies have been extended to colorectal 
cancer to obtain a 15% to 30% response rate in phase 
II studies. Regrettably, some of our most active cancer 
chemotherapeutic agents--Vinca alkaloids, anthracy- 
clines, taxol, and most alkylating agents--show either 
minimal or no activity in advanced colorectal cancer. 
T h e  past 10 years have shown us that combining 5- 
FU with other agents tends to produce more toxicity 
with little gain in efficacy. The  problems with 5-FU 
resistance include (1) a high expression of  MDR-1 
(multidrug-resistant gene), (2) intracellular inactiva- 
tion of 5-FU, and (3) the ability of the cell to use al- 
ternative pathways. 1 The  characteristic slow doubling 
time of colon tumor cells also makes them less suscep- 
tible to phase-specific agents. Current 5-FU variations 
include continuous infusion, combinations with other 
agents, and modulat ion with leucovorin (10-formyl 
tetrahydrofolate, 10-CHO-FH4), methotrexate, PALA, 
and interferon-et. Modulation of 5-FU with leucov- 
orin has become the most  widely accepted variation 
combining an improved response rate with ease of ad- 
ministration and the smallest increase in toxicity. Con- 
troversial issues include (1) the best way to administer 
5-FU (i.e., modulation vs. scheduling), (2) the applic- 
ability of the results to adjuvant therapy, and (3) the 

impact on quality of life of these patients who have ad- 
vanced disease. 

T h e  Southwestern Oncology Group  (SWOG) 
conducted one of the most important studies on 5-FU 
modulation in advanced colorectal cancer; the results 
were presented in 1995. 8 Six hundred twenty patients 
were entered into this trial within a 3 ~-year period 
and were entered into one of seven FU-based regi- 
mens to assess the efficacy and toxicity afforded by 
biochemical modulation or schedule variations. The  
results of this trial are summarized in Table I. 

In this "study" no regimen achieved a higher re- 
sponse rate than single-agent bolus 5-FU. The  me- 
dian survival time was 14 months  for the entire co- 
hort. High-grade toxicities occurred more frequently 
in the 5-FU bolus arms (predominately granulocy- 
topenia and diarrhea). Survival hazards ratios showed 
a positive trend in favor of the unmodulated infusion 
regimens. In this study the 5-FU continuous infusion 
was administered at a dosage of 300 mg/m 2 daily for 
28 days with a rest period between days 29 and 35 be- 
fore recycling; the 24-hour infusion of 5-FU was ad- 
ministered at a rate of 2000 mg/m 2. Overall response 
rates varied from 15% to 29% according to the regi- 
men. 

In contrast, the meta-analysis of 1381 patients re- 
ported in 1992 showed an overall response rate of  
11% for 5-FU and an overall response rate of 23 % 
for 5-FU plus LV administered either as weekly or 
monthly  regimens. 9 However, this increase in re- 
sponse did not result in a discernible improvement in 
overall survival (approximating 11 months  in both 
arms). The  authors carefully emphasized that in fu- 
ture trials, tumor response should not be considered a 

Table I. Pivotal 5-FU modulation clinical trials: Summary of results 

Response S t a b l e  Progression Median 
rate (%) disease (%) (%) survival (mo) 

A. S o u t h w e s t e r n  O n c o l o g y  G r o u p  Tr/a l ,  1995 

Treatment  

5 - F U  IVP 29 35 32 14 
5 - F U  I V P / L D L V  27 36 27 14 
5 - F U  IVP/I-IDI,V 21 28 37 13 
5-FU CI 29 25 31 15 
5-FU CI/LDLV 28 28 34 14 
5-FU 24hr 15 32 35 15 
5-FU 24 hr/PALA 25 40 25 11 

B. Advanced  C o l o r e c t a l  C a n c e r  Meta -ana lys i s  Pro jec t ,  1992 

Meta-analysis 
5 - F U  11 11 
5 -FU/LV 23 11.5 

5-FU = 5-fluorouracil; IVP = intravenous push; I,DLV = lose-dose leucovorin; HDLV = high-dose leucovorin; CI = continuous infusion; 
PALA = N-(phosphonacetyl)-L-aspartate; LV = leucovorin. 
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Table II. 5-FU plus leucovorin: Results of seven prospective randomized studies (summarized from 
Cohen et al.l) * 

No. of Survival 
Study patients LV dose Response with LV advantage 

Roswell Park Cancer 74 High 44% PR No 
Institute 1' 4% CR 

GITSG '2 343 Low, high 30% RR (high) Yes (slight) 
NCCTG/Mayo 13 429 Low, high Statistically significant Yes (low + high) 

difference 
249 Low Statistically significant Yes (slight) 

difference 
NCOG Is 249 Low, high No difference No 
City of Hope National 79 High Statistically significant No 

Medical Center 16 difference 
Princess Margaret Hospital' 7 130 High 33 % vs. 7% Yes 

N O R D I C  14 

G1TSG = Gastrointestinal Tumor Study Group; NCCTG = North Central Cancer Treatment Group; NORDIC = Nordic Gastrointestinal 
Tumor Adjuvant Therapy Group; NCOG = Northern California Oncology Group; PR = partial response; CR = complete response; RR = re- 
sponse rate. 
*Toxicity of the combination was greater than with 5-FU alone; once weekly schedule was less toxic than the daily times five schedule. 

valid surrogate end point for survival in this patient 
population. A further meta-analysis by this group re- 
ported a doubling of the response rate to 5-FU by 
modulation with LV, yielding a small improvement in 
survival, l0 

Table II (summarized from Cohen et al. 1) presents 
the data from seven prospective randomized studies 
of various 5-FU modulatory combinations with either 
high- or low-dose LV; response rates and survival ad- 
vantages are indicated. In all, 9 of 12 reported ran- 
domized studies comparing the combination of 5-FU 
and LV with 5-FU alone report significant increases 
in response rates, whereas only two report significant 
increases in survival. Overall, for these 12 studies the 
toxicity of the combination was greater than that with 
5-FU alone; furthermore, the once weekly schedule 
was less toxic than the daily times five schedules. It 
must be emphasized that the majority of these trials 
were of good design with excellent randomization 
strategies in appropriately selected patient popula- 
tions. Furthermore, the meta-analysis conducted in 
1992 (Tables III and IV) also offers an excellent sta- 
tistical presentation of the odds ratios for both re- 
sponse and survival, both in the individual trials and 
overall; they report a median survival of 11.5 months 
for the 5-FU plus LV studies and 11 months for 5-FU 
alone. 9 

Two important studies that concentrated on qual- 
ity-of-life issues were reported in 1989 and 1994. 
Poon et al., is in 1989, conducted a comparison be- 
tween 5-FU alone and 5-FU plus cisplatin, 5-FU/ 
methotrexate/LV rescue, 5-FU/methotrexate, 5-FU/ 
high-dose LV, and 5-FU/low-dose LV. Four hundred 

twenty-nine patients showed a survival of 12 months 
for the 5-FU/low-dose LV arm vs. 7.7 months for 
5-FU alone. Symptomatic improvement measured in 
terms of performance status, weight gain, and symp- 
tomatic relief was greatest in the 5-FU/low-dose LV 
arm (5-FU, 370 mg/m 2, together with LV, 20 m g / m  2 

daily times five every 4 weeks). TM 

In 1994 Buroker et al. 19 compared 5-FU and low- 
dose LV on a daily times five schedule vs. 5-FU and 
high-dose LV on a weekly times six schedule. A total 
of 372 ambulatory patients were evaluated; no signif- 
icant differences were observed in either the response 
rate (35% vs. 31%) or survival (9.3 months vs. 10.7 
months). Symptomatic improvement as measured in 
terms of performance status, symptomatic relief, and 
weight gain again favored the low-dose arm (44% vs. 
31%). Furthermore,  the high-dose LV regimen 
caused more diarrhea and an increased requirement 
for hospitalization (to manage the toxicity) accompa- 
nied by a concomitant increase in financial cost. 

As mentioned previously, the authors of the 
SWOG study concluded that single-agent, continuous- 
infusion 5-FU demonstrated the most encouraging 
results, producing less hematologic toxicity and, at 
low doses, less stomatitis. 4,9 However, it does have its 
own associated toxicity of palmar plantar erythro- 
dysesthesia. 2~ 

Current  new approaches to the management  of 
colorectal metastatic disease include thymidylate syn- 
thase inhibitors such as Tomudex and LY231514. 
Tomudex (Zeneca Pharma, Macclesfield, U.K.) pro- 
duced a 27% response rate in a European phase II 
trial21; a recent randomized study comparing To- 
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Table lII.  Meta-analysis, 19929: Response odds ratios in individual trials and overall* 

No. of  events/No, entered 

Trial 5-FU + LV 5-FU O-E Variances 
Odds ralio 
(95% crj 

G I T S G  58/269 13/113 - 8 . 0 0  12.07 
N C O G  19/107 10/55 0.15 5.38 
G O I R C  12/91 14/90 1.07 5.59 
G I S C A D  19/92 9/90 - 4 . 8 5  5.95 
Genova  16/75 6/73 - 4 . 8 5  4.72 - - ~  
Toron to  21/66 4 /64  - 8.31 5.08 - -E l -  
Ci ty  of  H o p e  Na t iona l  Medical  C e n t e r  15/39 5/40 - 5 . 1 3  3.79 - -o  
R P C I  12/30 2/23 - 4 . 0 7  2.58 - o - - - -  
Bologna 9 /34  1/30 - 3 . 6 9  2.14 ---o 

OVERALL 18t /803  64/578 --37.68 47.30 

0.45 
(0.34-0.60) 

6.5 1.o i.5 
5-FU + LV be t te r  / 5 - F U  + LV worse 

0 - number of patients who do not respond to therapy in the treatment group; E = hypergeometric expectation; CI = confidence interval; 

Odds ratio Probability of failing to treatment/probability of responding to Ixeatanent 
= Probability of failing to control/probability of responding to c~ntrol; G1TSG = Ccastxointesfinal Tumor Study Group; RPC[ = 

Roswell Park Cancer Institute; GISCAD - Italian Group for the Study of Digestive Tract Cancer; N C O G  = Northern California Oncology 
Group; GOIRC = Italian Oncology Group for Clinical Research. 
*Test for treatment effect: • = 30.02 (1 df): P <10 -7. Test for heterogeneity: X ~ = 17.77 (8 df); P = 0.023. 

Table IV. Meta-analysis, 19929: Survival odds ratios in individual trials and overall* 

No. of  events/No, entered Odds ratio 

Trial 5-FU + LV 5-FU O-E Variances (95% CI) 

G I T S G  231/269 101/113 - 8 . 4 5  66.19 
N C O G  102/107 50/55 6.68 34.67 
G O I R C  74/91 66/90 7.17 34.50 
G I S C A D  62/92 62/90 2.60 28.58 
Genova  71/75 73/73 - 3 . 7 2  35.10 
To ron to  59/66 58/64 - 6 . 6 7  28.40 
Ci ty  of  H o p e  Na t iona l  Medical  C e n t e r  39/39 40/40 - 4 . 6 6  18.60 
R P C I  30/30 23/23 1.54 12.48 
Bologna 28/34 28/30 - 3 . 8 1  12.73 

OVF.RALL 696/803 501/578 --9.33 271.25 

& 

[ Z m  
- - - IZ - -  

m E ]  

c 

m c l  

0.97 
(0.86-1.09) 

015 1.o f.5 2'.0 
5 - F U  + LV b e t t e r / 5 - F U  + LVworse  

0 = number of deaths in the treatment group; E = log-rank expectation; CI = confidence interval; 

Death rate on treatment/survival rate on treatment 
Odds ratio = Death rate on control/survival rate on control ; GITSG = Gastrointestinal Tumor Study Group; RPCI = Roswell Park 

Cancer Institute; GISCAD = Italian Group for the Study of Digestive Tract Cancer; NCOG = Northern California Oneology Group; GOIRC = 
Italian Oncology Group for Clinical Research. 
*Test for treatment effect: X 2 = 032 (1 df); P ~ 0.57. Test for keterogeneity: X 2 = 8.33 (8 df); P = 0.41. 
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mudex with 5-FU plus LV reported an equivalent re- 
sponse rate with less toxicity and a more convenient 
schedule. 22 A shorter time to progression was also re- 
ported in this study. Similarly, LY231514 is a pyr- 
rolopyrimidine analogue of folic acid with thymidy- 
late synthase inhibition as its primary mechanism of 
action. However, when given on a schedule of every 3 
weeks, it produced more myelotoxicity. Phase III 
studies are ongoing. 23 

Other  new approaches are also being studied in- 
cluding various uracil derivatives. Investigators in Mi- 
lan have recently reported their results with a combi- 
nation of the uracil derivative doxifluridine and LV; 
they achieved a 32% response rate in chemotherapy- 
naive patients compared with a 13 % response rate in 
previously teated patients. 24 In addition, investigators 
at M.D. Anderson Cancer Center  have recently re- 
ported results from combination trials of uracil and 
tegafur, which produced a 42% response rate in 
chemotherapy-naive patients. 2s This regimen has the 
advantage of being totally orally administered and 
produces low toxicity. Similar results have also been 
reported by Saltz et al. 26 

Among the camptothecins,  irinotecan produced 
a 27% overall response rate in phase II trials (25% 
response rate in previously treated patients) with rea- 
sonable toxic i ty .  27'28 This  drug has already been li- 
censed for the treatment of advanced colorectal can- 
cer in France and is undergoing clinical testing in 
Nor th  America. 

Also on the horizon are new trials of MDR rever- 
sal agents including liposome encapsulation, 29 various 
calcium channel blockers, and anfi-P glycoprotein an- 
tibodies) ~ 

In the field of immunotherapy, aggressive studies 
are proceeding on more specific monoclonal antibod- 
ies 3~-33 and tumor vaccines. 34-37 

In the field of gene therapy, work continues with 
both "suicide" and cytokine genes; results of in vivo 
preclinical studies were reported last year. 38,39 

An important  phase III study is currently being 
conducted by the National  Cancer Insti tute of 
Canada; this study compares survival of asymptomatic 
patients with advanced (metastatic) colorectal cancer 
treated immediately with fluorouracil and folinic acid 
with survival of patients in whom treatment is delayed 
until symptoms arise. The  end points of this s tudy--  
in addition to survival--include a direct comparison 
of the quality of life in these two populations. 4~ 

S U M M A R Y  

The  following conclusions have been drawn from 
the current phase III chemotherapy trials: 

1. 5-FU with modulation is the best agent. 

2. The  best response rates are in the 25% to 45% 
range; occasional complete responses are re- 
ported. 

3. Meta-analysis did not demonstrate  an overall 
survival advantage in metastatic disease with 
5-FU/LV treatment over 5-FU alone. However, 
two randomized studies showed an advantage. 

4. The  therapeutic effect can be maximized with 
variations in schedule and modulation, but tox- 
icity increases as well. 

5. T h e  best quality of life is obtained with 5- 
FU/low-dose LV or 5-FU continuous-infusion 
scheduling. 

6. New agents currently undergoing clinical test- 
ing may prove advantageous because of their 
more convenient (often oral) schedules of ad- 
ministration and reduced toxicity compared to 
current regimes, leading to an improved quality 
of life. 
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