
Consensus Statement 

Management of the Biliary Tract in Acute 
Necrotizing Pancreatitis 

The BAT, AGE, ASGE Consensus Panel* 

Questions Addressed by the Consensus Panel 1. 
1. 

2. 

3. 

4. 

5. 

6. 

What are the clinical, biochemical, and radiologic 
criteria for the diagnosis of biliary pancreatitis in 
patients with acute necrotizing pancreatitis (ANP)? 
What is the optimal method for biliary tract imag- 
ing in ANP? 
When is early endoscopic retrograde cholan- 
giopancreatography (ERCP) indicated in ANP? 
Should sphincterotomy be performed if no stone 
is seen? 
What is the optimal timing for cholecystectomy in 
ANP? Is cholecystectomy necessary in patients 
who already have undergone endoscopic sphinc- 
terotomy? 
What is the appropriate operative approach to the 
gallbladder and bile duct in patients with ANP? 
Given the present state of the art, what clinical tri- 
als could be designed now that would most effec- 
tively address this clinical problem? 

General Summary 

The incidence of biliary pancreatitis parallels that 
of gallstone disease, and is more common in women 
between the ages of 50 and 70. Patients with biliary 
pancreatitis are as likely as those with pancreatitis of 
other etiologies to develop severe disease. Mortality 
from acute biliary pancreatitis (as determined from 
the placebo arm of treatment studies) averages ap- 
proximately 6%. 

Passage or impaction of a stone is generally ac- 
cepted as an event common to all patients with gall- 
stone pancreatitis. The precise mechanism whereby 
this phenomenon leads to pancreatitis and the factors 
determining whether an attack will be mild or severe 
remain largely unknown. 

2. 

Differentiation of biliary from other forms of 
pancreatitis is based on a combination of serum 
tests and imaging. Abnormalities in liver func- 
tion tests, in particular a threefold elevation of 
alanine aminotransferase (AI-T), are very specific 
for the diagnosis. Ultrasound will detect gall- 
stones in 70% to 80% of those with acute biliary 
pancreatitis. The combination of both tests is 
highly accurate for the diagnosis of acute biliary 
pancreatitis. 
Data are insufficient to define the optimal 
method for biliary tract imaging in ANI? ERCP 
has been the “gold standard” and also has thera- 
peutic potential. However, it is an invasive test 
with a high cost and potentially serious compli- 
cations, especially in patients with pancreatitis. 
Ultrasound remains the test of choice for detec- 
tion of cholelithiasis and bile duct dilatation, but 
has a very low sensitivity for common bile duct 
stones. Magnetic resonance cholangiopancre- 
atography (MRCP) has now become more widely 
available and has a sensitivity of more than 90% 
for choledocholithiasis, and CT cholangiography 
is an emerging alternative that may prove to be 
equally useful. However, the utility of these tests 
has not been validated in the setting of acute pan- 
creatitis, and their applicability in patients with 
severe pancreatitis is not clear. 

Many prospective studies, using ERCP or in- 
traoperative cholangiography as the gold stan- 
dard, have shown that endoscopic ultrasound 
(EUS) is extremely accurate for the detection of 
choledocholithiasis. Most studies show sensitiv- 
ity of more than 90% and specificity of 95% to 
100%. However, evidence of similar accuracy 
in the setting of acute pancreatitis is limited. 
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Although complication rates are very low, EUS 
should still be considered an invasive test. 

3. Early ERCP with sphincterotomy and stone ex- 
traction is indicated for patients with pancreati- 

tis and concomitant cholangitis or significant 
persistent biliary obstruction (usually serum 
bilirubin >5 mg/dl). Achieving adequate biliary 

drainage following the procedure is paramount, 
and therefore ERCP should be attempted only 
in settings where appropriate expertise is avail- 

able. Evidence to support the use of ERCP in se- 
vere biliary pancreatitis without biliary sepsis or 
obstruction is conflicting. There are no data to 

support or refute the use of sphincterotomy if, 
at the time of ERCP done for suspected biliary 
pancreatitis, no stone is found. ERCP should not 
be performed acutely in patients with predicted 

mild pancreatitis of suspected or proven biliary 
etiology in the absence of biliary obstruction. 

4. In general, patients with biliary pancreatitis 

should undergo cholecystectomy during their 
initial hospitalization to prevent recurrent pan- 
creatitis or other biliary complications. Excep- 
tions include elderly patients with high surgical 
risk in whom ERCP and endoscopic sphincterot- 
omy may suffice. Other situations where delay- 

ing cholecystectomy may be advisable are in pa- 
tients with necrotizing pancreatitis in whom in- 

flammatory changes may need to subside to al- 
low for a safer operation. 

There is no indication for routine preopera- 
tive ERCP in patients with gallstone pancreatitis 

who will undergo cholecystectomy. MRCP, 
EUS, and CT cholangiography all have a poten- 
tial role in the preoperative assessment of these 

5. 
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patients, but there is insufficient evidence to sup- 
port or refute their use on a routine basis. 
Barring contraindications, laparoscopic cholecys- 
tectomy is the procedure of choice for removal 
of the gallbladder in patients with biliary pancre- 
atitis. Recent ERCP, MRCP, or EUS will usually 

have ruled out choledocholithiasis, but if not, in- 
traoperative cholangiography or intraoperative 
ultrasonography should be performed in all of 

these patients. If a stone or stones are found at 
the time of surgery, the following options are 
available: transcystic laparoscopic removal, lapa- 
roscopic choledochotomy, endoscopic antegrade 
sphincterotomy, conversion to an open common 

bile duct exploration, or planned postoperative 
ERCP and endoscopic sphincterotomy. Data are 
insufficient to provide for a consensus regarding 
optimal management. 

Areas for Future Clinical Investigation 

6. Given the legitimate controversy regarding the 
indications for ERCP in acute pancreatitis in the 
absence of biliary obstruction, a randomized trial 
of ERCP with or without sphincterotomy early 
in the course of predicted severe biliary pancre- 

atitis is needed. 
Future clinical trials should address the role of 

MRCP, EUS, and CT cholangiography in the 
evaluation of patients with biliary pancreatitis, 
both early in the course of the disease (to confirm 

the etiology of the pancreatitis and to detect the 
presence of persistent choledocholithiasis) and as 
part of the precholecystectomy workup. 
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Endoscopic Ultrasonography in Acute Biliary 
Pancreatitis 

T Riisch, M.D., I! Mayr, M.D., M.A. kkssem, M.D. 

CLINICAL BACKGROUND 

The necessity to diagnose common bile duct (CBD) 
stones fairly early in suspected acute biliary pancre- 
atitis rests on the following two assumptions (1) the 
belief that (early) treatment of stones is beneficial for 
the course of the pancreatitis and (2) the belief that 
endoscopic retrograde cholangiopancreatography 
(ERCP) should b e avoided if it is negative for stones, 
that is, if it is purely diagnostic and not followed by 
stone removal. Both hypotheses are poorly founded 
by prospective data. The role of urgent (i.e., within 
72 hours) ERCP in suspected acute biliary pancreati- 
tis is far from being established’,* despite four ran- 
domized studies,3’6 one of which6 still exists in abstract 
form only. The second assumption-that ERCP, pos- 
sibly followed by sphincterotomy and stone extrac- 
tion, may be detrimental for the subsequent course of 
the disease and should be avoided if it is not thera- 
peutic-is not based on the four randomized studies, 
in which pancreatitis did not worsen in the ERCP 
group. However, in one of these four studies, ERCP 
patients did less well because of a higher frequency of 
pulmonary complications, 5 which may or may not be 
attributed to ERCP. That the complication rate of 
ERCP in the setting of acute pancreatitis is not any 
higher than in patients without pancreatitis is fur- 
thermore difficult to prove, since acute pancreatitis is 
the major complication of diagnostic and therapeutic 
ERCP It is, however, beyond the scope of this report 
to discuss the necessity of early diagnosis and treat- 
ment of CBD stones and the relative contribution of 
ERCP in comparison with less invasive tests. 

EXAMINATION TECHNIQUE OF 
ENDOSCOPIC ULTRASONOGRAPHY 

Almost all studies on endoscopic ultrasonography 
(EUS) in CBD stones have been performed with ra- 
dial scanning instruments, and only one retrospective 

study’ suggested similar results with linear-type in- 
struments. That radial and linear instruments may 
perform similarly is also confirmed by studies on lin- 
ear echoendoscopes in patients with cholestasis,8T9 in 
which similar accuracy rates in the detection of CBD 
stones were reached. The larger and prospective stud- 
ies, however, were done with radial instruments 
(Table I). The technique of visualization of the bile 
ducts and the gallbladder is described in detail else- 
where.‘O Briefly, pancreatobiliary visualization starts 
when the echoendoscope has been introduced into 
the second portion of the duodenum; EUS is com- 
monly performed under conscious sedation with a 
very low complication rate.” In the descending duo- 
denum, the bile duct is seen from its entrance into the 
papilla (endoscope positioned at the papilla), through 
its course through the pancreatic head (descending 
duodenum to upper duodenal curve) and up to the 
hilum (duodenal bulb).‘O The proximal bile duct sys- 
tem including the hilum and intrahepatic ducts is less 
regularly and less well visualized by EUS. Gallblad- 
der visualization is from either the descending duo- 
denum, bulb, or antrum, depending on its position.‘* 

The reported visualization rate of the biliary sys- 
tem is usually very high, lo although most of the pub- 
lished data from normal patients are either from re- 
view or book chapters, or only published in abstract 
form. There is also a high visualization rate for the 
CBD in the studies on choledocholithiasis cited be- 
low, whenever this parameter is included: EUS visu- 
alization rates for the CBD of 94%,13 96%,14J5 97%,16 
98,” and 100%18-21 are reported. Reasons for nonvi- 
sualization are varied and include anatomic obstacles 
such as a Billroth II anatomy. Furthermore, only a few 
studies acknowledge whether or not visualization was 
complete. In one report with an overall visualization 
rate of 97%, the CBD was completely seen in 89% of 
cases and only partially seen in 8% .16 
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Finally, a true “gold standard” will never be avail- 
able, and published data on visualization rates must 
rely on the examiner’s opinion that the longitudinal 

and echo-free structure he or she sees on the ultra- 
sound screen is really the CBD. Application of 

Doppler ultrasound would be of great help to differ- 
entiate the CBD from larger vessels (e.g., the com- 
mon hepatic artery), but no systematic studies on the 
application of Doppler ultrasound in the correct vi- 
sualization of the CBD have been published. Simi- 

larly, the completeness of visualization, that is, 
prepapillary, distal (i.e., intrapancreatic), and mid-to- 
proximal CBD up to the hepatic bifurcation, has 

never been systematically documented in the litera- 
ture. The normal pancreas on EUS is visualized from 
the duodenum and the stomach; details have been de- 
scribed on numerous occasions.**J3 Difficulties in dif- 
ferentiating the normal texture from signs of early 

and minor pancreatitis may arise** but are also beyond 
the scope of this report. 

ENDOSCOPIC ULTRA!5ONOGRAPHY 
IN THE DIAGNOSIS OF BILE 
DUCT STONES 

Studies on the value of EUS in the diagnosis of 

CBD stones rely on ERCP as the gold standard, but 
even this modality can overlook stones. The true gold 
standard of sphincterotomy with CBD curettage by 

basket or balloon to be performed in all study patients 
was available only in some of the studies reviewed, 
and such an approach may now be unethical, espe- 
cially in low-risk patients. The vast majority of pa- 

tients included in the studies on EUS in CBD stones 
did not suffer from concomitant acute biliary pan- 
creatitis. In some studies, however, between 8% and 
24% of patients with acute pancreatitis were in- 
c1uded,14,17J9,2q but it is mostly not specified whether 

EUS was done during or after the attack, and the re- 
sults are not analyzed separately for patients with and 
without pancreatitis. It therefore must be assumed 
that results are similar for both groups. An overview 
of these studies is presented in Table I.* Most are 
prospective, and the majority of the studies deal with 

patients who have a rather high prevalence of stones. 
The fact that-for the reasons of having a reliable 
gold standard-patients included must undergo 
ERCP, necessarily leads to a selection of patients in 
whom ERCP is indicated. Some of the studies re- 
viewed included only “high-risk” patients*“,? others 
tried to stratify patients into different risk cate- 
gories”,*O and EUS seemed to fare similarly well in 

*References 7, 13-lS, 17, 19-21,24-29. 

all groups, although patient numbers in subgroups 
were quite small. It is also evident from Table I, that 
the methodologic approaches of the various studies 
were quite different, with blindness to other informa- 

tion (clinical, laboratory, ultrasound) obviously not 
maintained in some of the studies. There are also 

striking differences between stone prevalence and the 
diagnostic accuracy of transabdominal ultrasound- 
from a 2 1% prevalence/68% accuracy?O to a 52% 
prevalence/2 5% accuracy2q-which also sheds some 

light not only on the quality of transabdominal ultra- 
sonography but also on the likelihood of stones to be 
expected by the EUS examiner. 

Stone size was often not recorded in the studies, or 
stones were obviously relatively large, often approxi- 
mately 1 cm1sJ-1,29; only three studies have reported a 
smaller mean stone size.13*21~30 Furthermore, the de- 

lay between EUS and ERCP or surgery as gold stan- 
dard is short (~24 hours) only in some studies*; oth- 
ers have 1 to 3 days’ lag time,10,2’ but some articles re- 
port on very long delays7,‘7,19~30 where the validity of 
the gold standard can be questioned, since sponta- 

neous stone passage could have occurred in the mean- 
time. Nevertheless, the homogeneity of results- 
greater than 90% accuracy rates-is striking through- 

out the studies cited. 
Some studies include a variable but small percentage 

of patients who were negative on ERCP, but had stones 

found after sphincterotomy or surgical exploration. In 
the study by Amouyal et al., 24 2 of 40 patients were EUS 

positive, but ERCP negative, and stones were only 
found after sphincterotomy. Similarly, Norton and 
Aldersoni4 found stones in 19 of 24 patients at ERCP 
but in 2 1 patients with EUS. In other studies, however, 
EUS was slightly inferior to ERCP13J0 or to intraoper- 

ative cholangiography30 in a direct comparison. 
There are also data on the follow-up of EUS-neg- 

ative patients who did not undergo ERCP. In one 
study published in French, 31 of 125 patients undergo- 

ing EUS prior to laparoscopic cholecystectomy, 
stones were detected by EUS in 2 1 cases, which were 
confirmed in 19 (ERCP was not performed in one). 

On the other hand, of the 104 patients in whom EUS 

was normal, three underwent ERCP with one intra- 
hepatic stone being detected. Ninety-one of 92 pa- 
tients with follow-up (mean 8.5 months) were symp- 
tom free, and none of them required further in- 
tervention. Whether these results justify the use of 
EUS as a first-line diagnostic test after transabdomi- 
nal ultrasonography”J’,j: is unclear. Until larger 
prospective outcome studies, especially in comparison 
with magnetic resonance cholangiopancreatography 

*References 13-15, 19, 25,27. 
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Table II. Comparison of endoscopic ultrasonography and helical CT cholangiography (CTC) or magnetic 
resonance cholangiopancreatography (MRCP) 

No. of Stone EUS MRCP CTC 
Study patients prevalence sensitivity Specificity sensitivity Specificity sensitivity Specificity 

de Ledinghen et aLzy 43 31% 100% 95% 100% 73% - - 

(1999) 

Materne et al.21 (2000) 50 26% 92% 95% 77% 97% - - 

Nandi et al.)’ (1999; 25 16% 75% 100% 25% 94% - - 

abstract) 
Polkowski et aL2s (1999) 52 68% 91% 100% 85% 88% 

Table III. Results of two prospective studies on the accuracy of endoscopic ultrasound in the diagnosis of CBD 
stones in acute biliary pancreatitis 

No. of Stone Positive Negative 
Study patients prevalence Sensitivity Specificity predictive value predictive value 

Chak et all6 (1999) 36 75% 91% 100% 100% 95% 
Sugiyama and Atomi’* (1998) 3 5 68% 100% 100% - 

(MRCP) become available, this discussion is beyond 
the scope of this review. 

Comparisons with orher methods have also been 

published. EUS has been found to be significantly su- 
perior to conventional ultrasonography and computed 

tomography (CT), is which is not surprising, although 

the differences between EUS and helical CT cholan- 

giography were less dramatic (Table 11). The most rel- 
evant comparison, however, is that of EUS and 

MRCP Results of comparative studies are presented 
in Table II, with two original articles*‘~*” and one ab- 
stract)j indicating EUS to be superior to MRCP; 
other abstracts used parameters too general for a de- 
tailed analysis of stones and strictures and other 
pathology.34 In a decision analysis using data from the 

literature and decision tree software,3s it was con- 
cluded that compared to prelaparoscopic ERCP, EUS 
and intraoperative cholangiography were unlikely to 
reduce overall costs unless their accuracy and success 
rates were greater than 90% and their procedural 
costs were less than 60% to 70% of those of ERCP. 

Other intraluminal ultrasound techniques that are 
substantially more invasive have been reported in 
noncomparative series for the diagnosis of choledo- 
cholithiasis, namely, intraductal miniprobes,3”x37 
which require ERCP, and laparoscopic ultrasonogra- 
phy, which of course requires laparoscopy, and is 
rarely indicated in acute pancreatitis. Laparoscopic ul- 
trasound could be useful in the elective situation for 
diagnosing CBD stones during cholecystectomy, and 
there is a large body of literature comparing this with 

intraoperative cholangiography,38,4’ but comparative 
studies with preoperative imaging methods such as 
EUS and MRCP have yet to be reported. 

ENDOSCOPIC ULTRASONOGRAPHY 
IN THE DIAGNOSIS OF BILE DUCT 
STONES IN ACUTE PANCREATITIS 

Only two studies deal with the EUS diagnosis of 
CBD stones in the special situation of acute pancre- 
atitis16,18; results are shown in Table III. Both studies 
have similarly small patient numbers-3616 and 3 S’*- 
and were performed prospectively, but consecutive 

patients were probably not included, especially in the 
multicenter study with the inclusion initially of only 

38 patients from five major centers.16 In only one 
study, the EUS examiner was said to be blinded to the 

results of laboratory tests and conventional ultra- 
sound.16 The inclusion of only patients who then un- 
derwent ERCP, which has to serve as gold standard, 
necessarily again introduced a bias toward selecting 
patients with a high likelihood of having stones. Al- 
though the selection criteria cited in both studies are 
different-reportedly all pancreatitis patients in one 
study’” but only those with pathologic ultrasound 
findings and laboratory values in the other’s-both 
have a similar and very high prevalence of stones in 
their populations, 72% in both studies, further indi- 
cating patient selection. 

Therefore, evidence to recommend EUS as an ac- 
curate tool in diagnosing CBD stones in suspected 
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biliary pancreatitis in the acute setting is based on 
small patient numbers and a patient population se- 
lected to have a very high likelihood of stones. How 
EUS fares in a low- or intermediate-risk group in the 
setting of acute pancreatitis is therefore still unclear 
and rests on indirect comparisons with literature data 
on EUS in choledocholithiasis in general, mostly in 
patients without pancreatitis (see above). Whether the 
very low complication rate of EUS may be increased 
in acute pancreatitis, especially the severe forms with 
duodenal edema and obstruction, is not known. 

Other studies deal with the detection of a possible 
biliary etiology in acute pancreatitis, after the acute 
attack has subsided. In one report,42 out of 89 patients 
with acute pancreatitis (in 85% the first attack) who 
were prospectively examined during a 14-month pe- 
riod, 72% had evidence of cholelithiasis by conven- 
tional radiologic methods, and the remaining 18 pa- 
tients were classified as “idiopathic” and underwent 
EUS, but at a later time point, when the pancreatitis 
had subsided, and not during the acute attack. EUS 
identified small gallbladder stones in 14 patients and 
small CBD stones in three.42 This is a rather high 
prevalence of gallbladder stones overlooked on trans- 
abdominal ultrasound imaging (sensitivity of only 
82%), and sheds some doubt on the quality of their 
transabdominal ultrasound. Other studies examining 
the value of EUS in the setting of acute relapsing pan- 
creatitis are available in abstract form only.43,M 

ENDOSCOPIC ULTRASONOGRAPHY 
OFTHF PANCREAS IN ACUTE 
PANCRFATITIS 

EUS findings relevant to the pancreas itself de- 
scribed in acute pancreatitis are pancreatic enlarge- 
ment, parenchymal heterogeneity, a grainy or coarse 
texture, gastroduodenal wall edema, and peripancre- 
atic fluid in a study in which none of the patients had 
severe pancreatitis. Some of the parameters, however, 
seemed to correlate with length of hospital stay.16 
Pancreatic necrosis and extrapancreatic inflammatory 
spread were reported in the other paper cited earlier 
and some correlation with the CT grading of pan- 
creatitis appeared. l* Other studies are available only 
in abstract form.ls It is clearly premature to recom- 
mend using EUS for the grading of the severity of 
acute pancreatitis until prospective comparative stud- 
ies with contrast-enhanced CT are reported. 

CONCLUSIONS 

EUS appears to be a very accurate test for diag- 
nosing CBD stones in a relatively large number of 
studies using a variety of methodologic approaches, 

mostly in patients with a moderate-to-high suspicion 
of gallstones, however. Whether these results can be 
transferred to patient groups with low stone preva- 
lence, and to other examiners outside the centers of 
excellence, is not fully known. In the setting of acute 
pancreatitis, the same seems to be true, but the evi- 
dence is based on only two studies, each with a rather 
small number of patients. In our opinion, the biggest 
competitor for EUS is MRCP, and further compara- 
tive studies will shed some more light on the relative 
value and cost-effectiveness of both tests in the set- 
ting of acute biliary pancreatitis. 
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Timing of and Indications for Biliary Tract Surgery 
in Acute Necrotizing Pancreatitis 

Bruce Schimner, 

Biliary tract surgery for acute necrotizing pancre- 
atitis is indicated when the etiology of the pancreati- 
tis is thought to be secondary to choledocholithiasis. 
This essentially constitutes the diagnosis of gallstone 
pancreatitis. For patients with other etiologies of 
acute pancreatitis, biliary tract surgery is normally not 
indicated. Patients with gallstone pancreatitis are 
grouped into those with mild and those with more se- 
vere forms of the disease when determining criteria 
for when to perform surgery. 

The goal of surgical therapy for patients with gall- 
stone pancreatitis is to remove the biliary calculi that 
have precipitated the attack of pancreatitis as well as 
the source for future calculi. This generally involves 
the following two steps: performing cholecystectomy 
and clearing the common bile duct of calculi. Surgery 
may be used to accomplish both steps, or endoscopic 
therapy (endoscopic retrograde cholangiopancreatog- 
raphy [ERCP] plus endoscopic sphincterotomy [ES]) 
may be used instead to clear the common bile duct. 

Most patients with mild forms of the disease, de- 
fined as the presence of three or fewer Ranson’s crite- 
ria,’ will have little if any pancreatic necrosis. Al- 
though these patients generally fall outside the spec- 
trum of disease discussed here, recommendations for 
timing and indications for biliary tract surgery will be 
included for this group. 

Patients with mild acute gallstone pancreatitis 
should undergo cholecystectomy and, if needed, a 
procedure to clear the common duct of stones. The 
timing of cholecystectomy relative to the symptoms 
of pancreatitis is less important in mild forms of the 
disease. Patients will generally tolerate surgery well, 
the operation will be technically feasible in terms of 
intraoperative anatomy, and there will be no signifi- 
cant incidence of increased complications, prolonga- 
tion of hospitalization, or conversion to open chole- 
cystectomy in comparison to elective cholecystec- 
tomy.* Surgical treatment is indicated during the ini- 
tial hospitalization and should not be delayed until a 

second hospitalization; otherwise, a significant per- 
centage of patients for whom such a course is recom- 
mended will return to the hospital for unscheduled 
admission with a second episode of gallstone pancre- 
atitis. Therefore, to avoid subjecting patients to the 
risks of a second attack of gallstone pancreatitis, sur- 
gical treatment is recommended during the first hos- 
pitalization. 

Laparoscopic cholecystectomy is the treatment of 
choice for gallstone pancreatitis. Studies have shown 
that preoperative ERCP is not indicated in mild 
forms of the disease as most patients will have long 
since passed the common duct stone that initiated the 
attack of pancreatitis. 3 Routine preoperative ERCP in 
mild-to-moderate pancreatitis is associated with in- 
creased costs and prolonged hospitalization4 along 
with increased complications3 compared to selective 
postoperative ERCP and common duct stone extrac- 
tion based on intraoperative cholangiographic find- 
ings. Intraoperative biliary imaging is therefore pre- 
ferred in these patients to determine presence of per- 

approach. 
Patients are candidates for surgical treatment as 

long as they do not have excessively severe comorbid 
medical conditions that would preclude safe induction 
of general anesthesia. Other than severe comorbid 
medical conditions, there are few if any contraindica- 
tions to surgery. There are also now few contraindi- 
cations to laparoscopic surgery other than severe in- 
tra-abdominal scarring from previous surgery, inabil- 
ity to safely tolerate a pneumoperitoneum, or un- 
availability of the equipment needed to perform the 
operation. 

In patients who have acute gallstone pancreatitis 
with complicating pancreatic necrosis and more than 
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three Ranson’s criteria present, the goal of surgical 
treatment is the same as for patients with mild disease. 

Choledocholithiasis should be addressed early in the 
course of the disease. Obstruction for more than 48 
hours is associated with a greatly increased incidence 
of pancreatic necrosis. 9 ERCP and ES should be used 

if stones in the common bile duct appear to persist 
and the patient is not improving with conservative 
treatment.‘O In settings where ERCP is not available, 
surgical intervention is accompanied by increased 
morbidity and technical difficulty if performed in 

a setting where the acute disease process has not 

resolved. 
Laparoscopic cholecystectomy is the treatment of 

choice for patients with severe forms of pancreatitis.” 
The operation should be performed near the end of 
the hospitalization, once the acute symptoms have re- 
solved, assuming no surgical intervention has been 

needed earlier for the pancreatitis. Uhl et al.12 showed 
that patients with necrotizing pancreatitis required a 
mean duration of 14 days between onset of symptoms 
and attempted laparoscopic cholecystectomy, with 
62 % of patients undergoing cholecystectomy suc- 

cessfully using a laparoscopic approach. These inves- 
tigators noted an increased risk of infection when bil- 

iary surgery was performed before a 3-week wait in 
patients with extensive pancreatic necrosis. 

Intraoperative cholangiography or ultrasonogra- 
phy are also indicated to rule out persistent choledo- 
cholithiasis at the time of cholecystectomy for severe 
pancreatitis, if ERCP has not been done. Should per- 
sistent choledocholithiasis be present, removal via in- 

traoperative laparoscopic or open or postoperative en- 
doscopic means are all acceptable approaches. Indi- 
vidual expertise should determine the best approach 

in any individual case. 
Patients with acute gallstone pancreatitis resulting 

in pancreatic necrosis may require surgical interven- 
tion to treat the necrosis. In such situations the main 
goal of surgical therapy is debridement of pancreatic 
necrosis and elimination of intra-abdominal infec- 
tion. However, the addition of a simultaneous chole- 
cystectomy and cholangiography is often appropri- 

ate, based on the individual setting of degree of in- 
fl ammation and the patient’s condition intraopera- 
tively. The surgeon should consider adding these 
procedures if they can be safely accomplished, as this 
avoids the need for a second operation when treating 
the biliary tract cause of the pancreatitis. Postopera- 
tive ERCP and sphincterotomy may be a better alter- 
native in the setting of more severe inflammation 
when exploration of the biliary tree is indicated based 
on intraoperative cholangiographic findings, since in- 
traoperative exploration of the biliary tree in such a 
setting may be associated with increased technical dif- 
ficulty and a higher incidence of morbidity. 

In elderly patients with gallstone pancreatitis who 

are at a high risk for surgical intervention and chole- 
cystectomy, the majority of evidence in the literature 
suggests that ERCP and ES alone without subsequent 

cholecystectomy may suffice as adequate treatment. 
Welbourne et a1.13 showed that 48 patients with a me- 

dian age of 78 years who underwent a technically ade- 
quate ES for gallstone pancreatitis and no subsequent 
cholecystectomy had no further attacks of pancreatitis 
after a mean follow-up of 26.9 months. Siegel et al.‘+ 

treated 49 patients with ES without cholecystectomy, 
and none experienced recurrent pancreatitis with a 
mean follow-up of 48 months. Nineteen high-risk pa- 

tients treated with ERCP and ES were followed; one 
required rehospitalization for acute biliary pancreatitis 
and six had recurrent pain without amylasemia. Ex- 
trapolation of this treatment approach to the non- 

elderly should be avoided. ERCP and ES were re- 
cently shown to reduce the incidence of recurrent pan- 
creatitis but not late biliary complications in a group of 
96 patients with a median age of 74 years (range 30 to 
93 years). Thirty-one percent of patients required sub- 
sequent cholecystectomy. 

In summary, patients with mild gallstone pancre- 

atitis should undergo laparoscopic cholecystectomy 
with intraoperative biliary imaging during the initial 
hospitalization. Patients with more severe pancreatitis 
should also undergo these operations but at a time 
when the pancreatic inflammation has subsided. Ur- 
gent ERCP and ES are indicated in patients with se- 
vere pancreatitis in whom persistent choledocholithi- 
asis is suspected. Elderly high-risk surgical candidates 
can be adequately treated in most cases with ERCP 
and ES alone. 
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Noninvasive Imaging of the Biliary Ducts 

Joseph 7: Fen-z@ M.D. 

The goal of biliary tract imaging in acute necrotiz- 

ing pancreatitis is twofold: (1) to detect the presence 
of biliary duct dilatation and (2) to identify common 
duct stones. Obstructive dilatation of the biliary duct 

system may be an incidental sequela of inflammatory 
swelling of the head of the pancreas compressing the 
intrapancreatic portion of the distal common bile 

duct. In such cases the ducts may return to normal 
caliber as the inflammatory reaction subsides. More 
important, bile duct dilatation may be an indication 
of an obstructing distal common duct stone. Thus the 
primary focus of noninvasive biliary tract imaging in 

acute necrotizing pancreatitis is to identify the incit- 
ing distal common bile duct stones. However, not all 

common duct stones produce bile duct dilatation, and 
the demonstration of stones in nondilated bile ducts is 
a more demanding imaging task by all techniques. 

CONVENTIONAL IMAGING: 
ULT~ONOGRAPHY AND 
COMPUTED TOMOGRAPHY 

Conventional imaging of acute pancreatitis invari- 

ably includes both computed tomography to docu- 
ment and stage the severity of the pancreatic inflam- 
matory response and right upper quadrant ultra- 

sonography to assess the status of the gallbladder and 
biliary ducts. Both techniques are highly accurate in 

demonstrating biliary duct dilatation-common bile 
duct caliber 8 mm or larger (95% to lOO%)-but are 
less effective in demonstrating common duct calculi 
(30% to SO%).‘-’ Both methods are more sensitive 
when biliary duct dilatation is present because the 
fluid bile is able to contrast with the solid stone mate- 

rial. Ultrasonography is less effective when chole- 
dochal stones are located far distally in the head of the 
pancreas, when there is overlying bowel gas, or when 
obese patient habitus degrades image quality. More- 
over, ultrasonography remains a highly operator-de- 
pendent method, and the results are always influenced 
by the skill of the examiner. 

CT scanning, while not the primary method for 
screening survey of the biliary ducts, can demonstrate 
common bile duct stones with approximately 50% 
sensitivity or better. Noncontrast, unenhanced CT 

techniques often used for survey study of cases of pan- 
creatitis are also ideal for demonstrating duct stones. 
Most primary CBD stones are composed of calcium 
bilirubinate and show higher CT attenuation than the 

surrounding low-density bile column. Cholesterol 
stones containing calcium can also be clearly visual- 
ized. Modern CT scanners with helical acquisition 
can obtain slices in the 1 to 2 mm thickness range af- 
fording excellent spatial resolution.’ The newest gen- 

eration of multislice CT scanners can now acquire full 
abdominal and pancreatic scans at high resolution in a 
matter of a single breath-hold (i.e., 10 to 15 seconds). 
Clinical results with this newest generation of CT 

technology are not yet available, but the accuracy for 
survey detection of common bile duct stones should 

increase further. 

NEW METHODS 

In instances where conventional ultrasound and 
CT imaging are nondiagnostic, newer noninvasive 

methods developed within the past several years, es- 
pecially magnetic resonance cholangiopancreatogra- 
phy (MRCP) and CT cholangiography, have proved 

increasingly useful. 

Magnetic Resonance 
Cholangiopancreatography 

MRCP has evolved during the past several years as 
the new “gold standard” for noninvasive global imag- 
ing of the biliary and pancreatic ducts.“‘” MRCP en- 
joys a broad range of indications, high accuracy, non- 
invasiveness, and near-universal availability on all mod- 
ern MRI scanners. The basic imaging principle under- 
lying MRCP is that body fluids such as bile and pan- 
creatic secretions exhibit high signal intensity on heav- 
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ily Tz-weighted magnetic resonance sequences (i.e., 
they appear white), whereas background tissues gener- 
ate little signal (i.e., they appear dark). Fluids in static 
structures such as ducts or cysts can be selectively dis- 
played as white on a black background with an overall 
appearance simulating the features of a direct radio- 
graphic cholangiopancreatogram. An added advantage 
of MRCP over endoscopic retrograde cholangiopan- 
creatography (ERCP) is that duct morphology includ- 
ing adjacent cystic structures is demonstrated in its 
native or resting state more accurately depicting the 
native caliber of the duct. The vagaries of overdisten- 
tion and underdistention so often occurring during 
clinical ERCP injections are thus avoided at MRCF? 

Interpretation of magnetic resonance images fol- 
lows basic principles of radiographic interpretation 
used during ERCP in terms of duct caliber, dilatation, 
filling defects (calculi), and extraductal collections of 
fluid (cysts, leaks, diverticula, etc.). Duct caliber is ac- 
curately depicted in nearly 100% of cases, whereas 
strictures appear as focal areas of narrowing or signal 
void with varying degrees of proximal dilatation.6-‘0 
Calculi are shown as localized filling defects within 
the high signal intensity of bile in both the biliary 
ducts and the gallbladder itself. The sensitivity of 
MRCP in diagnosing choledocholithiasis exceeds 
90%.‘-I4 Problems in detection occur mainly with 
small stones or gravel less than 3 mm in size. (It is 
noteworthy, however, that this is a similar failing of 
radiographic ERCP interpretation.) Experienced ra- 
diologists now agree that MRCP detection of com- 
mon bile duct stones requires inspection of both the 
reformatted maximum intensity projection images as 
well as review of the source image data in all cases.*2-14 
Pitfalls in the diagnosis of common bile duct stones 
include confusion with other intraluminal filling de- 
fects such as intraductal tumor, blood clot, gas bub- 
ble, or image artifact from previous cholecystectomy 
metallic clips. 

MRCP techniques continue to improve with newer, 
faster scanners, especially in nonuniversity settings. 
With the most advanced scanners, the examination 
takes less time than moving the patient onto the scan- 
ning table. The present clearest indication for MRCP 
is following inconclusive ultrasound or CT imaging 
and failed or incomplete ERCP l* 

CT Cholangiography 

DILATED COMMON BILE DUCT (US/CT) 

CBD STONE SEEN CBD STONE NOT SEEN 

ERCP - MRCP (EUS) 

I- 
OBSERVE 

Fig. 1. Imaging algorithm. 

terial, which exploits the sensitivity of CT attenuation 
to produce high-contrast detail within the biliary duct 
system. Early investigators used intravenous cholangio- 
graphic contrast material with good results. More re- 
cently the familiar oral cholecystographic contrast agent 
iopanoic acid (Telepaque, Winthrop) has been em- 
ployed with equally good results and is more favored 
because of its greater safety profile. As with the tradi- 
tional oral cholecystogram, the oral dosage is given the 
evening before the study, and the scan data containing 
the iodine-enhanced bile is reformatted with three- 
dimensional maximum intensity projection and shaded 
surface display renderings to produce familiar projec- 
tional images of the biliary tract.15J6 This technique 
does have the limitation of requiring normal liver func- 
tion, that is, the absence of significant biliary tract ob- 
struction. Similarly there is no depiction of the pancre- 
atic ducts. For these reasons CT cholangiography is still 
a less robust method than MRCP 

CONCLUSION 

The noninvasive imaging techniques of conven- 
tional ultrasound and CT scanning and the new 
methods of MRCP and CT cholangiography have ad- 
vanced rapidly during the past decade in terms of 
availability, speed, and accuracy. In the vast majority 
of patients, the presence of common duct dilatation 
and the presence or absence of obstructing common 
bile duct stones can be determined by these noninva- 
sive imaging methods (Fig. 1). When these techniques 
are available, the need for invasive diagnostic endos- 
copy should be minimized. Endoscopic techniques 
with their inherent cost and risk should increasingly 

CT cholangiography is a new advanced application 
of CT scanning using modern helical (and the newest 
multislice) scanners to obtain ultrathin 1 mm and 2 mm 
slices allowing three-dimensional image reconstructions 
of ductal anatomy. Added bile duct contrast enhance- 
ment is obtained by the administration of contrast ma- 

be reserved only to guide therapeutic maneuvers.” 
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The Clinical Problem of Biliary Acute Necrotizing 
Pancreatitis: Epidemiology, Pathophysiology, 
and Diagnosis of Biliary Necrotizing Pancreatitis 

Chris E. Formark, M.D. 

EPIDEMIOLOGY 

In most countries, gallstones are the most common 
cause of acute pancreatitis. In the United States, 
Western Europe, and Asia, gallstones account for be- 
tween one third and two thirds of cases, with an aver- 
age of 40 to 50%. 1-4 There does appear to be sub- 
stantial regional variation within countries as well as 
between countries. In some studies from areas of high 
prevalence of alcohol abuse, alcoholism may account 
for up to three fourths of all cases of acute pancreati- 
tis.3 The frequency of gallstone pancreatitis parallels 
the frequency of gallstones, being most common in 
women between 50 and 70 years of age.*,’ The inci- 
dence of acute gallstone pancreatitis has not been 
carefully studied but varies inversely with the overall 
prevalence of alcohol abuse within the population be- 
ing studied. In data from the United Kingdom, the 
overall incidence of acute pancreatitis has been rising 
from less than 100 cases per million population in the 
1960s to as high as 750 cases per million in the 
1980s. 1,5 The contribution of biliary pancreatitis to 
that rise in incidence is, however, unknown. In the 
United States, acute pancreatitis accounted for more 
than 124,000 hospital admission in 1987 and 911,000 
office visits.6 In a more recent analysis from 1999, the 
number of cases of acute pancreatitis requiring hos- 
pital admission in the United States is somewhere be- 
tween 166,000 and 252,000.’ One can only estimate 
the contribution of biliary pancreatitis to these formi- 
dable numbers but based on most estimates, biliary 
pancreatitis would probably account for 40% to 50%. 
If one includes pancreatitis due to microlithiasis, this 
number would probably be higher. Acute biliary pan- 
creatitis is a recurrent disease in the absence of defin- 
itive therapy; relapse rates of 30% are commonly seen 
in those with the gallbladder left in situ.8,9 

Studies of outcome and severity in patients with 
acute biliary pancreatitis are limited in that the vast 

majority report selected patients seen mainly at refer- 
ral centers. Most studies would suggest, however, that 
patients with acute biliary pancreatitis are no more 
likely to develop clinically severe pancreatitis than pa- 
tients with other etiologies of acute pancreatitis. In 
one study from the United Kingdom comprising a 
relatively unbiased population, clinically severe dis- 
ease developed in 28% of patients admitted with acute 
gallstone pancreatitis, compared to 24% in those with 
acute alcoholic pancreatitis and 26% of those with 
other forms of acute pancreatitis.‘O Patients with acute 
biliary pancreatitis are at much greater risk of devel- 
oping concomitant cholangitis compared to other 
forms of acute pancreatitis. Cholangitis appears to de- 
velop in approximately 6% to 10% of patients with 
acute biliary pancreatitis and causes an increase in 
both mortality and morbidity rates.‘O-‘* 

The mortality rate from acute biliary pancreatitis 
from the study mentioned previouslylo was 8.1%, as 
compared to 4.1% in those with acute alcoholic pan- 
creatitis and 14.5% of those with other forms of acute 
pancreatitis (differences not statistically significant). 
This mortality rate closely approximates the mortality 
from the placebo arms of studies evaluating therapy for 
acute biliary pancreatitis, which averages approximately 
6%.“J3-‘a These data may still reflect a biased selec- 
tion of patients; in one recent study of hospital admis- 
sion for all forms of acute pancreatitis in the United 
States, the mortality rate was only 1.8% to 2.6%.7 

There are far fewer data on the incidence of pan- 
creatic necrosis in patients with acute biliary pancre- 
atitis. In one study, pancreatic necrosis or abscess de- 
veloped in 5.4% of those with acute gallstone pancre- 
atitis compared to 7.6% of those with acute alcoholic 
pancreatitis and 12.7% of those with other forms of 
acute pancreatitis. lo Other studies have also not doc- 
umented any substantial differences in the rate of de- 
velopment of necrosis in patients with acute biliary 
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pancreatitis compared to other etiologies. It is also 
clear from many studies that the presence of pancre- 
atic necrosis is one predictor of increased morbidity 
and mortality in these patients but that the presence 
of necrosis is not invariably associated with a worse 
outcome. 

PATHOPHYSIOLOGY 

The pathophysiology of acute biliary pancreatitis 
remains unknown. Three major hypotheses continue 
to be debated. The suggestion by Opie almost 100 
years ago that a common channel of the biliary and 
pancreatic ducts is important in causation remains 
central to most hypotheses of pathogenesis. These 
theories include the following: (1) an obstructing 
stone at the ampulla allows bile to reflux into the 
pancreatic duct; (2) an obstructing stone at the am- 
pulla produces pancreatic duct hypertension; and (3) 
reflux of duodenal contents into the pancreatic duct 
occurs after passage of the stone through the dis- 
rupted sphincter mechanism. These theories are not 
mutually exclusive. All of these theories require pas- 
sage or impaction of a gallstone. Numerous studies 
have demonstrated this event. Gallstones can be re- 
covered from the feces in 90% of patients with gall- 
stone pancreatitis compared to 10% to 15% of pa- 
tients with symptomatic gallstones without pancre- 
atitis.‘” Patients undergoing urgent surgery have a 
much higher incidence of common bile duct stones 
than those undergoing surgery later in their course 
(as high as 78% vs. 3% to 33%).‘4,*5Jo~21 A stone ac- 
tually impacted at the ampulla can be seen in up to 
25% if surgery15 or endoscopic retrograde cholan- 
giopancreatography (ERCP)i* is undertaken urgently, 
but far less commonly if evaluated later. These data 
suggest that the majority of patients pass the offend- 
ing stone into the duodenum spontaneously. There 
are some data that those with residual or persistent 
common bile duct stones are at higher risk of mor- 
bidity and are more likely to have a severe attack of 
pancreatitis or die from the attack, suggesting re- 
peated obstruction of the common channel may pre- 
dispose to more severe pancreatitis. Residual or per- 
sistent common bile duct stones are frequently seen 
in those who die of biliary pancreatitis.2?J3 This has 
led some to propose a two-step model of pathogene- 
sis, wherein repeated obstruction of the common 
channel leads to more extensive or severe pancreati- 
tis.?’ These patients with residual or persisting com- 
mon bile duct stones are certainly at higher risk of 
concomitant cholangitis with associated increased 
morbidity and mortality. 

Those patients with gallstones who develop biliary 
pancreatitis have anatomic features that result in a pre- 

disposition to allow a gallstone to reach the common 
bile duct and affect the pancreatic duct. These predis- 
posing features include more and smaller gallstones 
(allowing more opportunity for appropriately sized 
gallstones to reach the common channel), a wider cys- 
tic duct (allowing easier access for the stones), a wider 
main bile duct, an increased pancreaticobiliary angle, 
and a physical common channel.*’ All of these features 
make it more likely that a gallstone will reach the com- 
mon channel and produce biliary pancreatitis. 

The specific mechanisms by which the passage or 
impaction of a gallstone within the common channel 
actually causes acute pancreatitis are not known. Ac- 
cording to animal models, there is clearly activation 
of pancreatic digestive enzymes within the acinar cell 
and pancreatic duct. Some have suggested that the 
primary event is a block in enzyme secretion, followed 
by colocalization of digestive proenzymes and lyso- 
somes within the acinar cell, followed by activation of 
these enzymes. 26 It would seem most likely that 
trypsinogen is activated first, with subsequent activa- 
tion of other digestive enzymes. The release of these 
activated digestive enzymes into and around the pan- 
creatic parenchyma could certainly lead to autodiges- 
tion and necrosis. There is also evolving data that de- 
rangements in the pancreatic microcirculation are an 
important contributor to necrosis through an isch- 
emit mechanism.?’ This local injury is followed, in se- 
vere cases, by activation of the systemic immune re- 
sponse syndrome and a cytokine cascade. These are 
responsible for the distant complications of severe 
acute pancreatitis. We have thus far failed, however, 
to identify the principal molecular events that pro- 
duce acute biliary pancreatitis. 

DIAGNOSIS OF ACUTE NECROTIZING 
BILIARY PANCBEATITIS 

The diagnostic approach can be separated into 
three serial goals: (1) diagnose acute pancreatitis and 
differentiate it from other abdominal conditions that 
could mimic acute pancreatitis; (2) differentiate biliary 
pancreatitis from other forms of acute pancreatitis; 
and (3) diagnose the presence or absence of necrosis. 
The diagnosis of acute pancreatitis is generally con- 
sidered to be based on the presence of compatible 
signs and symptoms and elevations in serum amylase 
or lipase. Many other diseases can mimic not only 
some of the signs and symptoms of acute pancreatitis 
but also the elevations in amylase and lipase.‘x These 
include acute cholecystitis, biliary obstruction in the 
absence of acute pancreatitis, intestinal perforation, 
intestinal ischemia or infarction, and intestinal ob- 
struction among others. These signs and symptoms 
and laboratory abnormalities are therefore not en- 
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tirely specific; neither are they perfectly sensitive. A 
number of postmortem studies note that 3 0% to 40% 
of patients who die of acute pancreatitis do not have 
the diagnosis established before death.23,29,30 Clini- 
cians most commonly missed making the diagnosis in 
these patients because the presentation was atypical 
(abdominal pain was not a major feature or other con- 
ditions masked the presence of pain [e.g., coma]). 

Imaging studies are quite helpful in making a diag- 
nosis of acute pancreatitis. Ultrasonography in par- 
ticular plays a seminal role in the diagnosis of biliary 
pancreatitis but carries an overall sensitivity of 67% 
and a specificity of near 100% in the diagnosis of 
acute pancreatitis. 31 Computed tomography remains 
the most reliable method of diagnosing acute pancre- 
atitis. Results of CT may occasionally be normal in 
those with mild disease but are invariably positive 
in more severe acute pancreatitis.32 CT is useful both 
in establishing the diagnosis of acute pancreatitis 
and in differentiating it from other abdominal catas- 
trophes that may mimic acute pancreatitis. 

The differentiation of biliary pancreatitis from 
other forms of pancreatitis is based on a combination 
of serum tests and imaging tests. A number of studies 
have evaluated serum transaminases, serum alkaline 
phosphatase, gamma glutamyl transpeptidase, and 
serum bilirubin.31,33-35 Each study chose slightly dif- 
ferent cutoffs for these values. Obviously the higher 
the cutoff chosen the greater the specificity and the 
worse the sensitivity. Equally obvious, multiple ab- 
normalities would seem to be more specific than iso- 
lated abnormalities of one laboratory test. It is diffi- 
cult, however, to define a specific cutoff or a specific 
test as preferred. A recent meta-analysis of these stud- 
ies reached the conclusion that elevation in alanine 
aminotransferase (ALT) the most clinically useful pa- 
rameter.36 They concluded that a threefold elevation 
in serum ALT (>150 IU/L) is 95% specific for a di- 
agnosis of acute biliary pancreatitis. This is, unfortu- 
nately, only 48% sensitive. Aspartate aminotransferase 
(AST), alkaline phosphatase, and bilirubin were all in- 
ferior diagnostic tests in this analysis. Other studies, 
however, have concluded that a cutoff of ALT or AST 
greater than 60 IU/L34 or greater than 75 IU/L 
reaches acceptable sensitivity and specificity.37 

Serum tests are not used in isolation to diagnose 
biliary pancreatitis; they should be combined with 
imaging studies. Ultrasound is the most useful imag- 
ing test and will detect cholelithiasis in 70% to 80% 
of those with acute biliary pancreatitis.33,3s Repeated 
sonograms may occasionally show gallstones in those 
with an initial normal ultrasound scan or those in 
whom the initial ultrasound is limited by overlying 
bowel gas. 37,38 Ultrasonography can detect only a 
small fraction of common bile duct stones. A combi- 

nation of abnormalities in serum tests and ultrasound 
images was found to be 95% sensitive and 100% spe- 
cific in one study that combined both.3S Computed 
tomography is not generally required for the detec- 
tion of gallstones. It is inferior to ultrasound in de- 
tecting cholelithiasis and choledocholithiasis.3s The 
use of noncontrast CT for the detection of choledo- 
cholithiasis shows some promise; in one study it 
demonstrated a sensitivity of 88% and a specificity of 
97% .39 Similarly the use of CT cholangiography may 
improve the diagnosis of choledocholithiasis with 
similar sensitivities and specificities.‘O Magnetic reso- 
nance cholangiopancreatography continues to evolve 
and we may expect improved accuracy with this tech- 
nique as we114* Finally, endoscopic ultrasonography 
is highly sensitive for both cholelithiasis and choledo- 
cholithiasis.42 The “gold standard” to which these 
tests are compared is usually ERCP. Thankfully, 
ERCP is rarely needed to reach a diagnosis of gall- 
stone pancreatitis, although it may have important 
therapeutic contributions. The clinician is obviously 
interested in identifying the minority of patients with 
a residual or persistent stone in the common bile duct. 
Persistently elevated liver chemical values or a persis- 
tently dilated bile duct may assist in determining this, 
particularly if liver chemical values remain elevated or 
rise after 48 hours. The presence of cholangitis would 
also imply persistent choledocholithiasis. Similarly, a 
visible common bile duct stone on one of the preced- 
ing imaging modalities may make the determination. 
This may be particularly important in patients with 
severe gallstone pancreatitis or necrotizing gallstone 
pancreatitis, when attempts to clear the duct of stones 
may be undertaken, either to treat or prevent cholan- 
gitis or to attempt to minimize other complications 
associated with severe gallstone pancreatitis. We may 
certainly expect that our approach to these patients in 
the future will use these evolving imaging techniques 
to select patients with residual or persistent common 
bile duct stones who would be expected to reap the 
most benefit from ERCP with stone extraction. 

The final step of the diagnostic algorithm men- 
tioned earlier is the documentation of pancreatic 
necrosis. At the moment, dynamic CT is considered 
the gold standard. Areas of nonenhancement corre- 
late, in a general way, to areas of pancreatic necrosis. 
It is worth repeating that the presence of necrosis 
does not always correspond to a clinically severe at- 
tack. In one study the positive predictive value of 
necrosis on CT for a clinically severe attack was only 
.59%.43 In some studies the accuracy of CT is less than 
a multiple-factor scoring system (Imrie score) in pre- 
dicting clinical severity. 44 Nonetheless, CT remains 
the only noninvasive method of quantifying pancre- 
atic necrosis. In the largest study to date, the corre- 
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spondence between CT findings of necrosis and the 
presence of necrosis at surgery was 92%.45 The risks 
of dynamic CT are probably low, but at least some 
investigators have noted worsening pancreatic necro- 
sis in animal models given intravenous contrast injec- 
tion. There is as yet no evidence that this occurs in 
humans. 
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Laparoscopic Approach to the Biliary Tract in Acute 
Necrotizing Pancreatitis 

NathanielJ, Soper, M.D. 

Gallstones are the most common cause of acute 
pancreatitis in North America. The pathophysiology 

of gallstone pancreatitis involves transient or persis- 
tent obstruction of the ampulla of Vater by a gallstone 
and nearly always is associated with an intact gall- 
bladder containing gallstones. The spectrum of sever- 
ity of pancreatitis ranges from mild edematous pan- 

creatitis that quickly resolves spontaneously to severe 
life-threatening pancreatitis with pancreatic necrosis 
and infection. There are numerous controversial is- 
sues in the management of acute necrotizing pancre- 

atitis (ANP), not the least of which is the role of lap- 
aroscopic therapy. 

The timing of surgical intervention and cholecys- 
tectomy for gallstone pancreatitis has evolved consid- 
erably over the past few decades. Delayed cholecys- 
tectomy (at a second admission 6 to 8 weeks later) has 

been supplanted by operation during the initial ad- 
mission after the acute manifestations of pancreatitis 
have resolved.‘,? This approach has reduced the like- 
lihood of recurrent pancreatitis and diminished the 
total duration of hospitalization. Urgent operation 
within 48 hours of admission for ANP has been 

shown to worsen outcome and should be av0ided.j Al- 
though laparoscopic cholecystectomy has now re- 
placed open cholecystectomy as the “gold standard” 
of therapy for patients with symptomatic gallstones, 
the well-established principles described above still 
apply to patients with gallstone pancreatitis. Several 
groups+-* have now shown that laparoscopic chole- 
cystectomy is safe and effective for the treatment of 

patients with gallstone pancreatitis. 

Increased inflammatory conditions around the gall- 
bladder and porta hepatis may be found in some of 
these patients, but in our experience this has not led 
to increased complications or a higher rate of conver- 
sion to open operation. Early in the evolution of lap- 
aroscopic cholecystectomy, preoperative endoscopic 
retrograde cholangiopancreatography (ERCP) was 
used liberally to “clear the bile duct” prior to laparos- 

copy. However, with the development of laparoscopic 
techniques for exploring the bile duct and improved 
expertise in endoscopic clearance of the duct by 

ERCP, the role of ERCP has again become more se- 
lective. Preoperative ERCP is reserved for patients 
with severe or unremitting pancreatitis, cholangitis, 

jaundice, or a definite bile duct stone that has been vi- 
sualized sonographically. Patients with mild biliary 
pancreatitis undergo laparoscopic cholecystectomy 
during the index admission once the pancreatitis has 
subsided clinically. The aim is to perform laparo- 

scopic cholecystectomy the day before the patient’s 
anticipated discharge. 

After decompressing the biliary system by ERCP 

with sphincterotomy, patients with ANP are managed 
expectantly. Intravenous antibiotics, total parenteral 
nutrition, and analgesics are routinely used until the 

patient improves sufficiently to undergo cholecystec- 
tomy, which is generally 2 to 3 weeks after admission. 
If evidence of infected ANP develops, peripancreatic 
debridement is required. This operation has tradi- 
tionally been performed by laparotomy with removal 
of all infected and necrotic tissue and placement of 

drains. Recent anecdotal reports suggest that laparo- 
scopic debridement of peripancreatic necrosis may 
also be feasible.9,10 Cholangiography or intraoperative 
ultrasonography” should be performed at the time of 
laparoscopic cholecystectomy in all patients. If a small 
stone or stones is seen in the common bile duct, an 
attempt is made to remove it laparoscopically using a 
transcystic duct approach if conditions are favorable. 

In the setting of acute gallstone pancreatitis, the 

common bile duct stones are usually small and the 
cystic duct is usually dilated as a result of recent stone 
passage, thus facilitating transcystic duct stone re- 
moval. Stones smaller than 2 mm can usually be sim- 
ply flushed into the duodenum after pharmacologic 
ampullary dilatation using intravenous glucagon.” 
Stones larger than this generally require basket ex- 
traction, with placement of the basket either under 
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Fig. 1. Management of acute gallstone pancreatitis. CBD = common bile duct exploration; ERCP = en- 
doscopic retrograde cholangiopancreatography; ES = endoscopic sphincterotomy; IOC = intraopera- 

tive cholangiography. 

fluoroscopic guidance12 or by means of a small (< 10 
Fr) choledochoscope. 13,i4 Transcystic duct laparo- 
scopic approaches are used successfully to treat chole- 
docholithiasis in more than 85% of patients in re- 
ported series.4Jz-14 Common bile duct stones that are 
multiple or larger than 6 to 7 mm in diameter are of- 
ten referred for postoperative ERCP. Alternatively, 
laparoscopic choledochotomy with direct stone ex- 
traction may be performed provided the bile duct is 
dilated and the surgeon is experienced in laparoscopic 

suturing. l5 If expertise in laparoscopic bile duct ex- 
ploration and ERCP are lacking in a patient with a 
bile duct stone found during cholangiography, con- 
version to an open operation is indicated. Given the 
success of laparoscopic common bile duct exploration 
and ERCP, it should be possible to manage the ma- 
jority of patients with gallstone pancreatitis by mini- 
mally invasive techniques. 

Our current algorithm for the management of 
acute gallstone pancreatitis is shown in Fig. 1. 
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Early Endoscopic Management of Acute Gallstone 
Pancreatitis-An Evidence-Based Review 

Alan N. Barkun, 111. D., C.M., M.Sc. 

The short-term management of acute pancreatitis 
has evolved significantly over the past two decades. 
More specifically, the possible benefits brought about 
by biliary endoscopy have been examined, and a num- 
ber of recommendations can now be made. The fol- 
lowing evidence-based review will address the avail- 
able data on the early endoscopic management of 
acute gallstone pancreatitis. Based on the results re- 
viewed, a series of recommendations are listed with 
grading according to the level of evidence as sug- 
gested in the literature. l The subsequent management 
of complications of acute gallstone pancreatitis such 
as pancreatic necrosis and pseudocysts is beyond the 
scope of this review and will not be discussed. 

RATIONALE FOR EARLY 
DECOMPRESSION 

Following the pioneering work of Opie* linking 
gallstone impaction in the ampulla of Vater with acute 
pancreatitis, the works of Acosta and Ledesma3 and 
Kelly4 both subsequently demonstrated recovery of 
biliary stones in the stool of 85% of such patients. 
These and other works have led to postulates con- 
cerning the genesis of acute pancreatitis that include 
the common channel or bile reflux theory,LJ,6 the 
duodenal reflux theory,7 and the obstruction theory,* 
with arguments for and against each. In support of the 
latter theory, early decompression of experimental bil- 
iopancreatic ductal system occlusion has been shown 
to result in an improvement in outcome by halting 
progression of disease. This finding supports a bio- 
logical rationale for early endoscopic decompression 
in patients with acute biliary pancreatitis.9 No single 
theory, however, convincingly explains the realm of 
clinical observations in patients with acute biliary pan- 
creatitis. It must be remembered, however, that early 
biliary decompression is primordial for the treatment 
of patients with cholangitis,1° a condition that is of- 
ten seen in association with acute biliary pancreatitis. 

This argument remains a pivotal consideration when 
evaluating trials of endoscopic decompression and will 
be further developed later in this review. 

Inherent to the appropriate interpretation of trial 
results in early endoscopic intervention for patients 
with acute biliary pancreatitis is a familiarity with 
prognostic determinations of the severity of the pan- 
creatitis and the likelihood that its cause is attribut- 
able to gallstone disease. Predictive models developed 
for each that were used in endoscopic efficacy trials 
will thus first be reviewed. 

PREDICTIVE MODEL 
OF THE BILIARY CAUSE 
OF AN EPISODE OF PANCREATITIS 
Biochemical Markers 

A high serum amylase level’t and an elevated amy- 
lase/lipase ratio l2 have been noted to be even higher 
in patients with gallstone pancreatitis as compared to 
those with an alcoholic etiology. A number of abnor- 
malities of common liver tests have been suggested to 
indicate a biliary etiology for a bout of pancreatitis 
and include an elevated serum bilirubin,13 aspartate 
aminotransferase (AST),“’ or alanine aminotrans- 
ferase (ALT).ls Combinations of biochemical tests 
have also been proposed. An accuracy of 98% has 
been reported with a predictive model that includes 
bilirubin, alkaline phosphatase, gamma glutamyl 
transferase, and the ASTIALT ratio in combination 
with ultrasonography. l6 A meta-analysis suggested 
that ALT was the single most useful predictor, with a 
positive predictive value of 95% when elevated at least 
threefold.” According to Neoptolemos et al.,18 pan- 
creatitis is suggestive of a gallstone etiology with a 
sensitivity of 73 % and a specificity of 94%) if the pa- 
tient is female, over age 50, and has a serum bilirubin 
level above 2.5 mg/dl, an alkaline phosphatase value 
greater than twice normal, and ALT more than 2.2 
times the normal value.18 Other predictive models 
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that have been proposed include a combination of 
serum and urine amylase, ALT, AST, and alkaline phos- 
phatase. l8 Several specialized serum markers have been 
studied with varying tests being performed to deter- 
mine the biliary etiology of an episode of pancreatitis. 
They are phospholipase AZ, trypsinogen-activating 
peptide, interleukin (IL)-2, IL-6, and IL-8, and tumor 
necrosis factor. Trypsinogen-activating peptide has 
been shown to correlate with disease severity.19 

Imaging Tests 

Ultrasound imaging remains the cornerstone in di- 
agnosing gallbladder stones, although it fails to do so 
in 20% to 30% of patients with acute pancreatitis.‘” 
Ultrasound is a good method for detecting common 
bile duct (CBD) dilatation but displays poor accuracy 
in detecting CBD stones. 2o Although endoscopic ret- 
rograde cholangiopancreatography (ERCP) remains 
the “gold standard” cholangiographic method for di- 
agnosing choledocholithiasis, noninvasive imaging 
technology such as endoscopic ultrasonography*’ and 
magnetic resonance cholangiopancreatography are 
very promising. 22 Furthermore, endoscopic ultrasound 
has also been shown to be useful in patients with acute 
idiopathic recurrent pancreatitis in demonstrating 
small stones or microscopic biliary crystal disease.‘3,2’ 

PREDICTIVE MODELS 
OF THE SEVERITY OF ACUTE 
PANCREATITIS AND ITS CAUSE 

Although most patients presenting with gallstone 
pancreatitis will experience a benign course with a good 
prognosis, a few will develop severe complications.25 
Thus it is this latter subgroup of patients in particular 
who must be considered for a therapeutic intervention. 
Stratification of the severity of an attack is thus an im- 
portant consideration when analyzing the existing lit- 
erature. Several clinical scales have been used to prog- 
nosticate the outcome of a bout of pancreatitis. They 
include the criteria proposed by Ranson et al.,‘” which 
assess five clinical variables at admission (age, leukocyte 
count, serum glucose, lactate dehydrogenase, and AST) 
and six at 48 hours (changes in hematocrit, blood urea 
nitrogen, fluid administration requirements, base 
deficit, levels of arterial oxygenation, and calcemia). 
Other clinical scales include the modified Glasgow 
scoring system, which takes into account age, leuko- 
cyte count, blood glucose, serum urea, arterial oxygen 
pressure, serum calcium, albumin, and lactate dehy- 
drogenase, all applied 48 hours after admissiont7 and 
an immediate assessment of serum glucose and urea 
levels.** The APACHE II score assesses severity points 
based on physiologic factors as well as indices of 
chronic disease.29 Other more specific markers have 

been developed but are not widely used. The classifi- 
cation of Balthazar et a1.30 stratifies patients in prog- 
nostic groups according to findings on computed to- 
mography. Similar classifications are being developed 
for magnetic resonance imaging.31 

Retrospective case series early on in the development 
of ERCP suggested possible benefits attributable to en- 
doscopic biliary decompression.32-35 Yet it is only since 
the performance of randomized trials in this therapeu- 
tic area that the more exact role of ERCP in this condi- 
tion has been determined. The four randomized trials 
performed to date will be reviewed since it is only in the 
setting of a randomized trial that known and unknown 
confounders of outcome may be balanced between both 
the experimental and control study group~.‘~ This con- 
sideration is especially true for patients with acute pan- 
creatitis where a number of demographic, laboratory, 
diagnostic and therapeutic known (and perhaps as yet 
undetermined) factors may affect outcome. 

REVIEW OF THE BEST AVAILABLE 
EVIDENCE ASSESSING THE ROLE 
OF EARLY ENDOSCOPY IN ACUTE 
GALLSTONE PANCREATITIS: 
FOUR RANDOMIZED TRIALS 
UK Study 

This was the first of the randomized trials and was 
published in 1988. A total of 223 consecutive patients 
presented with acute pancreatitis (amylase > 1000 
U/L with a compatible clinical picture) and were as- 
sessed for a possible biliary origin by Neoptolemos et 
a1.37 From these, 146 were selected using an afore- 
mentioned predictive scale indicating a possible bil- 
iary origin for the bout of pancreatitis.18 The patients 
were stratified as to whether they suffered a mild 
(0 to 2 criteria) or severe attack (3 to 8 features) at 
48 hours following admission according to the modi- 
fied Glasgow scale. 27 From these patients the authors 
subsequently randomized a total of 13 1 adult, non- 
pregnant patients with no other obvious causes of 
pancreatitis to undergo ERCP performed 72 hours 
after admission with endoscopic sphincterotomy if a 
CBD stone was found (endoscopic group) or to con- 
ventional treatment (no initial ERCP considered). 
Ten patients were subsequently excluded because of 
alternate diagnoses, leaving 59 patients randomized 
to the endoscopic and 62 to the conventional treat- 
ment group. Both groups received antibiotics.38 The 
two treatment groups were well matched except for 
age, which is discussed below. Using an intention-to- 
treat analysis, among the patients with a predicted 
mild bout of pancreatitis, the mean ages were 55 and 
67.5 years, and for a predicted severe bout 74 and 76.5 
years for patients randomized to the endoscopic and 
conventional groups, respectively. Overall 85% of pa- 
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tients were found to have gallstones. The overall mor- 
tality rate was 5%, and rates were similar in both the 
endoscopic group (2 % [ 1 of 591) and the conservative 
therapy group (8% [.5 of 621; P = 0.23). One of the 
patients in the latter group had an impacted stone at 
necropsy. The overall complication rate was greater 
in the conventional treatment group (17% [ 10 of 591 
vs. 34% [2 1 of 621; P = 0.03). No difference occurred 
in the complication rate (12 %) in either group among 
patients with a predicted mild attack, even when only 
those patients with gallstones were considered (14%). 
A significant difference was noted, however, among 
patients with predicted severe pancreatitis for the en- 
doscopic group (24% [6/25]) as compared to the con- 
servative therapy group (61% [17/28]; P <O.Ol), and 
the difference remained significant when only patients 
with gallstones were considered (18% [4/22] vs. 54% 
[ 13/24]; P = 0.01). No significant differences in com- 
plication rates existed between patients with predicted 
mild and severe attacks in the endoscopic group. In 
contrast, this difference was significant in patients 
treated conservatively (P <O.OOOl). Only one compli- 
cation occurred as a result of the ERCP, a lumbar os- 
teitis. ERCP was carried out successfully in 90%of 
patients (52 of 59 in the endoscopic group and 14 of 
14 in the conventional group), with sphincterotomy 
done in all cases attempted. Among patients in the en- 
doscopic group with confirmed gallstones, CBD 
stones were found more often in the severe cases 
(63% [I2 to 191 vs. 25% [7 of 281; P = 0.03) with an 
overall incidence of CBD stones at 32 % (19 of 59) in 
the endoscopic group with gallstones. Six patients in 
the endoscopic group and five in the conventional 
treatment group had acute cholangitis, for an overall 
rate of 9%. When these patients were excluded from 
the analysis, the complication rates among patients 
with severe attacks remained significantly lower in the 
endoscopic group (11% [6 of 531 vs. 33% [19 of 571; 
P = 0.02). Length of stay was comparable among pa- 
tients with mild pancreatitis (9 days for the endo- 
scopic group vs. 11 days for the conventional group), 
but was significantly shorter for the endoscopic group 
among patients with severe pancreatitis (9.5 days vs. 
17 days; P = 0.03). Moreover, there were no differ- 
ences in duration of hospitalization between patients 
with mild and severe pancreatitis in the endoscopic 
group (9 days vs. 9.5 days), but this difference was sig- 
nificant in the conventional group (11 days vs. 17 
days, P = 0.01). The authors did note that among the 
patients with mild pancreatitis, the conventional 
treatment group was older than the endoscopic 
group, but with no obvious resulting difference in 
outcomes attributable to this imbalance, as no be- 
tween-group difference existed in this subpopulation. 

The authors concluded that endoscopic management 
is beneficial in the subgroup of patients with acute pan- 

creatitis due to gallstones who underwent early ERCP 
with a predicted severe attack of pancreatitis. 

Criticisms of this study have included the advanced 
age in the severe disease group and the fact that this 
was a single-center study-both reasons that may 
limit the generalizability of the study. Moreover, the 
administration of antibiotics to both groups may have 
resulted in cointervention. Last, the study was criti- 
cized for the small number of patients randomized to 
ERCP with CBD stones in the severe pancreatitis 
group (n = 12). 

Hong Kong Study 

In this study published in 1993, 195 of 206 consec- 
utive patients with acute pancreatitis (amylase >lOOO 
U/L with a compatible clinical picture) were random- 
ized to emergency ERCP within 24 hours of admission 
or initial conservative treatment.39 Patients initially 
randomized to the latter group underwent ERCP if 
they later deteriorated as a result of biliary sepsis. 
Analysis of outcome considered the severity of the at- 
tack, but the randomization was not stratified accord- 
ing to this variable. This categorization was based on 
the presence of three Ranson criteria or less (mild) ver- 
sus four or more (severe),40 and on serum urea and 
plasma glucose levels at admission (>7.4 mmol/L or 
11.0 mmol/L, respectively).** Patients were well 
matched in both groups for age, with means of 63 to 
66 years, and for variables reflecting the severity of 
pancreatitis. Overall 65% of patients had a proven bil- 
iary cause of pancreatitis. Indeed 30 patients had non- 
biliary causes of pancreatitis that were determined dur- 
ing the study (including alcoholism, hyperlipidemia, 
choledochal cysts, neoplasms, and ascariasis), and 38 
additional patients had an idiopathic cause. Overall 114 
patients (58%) had a predicted mild bout of pancreati- 
tis. ERCP was successful in 90% of patients (87 of 97 
in the ERCP group and 2 5 of 27 in the initially con- 
servative group). Sphincterotomy was successful in all 
but one of the 47 patients in whom it was attempted 
(37 of 37 in the ERCP group), yet one patient in the 
initially conservative group had an episode of post- 
papillotomy bleeding and died of a pancreatic abscess. 
There was one false negative (versus later stone migra- 
tion) result of ERCP. Overall complication and mor- 
tality rates did not differ significantly between the 
ERCP and conservative therapy groups (18% vs. 29% 
and 5% vs. 9% respectively). When only patients with 
biliary stones were considered, significantly different 
complication rates were noted (16% [lo of 641 for the 
ERCP group vs. 3 3 % [2 1 of 631 for the conservative 
therapy group; P = 0.03), even though the mortality 
rates were not (2 % vs. 8%) respectively; P = 0.09). One 
patient with severe pancreatitis died after CBD stone 
extraction. The post-ERCP incidences of abdominal 
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pain and postpapillotomy bleeding were, respectively, 

4% (5 patients) and 6% (8 patients) and did not depend 
on the timing of the ERCP (comparing the early 
ERCP group to patients in the conventional treatment 
group undergoing later ERCP for biliary sepsis). CBD 
stones were demonstrated in 37 patients (38%) in the 

ERCP group. Impacted CBD stones were noted in 
20 patients from the entire study, including 13 (13 %) 
of the 97 in the ERCP group. There were no between- 

group differences in local or systemic complications 
except for the incidence of biliary sepsis, which was 
significantly lower in the ERCP group (0 of 97 pa- 

tients vs. 12 of 98 patients; P = 0.001). This difference 
was principally attributable to a marked difference in 
the incidence of biliary sepsis among the group with 

severe pancreatitis (0 of 41 patients vs. 8 of 40 patients; 
P = 0.008). 

The investigators conclude that emergency ERCP 
(with sphincterotomy if appropriate) is indicated in 
the treatment of patients with acute pancreatitis. 

This single-center study has been criticized as to its 

generalizability because only 65% of the 195 patients 

had a proven biliary cause of pancreatitis; furthermore, 
nonbiliary causes of pancreatitis (such as hypertriglyc- 
eridemia and alcoholism) were also included with no 
clear anticipated benefits based on their postulated 

pathophysiology. In fact, even the pathophysiology of 
gallstone disease may differ between Asian and West- 
ern populations. The randomization was not stratified 
according to the anticipated severity of pancreatitis, 
yet the groups were well balanced for this variable. 

German Study 

This most recent study was designed to separate 
out any possible contamination that the presence of 
associated cholangitis may have had in the endoscopic 

treatment of patients with acute biliary pancreatitis in 
previously performed randomized trials.41 Patients 
with acute pancreatitis (amylase or lipase levels more 
than three times the normal range with imaging proof 
of pancreatitis in a clinically suggestive context) of 
suspected biliary etiology (based on an ultrasound or 
CT scan showing gallstones or the presence of two of 
three biochemical markers that included an elevated 
alkaline phosphatase, AST, or bilirubin leve116,41 were 
considered for inclusion in the trial only if the serum 
bilirubin level was less than 90 pmol/L (5 mg/dl). 
The severity of the pancreatitis was graded prior to 
treatment using the modified Glasgow scale.*’ Prac- 
tice guidelines for administering conservative therapy 
(and subsequent ERCP for patients in the conserva- 
tive group if subsequent biliary sepsis developed) were 
agreed to across the 22 participating sites. Over a pe- 
riod of 4% years, 339 consecutive patients were as- 
sessed and 238 were randomized, including 126 to 

early ERCP (within 72 hours of the onset of symp- 
toms) and 112 to conservative therapy. A mean of 10.8 
patients were enrolled at each center (range 6 to 29), 
but three sites included 20 or more patients each. The 
two groups were well matched with regard to age, sex, 
and severity of pancreatitis, although a full 13 % of pa- 
tients had an undefined severity (due to missing data). 

There were 26 patients (2 1%) with severe pancreati- 
tis in the ERCP group and 20 in the conservative 
group (18%). Thirty-two patients were subsequently 
excluded because of protocol violations but were in- 
cluded in the analysis under the intention-to-treat 

principle. ERCP was successful in 95% of patients 
(141 of 148) with CBD stones detected in 58 patients 
(46%) in the ERCP group. Stones were successfully 
extracted in 69 (99%) of 70 patients. One patient de- 

veloped postsphincterotomy bleeding, and one, who 
also suffered a hemorrhage, died of biliary sepsis after 
a failed attempt at removal of an impacted stone. 
Overall three-month mortality was 9% and did not 
differ between treatment groups. No differences in 
disease-related mortality were noted (10 patients [8%] 

in the ERCP and 4 [4%] in the conventional group; 
P = 0.16). The overall complication rates were simi- 
lar in the two groups (58 patients [46%] in the ERCP 
group vs. 57 [51%] in the conservative therapy 
group). The early-ERCP group, however, had more 
severe complications, especially respiratory failure (P 
= 0.03), whereas jaundice was more frequent in the 
conservative therapy group (P = 0.02). The authors 
concluded that early ERCP and papillotomy are not 
beneficial in patients with acute biliary pancreatitis in 

the absence of presenting biliary obstruction or sepsis. 
This study has been criticized from many points 

of view. Prophylactic antibiotics were not routinely 
given (or adjusted for) leading to possible confound- 
ing. The mortality rate noted in the early-ERCP 
group was much higher than had been shown in pre- 

vious studies, and the incidence of respiratory failure 
had not been noted in previous studies and remains 
unexplained. Moreover, the participation of most in- 
stitutions was poor, and significant operator variabil- 
ity may have affected the results, although it could be 
argued that this finding only increases the generaliz- 
ability of results, especially in the face of good over- 
all ERCP results as was the case. An important note 
is that patients with significant biliary obstruction 
(with serum bilirubin greater than 5 mg/dl or 90 
pmol/l) were excluded. Indeed such patients repre- 
sent a clinically relevant proportion of patients pre- 
senting with acute biliary pancreatitis, and thus the 
external validity of this latter study is accordingly 
decreased. Perhaps the most important criticism 
has not been addressed in the literature and relates 
to a diminished power of the study when attempting 
to assess outcomes in patients with severe pancreati- 
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tis because of the small numbers in this important 
subgroup. 

Polish Study 

In a study published only in abstract form to date, 
Nowak et a1.43 assessed 280 consecutive patients with 
acute biliary pancreatitis. 43 Duodenoscopy was per- 
formed within 24 hours of admission. An impacted 
stone was discovered at the ampulla of Vater in 7.5 
(27%) patients (group l), and sphincterotomy was 
performed immediately. The remaining 205 patients 
were randomized to undergo immediate ERCP and 
sphincterotomy (group 2; n = 103 patients) or con- 
ventional, nonendoscopic therapy (group 3; n = 102 
patients). The complication rate was significantly 
lower in groups 1 and 2 as compared to group 3 (17% 
vs. 36%; 95% confidence interval [CI] on the differ- 
ence = 0.01 to 0.32). The mortality rate for all pa- 
tients (both predicted severe and mild) was also sig- 
nificantly lower in groups 1 and 2 (2 % vs. 13 %, 9.5 % 
CI on the difference = 0.04 to 0.17). Moreover, the 
results were best in the group undergoing endoscopic 
therapy when the interval between the onset of the 
pancreatitis and the sphincterotomy was less than 24 
hours (in this subgroup, 0% mortality and 7% com- 
plication rate). The outcomes were worst if this in- 
terval of time increased to more than 72 hours (8% 
mortality, 22 % complication rate). These results were 
more significant in patients with a predicted severe at- 
tack as compared to a predicted mild bout. 

The authors concluded that ERCP with sphinc- 
terotomy brings about a significant decrease in mor- 
bidity and mortality for all patients (regardless of 
severity prediction) and that endoscopic management 
should be carried out in all patients with biliary pan- 
creatitis within 24 hours of onset of the disease. An up- 
date to this study was also published in abstract form.* 
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It is unclear why this study has not yet been pub- 
lished in full, which in itself limits the interpretation 
of its results, as many details relating to patient selec- 
tion, the nature of the interventions, possible con- 
founding variables, and subgroup analyses remain un- 
specified. Furthermore, this study was criticized for 
using no prospective grading of severity. 

ATTEMPT TO ESTABLISH A SET OF 
EVIDENCE-BASED RECOMMENDATIONS 

As is evident from the review of the four random- 
ized trials, there exist significant individual differences 
in patient selection and the timing of ERCP as has 
been noted by others. 45 In addition, nonstandardized 
definitions of outcome, such as localized complications 
and unblinded assessment of complications, may have 
further influenced the observed results. A recently 
published meta-analysis attempted to pool the study 
results.% Considering all patients together, the authors 
describe a statistically significant absolute risk reduc- 
tion in the complication rate of 13% in favor of early 
ERCP, with a number needed to treat of 7.6 (95% CI 
= 6 to 20). S’ ‘1 imi ar results were found for mortality 
with an absolute risk reduction of 4%, and a number 
needed to treat of 26 (95% CI = 13 to 286). These au- 
thors should be lauded for their efforts to put forward 
conclusions based on the existing literature. Yet one 
must remain skeptical about these conclusions and the 
applicability of this particular methodology because of 
the heterogeneity in patient characteristics (and per- 
haps the timing of ERCP) as detailed in this review. 
Perhaps a more valid attempt at defining practice 
guidelines should be based on a review of the existing 
data and its grading carried out according to an ac- 
cepted evidence-based classification (Table I).’ The 
relevant information from the four randomized trials 
discussed herein is summarized in Table II. 

Table I. Categorization of evidence and recommendations’ 

Quality of Evidence 

I Evidence obtained from at least one properly randomized controlled trial 
II- 1 Evidence obtained from well-designed controlled trials without randomization 
II-2 Evidence obtained from well-designed cohort or case-control analytic studies, preferably from more than one center 

or research group 
II-3 Evidence obtained from comparisons between times or places with or without the intervention, or dramatic results in 

uncontrolled experiments 
III Opinions of respected authorities, based on clinical expertise, descriptive studies, or reports of expert committees 

Classification of Recommendations 

A There is good evidence to support the procedure or treatment 
B There is fair evidence to support the procedure or treatment 
C There is poor evidence to support the procedure or treatment, but recommendations may be made on other grounds 
D There is fair evidence that the procedure or treatment should not be used 
E There is good evidence that the procedure or treatment should not be used 
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Table II. Summary of results of three randomized clinical trials published in full and one published in abstract form only 

GallstoneKBD 
Randomized (screened) Selection as to stone/cholangitis 

Trial ERCP group/control group suspected etiology Severity stratification incidences 

UK study” 
(1988) 

121 patients (146 patients, up 
to 223 patients initially seen) 

59 patients vs. 62 patients 

Hong Kong 195 patients/206 patients 
studyj” (1993) 97 patients vs. 98 patients 

German study+’ 238 patients/339 patients 
(1997) 126 patients vs. 112 patients 

Polish study 
(abstract 
only; 1995) 

280 patients treated 
Group 1 = impacted stone 

at duodenoscopy with 
sphincterotomy 

Remaining 205 patients 
randomized 

Group 2 = 103 patients 
(ERCP) vs. group 3 = 102 

patients (conventional 
treatment) 

NOTE: All four trials are discussed in detail in the text. 

Leicester (sex, age, 
ALT, bilirubin, AP) 

None applied, which 
is why only 65% 

of patients had a 
proven biliary cause 
of pancreatitis 

Gallstones seen on US 
orCTorif2of3 
criteria (high AP, 
ALT, or bilirubin 
>2.3 mg/dl, yet 
bilirubin (5 mg/dl) 

No details given 

Modified Glasgow 
scale 

Mild = 68 patients 
Severe = 53 patients 
Performed for 

stratification before 
randomization 

Ranson criteria (53 vs. 
~4) also BUN + 
glucose 

Mild = 114 patients 
Severe = 81 patients 

Modified Glasgow scale 
Mild = 160 patients 
Severe = 46 patients 
Undefined = 32 

patients 

Method of 
stratification not 
detailed; treatment 
groups 2 and 3 
comparable for 
predicted severity 

85% of patients had 
gallstones/32% of 
those in ERCP group 
had CBD stories/999 
overall rate of 
cholangitis 

65% of all patients had 
gallstones/CBD stones 
in 38% of ERCP 
group/l 2 % of patients 
in conventional group 
had cholangitis 

46% with CBD stones in 
ERCP group/7% of 

all patients had 
jaundice (patients with 
bilirubin >5 mg/dl 
excluded at entry) 

27% (75 patients/280 
patients) had impacted 
stones at ampulla and 
were treated before 
randomization of the 
other 205 patients; no 
further details 

ALT = alanine aminotransferase; AP = alkaline phosphatase; CBD = common bile duct; ERCP = endoscopic retrograde cholangiopancreatography; 

ES = endoscopic sphincterotomy. 

RECOMMENDATIONS 

The following are the recommendations that can 
be set forth with confidence based on the available ev- 

idence (see Table I): 
Early ERCP (within 24 to 72 hours of the onset 

of symptoms and admission) is safe in patients 
with a predicted severe episode of suspected 
acute biliary pancreatitis (class B recommenda- 
tion based on level 1 evidence) 
Early ERCP (and sphincterotomy when bile 
duct stones are found) results in diminished bil- 
iary sepsis among patients with suspected biliary 
pancreatitis, especially in patients with a pre- 
dicted severe attack. This in turn results in im- 
proved outcomes in this subgroup (class A rec- 
ommendation based on level 1 evidence) 

3. 

4. 

Early ERCP (and sphincterotomy when CBD 
stones are found) results in decreased complica- 
tion rates in patients with acute biliary pancre- 
atitis and a predicted severe attack (class A rec- 
ommendation based on level 1 evidence) 
At the present time, early ERCP should not be 
performed in patients with a predicted mild at- 
tack of acute pancreatitis of suspected biliary 
etiology (class D recommendation based on 
level 1 evidence) 

AREAS OF FUTURE RESEARCH 

The role of ERCP in a subgroup of patients with 
acute pancreatitis presenting without initial significant 
biliary obstruction remains unclear, mainly because of 
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Timing of ERCP, 
% success (% success 
for ES) complication Mortality 

Morbidity/complications 
(duration of hospitalization) Comments 

Within 72 hr of admission 

ERCP success in 90% (66 
patients173 patients) 
(100% of ES) 1 compli- 
cation (lumbar osteitis) 

Within 24 hr of admission 
ERCP success in 90% (112 

patients/l24 patients) (98% 
of ES) 11% complication 

rate (pain and hemorrhage) 

Within 72 hr of onset of 

symptoms ERCP success in 
95% (141 patients1148 
patients) (99% of ES) 2 
complications (2 hemor- 
rhages with 1 death) 

ERCP performed anywhere 
from ~24 hr to >72 hr 
after presentation; no other 
details available 

Overall 5%; no 

between-group 
differences 

Overall 7%; no 
between-group 
differences 

Overall 9%; no 

between-group 
differences 

Decreased overall 
mortality rate for 
groups 1 + 2 vs. 

group 3 
2% vs. 13% (95% CI 

on difference = 
0.04 to 0.17) 

Higher in conventional 
group (17% vs. 34%, P = 
0.03); attributable to 
difference in patients with 
severe attack: 24% (9.5 

days) vs. 6 1% (11 days) 

Only differences in patients 

with stones 
ERCP = 16% 

Conventional group = 3 3 % 

More severe complications 
in ERCP group 
(respiratory failure, P = 
0.03); more jaundice in 

conservative group (P = 
0.02) 

Decreased overall 
complication rate for 

groups 1 + 2 vs. group 3 
17% vs. 36% (95% CI on 

difference = 0.10 to 0.32) 

Morbidity differences remained if 
patients with cholangitis were 
removed from analysis 

ERCP reduced biliary sepsis 
significantly in all patients, mainly 
because of difference noted in 
patients with severe pancreatitis 

Excluded patients with bilirubin 

>5 mg/dl 
Unexplained high mortality (11%) and 

incidence of respiratory failure in 
ERCP group 

Outcomes (both deaths and 
complications) improved as timing 
of ERCP became earlier (~24 hr 
vs. >72 hr after presentation), 

especially in patients with severe 
pancreatitis 

unexplained negative outcomes, and a lack of power in 
the only randomized trial to have assessed this clinical 
question, especially with regard to patients with a pre- 
diction of severe pancreatitis. The role of endoscopic 
biliary sphincterotomy in patients without demon- 
strated CBD stones also remains poorly characterized. 
Further studies are required to confirm the optimal 
timing of ERCP, as very early ERCP may prove to be 
useful in a broader group of patients. This question 
will be limited by real-life issues of timely accessibility 
of the endoscopic expertise. As in the management of 
all acute biliopancreatic diseases, the cornerstone of 
optimal management of patients with acute biliary 
pancreatitis resides in adequate and appropriate resus- 
citation, and a collaborative approach uniting radiolo- 
gists, general surgeons, and gastroenterologists. 
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Original Articles 

Combination of Endoscopic Argon Plasma 
Coagulation and Antireflux Surgery 
for Treatment of Barrett's Esophagus 
Harald Tigges, M.D., Karl H. Fuchs, M.D., J6rn Maroske, M.D., Martin Fein, M.D., Ph.D., 
Stephan M. Freys, M.D., Ju~us Miiller, M.D., Ammlf Thiede, M.D. 

Columnar-lined epithelium with specialized intestinal metaplasia of the esophagus (i.e., Barrett's esoph- 
agus) is a premalignant condition caused by chronic gastroesophageal reflux disease. Progression of in- 
testinal metaplasia may be avoided by antirefiux surgery, whereas regeneration of esophageal mucosa 
could be achieved by endoscopic argon plasma coagulation (EAPC). The aim of this prospective study was 
to show the early results of a combination of EAPC and antireflux surgery. Thirty patients with Barrett's 
esophagus were treated between August 1996 and December 1999. Regeneration of esophageal mucosa 
was achieved with several sessions of EAPC under general anesthesia. All patients were receiving a dou- 
ble dose of proton pump inhibitors. Endoscopic follow-up was performed 6 to 8 weeks after the last ses- 
sion. Antireflux surgery (Nissen [n = 26] or Toupet In = 4] fundoplication) followed complete regener- 
ation of the squamous epithelium in the esophagus. One year after laparoscopic fundopfication and EAPC 
follow-up with endoscopy and quadrant biopsies of the esophagus, 24-h0ur pH monitoring and esopha- 
geal manonletry were performed. All 30 patients showed complete regeneration of the squamous ep- 
ithelium after a median of two sessions (range 1 to 7) of EAPC. Twenty-two patients underwent 1-year 
follow-up studies. All showed endoscopically an intact fundic wrap. Recurrence of a 1 cm segment of 
Barrett's epithelium without dysplasia was present in two patients, both of whom had recurrent acid re- 
flux due to failure of their antireflux procedure. Our results indicate that the combination of EAPC and 
antireflux surgery is an effective treatment option in patients with Barrett's esophagus with gastroesoph- 
ageal reflux disease. Long-term follow-up of this therapy is necessary to evaluate its effect on cancer risk 
in Barrett's esophagus. (J GASTROINTEST SURG 2001;5:251-259.) 

KE.V WORDS: Barrett's esophagus, antireflux surgery, endoscopic ablation, GERD 

Columnar-lined epithelium with intestinal meta- 
plasia in the distal esophagus, also known as Barrett's 
esophagus, is a premalignant lesion, which increases 
the risk of  adenocarcinoma for the involved person 
30- to 125-fold. 1,2 Gastroesophageal reflux disease 
(GERD) has been shown to be the most important 
underlying disorder for the development of Barrett's 
esophagus and the start of  the reflux-intestinal meta- 
plasia-dysplasia-carcinoma sequence. 3-13 Effective 
medical and surgical methods are available to treat 
GERD, but the effect on Barrett's epithelium with re- 
gard to regression and replacement by squamous ep- 
ithelium has been disappointing. 14-19 , 

It has always been the aim of therapeutists--both 
gastroenterologists and surgeons--not to wait until a 
patient developed dysplasia or cancer, but to initiate 
complete regression of Barrett's esophagus by means 
of  either drugs or surgery in order to prevent malig- 
nant degeneration. The published results on regres- 
sion, both for proton pump inhibitor (PPI) therapy 
and antireflux surgery, show usually partial and only 
occasionally complete reversal of  Barrett's epithelium. 
PPI medication for Barrett's esophagus caused a me- 
dian reduction in Barrett's mucosa of less than 1 cm 
within a period of  12 to 49 months. 2° After fundopli- 
cation, Ht lscher  et al.21 found partial regression in 3 
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of 48 patients with a median follow-up of 82 months. 
Remarkably, complete reversal of Barrett's esophagus 
was found in 5 of 56 operated patients. 19 On the other 
hand, Barrett's esophagus developed in many cases de- 
spite PPI therapy, and even adenocarcinoma has been 
observed in a few instances after antireflux surgery. 22,23 

With the development of intraluminal endoscopic 
mucosal ablation techniques, initial experience was 
accumulated following removal of dysplastic areas in 
the distal esophagus. 24-26 Several investigators initi- 
ated pilot studies on the ablation of Barrett's epithe- 
lium without any dysplasia (i.e., with no need for ther- 
apeutic action).  27"29 Some initial reports showed 
promising results regarding replacement of Barrett's 
epithelium by squamous epithelium; others were dis- 
appointing, thus creating a controversial situation. In 
addition, critics claimed that this type of possibly pre- 
ventive therapy was unnecessary, expensive, and pos- 
sibly dangerous. 

Therefore more objective data are needed regard- 
ing the procedure itself, possible complications and 
their prevention, patient responses to this therapy, 
short-term and long-term effects on the esophageal 
mucosa, and the success rate in complete regression 
of Barrett's esophagus. The following pilot study was 
undertaken to evaluate the success rate and risk of a 
combination therapy for patients with Barrett's esoph- 
agus treated with endoscopic argon plasma coagula- 
tion (EAPC) and PPI therapy followed by laparo- 
scopic antireflux surgery. 

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

In the present study, Barrett's esophagus was de- 
fined as specialized intestinal metaplasia on a biopsy 
taken from any length of endoscopically visible 
columnar-lined epithelium within the tubular esoph- 
agus. Short-segment Barrett's esophagus was identi- 
fied as an abnormal-appearing esophageal lining at 
endoscopy that was less than 3 cm in length, whereas 
long-segment Barrett's esophagus was equal to or 
greater than 3 cm in length. 

Based on these definitions, patients were evaluated 
for possible consideration as candidates for our study. 
Additional criteria were the exclusion of severe co- 
morbidity and age over 18 years. It was also recom- 
mended that patients have a life expectancy of more 
than 5 years. Further exclusion criteria were history 
of upper gastrointestinal surgery, such as antireflux 
procedures, partial or total gastrectomy, and confir- 
mation of high-grade dysplasia or carcinoma in Bar- 
rett's esophagus. 

Participants in the study were recruited from pa- 
tients in our gastrointestinal laboratory who had typ- 
ical gastroesophageal reflux symptoms such as heart- 
burn, regurgitation, and epigastric burning. Corre- 

sponding to patient history or prior endoscopic find- 
ings, special attention was focused on suspicious ar- 
eas in the distal esophagus on first endoscopy. If there 
were any indications, lesions were defined as either 
circumferential, semicircumferential, or composed of 
islands and tongues. Length of columnar-lined ep- 
ithelium was also documented. 

From August 1996 to December 1999, we used a 
combination of EAPC, PPI therapy, and laparoscopic 
antireflux surgery in 30 patients. The  23 men and 
seven women had a median age of 53.5 years (range 
31 to 77 years). All of them had had symptoms of 
GERD, such as heartburn, regurgitation, and epigas- 
tric pain, for a median of 10 years (range 0.5 to 50 
years). As treatment for their complaints, all patients 
were placed on proton pump inhibitors (20 to 60 
mg/day) for more than 6 months. 

We performed a standardized endoscopic assess- 
ment of Barrett's esophagus with patients in the left 
lateral position. Length was measured from the in- 
cisor teeth to the upper border of the gastric mucosa 
folds to determine the gastroesophageal junction. The 
length of columnar-lined epithelium was assessed be- 
tween the upper border of the gastric folds and the 
squamocolumnar junction. In all patients in whom 
Barrett's esophagus was suspected, four-quadrant 
biopsies were taken in 1 cm increments over the total 
length of visible Barrett's epithelium for histopatho- 
logic evaluation, which was always conducted by the 
same pathologist (J.M.) to guarantee low observer 
variability. Initially, of primary importance was the ex- 
clusion of any dysplasia or cancer by means of a thor- 
ough endoscopic examination and biopsies. 

All patients had chronic GERD. All of them un- 
derwent functional foregut testing with standardized 
stationary esophageal manometry, 24-hour esopha- 
geal and gastric pH monitoring, and 24-hour esoph- 
ageal and gastric bilirubin monitoring. Operative and 
conservative treatment options were discussed if 
GERD was confirmed based on pathologic acid expo- 
sure in the esophagus and Barrett's epithelium was 
proved by histologic examination. Indications for an- 
tireflux surgery were established based on the pres- 
ence of the following: progressive reflux disease with 
a positive response to PPI therapy but with symptoms 
remaining, thereby necessitating an increase in the 
PPI dosage, lower esophageal sphincter incompe- 
tence, and/or mixed acid and duodenogastroesopha- 
geal reflux. These patients were all included in the 
study. All patients were informed about the exact na- 
ture of their disease and the problem of intestinal 
metaplasia, possible complications of treatment such 
as perforation and strictures; they were also made 
aware of the limited experience with this new method. 
Informed consent was obtained from all participants 
in the study. 
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A 

B 

Fig. 1. Sequence of EAPC treatment on endoscopic view. A, Typical tongues of Barrett's epithelium. 
B, Completely coagulated and eradicated Barrett's epithelium. C, Total regression of Barrett's esopha- 
gus with squamous epithelium. 

One or more sessions of endoscopic ablation ther- 
apy were perfomaed using the APC 300 device (ERBE, 
Tuebingen, Germany) with the patients under gen- 
eral anesthesia. Argon plasma coagulation is an elec- 
trosurgical, monopolar, noncontact technique that ap- 
plies high-frequency current to tissue via ionized and 
thus electrically conductive argon (electricity -- 90 to 
240 volts/50 to 60 Hz; power = up to 150 watts). The 
argon gas is ionized within an electrical field created 
between an electrode at the distal end of the probe 
used and the esophageal tissue (flow of 0.1 to 0.9 
liters/min). The regenerated plasma beam directs its 
energy to the surface of the mucosa as this is the path 
of least resistance. Resistance keeps changing, that is, 
it keeps increasing at the surface of the esophageal tis- 
sue as soon as desiccation is achieved. The resulting 
coagulated and desiccated areas show limited depth 
of lesions to a maximum of 3 mm. 

In this study, care was taken to systematically re- 
move the columnar-lined epithelium until a burned 
surface was visible. Therefore this procedure was per- 

formed under general anesthesia in order to destroy 
all columnar epithelium in depth at the esophageal 
wall. This can be a time-consuming process and with 
the continuous flow of argon gas, it may not be well 
tolerated by patients. It was not sufficient to simply 
coagulate the mucosa (i.e., change the color of the 
mucosa). It was necessary to achieve by destruction of 
Barrett's esophagus from the distal to the proximal 
margin in a step-by-step fashion. General anesthesia 
provided optimal conditions for exact endoscopic tar- 
geting of the argon beam while performing EAPC. In 
patients with long-segment Barrett's esophagus, abla- 
tion therapy was first restricted to half the circumfer- 
ence to prevent strictures. In these patients, further 
sessions were used to complete the ablation therapy 
(Fig. 1). Regeneration ofsquamous epithelium under 
continuous PPI therapy (omeprazole, 40 mg/day) was 
achieved. The  first follow-up endoscopy was per- 
formed 6 to 8 weeks after treatment. Standardized 
four-quadrant random biopsies at 1 cm intervals were 
repeated. 
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If complete regression of Barrett's esophagus was 
proved macroscopically and on histologic exanaina- 
tion, laparoscopic Nissen fundoplication using the 
DeMeester technique, or in cases of impaired esoph- 
ageal peristalsis a 240-degree posterior Toupet fun- 
doplication, with combined posterior hiatoplasty, was 
performed. For this operation we used a five-port ac- 
cess to the abdomen, placing the camera trocar in the 
lower third of a line between the xiphoid process and 
the umbilicus. Important technical elements included 
crural and hiatal dissection, crural closure, and fundic 
mobilization by dividing the short gastric vessels. 
Placement of the fundic wrap was performed using a 
45 to 60 Fr bougie inside the esophagus. 

One-year postoperatively, endoscopic and histo- 
logic assessment of the regenerated squamous epithe- 
lium as well, as possible recurrence of Barrett's esoph- 
agus was carried out. Functional foregut testing with 
stationary esophageal manometry and 24-hour esoph- 
ageal and gastric pH monitoring was repeated. 
, For statistical evaluation, the Mann-Whitney U 
test and Student's t test were applied where appropri- 
ate. Significance was assumed at P <0.05. 

RESULTS 

There were 18 patients with long-segment Bar- 
rett's esophagus and 12 patients with short-segment 
Barrett's esophagus. Dysplasia was not present in any 
of these patients. The median length of specialized 
columnar-lined epithelium was 3 cm (range 1 to 10 
cm) before EAPC. Patients with short-segment Bar- 
rett's esophagus showed a median length of 2 cm 
(range 1 to 2 cm), whereas in patients with long-seg- 
ment Barrett's esophagus median length was 5 cm 
(range 3 to 10 cm). 

Functional foregut testing in all patients showed 
pathologic acid and/or bilirubin exposure in the 
esophagus. Twenty-seven of 30 patients proved to 
have pathologic gastroesophageal acid reflux on 24- 
hour pH monitoring. Median DeMeester score in 
these patients was 47.6 (range 3.6 to 193.2; normal 
<14.72.). There were also 25 patients with increased 
reflux of bilirubin as shown on 24-hour bilirubin 
monitoring. The median bilirubin exposure of the 
esophagus in all patients was 19% (range 0.4 to 
86.7%; normal <11%). On manometry all patients 
were found to have an incompetent lower esophageal 
sphincter (LES). A decrease in LES pressure was 
found in 26 patients. Nine had shortening of the total 
length of the LES, and 17 had shortening of the intra- 
abdominal length of the LES. All patients showed 
at least one pathologic LES-defining parameter. Pa- 
tients with long-segment Barrett's esophagus had in- 
creased acid and bilirubin exposure compared to those 

wida short-segment Barrett's esophagus. Patients with 
long-segment Barrett's esophagus had a median De- 
Meester score of 62.55 (range 7.7 to 193.2) compared 
to those with short-segment Barrett's esophagus 
whose median score was 24.25 (range 3.6 to 72.6) 
(P <0.01). Median bilirubin exposure in patients with 
long-segment Barrett's esophagus was 25.8% of the 
time (range 1.4 to 86.7); in patients with short-seg- 
ment Barrett's esophagus, exposure was 17.2 % of the 
time (range 0.4 to 82.3; NS). Parameters for the LES 
incompetence and motility of the esophageal body 
were similar in both groups. Median pressure in pa- 
tients with long-segment Barrett's esophagus was 3 
mm Hg (range 0 to 10 mm Hg), and in those with 
short-segment Barrett's esophagus it was 4.5 mm Hg 
(range 2 to 8 nun Hg). The total length of the LES 
was found at median values of 3 cm (range 2 to 4 cm) 
in both groups, whereas intra-abdominal length in pa- 
tients with long-segment Barrett's esophagus was 
1 cm (range 0 to 2 cm) and in patients with short- 
segment Barrett's esophagus, 1.5 cm (range 0 to 
2 cm). Impaired esophageal peristalsis on esophageal 
manometry was found in four patients, two with long- 
segment and two with short-segment Barrett's esoph- 
agus, respectively. 

A median of two sessions (range 1 to 7) of EAPC 
were necessary to achieve complete eradication of 
columnar-lined epithelium (Table I). Treatment ses- 
sions under general anesthesia required a median of 
35 minutes (range 15 to 50 minutes). Length of Bar- 
rett's esophagus correlated with the number of ses- 
sions. Patients with long-segment Barrett's esophagus 
underwent a median of three sessions for reversal of 
their disease, whereas short-segment Barrett's esoph- 
agus was eradicated after a median of two sessions. It 
must be emphasized that all patients had complete re- 
gression of columnar-lined epithelium, as docu- 
mented on histologic examination, before surgery was 
performed. 

Twenty-six patients underwent laparoscopic Nissen 
fundoplication. Because of impaired esophageal peri- 
stalsis, laparoscopic Toupet fundoplication was per- 
formed in four patients. Complications resulting from 
the 82 sessions of EAPC were rare. Two patients suf- 
fered from transient dysphagia and odynophagia, 
which were managed by doubling the PPI dose. An- 
other patient developed a scar-like semicircumferen- 
tial web formation in the lower third of the esophagus 

Table I. Number of EAPC sessions (nledian 2) 

Sessions 1 2 3 4 5 6 7 

No.  of patients 7 10 6 3 1 1 2 
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8 weeks after EAPC. This was resolved with another 
session of EAPC. We found no persistent dysphagia,. 
esophageal perforation, or bleeding in any of these pa- 
tients. During laparoscopic antireflux surgery, two 
cases ofpneumothorax occurred and were treated with 
temporary drainage. Another patient developed skin 
emphysema secondary to pneumoper i toneum,  but  
complete reversal was confirmed within a few days. 

Until now, 1-year endoscopic follow-up with four- 
quadrant random jumbo biopsies were performed in 
22 of the 30 patients. Two of these patients with a 
recurrence of reflux documented  on 24-hour  pH 
monitoring, which was due to fundoplication failure 
as documented  on esophageal manometry,  showed 
recurrence of short specialized columnar-lined ep- 
i thelium at the gastroesophageal junction. One of 
these two patients had a Nissen fundoplication, and 
the other had a Toupet  fundoplication; both were 
considered t reatment  failures. Lengths  of Barrett's 
segments were less than 1 cm (Fig. 2). Histopatho- 
logic evaluation of localized jumbo biopsies proved 
Barrett's esophagus without  dysplasia. Specimens 
from all other patients remained free of specialized 
columnar-lined epithelium (Fig. 3). Thus  far, dyspla- 
sia has not been detected at any of the follow-up in- 
vestigations. In six patients, antireflux surgery had 
been performed less than 1 year earlier. Two patients 
have refused follow-up assessment. 

Postoperative functional foregut moni tor ing  
showed a decrease in acid exposure to normal values 
in 20 of 22 patients. The  median DeMeester  score 
changed from a preoperative value of 47.7 to 9.9 post- 
operatively (range 0.4 to 108) (P <0.01). Two patients 
with recurrence of reflux did have failure of their fun- 
doplications as ment ioned earlier with manometr ic  
incompetence; in all other patients the LES was com- 

petent  (P <0.01 compared to preoperative assess- 
ment). The  two patients with fundoplication fahure 
were treated with PPI  therapy and remain under  
surveillance. 

D I S C U S S I O N  

T h e  indications for using EAPC to eradicate 
columnar-lined epithelium without  any dysplasia 
should be subject to critical evaluation. On the one 
hand, a reduction in cancer risk is desirable; on the 
other hand, the number of patients actually dying of 
Barrett's adenocarcinoma is low. Even the cost-benefit 
relationship of a patient surveillance program is open 
to discussion. And now an expensive and rather inva- 
sire therapeutic concept is offered to these patients, 
thus far with no proven benefit. As has often been the 
case with the introduction of new technologies in the 
past, methods are quickly embraced by many physi- 
cians .before proper trials can be conducted to evaluate 
safety, feasibility, and efficacy. As a consequence, we 
have held frequent in-depth discussions and think it is 
important to assess these methods of endoscopic abla- 
tion as soon as possible to learn about the risks and 
problems as well as the potential benefits. 

The  results of our pilot study show that complete 
reversal of Barrett's esophagus could be achieved with 
a combination of EAPC and continuous PPI therapy. 
Regular squamous epithelium replaced Barrett's ep- 
ithelium in all of the participants in our study. In con- 
trast to most  other studies on ablation of Barrett's 
esophagus, patients in our study were treated with 
fundoplication after the combination of EAPC and 
PPI  t reatment  proved successful. EAPC was per- 
formed before surgery, since endoscopic inspections 
and manipulations in the distal esophagus are easier 
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Fig. 2. Results of 1-year follow-up endoscopy with four-quadrant random jumbo biopsies in 22 patients. 
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Fig. 3. Results of histologic examination. A, Barrett's esophagus with goblet cells before treatment. 
B, Complete reepithelization with squamous epithelium after EAPC. 

to carry out in the preoperative state when the lumen 
is rather wide after air insufflation in contrast to the 
limited size of the lumen in the LES area postopera- 
tively after fundoplication. Grade et al. 3° noted reep- 
ithelization with squamous epithelium after argon 

plasma coagulation of half the circumference of Bar- 
rett's esophagus. The  untreated area of Barrett's 
esophagus in these patients served as an internal con- 
trol but no regression of  Barrett's epithelium was 
achieved despite medical acid suppression (PPI). An 
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endoscopic view showed that Van Laethem et al. 31 
were successful in achieving complete reversal of Bar- 
rett's esophagus after argon plasma coagulation in 
81% of their patients. These macroscopic results were 
quite different from the histopathologic findings as 
only 61% of these aforementioned patients showed no 
colunmar-lined specialized intestinal metaplasia of the 
esophagus after ablation therapy. Another study of 
EAPC showed complete reversal of Barrett's esopha- 
gus in 13 of 15 patients. This was confirmed on both 
endoscopic and histopathologic evaluation after four- 
quadrant biopsies. 27 

Thus the previously cited studies of EAPC re- 
ported coincidentally high percentages of Barrett's re- 
gression. However, sometimes there was a remarkable 
discrepancy between macroscopic and histopathologic 
findings, which may be caused by overgrowing of re- 
generated squamous epithelium on remaining small 
islands of Barrett's esophagus if they are not com- 
pletely removed. The incomplete removal of Barrett's 
esophagus creates two problems; one in leaving tissue 
with a potential increased cancer risk and second in 
the camoufage of remaining small islands of Barrett's 
esophagus by overgrowing squamous epithelium lay- 
ers. This was one of our main concerns, which forced 
us to concentrate most of our efforts on a thoroughly 
time-consuming complete mucosal ablation with ar- 
gon plasma coagulation performed under general 
anesthesia. 

In the literature, a correlation between length of 
Barrett's esophagus and its potential for malignancy 
is emphasized. 14,32,33 However, it is clear that even 
short-segment Barrett's esophagus is a premalignant 
lesion, although the prevalence of dysplasia and car- 
cinogenesis seems to be lower. 34 Therefore it is 
worthwhile to achieve near-complete eradication of 
Barrett's esophagus by careful step-by-step applica- 
tion of the argon beam. 

PPI therapy is effective in reducing acid exposure 
in the esophagus. 35-39 Problems of PPI therapy are 
acid breakthrough and a linfited reduction of duo- 
denogastroesophageal reflux. In our study, antirefiux 
surgery was employed in all patients. The rationale 
for this therapeutic concept was reversal of the pre- 
malignant lesion by EAPC and PPI therapy and cor- 
rection of the functional defect by antireflux surgery, 
thus preventing further exposure of the regenerated 
squamous epithelium to noxious agents. Antireflux 
surgery is able to stop both acid and duodenogastro- 
esophageal reflux, the latter being obviously involved 
in or associated with Barrett's esophagus. 6,9,12 This 
could be the reason for the high percentage of com- 
plete remissions in our study. 

Only two of our patients revealed short tongues of 
recurrent Barrett's epithelium at the gastroesophageal 
junction without dysplasia. All others remained with 

complete regenerated squamous epithelium. It m. ust 
be emphasized that both patients with recurrent Bar- 
rett's epithelium of the lower esophagus had failure of 
their antireflux procedure with increased esophageal 
acid exposure. A case report presented by Brandt et 
al. 4° noted similar findings. These investigators found 
recurrence of Barrett's esophagus after thermal abla- 
tion and PPI therapy once the proton pump in- 
hibitors were discontinued. 

Besides EAPC there are other endoscopic ablative 
therapies. Salo et al. 41 conducted a prospective study 
in 17 patients after antireflux surgery. With the use of 
the Nd:YAG laser, all treated patients had complete 
reversal of Barrett's esophagus, and only two showed 
specialized intestinal metaplasia of the cardia with a 
mean follow-up of 26 months. Successfully localized 
squamous reepithelization has also been reported with 
the use of laser and PPI therapy. 2s,29 Critics of ablative 
laser therapy fear a higher rate of perforation, because 
even low-energy doses may be responsible for uncon- 
trolled destruction of deeper esophageal tissue. :4 

Application of photodynamic therapy implies se- 
lective sensitization of precancerous or even malig- 
nant lesions of the esophagus for subsequent endo- 
scopically controlled, photoinduced tissue ablation 
with remarkable success, but has less effect on 
nondysplastic intestinal metaplasia. 2s,26,42-44 

Multipolar electrocoagulation (MPEC) offers a less 
expensive therapeutic option for eradicating Barrett's 
esophagus. Sampliner et al. 45 conducted a study in 10 
patients, where in a first trial half of the Barrett's cir- 
cumference was treated with MPEC under continued 
proton pump inhibitors, which showed effective re- 
versal of Barrett's esophagus. A second trial was then 
begun on the untreated half of the remaining Barrett's 
esophagus, in which complete regression of Barrett's 
epithelium after MPEC was confirmed histologically 
in all patients for at least 1 year. The reported com- 
plications of MPEC, such as odynophagia, dysphagia, 
or chest pain, were only transient in character and 
were therefore similar to those known to occur fol- 
lowing EAPC. 

MPEC and EAPC both seem to have several ad- 
vantages over laser and photodynamic therapy that 
make them more attractive and suitable for clinical 
studies. Both provide a relatively inexpensive power 
source and both are available in nearly all gastrointes- 
final endoscopy units. 

C O N C L U S I O N  

EAPC in combination with anfireflux surgery pro- 
vides an effective treatment option in Barrett's esoph- 
agus with GERD. It has been shown that complete 
reversal of Barrett's esophagus in an anacid environ- 
ment is possible. One year follow-up of the treated 
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patients proved persistence of regenerated squamous 
epithelium and total regression of Barrett's esophagus 
in most cases. 

Future investigations on this subject must address 
the issue of whether regression of Barrett's esophagus 
results in the proposed interruption of the metapla- 
sia-dysplasia-carcinoma sequence with reduced can- 
cer risk. We should then be able to define which pa- 
tients are at risk for developing adenocarcinoma of 
the esophagus. Therefore sensitive molecular and/or 
histologic markers must be identified in future stud- 
ies. This would help to focus surveillance and abla- 
tion therapy on those few patients who are at risk for 
cancer, sparing the great majority. 
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Discussion 
Dr. S. Atwood (Manchester, U.K.). I have two questions 

concerning the techniques you used. First, why did you 
use a general anesthetic and hospitalize your patients for 
2 days? We conducted a similar study, as you probably 
know, and only used sedation, and we performed the pro- 
cedure on an outpatient basis. Second, why did you per- 
form the operation after EAPC? Would it not have been 
better theoretically to control the reflux first and then per- 
form EAPC later on, rather than leave the patients on pro- 
tein pump inhibitors? 

Dr. H. Tigges. Recent studies show that there are islands 
of Barrett's esophagus underneath the squamous epithe- 
lium. Therefore our aim was to perform a complete abla- 
tion. We thought it best to do this under general anesthesia, 
to prevent side effects. With respect to the order of treat- 
ment, we initially did it the way you suggested. We found 
that this sequence was undesirable because the gastro- 
esophageal junction is difficult to examine when the antire- 
flux surgery has already been done. We found it is easier to 
do the other way around. 

Dr. M.G. Sarr (Rochester; Minn.). Who should un- 
dergo this treatment--everyone with Barrett's~esophagus or 
only those with dysplasia? 

Dr. Tigges. Up to now we have not had enough experi- 
ence to say which patients should have this therapy. We 

would suggest using this therapy only in patients without 
dysplasia for now with a study protocol. 

Dr. J.G. Hunter (Atlanta, Ga.). Which is better, this or 
photodynamic therapy (PDT)? Which is more complete? 
Which is deeper? Do you have any comparative data? 

Dr. Tigges. In recent publications it has been reported 
that recurrences of Barrett's epithelium can occur after 
P D T  and after argon plasma coagulation or laser therapy. 
This may be due to the depths of the lesions, as you stated. 
With argon plasma coagulation and laser, it is possible to 
treat deeper lesions than with PDT. 

Dr. Hunter. Is this why there are more complications? 
Dr. Tigges. Yes, maybe. 
Dr. K.H. Fucbs (Wurzburg, Germany). I want to come 

back to the first question about general anesthesia. The  
biggest concern in discussions on ablative therapy with 
EAPC is that islands are left in the depth, and that is why 
advocates of P D T  say P D T  should be used. However, 
P D T  does not work as well on metaplasia as it does on dys- 
plasia. With the patient under anesthesia, it is possible to 
spend time not just coagulating the mucosa but removing 
the mucosa in depth to make sure we do not leave islands of 
Barretr's esophagus. 
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The symptoms of gastroesophageal reflux disease 
(GERD) range from mild to severe. The role of the 
lower esophageal sphincter (LES) in the pathogenesis 

of GERD has been studied extensively,l-J but less at- 
tention has been paid to esophageal peristalsis, even 
though peristalsis controls esophageal acid clear- 
ance.4-6 Approximately 60% of patients with GERD 
have a mechanically defective LES,’ and approxi- 
mately 60% have abnormal peristalsis as shown by 

esophageal manometry.” The latter abnormalities 
have been referred to as nonspecific esophageal motil- 
ity disorder (NSEMD), a heterogeneous syndrome 
that occupies the middle ground between patients 
with normal esophageal peristalsis and those with pri- 
mary esophageal motility disorders such as achalasia.7 
Recent work has highlighted the subgroup of patients 
with GERD who have severely abnormal peristalsis 

(amplitude ~30 mm Hg or nontransmitted contrac- 
tions in >30% of wet swallows in the distal esopha- 
gus), a condition labeled ineffective esophageal motil- 
ity (IEM). IEM patients have more severe reflux and 
a higher incidence of respiratory symptoms.8J 

The aim of this study was to determine the follow- 
ing in patients with GERD: (1) the nature of esopha- 

geal peristalsis and (2) the effect of esophageal dys- 
motility on gastroesophageal reflux, mucosal injury, 

and symptoms. 

PATIENTS AND METHODS 

One thousand six consecutive patients with GERD 
confirmed by 24-hour pH monitoring (defined by the 
percentage of time the pH was ~4.0 and by the com- 
posite reflux score) were divided into the following 
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Table I. Demographic data 

Peristalsis 

Normal (n = 567) NSEMD (n = 227) IEM (n = 216) 

Age (yr) 48 -+ 14 51 ,+ 15 51 ,+ 15 
Sex (female/male) 284/279 108/119 84/132 
Weight (pounds) 175 -+ 39 174 -+ 36 177 ,+ 33 
Duration of symptoms (mo) 81 _+ 96 100 .+ 102 105 ,+ 111 

three groups based on the character of esophageal 
peristalsis as shown by esophageal manometry: (1) 
normal peristalsis (normal amplitude, duration, and 
velocity of peristaltic waves); (2) IEM (distal esopha- 
geal amplitude <30 mm Hg or >30% simultaneous 
waves in the distal esophagus); and (3) NSEMD (peri- 
staltic abnormalities intermediate between the other 
two groups). Distal esophageal amplitude was be- 
tween 30 and 59 mm Hg, and less than 30% of peri- 
staltic waves in the distal esophagus were simultane- 
ous). Table I summarizes the demographic data in 
these 1006 patients. 

Every patient was questioned regarding the pres- 
ence and duration of symptoms (heartburn, regurgi- 
tation, dysphagia, cough). The degree of mucosal in- 
jury was graded according to the Savary-Miller classi- 
fication. 1° All patients were studied after an overnight 
fast using techniques previously described. 11 Medica- 
tions that might interfere with esophageal motor 
function (i.e., nitrates, metoclopramide, cisapride, and 
calcium channel-blocking agents) were discontinued 
at least 48 hours before the study, and acid-suppress- 
ing medications were discontinued 3 days (H2-block- 
ing agents) to 14 days (proton pump inhibitors) be- 
fore the study. Length and pressure of the LES were 
calculated using the station pull-through technique, 
with 0.5 cm increments between stations. Esophageal 
body function was recorded 3, 8, 13, and 18 cm above 
the upper border of the LES using 10 swallows of 5 ml 
of water. Amplitude of the peristaltic waves was cal- 
culated independently for the distal (3 and 8 cm above 
LES) and the proximal esophagus (13 and 18 cm 
above LES). 12 The data were analyzed using a com- 
mercial software program (Gastrosoft, Medtronic 
Functional Diagnostic, Shoreview, Minn.). 

Ambulatory 24-Hour pH Moni tor ing  

Acid-suppressing medications were discontinued 3 
days (H2-blocking agents) or 14 days (proton pump 
inhibitors) before the study. The pH catheters were 
calibrated in a standard buffer solution at pH 1 and 
7 before and after monitoring. We used pH catheters 
with two antimony sensors located 15 cm apart. The 

catheters were passed transnasally in order to position 
the two sensors 5 cm and 20 cm above the upper bor- 
der of the manometrically determined LES.13 During 
the study the patients consumed an unrestricted diet 
and took no medications that could interfere with the 
results. Esophageal acid exposure (percentage of time 
pH <4) in the upright and supine positions and 
esophageal acid clearance (mean duration of a reflux 
episode) were calculated for the distal and proximal 
esophagus using a commercial software program 
(Gastrosoft). 

Statistical Analysis 
Analysis of variance, the Mann-Whitney rank-sum 

test, and the chi-square test were used for statistical 
evaluation of the data. All results are expressed as 
mean + standard deviation. Differences were consid- 
ered significant at P <0.05. 

RESULTS 

The 1006 patients were classified as follows: 563 
(56%) had normal peristalsis, 216 (21%) had IEM, 
and 227 (23%) had NSEMD. 

Symptomatic Evaluation 
Table II describes the symptoms in the three 

groups. Heartburn and dysphagia were less frequent 
among the normal patients compared to those with 
NSEMD and IEM. There were no differences in the 
prevalence and severity of dysphagia among the three 
groups of patients. There was no difference in the in- 
cidence of regurgitation among the three groups. The 
frequency of cough paralleled the severity of peri- 
staltic dysfunction. 

Endoscopy 
The endoscopic findings were available for 814 

(81%) of the 1006 patients. Endoscopy had been per- 
formed within 4 months of esophageal function test- 
ing. Grade 0 esophagitis was more frequent among 
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Table II. Symptoms 

Heartburn (% of patients) 
Regurgitation (% of patients) 
Dysphagia (% of patients) 
Dysphagia score (O-4) 
Cough (% of patients) 

Normal (n = 567) 

80 
71 
36 

2.5 t 1 
20 

Peristalsis 

NSEMD (II = 227) 

89* 
78 
46* 

2.5 -c 1 
37* 

IEM (n = 216) 

89t 
75 

41t 
2.5 2 1 

49* 

P CO.05 considered significant. 

*Significant difference NSEMD vs. normal. 

tSignificant difference IEM vs. normal. 

$Significant difference IEM vs. NSEMD and normal. 

Table III. Esophageal manometry 

Peristalsis 

LES (mm Hg) pressure 
LES length (cm) 
LES abdominal length (cm) 
DEA (mm Hg) 
PEA (mm Hg) 

Normal (n = 567) NSEMD (n = 227) IEM (n = 216) 

1125 9 2 5* 8 t 5t 

2.5 ?z 0.9 2.3 + 0.9* 2.1 2 0.9t 
1.7 t 1 1.3 2 0.9* 1.3 t 0.9t 
91 k 30 53 L 2s* 30 ? 17* 
61 2 25 44 +- 20 32 5 IS+ 

LES = lower esophageal sphincter; DEA = distal esophageal amplitude; PEA = proximal esophageal amplitude. 

P co.05 considered significant. 

*Significant difference NSEMD vs. normal. 

tSignificant difference IEM vs. normal. 

#Significant difference IEM vs. NSEMD and normal. 

Table IV. Ambulatory 24-hour pH monitoring (distal esophagus, 5 cm above LES) 

Peristalsis 

Normal (n = 567) NSEMD (n = 227) IEM (n = 216) 

No. of reflux episodes 148 +- 93 179 5 117* 187 ? 142t 

No. of reflux episodes >5 min 625 8 ? 6* 9 +- 8t 
Longest reflux episode (min) 31*34 36 -c 34 48 + 73t 
% Time pH ~4 (total) 13 ? 10 17 t 12* 19 ? 16t 
% Time pH ~4 (upright) 14 ? 10 17 2 13* 19 ? 14t 
% Time pH <4 (supine) 11 k 13 16 ? 16* 19 i- 21t 

Combined reflux (% of patients) 60 70* 71t 
Acid clearance (min) 1.4 + 1.3 1.5 t 1.6 2.1 t- 1.3* 
Reflux score (normal < 14) 50 t 33 63 f 30* 71 2 23+ 

P ~0.05 considered significant. 

*Significant difference NSEMD vs. normal. 

tsignificant difference IEM vs. normal. 

*Significant difference IEM vs. NSEMD and normal. 
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Table Y Ambulatory 24-hour pH monitoring (proximal esophagus, 20 cm above LES) 

Normal (n = 567) 

Peristalsis 

NSEMD (XI = 227) IEM (n = 216) 

No. of reflux episodes 41 2 38 39 + 42 34 -t 43 
No. of reflux episodes >5 min 0.9 + 1.2 1.1 + 4.4 0.9 + 1.8 
Longest reflux episode (min) 9t 17 9+ 16 7k 13 
% Time pH <4 (total) 2.5 2 3.4 2.2 2 3.1 2.1 -c 3.7 

% Time pH <4 (upright) 2.6 -c 3.5 2.3 ? 3.6 2.0 5 3.7 
% Time pH <4 (supine) 2.2 -c 5.3 1.9 2 4.2 2.0 5 5.3 
Acid clearance (min) 0.9 -c 2.0 0.9 ? 1.9 0.8 5 1.9 

There was no difference among the three groups of patients for any of the parameters considered. 

the patients with normal (N) peristalsis (N = 56%; 
NSEMD = 42%; IEM = 47%; P co.05 N vs. 
NSEMD and IEM); grade I/II esophagitis was more 
common among the patients with NSEMD (N = 
27%; NSEMD = 33%; IEM = 23%; P co.05 
NSEMD vs. N and IEM); and grade III/IV esophagi- 
tis was more common among the patients with IEM 
and NSEMD than among those with normal peri- 
stalsis (N = 17%; NSEMD = 25%; IEM = 30%; 
P ~0.0s IEM and NSEMD vs. N). 

Esophageal Manometry 

The NSEMD and IEM patients had a shorter and 
weaker LES compared with the normal patients 
(Table III). By definition, the amplitude of peristaltic 
waves in the distal esophagus was progressively lower 
ranging from normal to NSEMD to IEM. The am- 
plitude of peristaltic waves in the proximal esophagus 
was also lower in IEM patients compared to normal 
and NSEMD patients. 

Ambulatory 24-Hour pH Monitoring 

Distal Rejlux (5 cm above the LES). Compared 
with the normal patients, those with abnormal peri- 
stalsis (NSEMD and IEM) had worse reflux, consist- 
ing of more episodes, more time with pH below 4 
(both in the upright and supine positions), higher re- 
flux scores, and slower esophageal acid clearance 
(Table IV). 

Proximal Reflex (20 cm above the LES). There 
was no difference among the three groups of patients 
with regard to acid exposure and acid clearance 
(Table V). 

DISCUSSION 

Among these patients with GERD, esophageal 
peristalsis was normal in 56% and abnormal in 44%. 

About one fifth of all patients had IEM, with weak 
peristalsis in the distal and proximal esophagus and 
frequent nonpropagating peristaltic sequences. This 
group had more severe reflux, slower acid clearance, 
worse mucosal injury, and more frequent respiratory 
symptoms. 

In general, the more abnormal the esophageal peri- 
stalsis, the worse the gastroesophageal reflux. Normal 
esophageal peristalsis was associated with less esoph- 
ageal acid exposure, and fewer reflux episodes and 
episodes longer than 5 minutes, and acid clearance 
was usually normal. Combined reflux (upright and 
supine) was present in 60% of normal patients. 
Esophageal dysmotility (NSEMD and IEM) was as- 
sociated with longer esophageal acid exposure, more 
and longer reflux episodes, and slower esophageal acid 
clearance. Approximately 70% of patients with dys- 
motility had combined reflux. 

These findings coincide with others,j which show 
that the amplitude of peristalsis is the main determi- 
nant of esophageal acid clearance. Bolus clearance in 
the proximal esophagus requires contractions with a 
minimal amplitude of 16 mm Hg, and clearance in the 
distal esophagus requires contractions with a minimal 
amplitude of 30 mm Hg.s Leite et al.* reported that 
patients with IEM have increased esophageal acid ex- 
posure and slower esophageal acid clearance in the 
supine position. In contrast, we found more severe re- 
flux in both the supine and upright positions in pa- 
tients with IEM. 

Worse esophageal peristalsis was also accompanied 
by more severe mucosal injury. Most normal patients 
had endoscopic esophagitis in the grade 0 to II range; 
only 17% of normal patients had grade III or IV 
esophagitis. In contrast, among patients with esopha- 
geal dysmotility, grade III/IV esophagitis was present 
more often. For instance, the incidence of histologi- 
cally proved Barrett’s esophagus was almost twice as 
common in patients with IEM than in those with nor- 
mal peristalsis. Other investigators have found a sim- 
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ilar relationship between the degree of peristaltic dys- 

function and the degree of mucosal injury, the latter 
being worse in patients with Barrett’s esophagus or 
esophageal strictures.‘J4 

Whether the disorders of peristalsis are a conse- 
quence of esophagitis or just another component 

(along with sphincter dysfunction) of a complex 
foregut motor disease is still being debated. Although 
some investigators argue in favor of the former opin- 
ion, evidence for it is scant. Furthermore, neither 
medicall nor surgical16 treatment of esophagitis im- 

proves peristaltic dysfunction appreciably. Thus the 

balance of evidence supports the view that the abnor- 
mal peristalsis is part of the disease rather than a side 
effect of the reflux. However, these manometric find- 
ings are a brief snapshot in time of an individual’s 

esophageal performance, and it is not known if they 
remain constant over time. 

Patients with IEM presented more often with 
cough. In fact, almost half of all IEM patients listed 

unexplained cough as a major complaint. Our data 
confirm the findings of Fouad et al.,” who found that 
IEM was the most common motility abnormality in 

patients with GERD-associated respiratory symp- 
toms. Whereas in most patients cough is probably due 
to bronchoconstriction secondary to a vagal reflex,l’ 
in some patients respiratory symptoms may result 
from aspiration of acid refluxate.‘* In this latter group, 

a panesophageal motor disorder has often been found, 
where acid refluxes in the distal esophagus through a 
hypotensive LES, and because of impaired peristalsis 

it reaches the pharynx and spills into the tracheo- 
bronchial tree.‘? Nevertheless, we found no difference 
in the proximal esophageal acid exposure and acid 

clearance among the three groups of patients, sug- 
gesting that peristalsis, per se, was not the major de- 

terminant of the proximal extent of the refluxate. 
Based on our data, the higher incidence of respiratory 
symptoms in patients with GERD and IEM could be 
explained by their more hypotensive LES, increased 
esophageal acid exposure, and delayed acid clearance. 

The volume of the gastric refluxate must be impor- 
tant, but it cannot be measured with the available 

tests. 
Dysphagia was also more common among patients 

with esophageal dysmotility. In the absence of a stric- 
ture (nonobstructive dysphagia), dysphagia is thought 
to reflect abnormalities of peristalsis. A properly con- 
structed fundoplication relieves nonobstructive dys- 
phagia, as well as heartburn and regurgitation, in most 

patients.‘a 
Esophagitis, stricture formation, or Barrett’s 

esophagus occurs in approximately half of patients 
with gastroesophageal reflux documented by pro- 
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longed pH monitoring. l9 Barrett’s esophagus is found 
in approximately I3 % .*O More liberal use of esopha- 
geal manometry and pH monitoring should help 
identify the patients at risk of developing these com- 

plications. These patients with more advanced disease 
are the ones with abnormal motility and abnormal 

esophageal acid clearance, who also may have respira- 
tory symptoms in addition to heartburn. Earlier sur- 
gical intervention in this group should be of benefit 
to prevent the development of strictures or Barrett’s 
metaplasia and to avoid severe lung damage.?‘-?’ 

In conclusion, severe esophageal dysmotility was 
present in 21% of our patients with GERD. Severe 
dysmotility was associated with more severe GERD, 

which included more reflux and slower esophageal 
clearance. Not surprisingly, therefore, these patients 
had more severe mucosal injury and more frequent 

respiratory symptoms. 
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Discussion 
Dr. D.O. Castell (Philadelphia, Pa.). We described inef- ium studies and radionuclide studies, so I think you are 

fective esophageal motility about 5 years ago, and your cri- quite correct that when you have the ineffective pattern, it 
teria are a little different from the way we described it. We means a poorly functioning esophagus. In our laboratory 
suggested that more than three contractions out of 10 that we find this abnormality in roughly one third of patients 
were less than 30 mm Hg would qualify as ineffective. with documented GERD, again similar to your findings, 
However, the results are very similar. Abnormal clearance and also much more common in persons who have supra- 
has been well documented in these patients, both by bar- esophageal symptoms such as cough. 



Results of a New Strategy for Reconstruction 
of Biliary Injuries Having an Isolated 
Right-Sided Component 

Steven M. Strasberg, M.D., Daniel D. Picus, M.D., Jeffrey A. Drebin, M.D., Ph.D. 

Poor results after repair of biliary injuries are most common when injuries are above the bifurcation of 
the left and right hepatic ducts or involve aberrant ducts. We have developed a novel approach to the 
right-sided component of such injuries. Preoperatively all isolated sections of the biliary tree are intubated 
percutaneously. At surgery the left duct is found by the Hepp-Couinaud approach. Dissection is contin- 
ued to the right, staying within the coronal plane of the left hepatic duct, and continuing across the gall- 
bladder plate into segment 5 between the hepatic parenchyma and the Wallerian sheath of the right por- 
tal pedicle. Hepatic parenchyma, anterior to the sheath, is resected. After a length of portal pedicle is 
exposed, right-sided bile ducts are opened on their anterior surface, using the percutaneous transhepatic 
stents as a guide, and hepaticojejunostomy is performed. Twenty-three patients were treated from May 
1993 to February 1999. Injury types and (number of patients) were as follows: B (n = 2), C (n = 5), E4 
(n = 10), and E5 (n = 6). There were no perioperative deaths. Follow-up ranged from 8 months to 
7 years (median 3 years). There have been no cases of restricture, reoperation, or jaundice, and no inter- 
ventional procedures. Serum bilirubin is normal in all patients. Mkaline phosphatase is normal or less than 
two times the normal value in 21 of 22 living patients. This novel approach brings the benefits of the 
Hepp-Couinaud approach to the right hepatic ducts. Very satisfactory results were obtained in the most 
severe types of biliary injury. (J GASTROINTEST S URG 2001 ;5:266-274.) 

KEY W O R D S :  Biliary injury, aberrant bile ducts, laparoscopic cholecystectomy 

Biliary injury is the most  serious complication of  
cholecystectomy. It is a morbid,  costly, and occasion- 
ally fatal complication, 1-4 the incidence of  which in- 
creased sharply when laparoscopic surgery for chole- 
lithiasis was introduced. 5-1° Many  of  the injuries re- 
ferred to tertiary centers are high in the biliary tree 
and involve ducts above the bifurcation of  the com- 
mon  hepatic  duct. Also, aberrant  r ight  ducts seem 
part icularly prone  to injury during laparoscopic 
cholecystectomy.11,12 Fig. 1 shows a classification of  
these injuries, 12 which we will use in this report. 

The  standard approach used by many biliary sur- 
geons for repair of  biliary injuries is to locate the left 
hepatic duct in its extrahepatic course along the base 
of  segment 4 and then perform a side-to-side anasto- 
mosis between it and a Roux-en-Y loop of  jejunum. 
Th i s  technique was in t roduced  by H e p p  13 and is 
called the Hepp-Cou inaud  approach in reference to 

Couinaud's description of  the extrahepatic position of  
this duct. T h e  me thod  has found wide acceptance 
around the world. It minimizes dissection behind the 
ducts, making the dissection technically easier and less 
hazardous, and decreasing the chance of  devasculariz- 
ing the duct at the site of  anastomosis. T he  technique 
permits a wide anastomosis even when ducts are not  
large, since the entire length of  the extrahepatie left 
duct can be used. It is particularly suitable for injuries 
at or just below the bifurcation (El  to E3). 

T he  results of  repairs of  biliary injuries that have 
been reported in recent years are quite variable, but  a 
consistent feature, even in series report ing excellent 
overall outcomes,  is that results are poorest  when the 
injury is above the bifurcation or involves a combina- 
tion of  injuries to the common bile duct and an aber- 
rant duct - - type  E4 and E5 injuries. 14-~6 These  injuries 
are the most  complex 17 because they produce two or 
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>2cm c2cm 

Fig. 1. Classification of injuries to the biliary tract. Injuries type A to E are illustrated. Type E injuries 
are subdivided according to the Bismuth classification. Type B and C injuries almost always involve aber- 
rant right hepatic ducts. The notations >2 cm and <2 cm in type El and type E2 injuries indicate the 
length of common hepatic duct remaining. The injuries with an isolated right duct component and which 
are the subject of this report are types B, C, E4, and ES. 

more areas of the intrahepatic biliary tree that are no 
longer in communication. The isolated areas will not 
be drained by a single anastomosis to the left hepatic 
duct, as in the Hepp-Couinaud approach. Conse- 
quently the Hepp-Couinaud technique is useful only 
for management of the left-sided component, and the 
isolated right-sided ducts must also be individually 
identified and joined to intestine. There is no stan- 
dard approach for performing this part of the proce- 
dure. The purpose of this report is to present a 
method we have used to gain access to the right he- 
patic ducts in a standard fashion based on an anatomic 
rationale in such injuries. Results are presented for type 
B and C injuries as well as for type E4 and ES injuries, 
since the former also involve isolated right-sided por- 
tions of the biliary tree, which cannot be managed by 
the Hepp-Couinaud method-and our approach to 
these injuries at operation has been the same. 

METHODS 

Patients with these types of injuries may present 
within or beyond a 3-month period from the initial 
injury or the last attempt at repair, We manage these 
groups somewhat differently since 3 months is the ap- 
proximate time that we normally allow for inflamma- 
tion to subside and for ischemia of the bile ducts, if it 
is present, to reach a final level. The four components 
of our approach to management of these injuries are 

as follows: (1) to control sepsis and establish drainage 
from all parts of the biliary tree, (2) to diagnose con- 
clusively the complete extent of injury to the biliary 
tree preoperatively, (3) to prepare the patient for sur- 
gery by insertion of guide stents into each isolated 
area of the biliary tree, and (4) to then perform the 
operation. The terminology used in this report to 
identify the three levels of ducts on each side of the 
liver includes the following: main ducts, sectional 
ducts, and segmental ducts.‘* 

Control of Biliary Drainage and Sepsis 

Patients Presenting within a Period of 3 Months 
From the Initial Injury or the Lmt Attempt at Re- 
pair. Most patients in this series were referred after 
their injuries had been diagnosed intraoperatively or 
in the early postoperative period after laparoscopic 
cholecystectomy. Unlike patients with lesser type El 
to E3 injuries, who may have simple clip occlusions 
of the common bile duct, these patients almost in- 
variably had bilomas in the right upper quadrant or 
bile ascites or peritonitis, often with external bile fis- 
tulas. Therefore they were unsuitable for immediate 
repair. Some patients were very ill with systemic sep- 
sis on transfer, whereas others were quite stable. Of- 
ten treatment with systemic antibiotics in the inten- 
sive care unit was required on admission. Two of these 
patients had definitive repairs that failed before 3 
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months had elapsed and are included in this early-pre- 
senting group. 

The goal of initial management is to control sepsis 

and establish biliary drainage from all parts of the bil- 
iary tree. The usual approach is to first perform a 

CAT scan to ascertain the position and extent of bile 
collections. Endoscopic retrograde cholangiopancre- 
atography (ERCP) is then performed in all patients 

presenting with jaundice, and fistulagrams are ob- 
tained when a bile fistula is present. Percutaneous 
cholangiography is used during this stage when nec- 

essary to establish drainage from isolated portions of 
the biliary tree. Multiple percutaneous drains are 
avoided at this time, if possible, because they increase 

patient discomfort and reduce mobility. One percuta- 
neous transhepatic drain can often serve to drain two 
isolated portions of the biliary tree; for instance, a 
right-sided transhepatic drain can also drain bile com- 

ing from transected left bile ducts by positioning the 
end of the drain in the biloma in the porta hepatis at 
the cut end of the left duct. This avoids the need for a 
separate left-sided transhepatic drain at this point in 
the care of the patient. Supplementary percutaneous 
drains are used to drain bilomas in other parts of the 
abdomen or occasionally to supplement transhepatic 

drains when the upper abdominal bile collections are 
large. Laparotomy is required only when hemorrhage 
is present at the time the patient is transferred or 

when adequate bile drainage cannot be obtained by 
other methods, for example, in the presence of frank 
bile peritonitis. An exact formula for the order of 
these investigations cannot be given since the ap- 
proach varies with the type of presentation and the 
condition of the patient. I2 This portion of the treat- 

ment is not unique to injuries having an isolated 

right-sided component. 
As noted, early repair of these injuries was not per- 

formed. Surgery was delayed for 3 months from the 
laparoscopic cholecystectomy to allow resolution of 
the bilomas and attendant inflammation. Also, there is 
often a vascular component to these injuries, and we 
have occasionally observed the biliary injury to 
progress on the basis of ischemia during the first few 

weeks after the cholecystectomy. Therefore a second 
reason for delay is to allow the injury to stabilize be- 
fore repair. We have not routinely assessed the vascu- 
lature, since repair of injured arteries in this group of 
patients is not a practical option. Instead, repair of the 
injury is delayed until the final level of injury due to 
ischemia is reached. 

Patients are seen at intervals during the period be- 
tween presentation and repair. Subhepatic drains are 
frequently removed during these visits after the bilo- 
mas resolve and the transhepatic stents are drawn 
through the tract of the subhepatic drain, converting 
them to U tubes, which have greater stability. 

Patients Presenting With a Diagnosis of Bilialy 
Injury More Than 3 Months After the Cholecystec- 
tomy or the Last Repair. These patients usually pre- 
sent after a repair has failed or less commonly because 
of a type B injury that has become symptomatic. Bilo- 
mas, inflammation, and progressive ischemic injury 
are not issues in these patients. In the case of failed 

repairs, bilateral transhepatic drains are usually in 
place at presentation. Surgery may be performed after 
diagnosis of the injury is complete. 

Diagnosis of the Extent of the Injury 

This is a critical component of the workup of these 
patients. All ducts must be accounted for prior to sur- 
gery. The entire biliary tree must be visible on cholan- 

giography. Assurance that this has been achieved is ob- 
tained by reconciling cholangiograms with CAT scans 
of the liver. Livers vary greatly in shape, and the CAT 
scan is a useful guide to ensure that the ducts seen on 
the cholangiograms fill the liver seen on the CAT 
scans. Complete cholangiography may be performed 
in a retrograde manner through subhepatic drains after 

the bilomas have resolved, partly or completely, or in a 
prograde manner using transhepatic cholangiography. 
Often a combination of these techniques is used. 

Preparation for Surgery 

The principle here is to have a percutaneous trans- 
hepatic stent in every isolated section of the biliary 
tree at the time the operation to aid in identification 
of the particular ducts that need to be joined to the 
intestine at surgery. Patients are often admitted the 
day before surgery for placement of these guide 

stents. Although a subhepatic drain may be adequate 
to control bile drainage, it is of no use as a guide to 
bile ducts. Finding all bile ducts at the time of surgery 

without stents may be difficult, especially in complex 
E4 injuries. One stent on the left side is usually ade- 
quate, the exception being when there is an anom- 

alous left system. Often two stents are required on the 
right, that is, when the level of injury has been car- 
ried up above the level of the main right duct to the 
right anterior and posterior sectional ducts. 

Operative Technique 

The key to dissection using this method is based on 
the fact that the main right and left bile ducts lie in the 
same coronal plane, invested in their fibrous Wallerian 
sheaths. The left duct lies on the underside of segment 
4 in an extrahepatic position, whereas the right duct 
passes into the liver substance at the base of segment 5. 
Also of importance in the dissection is the gallbladder 
(or cystic) plate, a layer of fibrous tissue on which the 
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Fig. 2. Schematic diagram of the operative technique for display of the isolated right ductal injuries. 
The amputated left and right ducts are shown, as well as the portal vein and the sheath of the right por- 
tal pedicle. The hepatic artery is not shown. Note that the gallbladder plate is a part of the Wallerian sys- 
tem of fibrous connective tissue that invests portal structures as they enter the liver. It attaches posteri- 
orly to the sheath of the right portal pedicle. The left and right ducts are in the same coronal plane. The 
dissection is shown at a stage when the left hepatic duct has been isolated by the Hepp-Couinaud ap- 
proach. The arrows indicate the direction of dissection from that point (see text for details). 

gallbladder normally rests. The base of the plate, that 
is, its most posterior portion, attaches to the anterior 
surface of the sheath of the main right portal pedicle 
(Fig. 2). Therefore, to find the bile duct within the 
sheath of the right portal pedicle, which also contains 
the portal vein and hepatic artery, the cystic plate must 
be detached from the anterior surface of the sheath of 
the right portal pedicle (see Fig. 2). 

The rationale for the dissection is to find the left 
hepatic duct and use its position to define the coronal 
plane in which the main right duct lies. The dissec- 
tion is carried to the right in this coronal plane until 
the cystic plate is encountered, which is divided, 
bringing the dissection onto the right portal pedicle 
invested in its sheath, in which the right bile ducts lie. 

The initial portion of the dissection is identical to 
the Hepp-Couinaud approach to the left hepatic 
duct.13 Dissection commences at the free edge of the 
liver along segment 4. Adhesions are cleared off the 
entire inferior surface of the liver but concentrating 
on clearing off segment 4. Aids to the dissection are to 
divide the bridge of liver tissue between segment 4 
and the left lateral section (segments 2 and 3) and to 
open the lips of the gallbladder fossa if they have be- 
come fused. As the dissection is carried down the in- 
ferior face of segment 4, the segment is retracted up- 
ward with a malleable retractor. To find the left he- 
patic duct, it is necessary to persist in this dissection, 

rolling the base of segment 4 upward until the liver 
substance is entered. This may result in venous bleed- 
ing, but this is quite controllable by temporary pack- 
ing with a hemostatic agent or by use of the Argon 
beam cautery. The left hepatic duct itself is not usu- 
ally easily seen at this point because it is invested in 
its sheath, but its position can be confirmed by palpa- 
tion of the stent in the left hepatic duct. What has 
been described up to this point is the standard Hepp- 
Couinaud approach. 

The subsequent portion of the operation consists 
of bringing the dissection over to the right, staying 
within the same coronal plane as the left duct. The 
tip of a right-angled clamp is placed in the liver sub- 
stance, just anterior to the position of the most right- 
ward portion of the left hepatic duct, its point facing 
to the right. It is drawn toward the operator until the 
liver capsule is encountered and the capsule is di- 
vided. As the dissection is carried more toward the 
right, the cystic plate is met where it attaches to the 
sheath of the right portal pedicle. It is a stout ribbon 
of fibrous tissue approximately 2 mm in thickness and 
5 to 8 mm in breadth. After it is divided, the liver lifts 
off the right portal pedicle. The division of the liver 
capsule is carried approximately 1 cm beyond the cys- 
tic plate. Now the liver (segment 5) may be dissected 
off the portal pedicle by lifting and coring the base of 
segment 5. 
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Fig. 3. Schematic diagram of a later stage in the dissection. The gallbladder plate has been cut and the 
liver pushed back off the right portal pedicle. The liver at the base of segment 5 has been cored away. The 
duct is isolated with the aid of the indwelling stent and opened on its anterior surface (right and below 

on the diagram). 

Resection of liver tissue may not be necessary at all 
if viable duct is projecting beyond the liver edge, but 
this is uncommon. In most cases, the base of segment 
5 is cored out to some extent using the ultrasonic 
dissector or small pieces of liver are resected with 
cautery. This exposes the anterior surface of the 
sheath of the right portal pedicle (Fig. 3). The posi- 
tion of the right duct(s) in the pedicle is evident from 
the position of the stent(s). In cases in which the in- 
jury is above the bifurcation of the right hepatic duct, 
that is, the main right duct has been resected or is 
congenitally absent and only the two right sectional 
ducts remain, the dissection continues until the 
sheath(s) anterior to the two sectional ducts (right an- 
terior and right posterior) is exposed. 

In some cases, especially those in which there have 
been repeated bouts of cholangitis and the liver has 
become swollen and fibrotic-a condition most fre- 
quently seen after failed hepaticojejunostomy-seg- 
ment 4b may overhang the upper bile ducts. In these 
cases, resection or coring of segment 4b is also a use- 
ful adjunct. Resection provides excellent access to the 
upper part of the porta hepatis without relying on 
forceful retraction of the liver and provides room for 
the bowel to rest when the hepaticojejunostomy is 
performed. The latter maneuver is not restricted to 
operations in which a portion of the right biliary tree 
has been isolated. It is also useful for type E3 and 
some type E2 injuries. It is not necessary, however, for 
most injuries in which a portion of the right biliary 
tree has been isolated. 

To prepare the bile ducts for anastomosis, they are 
opened on their anterior surface. On the left side this 

is usually straightforward and has been well described 
in the Hepp-Couinaud approach.i3 An opening of at 
least 1 cm is desirable. At the left most extent incision, 
near the umbilical fissure, one must be careful not to 
injure the artery to segment 4, which passes anterior 
to the left hepatic duct. Also, at this time it is our 
practice to amputate the curved termination of the 
stent and to sew a monofilament suture to the freshly 
cut end of the stent. In this way the stent may be 
drawn back and forth into and out of the liver while 
the duct is opened, without losing the end of the 
stent. Having the stent out of the way often improves 
visualization when opening the duct and while placing 
sutures in the duct. Once these steps are performed, 
the stent can be drawn back down and placed across 
the anastomosis. Usually the preoperatively placed 
stents are replaced with softer 8F feeding tubes by 
sewing the feeding tubes to the stents and pulling the 
feeding tubes through the liver. 

On the right side, the bile ducts are also opened on 
the anterior surface. Ideally the duct(s) is opened for 
1 cm and the end of the duct is closed with 5-O or 6-O 
absorbable sutures. The entire anastomosis is then 
performed to the anterior surface of the duct. How- 
ever, because of the level of the injury and the varia- 
tions in anatomy this is not always possible. In some 
cases, multiple small ducts may be encountered before 
opening the anterior surface for this distance. In these 
instances the end of the duct, as well as the slit that has 
been made in the anterior surface, is used. Only 
enough dissection is performed to place sutures into 
firm tissue at the end of the duct. The key is to place 
the sutures into ductal tissue having well-vascularized 
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mucosa. In some cases, the right posterior duct may 
enter the field of dissection from behind and present as 
an anteriorly facing orifice. Such ducts cannot be 
opened on their anterior surface and an end-to-side 
(end of duct to side of jejunum) anastomosis must be 
performed. Again we recommend the least dissection 
of the duct that will provide the ability to take good 
bites of tissue including well-vascularized mucosa. In 
our opinion, minimizing dissection reduces the chance 
of devascularizing the duct. 

The actual anastomosis is performed to a 60 cm 
long Roux-en-Y loop. S-O Absorbable sutures are 
used. When the right and left ductal orifices are in 
close proximity, a “cloacal” anastomotic technique is 
used in which the edges of a single opening in the 
bowel are sutured to the ducts and to the fibrous tis- 
sue between the ducts. When the right and left ducts 
are separated by more than 1 cm, a double-barreled 
anastomosis with two intestinal openings is made. In 
type ES injuries it may be the right posterior duct that 
is separated from the right anterior and left ducts, and 
then it is separately anastomosed on the loop. Cut 
ducts in close proximity may be sutured together to 
create a single orifice for part or all of the anastomo- 
sis. It has not been necessary in our experience to 
make more than two openings in the bowel. The ac- 
tual technique of anastomosis is to place the anterior 
row of sutures in the bile ducts, followed by the place- 
ment and tying of the posterior row of sutures on the 
inside of the anastomosis. The anterior row of SUNRS 

in the bowel is then placed and tied on the outside of 
the anastomosis. Anastomoses are drained with one 
posteriorly placed No. 19 Blake drain. 

RESULTS 

The case series includes all patients with type B, C, 
E4, or ES (with one exception-see below) injuries 
whom we treated from May 1993, when this approach 
was initiated on the hepatobiliary-pancreatic service 
at Washington University, to February 1999-allow- 
ing at least 6 months’ follow-up. A total of 2 3 patients 
were treated during this time, COnStiNting almost half 
of all biliary injuries that were managed surgically 
during this time in our hepatobiliary-pancreatic unit. 
Seventeen females and six males {mean age 44.8 years 
[range 17 to 78 years]) had repairs. The injury types 
and (number of patients) described using our classifi- 
cation (see Fig. 1) were as follows: B (n = 2), C (n = S), 
E4 (n = lo), and ES (n = 6). Most patients presented 
within days of a laparoscopic cholecystectomy, but 
seven patients presented more than 3 months after 
cholecystectomy or a previous repair. Six patients had 
failed repairs and one had a type B injury in which the 
main right hepatic duct had been clipped approxi- 
mately 2 years before referral. One of these patients 

presented 30 years after hepaticojejunostomy and an- 
other 6 years after hepaticojejunostomy. 

Twenty injuries occurred in patients undergoing 
laparoscopic cholecystectomy, two during open chole- 
cystectomy, and one during a minicholecystectomy. 
Among the 16 patients who were referred in the early 
postoperative period, fo.ur were diagnosed intraoper- 
atively at the time of laparoscopic cholecystectomy 
and 12 were diagnosed within the first few days to 2 
weeks after surgery. Six of the latter patients pre- 
sented with biliary fiSNhS: four with jaundice and ab- 
dominal pain and two with cholangitis. Of the seven 
patients who were referred for treatment more than 3 
months after their last surgery, four presented with 
repeated bouts of cholangitis, two with jaundice, and 
one with right upper quadrant pain and heaviness, the 
latter patient being the one with the type B injury. 
Several had intrahepatic stones and most had multiple 
attempts at percutaneous dilatation, stent placement, 
and stone extraction. In all, eight patients had at- 
tempts at definitive repairs at other institutions: two 
in the early-presenting group and six in the group 
presenting after 3 months. 

One patient required immediate laparotomy for 
bleeding and hypotension days after a laparoscopic 
cholecystectomy; 2 liters of fresh blood was found in 
the abdomen and several small bleeding vessels were 
oversewn. There was also a large amount of bile in 
the peritoneal cavity. Three biliary orifices were seen. 
The right upper quadrant was drained and no attempt 
was made to repair the injury at this time. No other 
laparotomies were performed prior to the definitive 
repair, and the patients were managed as described 
earlier, between the time of presentation and surgery. 
There was no instance of failure to cannulate an iso- 
lated portion of the biliary tree by percutaneous trans- 
hepatic means in the preoperative period, that is, 
stents were available for all ducts that were being 
sought at surgery. 

The repairs were all hepaticojejunostomies as de- 
scribed above. Seventeen of 2 3 anastomoses were to a 
single opening in the intestine, although to more than 
one duct in the E4 injuries, and six were double-bar- 
reled anastomoses. Five patients who had been diag- 
nosed as having intrahepatic stones underwent intra- 
operative intrahepatic bile duct exploration and chole- 
dochoscopy with stone clearance. Sometimes the liver 
could simply be pushed off the involved right-sided 
ducts, once the gallbladder plate was cut, as described 
earlier. However, most patients required coring of the 
base of segment 5 or segments 4 and 5. Seven patients 
underwent resection of segment 4b because this seg- 
ment was overhanging and preventing adequate ac- 
cess to the upper porta hepatis. Several patients had 
evidence of increased portal pressure, and one patient 
had cavernous transformation of the portal vein with 
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high-pressure, thin-walled veins surrounding the bil- 
iary tree. Four units of blood were transfused in this 
patient who was operated on without venovenous by- 
pass, which was available, however; otherwise, blood 
transfusion was usually not needed. 

There were no intraoperative or postoperative 
deaths (30-day or in-hospital deaths). There were four 
postoperative complications. One patient developed 
atria1 fibrillation, two developed atelectasis and fever, 
and one had C. dz#kile colitis associated with poor 
postoperative oral intake and a prolonged hospital 
stay. The mean length of stay was 8.0 days (range 6 to 
22 days). 

Postoperatively, stents were used for obtaining 
cholangiograms and were generally removed before 
the patient was discharged from the hospital or at the 
first postoperative visit within 2 to 3 weeks of surgery. 
In one case, a stent was left in place for 3 months 
when an anastomosis was made to a very small right 
posterior sectional hepatic duct. 

Patients were followed at intervals during the first 
year, then annually with physical examinations and 
liver function tests. For those patients who lived a 
considerable distance from Saint Louis, follow-up was 
performed by local physicians and by telephone in- 
terview. Results of liver function tests were available 
for all patients. Follow-up ranged from 8 months to 7 
years (median 3 years). Follow-up was complete for 
all patients as of the autumn of 1999. 

To date, there have been no cases of restricture, re- 
operation, or jaundice, and no interventional proce- 
dures. One patient, a 6%year-old man who currently 
resides in a noncontiguous state, was admitted to an 
outside hospital with a febrile illness 7 years after our 
repair. It is unclear from available records whether the 
problem was pneumonia or cholangitis. Liver function 
tests were abnormal during the episode but the patient 
was not clinically jaundiced. The patient has been well 
for the subsequent 6 months and has normal liver 
function tests. Another patient, a 6S-year-old woman, 
had been well, with normal liver function tests 6 
months after repair, but died of myocardial infarction 
3 months later. AI1 other patients are asymptomatic. 

Liver function tests were normal or the alkaline 
phosphatase value was less than two times higher than 
the upper limit of normal at last follow-up in 2 1 of 
the 22 patients who are still alive. The other patient, 
an individual who had multiple bouts of cholangitis 
over 3 years following a previous failed repair and 
transhepatic stenting for 2 years, had fibrosis of the 
liver at the time of surgery. Ten months after our re- 
peat repair, she has a bilirubin level of 1.4 mg/dl, an 
aspartate transaminase level of 95 IU, and an alkaline 
phosphatase level of 1334 IU, which is only slightly 
lower than the preoperative values (upper limit of 
normal 128 IU). The latter patient has had a magnetic 

resonance cholangiogram which shows a patent anas- 
tomosis. It is believed that the abnormal liver func- 
tion tests represent chronic liver disease induced by 
multiple bouts of cholangitis. As noted earlier, she has 
been asymptomatic since the repair. 

One patient who actually had a type ES injury is 
not included in this series. At the time of surgery in 
1993, she was thought to have an E3 injury and was 
treated by the Hepp-Couinaud approach instead of 
the technique described in this report, since we were 
unaware that there was also an injury to an aberrant 
right posterior hepatic duct. An excluded aberrant 
right hepatic duct was diagnosed 2 years later when 
the patient was noted to have an alkaline phosphatase 
level three times greater than the upper limit of nor- 
mal. She also complained of intermittent right-sided 
upper abdominal pain. The patient has not required 
treatment and is currently asymptomatic. This patient 
is considered a treatment failure due to misdiagnosis. 

DISCUSSION 

The Hepp-Couinaud technique for the repair of 
biliary injuries was a novel and important advance in 
the treatment of these difficult problems. Its main 
novelty rested with its use of the fact that the left he- 
patic duct, while hidden in a sheath of fibrous tissue, 
was actually in an extrahepatic position and could be 
accessed at the base of segment 4. Doing so permits 
the surgeon to drain the entire biliary tree through a 
normal well-vascularized left hepatic duct, provided 
that the bifurcation of the hepatic duct has not been 
resected. Therefore it is ideal for repair of type El to 
E3 injuries. Another novelty was that the aim of the 
surgical approach was to go above the injury without 
dissecting through the area of injury and scarring, 
which had been the standard approach for many 
years. 

The Hepp-Couinaud approach is not adequate for 
repair of all biliary injuries. When an injury involves 
ducts above the bifurcation of the common hepatic 
duct, resulting in separation and isolation of the right 
and left sides of the biliary tree, the Hepp-Couinaud 
approach can only be used for draining the left ductal 
system. Many injuries, especially those in patients re- 
ferred to specialized hepatobiliary-pancreatic units, 
lie above this level (E4) or involve aberrant right ducts 
(ES, B, and C). Th ere is good evidence in the litera- 
ture that these injuries, especially E4 injuries, which 
may involve sectional branches on the right side of the 
liver, and even segmental branches, have the poorest 
outcome.‘+i7 The failure may result from difficulty in 
finding adequate lengths of well-vascularized ducts on 
the right side of the liver. In this report we describe a 
standard method of accessing these ducts at opera- 
tion, based on an anatomic rationale, which seems to 
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provide many of the same advantages that the Hepp- 
Couinaud approach has on the left side of the liver. 

The key anatomic points in the dissection are that 
the left hepatic duct and the right hepatic duct lie in 
the same coronal plane, that the right hepatic duct(s) 
enters the liver within the sheath of the right portal 
pedicle, and that the gallbladder plate attaches to the 
front of the sheath of the right portal pedicle and ob- 
structs dissection out onto the pedicle. The rationale 
for our method of dissection is to then locate the left 
duct, move to the right in the same coronal plane, de- 
tach the gallbladder plate, and uncover the right por- 
tal pedicle. In other words, the position of the main 
left hepatic duct is used to locate the right hepatic 
ducts; the key to the dissection is to stay in the coro- 
nal plane of the left hepatic duct. This approach usu- 
ally uncovers the anterior surface of the right hepatic 
duct(s), which can then be incised for a side-to-side 
anastomosis with the bowel. Liver resection is used 
liberally to aid in displaying the ducts. Coring out of 
the base of segment 5 is usually employed to clear off 
the front of the sheath of the right portal pedicle. Re- 
section of segment 4 is very useful when the liver is 
overhanging the upper ducts, as has recently been ad- 
vocated by Mercado et a1.19 However, as noted ear- 
lier, this maneuver was needed in only about one third 
of those lesions having an isolated right-sided com- 
ponent and has also been used by us in cases in which 
the bifurcation of the bile ducts was intact and the 
liver was overhanging (e.g., type E3 injury). Stated 
otherwise, it is a useful adjunct rather than an integral 
component of the approach we are describing. The 
results of the present study show that this method 
provides very satisfactory results at a median follow- 
up of 3 years in these very difficult biliary injuries. 

The operative approach is only one component of 
success. The importance of accurate preoperative di- 
agnosis cannot be overly emphasized. If an isolated 
ductal segment is not appreciated preoperatively, it is 
unlikely that it will be discovered intraoperatively, as 
seen in our patient who was thought to have a type 
E3 injury but who actually had an ES injury. We also 
believe that guide stents in each isolated segment are 
very important for consistent success. In fact, the 
anatomic approach described merely brings the dis- 
section to the area of the right ducts. It is the position 
of the guide stents that permits the “fine tuning” in 
the operation in which each of the isolated ducts is ac- 
tually located and opened for anastomosis. It has been 
noted by several investigators that repair of high bil- 
iary injuries should be performed in centers specializ- 
ing in hepatobiliary-pancreatic surgery.r5J0 Special- 
ized biliary interventional radiology is probably of 
equal importance to specialized surgical skills in the 
success of these operations.?’ It should be noted that 
the purpose of the stents is to guide the dissection, 

New Strategy for Reconstruction of Biliary Injuries 273 

and to provide access for postoperative cholangi- 
ography, rather than to maintain the patency of the 
anastomoses. 

It is our practice to wait 3 months from the time of 
the injury or the last attempt at repair before per- 
forming our repair. This allows time for the inflam- 
mation to subside and for ischemic injury, if present, 
to proceed to a final level of injury in the biliary tree. 
We have no evidence that it is necessary to wait this 
long. Our decision to wait this long is based on the 
observation that at least in some patients operative 
conditions continue to improve after severe inflam- 
mation for as long as 3 months. These operations, es- 
pecially those involving type E4 injuries, may be chal- 
lenging technically and we have sought to have every 
available advantage when performing them. We do 
not wait this long to repair simpler injuries, particu- 
larly if the injury is an occlusive injury without exten- 
sive right upper quadrant inflammation. 

Anatomic variability in the biliary tree is extremely 
common and some unusual variants were seen in our 
patients. One patient had two “left hepatic ducts,” 
that is, the duct from segment 4 was separate from the 
duct from the left lateral section and both were in- 
jured. Various patterns of union of the right ducts 
were seen including tt-ifurcations. Therefore once the 
ducts are isolated at surgery, the actual repair (i.e., the 
“fine tuning”) must be individualized-but the prin- 
ciples are identical in all repairs-all injured ducts 
must be discovered, the anastomoses must be per- 
formed to well-vascularized ducts, mucosa to mucosa, 
and without tension. If these goals are accomplished, 
biliary injuries, even of the most severe types, can usu- 
ally be repaired with only a small incidence of recur- 
rent stricture. 
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Dr. MJ? Galley (Worcester, Mass.). You 
briefly the interval between injury and presentation 

elaborate on some of the you 
make as to the timing of the operation? sometimes 
wait for a period of time with the external drains in place, 
and how do you make that 

Dr. S. Str-asberg. Patients with very high injuries usu- 
ally have bilomas and are almost always very sick. This 
differs from patients who have type El, E2, even E3 in- 
juries, particularly 

contrast, the patients in our re- 
port usually have a great deal of bile in the right upper 

or their injuries are complicated, 

addition, many of these injuries 
are accompanied by an injury to a vascular structure, 

following 
laparoscopic cholecystectomy. We want the ischemic pro- 
cess to progress to a final level so that there is no ongoing 
duct ischemia at the time of repair. 

Dr. L.W Traverse Wash.). Most of your pa- 
tients within days after the injury, and I am won- 
dering if you can give us some based on your ex- 

as to when an anastomosis to a right 
duct should not be done, but rather the duct should be li- 
gated allowing that portion of the liver to atrophy if no in- 
fection is present. 

Dr. Strasberg. 
extensive vascular injury and the right 

side of the liver must be However, is 
rarely needed. We have always an anastomosis 

because all of these injuries have involved ducts 
the entire right side of the liver or ducts the 
entire anterior or sections of the liver. I think it is 
probably safe to ligate ducts that are a segment 
or less than a segment of liver, and probably it is the safer 
thing to do if a duct is narrow, rather than per- 
forming an anastomosis that will be However, a 
clipped aberrant duct may become symptomatic IS years 
after it is clipped. 

Dr. EG. Moody Tex.). Tell us a little more 
about this of dropping down the left Couinaud ap- 
proach and then going to get the right duct. Is it 
Is it bloody? 

Dr. Strasberg. 
parenchyma is encountered. 

controlled with packing for 5 minutes or use of 
the argon beam coagulator. As the dissection continued, 
by placing a right angle in the hepatic parenchyma 

yourself, you will the liver cap- 
sule, and you continue to do that as you go over to the right 
and then you will find the cystic or gallbladder plate and di- 
vide it. As soon as this is done, the liver can be raised up off 
the right bile ducts. 

Dr. Moody. I did not pick up on the details of your anas- 
tomosis. Do you it down? 

DK Stnzsberg. standard. We use 
fine absorbable 

posterior row in the bile duct and in 
the intestine. posterior row of sutures is tied, the 
anterior row on the jejunum is completed. 



Toxicity and Effects of Adjuvant Therapy in Colon 
Cancer: Results of the German Prospective, 
Controlled Randomized Multicenter Trial FOGT- 1 

Ludger Staib, M.D., Karl Heinz Link, M.D., Hans Giinther Beger, M.D., EA.C.S., 
and Members of the Forschungsgmppe Onkologie Gastrointestinaler Tumoren (FOGT) 

In this adjuvant three-arm multicenter trial, we studied whether modulating the standard S-fluorouracil 

(S-FU) treatment with either folinic acid (FA) or interferon-alpha-2a (IFN-a) was superior to the rec- 
ommended standard of adjuvant treatment in RO resected colon cancer, 5-FU plus levamisole (LEV) for 
12 months, in terms of toxicity and outcome. From July 1992 to October 1999, a total of 8 13 patients with 
resected colon cancer in stage II (T4NOMO; n = 63) or stage III (TxNl-3MO; n = 750) were randomized 
into three treatment groups and stratified according to N stage and participating centers (64 hospitals). 
The patients received a postoperative loading dose of S-FU (450 mg/mZ on days 1 to 5 [arms A and C]) 
or S-FU (450 mg/m*) plus FA (Rescuvolin, Medac, Hamburg, Germany, 200 mg/m* on days 1 to 5 [arm 
BJ). After completion of the first chemotherapy cycle, LEV was administered orally at a dosage of 1.50 mg 
per day on days 1 to 3, once every 2 weeks. After a 4-week chemotherapy-free interval, the treatment was 
continued weekly for 52 weeks. Treatment in one arm A (“standard”) (n = 279) consisted of 
5-FU intravenously (450 mg/m2 on day 1, once a week) plus LEV S-FU plus LEV was modulated in 
arm B (n = 283) with FA (200 mg/m2 on day 1, once a week) and in arm C (n = 25 1) with IFN-(u at 6 mil- 
lion units three times a week repeated weekly. Treatment dosages were adjusted if toxic events above 
WHO grade 2 occurred. Patients were closely followed to determine recurrence and survival; the latter 
was calculated according to Kaplan-Meier analysis. Toxic events above WHO grade 2, mainly leukope- 
nia, diarrhea, and nausea, occurred in 113 (14%) of 649 patients who had completed treatment in arms 
A (8.4%), B (13.5%), and C (3 1.7%). Discontinuance rates were as follows: 28% for all patients, 29% in 
arm A, 2 1% in arm B, and 34% in arm C. Overall relapse rates were 2 7% for all patients, 30% in arm A, 
24% in arm B, and 28% in arm C. Relapses were local (8%) distant (78%), or combined (12%). Four- 
year overall survival rates in arms A, B, and C were 66.1%, 77.5%, and 66.2%, respectively. The 4-year 
survival rate in arm B was significantly higher compared to arm A (P ~0.02, log-rank test) with arm A be- 
ing equal to arm C. Adjuvant therapy with S-FU plus FA plus LEV for 12 months is superior to the rec- 
ommended standard (S-FU + LEV for 12 months). IFN-cx modulation of S-FU (plus LEV) adds to the 
toxicity with no therapeutic benefit. (J GASTROINTEST SURC, 2001;5:275-281.) 

KEY WORDS: Adjuvant chemoimmunotherapy, colon cancer, FOGT-1 trial, toxicity, effectiveness 

Adjuvant chemoimmunotberapy with S-fluorotn-acil 
(5-FU) and levamisole (LEV) for 12 months has been 

the standard treatment for stage III colon cancer since 
it was recommended by the National Institutes of 
Health consensus conference in 1990. This was based 
on studies suggesting a 10% to 1.5% survival benefit 
in comparison to surgical control groups.2,3 From pal- 
liative phase II/III trials it became apparent that dou- 
ble modulation with either folinic acid (FA) or inter- 

feron-alpha (IFN-a) was superior to S-FU treatment 
in terms of response and progression-free survival.4 It 
was not known at that time whether the same findings 
were applicable to the adjuvant situation. The ratio- 
nale for combining FA with .5-FU is an increased 

S-FU cytotoxicity mediated by stabilization of the 
ternary complex between S-deoxyuridine monophos- 
phate and thymidylate syntbase.s,6 IFN-(w has an un- 
specific immunostimulatory effect on the host, an an- 
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tiangiogenic effect on the tumor, and interferes with 
5-FU metabolism.‘-9 

The hypothesis of this multicenter trial, FOGT- 1, 
which was initiated by the German “Forschungs- 
gruppe Okologie Gastrointestinaler Tumoren” 
(FOGT), was that the recommended systemic adju- 
vant treatment of colon cancer, consisting of S-FU 
and LEV, could be improved by double modulation 
of S-FU with either FA or IFN-(-w. 

PATIENTS 
Patients 

AND METHODS 

Colon cancer patients with completely resected 
(RO) tumors classified as UICC stage II (T4NOMO) 
and stage III (TxNl-3MO) were included in this 
three-arm open multicenter trial, which was con- 
ducted between July 1992 and October 1999. Distant 
metastases were excluded preoperatively by abdomi- 
nal ultrasonography, chest radiography, or computed 
tomography. Secondary cancers were excluded by 
preoperative colonoscopy, and in case of emergency 
operations (ileus, bleeding, perforation); if colon- 
oscopy was not performed preoperatively, it was done 
postoperatively within 3 months. Patients with multi- 
centric colon cancers were included if all tumors were 
completely removed and if they were staged accord- 
ing to the most advanced tumor. Colon cancers were 
defined as adenocarcinomas located between the ce- 
cum and a distance zz 15 cm above the anal verge (or 
above the peritoneal reflection). Surgery was per- 
formed according to published guidelines of the 
German Surgical Societylo and included removal of 
the tumor and drainage of lymphatic tissue up to the 
vessels supplying the particular colon segment. If tu- 
mors infiltrated adjacent organs, multivisceral resec- 
tions were performed. Patients undergoing laparo- 
scopic resection were not included. The histopatho- 
logic reports adhered to the guidelines of the German 
Cancer Society” with more than 10 lymph nodes be- 
ing examined. 

Treatment Protocols 

Patients were randomized postoperatively after in- 
formed consent was obtained, and with full knowledge 
of the histopathologic report, by the central study of- 
fice in Ulm, Germany. Patients were divided into the 
three treatment arms and stratified according to N stage 
(NO vs. Nl vs. N2) and participating centers (64 hospi- 
tals). The systemic standard treatment (arm A; S-FU + 
LEV) consisted of S-FU plus levamisole (Ergamisol, 
Janssen, Neuss, Germany). In the experimental arms, 
5-FU was double modulated with Rescuvolin (Medac, 
Hamburg, Germany) in arm B (S-FU + LEV + FA) or 

with Roferon (Roche, Grenzach-Wyhlen, Germany) in 
arm C (S-FU + LEV + IFN-o_). 

Within 14 days after resection, a S-day loading 
course of chemotherapy was begun. Patients in arms 
A and C received 5-FU, 450 mg/mz intravenously on 
days I to 5; patients in arm B received, in addition, 
200 mg/m2 of FA, which was given intravenously over 
a 1 O-minute period, followed immediately by a 1 - to 
2-hour infusion of S-FU. The 5-FU infusion protocol 
was based on in vitro studies,‘? and the 5-FU plus FA 
protocol was identical to the original protocol of Ma- 
chover et a1.13 

Four weeks after completion of the loading course, 
once-a-week chemotherapy was continued for up to 
52 weeks. At this time, patients in arm C were started 
on interferon treatment, which consisted of 6 X 10” 
IU of IFN-c~ injected subcutaneously three times a 
week by the patient. All patients received oral LEV, 
3 X 50 mg daily on three subsequent days every 
2 weeks, starting with the initial chemotherapy loading 
course (i.e., days 1 to 3, days 14 to 16, etc.). Toxicity 
grades of WHO 1 and 2 were tolerated. Higher tox- 
icity grades (WHO grades 3 or 4) led to drug-specific 
dosage reductions (first IFN-o, then LEV, then 
S-FU). All toxic events of WHO grade 3 or higher 
were recorded, WHO grade 4 was reported to the 
German Federal Office of Drug Safety (Bundesmin- 
isterium fur Arzneimittel und Medizinprodukte). The 
rationale for the FOGT protocol was outlined in de- 
tail in a recent review, l4 and the protocol has been ap- 
proved by the Ethics Review Boards of the Univer- 
sity of Ulm and other participating centers. 

Toxicity status and outcome were evaluated and 
discussed at study meetings every 6 months with rep- 
resentatives of the participating hospitals. The data as 
of October 1999, when recruitment was completed, 
are reported herein. 

Follow-Up 

Patients were enrolled in an intensive carefully out- 
lined follow-up program, which included a graduated 
series of annual visits (3 visits during years 1 and 2, 
2 visits during years 3, 4, and 5, and annual visits un- 
til year 10) with tests for occult fecal blood and carci- 
noembryonic antigen (CEA). Chest radiography, ab- 
dominal ultrasonography, and colonoscopy were per- 
formed annually up to 5 years. The follow-up results 
presented here were obtained up to October 1999. 

Statistical Analysis 

Overall survival time was calculated according to 
the Kaplan-Meier method.15 An adaptive interim 
analysis’” was started after randomization of 756 pa- 
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tients to determine toxicity in arm C. This analysis 
revealed a toxicity that was higher in arm C compared 
to arms A and B. Therefore recruitment for arm C was 
stopped as of February 1999. Comparison of the re- 
maining arms, A and B, for the primary outcome vari- 
able (overall survival) demonstrated the superiority 
of arm B at the 5% significance level with a P value 
of 0.0218. 

RESULTS 

Sixty-four participating hospitals have randomized 
922 patients since July 1992 at a constant or even in- 
creasing recruitment rate. Among these 9.22 patients, 
there were a total of 109 dropout cases (11.8%): 22 in 
arm A, 35 in arm B, and 52 in arm C. Reasons for 
dropping out included patient’s request (n = 44), mis- 
takes in randomization (n = 32), treatment delays due 
to postoperative complications (n = 1 l), protocol vi- 

olations (n = 1 l), and withdrawal of hospital partici- 
pation (n = 11). A total of 8 13 patients were evalu- 
ated according to “intention to treat” (Table I). The 
patients were balanced within the arms in terms of 
age, sex, and tumor stage; 750 (92%) of 813 patients 
were lymph node positive. 

Toxic events greater than WHO 2 (Table II) oc- 
curred 186 times in 649 patients (28.6%); in arms A 
(11.9%) and B (19.4%) these occurred less often than 
in arm C (57.9%) (see “Statistical analysis”). These 
toxic events concerned 113 (14%) of 649 patients: 19 
patients (8.4%) in arm A, 30 patients (13 5%) in arm 
B, and 14 patients (31.7%) in arm C. The leading 
toxic events in arm C were leukopenia (10.3 %), nau- 
sea (6.9%), and diarrhea (6.4%). There was one toxic 
death (arm A, pneumonia after grade IV leukopenia). 

Reasons for withdrawal from the study are listed in 
Table III. The overall rate of withdrawal was 28%, 
with withdrawal rates of 29%) 2 1%) and 34%) in arms 

Table I. Recruitment of colon cancer patients in the FOGT-1 study (July 1992 to October 1999) 

htmA Al-ItlB Anne Total 

UICC stage II (T4NOMO) 19 22 22 63 
UICC stage III (TxNI-3MO) 260 261 229 750 

TCYTAL 279 283 251 813 

Table II. Toxic events (>WHO grade 2) in colon cancer patients treated with adjuvant chemoimmunotherapy in 
the FOGT- 1 study* 

Total 
Toxic even& (n =AL?6) (n =B221) (n =c20*) (n = 649) 

Leukocytes 
Thrombocytes 
Hemoglobin 
Fever 

Nausea 
Allergic reaction 
Constipation 
Diarrhea 
Cutaneous 

Neurologic 
Pain 
Renal 
Cardiac 
Infection 
Various 
Undetermined 

TOTAL 

1 
- 
- 

2 
2 

- 

- 
- 

1 
11 
“i’i 

3 
2 

- 
- 

5 
1 

- 

8 
- 

3 
3 

- 

I 
- 

3 
14 
43 

21 
2 

2 
7 

14 
- 

1 

13 
5 
1 

7 
1 
1 

- 

10 
32 

i-i? 

2s 
4 
2 
9 

21 
1 
1 

24 
6 

6 
13 

I 
2 

- 

14 
57 

186 

No. of patients affected 19 30 64 113 

*All patients (n = 813) were evaluable according to “intention to treat” analysis, and 649 patients have completed their treatment (date of analy- 
sis, October 1, 1999). 

tMultiple toxicities per patient are also listed. 
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T a b l e  III. Withdrawal from the FOGT-1 study over a 52-week period (n = 813 patients, intention 
to treat analysis) 

A B C Total 
Reason for withdrawal (n : 279) (n = 283) (n = 251) (n = 813) 

Patient's request 29 32 33 94 
Toxicity 6 5 20 31 
Progression 38 21 29 88 
Secondary cancer 4 1 3" 8 
Death I 1 0 2 
Varioust I - -  1 2 
Undetermined 1 z ~ 1 

TOTAL 80 60 86 226 

*One patient had secondary tumor plus metastases. 
treasons included apoplectic insult (A) and pancreatitis (C). 

T a b l e  IV.. Local and distant recurrence among patients in the FOGT-1 study (n = 223 patients with recurrence 
of  813 total, intention to treat analysis) 

A B C Total 
Site of recurrence (n = 279) (n = 283) (n = 251) (n = 813) 

Local 6 6 6 18 
Distant,* of these: 63 56 56 175 

Liver 41 34 38 113 
Lungs l 5 6 8 29 
Bone - -  - -  2 2 
Peritoneum 11 12 14 37 
Various 16 17 10 43 

Both 14 7 9 30 
TOTAL 83 69 71 223 

*Multiple sites per patient are also listed. 

Table  V. Overall survival after 4 years for patients in the FOGT-1 study (n = 813 patients, intention to treat analysis) 

A B C Total 
(n ~- 279) (n = 283) (n = 251) (n = 813) 

4-year overall survival (%) 66.1 77.5* 66.2 70.1 

*P = 0.0218 vs. A; C is equal to A. 

A, B, and C, respectively. Patient's request  (11.6%), 
disease progression (10.8%), and intolerable toxicity 
(3.8%) were the main reasons for withdrawal.  Sev- 
enty- two percent  of  all patients received the sched- 
uled 12 months  of  t rea tment  (71%, 78%, and 66% in 
arms A, B, and C, respectively). An additional 14% of  
all pat ients  received at least 6 mon ths  or  more  of  
t reatment  (12%, 11%, and 19% in arms A, B, and C, 
respectively). 

Tum or  recurrence was observed in 223 (27.4%) o f  
813 patients (Table IV): recurrence rates were 2 9.7 %, 
24.4%, and 28.3%, respectively, in arms A, B, and C. 
Recurrence was ei ther  local (8%), distant (78%), or 
combined (12%). Liver metastases (51%), peritoneal 

carcinosis (16%), and lung metastases (13 %) were the 
main recurrence sites. 

Overall survival after 4 years in arms A, B, and C 
was 66.1%, 77.5 %, and 66.2 %, respectively (Table V). 
T h e  4-year  survival rate in arm B was significantly 
higher  than that in arm A (see "Statistical analysis"), 
with arm A being equal to arm C. 

D I S C U S S I O N  

Surgeons influence prognosis in colorectal cancer 
no t  only by their  identification of  correct  indications 
for surgery and their  surgical technique but  also by 
the i r  r e c o m m e n d a t i o n  for  pos topera t ive  adjuvant  



Vol. 5, 3 
2001 Effects of Adjuvant Therapy in Colon Cancer 279 

therapy without treatment delay. In this multicenter 
phase III trial, the “Forschungsgruppe Onkologie 
Gastrointestinaler Tumoren (FOGT)” compared the 
recommended standard of S-FU plus LEV (arm A) 
with two experimental arms, in which S-FU double 
modulation was used (i.e., 5-FU + LEV + FA in arm 
B and S-FU + LEV + IFN-a in arm C) in patients 
with curatively resected colon cancer. The rationale 
for this trial has been extensively discussed else- 
where.“’ Briefly, the standard treatment (arm A) was 
chosen and administered according to the Intergroup 
protocol that had proved the efficacy of S-FU plus 
LEV in adjuvant therapy after resection of stage III 
colon cancer,3J7 Stage II patients (T4NOMO) were in- 
cluded in our study because their risk of recurrence is 
comparable to that of stage III patients and there is 
an absolute gain in survival of 7% to 8% with adju- 
vant treatment.1s-21 

Although both treatment arms B and C have been 
studied in other large-scale adjuvant treatment trials,14 
the comparison of the three treatment modalities re- 
mains original and scientifically founded. Up to now, 
one patient has died of treatment toxicity, due to 
pneumonia after grade IV leukopenia, as mentioned 
earlier. No multifocal leukoencephalopathy has been 
documented. Analysis of toxicity in arms A, B, and C 
of our study revealed that toxic events above WHO 
grade 2 occurred in 14% of 649 patients evaluated. 
The adjuvant treatment was discontinued in 15.4% of 
the evaluated patients either because of toxicity 
(3.8%) or at the patient’s request (11.6%). These data 
compare well with the experience of the Intergroup 
trial, since 30% of the colon cancer patients in that 
trial, who were receiving S-FU plus LEV as adjuvant 
treatment, permanently discontinued treatment.3 In 
patients receiving 5-FU plus FA as adjuvant therapy, 
the compliance rate was 80% .22,23 

As expected from palliative trials, toxicity in arm 
C was higher than that in arms B and A-with the 
leading symptoms being “leukopenia,” “nausea,” and 
“diarrhea,” although the doses of IFN-a and 5-FU 
were lower than in palliative protocols, such as that of 
Wadler et al.,*+ and strict prescriptions for dosage re- 
ductions in cases of toxicity above WHO grade 2 
were built into the protocol. 

Despite a positive report from Frasci et al.25 in a 
nonrandomized study of 106 patients with stage III 
colorectal cancer, which showed a significant differ- 
ence in S-year survival between patients treated with 
5-FU plus IFN-CY vs. those treated with 5-FU alone 
(64% vs. 46%), our results have not confirmed these 
findings. In this trial, toxicity of 5-FU plus IFN-a 
consisted mainly of fever, arthralgia, anorexia, and 
nausea, with neurologic symptoms occurring more of- 
ten after IFN-(-w treatment. In the FOGT-1 study, 

neurologic symptoms such as persistent neurotoxic- 
ity26 were not observed any more often in the IFN-(r 
arm. Meanwhile the National Surgical Adjuvant 
Breast and Bowel Project has finished a randomized 
trial (NSABP-COS) of 2 176 patients with stage II or 
stage III colon cancer, similar to our study design, 
comparing 5-FU plus LEV vs. 5-FU plus LEV plus 
IFN-a.*’ In this trial IFN-cx treatment showed no 
benefit with equal 4-year survival (80% vs. 81%) and 
recurrence rates (30% vs. 3 1%). In addition, in a sub- 
set of 23 patients, we were unable to show any immu- 
nologic advantage of IFN-a during 1 year of immune 
monitoring using flow cytometry analysis, cytotoxic- 
ity and stimulation assays, and skin tests for recall 
antigens. Although in arm B, at the end of the S-day 
loading course, lysis of allogeneic colon cancer target 
cells was maximal and natural killer cells increased 
during the adjuvant treatment, these changes were 
not observed in arm C.28 The inferiority of IFN-a in 
terms of survival, toxicity, and immune response 
seems to be even more remarkable if the total treat- 
ment costs are analyzed. These costs were $2500 
for arm A, $3500 for arm B, and $11,000 for arm C. 
Thus from an economic point of view, arm C treat- 
ment does not seem to be justified. Arm B treatment 
for 1 year, in contrast, is somewhat more expensive 
than the recommended standard treatment or passive 
immunotherapy treatment ($3000 for five infusions) 
with a monoclonal antibody (Panorex, Edrecolomab, 
Centocor, Leiden, Holland) that, after initial enthusi- 
asm,29,30 has recently been withdrawn from the 
market, because the interim analysis in one of two 
large randomized trials (protocols 15 7-002 and 15 7- 
001) in colon cancer did not show any benefit of the 
antibody treatment compared to standard adjuvant 
chemotherapy.” 

Important questions in adjuvant treatment of colon 
cancer are currently addressed by large-scale random- 
ized trials and concern the length of treatment (6 to 8 
months vs. 12 months), the FA dose (high vs. low), and 
the role of LEV in FA-modulated 5-FU proto- 
cols.20~22~32-37 Unfortunately, 80% of all patients given 
adjuvant treatment have shown no direct benefit of 
this therapy, either because they would not have de- 
veloped a recurrence anyway, even without therapy 
(overtreatment problem) or they have a recurrence in 
spite of therapy (response problem), although in the 
latter group the recurrence might have been delayed. 
Therefore an important goal for the future remains 
the determination of selection criteria for demonstrat- 
ing a response to adjuvant therapy, for example, tests 
for thymidylate synthase,38-40 preoperative CEA,41 or 
cytokines in bone marrow or blood.q2,43 

In conclusion, the recommended standard adjuvant 
treatment of 5-FU plus LEV for 1 year can be im- 
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proved, as shown by the 10% gain in overall survival, 
by adding FA to the treatment protocol, which can be 
done with acceptable toxicity and cost. INF-OL, in con- 
trast, increases costs and toxicity significantly without 
achieving any therapeutic benefit. 
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Endoscopic Transanal Resection Provides Palliation 
Equivalent to Transabdominal Resection in Patients 
With Metastatic Rectal Cancer 

Herbert Chen, M.D., Bruce D. George, ER.C.S., Howard S. Kaufian, M.D., EA.C.S., 
Mohammad B. Malaki, NeilJ. McC. Mortemen, ER.C.S., Michael G. W KettLewell, ER.C.S. 

Patients with metastatic rectal cancer precluding curative low anterior resection (LAR) or ab- 
dominoperineal resection (APR) can require palliation for impending obstruction. LAR or APR is fre- 
quently not optimal because of the associated operative morbidity. Lesser procedures such as diverting 
colostomy require patients to live with a permanent stoma. Endoscopic transanal resection (ETAR) has 
been used for excision of rectal lesions. To determine whether ETAR provides palliation equivalent to 
LAR or APR, we reviewed the outcomes of 49 patients with rectal adenocarcinoma and unresectable 
liver metastases who required palliative intervention between January 1989 and July 1996. Of these 49 pa- 
tients, 24 underwent ETAR; the intraluminal tumor was resected using the urologic resectoscope to 
achieve a hemostatic, patent lumen. The outcomes of these patients were compared to those of the other 
25 patients who had palliative LAR, APR, or a Hartmann procedure during the same period. The median 
distance of the tumors from the anal verge was similar (5 cm; range 1 to 15 cm). ETAR patients had a 
higher percentage of poorly differentiated tumors (35% vs. 6%, P = 0.034) and higher preoperative al- 
kaline phosphatase values (478 -C 75 mg/dl vs. 23 1 k 24 mg/dl; P <0.015), suggesting more aggressive 
disease and greater hepatic tumor burden, respectively. Despite these differences, overall survival and 
time spent outside the hospital were similar in the two groups. The median number of debulking proce- 
dures required in the 24 ETAR patients was two (range 1 to 17). Resections in the 2 5 LAR/APR patients 
included LAR in 20, APR in two, and Hartmann procedures in three. There was a trend toward more 
stomas in the LAR/APR group (28% vs. 17%). More important, morbidity was significantly higher in the 
LAIUApR patients (24% vs. 4%; P = 0.049). In conclusion, ETAR is a safe alternative for the palliation 
of incurable rectal tumors. Compared to transabdominal resection, ETAR provides equivalent palliation 
as measured by survival and proportion of the patient’s life spent outside the hospital, with a lower stoma 
rate and significantly less morbidity. Therefore, in select patients with metastatic rectal cancer, ETAR is 
an important palliative option. (J GASTROINTEST SURG 2001;5:282-286.) 

KEY WORDS: Rectal cancer, endoscopy, palliation, colon resection 

Operative resection by low anterior resection 

(LAR) or abdominoperineal resection (APR) remains 
the standard for curative treatment of rectal adeno- 
carcinoma. Unfortunately, some patients present with 

widely metastatic disease precluding curative resec- 
tion. Such patients with stage IV disease often have 
symptoms such as rectal bleeding or impending ob- 
struction that necessitate palliation. Palliative LAR or 
APR is frequently not optimal because of the associ- 

ated operative morbidity, especially in elderly pa- 
tients.’ Other surgical options include diverting 

colostomy, which requires patients to live with a per- 
manent stoma for their limited life expectancy, and 
U-ansanal resection for smaller primary lesions. 

Endoscopic transanal resection (ETAR) using the 
urologic resectoscope has been described for the man- 
agement of select benign and malignant lesions of the 
rectum.*m9 During this minimally invasive procedure, 
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intraluminal tumor is resected under direct vision by 
a surgeon using electrocautery to achieve a hemo- 
static, patent rectal lumen. To determine whether 
ETAR provides palliation equivalent to that of LAR 
or APR, we reviewed the outcomes of 49 patients re- 
quiring palliation of rectal cancer. 

MATE= AND METHODS 

From January 1989 to July 1996, 49 consecutive 
patients with rectal adenocarcinoma and unresectable 
liver metastases presented to the colorectal unit at 
The John Radcliffe Hospital. All required palliative 
operative intervention for their primary lesions. Indi- 
cations for surgery were obstruction, bleeding, and 
tenesmus. Patients with rectal pain were excluded be- 
cause pain due to sacral infiltration was usually treated 
with radiation therapy. Inpatient and outpatient med- 
ical records were retrospectively reviewed. Data were 
also obtained from the hospital patient administration 
computer system and/or by contact with the patient’s 
general practitioner. Survival information was ob- 
tained from these sources as well as from the Registrar 
of Deaths. 

The technique of surgical palliation was deter- 
mined by the surgeon. Of these 49 patients, 24 un- 
derwent ETAR by means of a 36 F modified urologic 
resectoscope with continuous glycine solution irriga- 
tion as previously described.z,9 Briefly, the operations 
were performed under general or spinal anesthesia. 
The resectoscope was inserted through the anus. Af- 
ter filling of the rectum with 1.5% glycine irrigation 
at low pressure, resection was performed with a cut- 
ting loop. In stenosing tumors, it was usually possible 
to identify the site of the lumen by the presence of 
liquid stool. Occasionally, a soft guidewire was re- 
quired. Resection usually started at the lower edge of 
the tumor working cephalad and laterally. Through- 
out the procedure, the effluent irrigating fluid con- 
taining tumor fragments was funneled into a urologic 
collecting tray and sent for pathologic evaluation. Pal- 

Table I. Patient and tumor data 
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liative LAR, APR, or a Hartmann procedure was per- 
formed in the other 2.5 patients. The outcomes of the 
two groups were then compared. Measured end points 
included operative morbidity, survival, and percent- 
age of remaining lifetime spent out of the hospital. 

Statistical analysis was performed with SPSS soft- 
ware (SPSS Inc.) Analysis of variance and chi-square 
test were used where appropriate. Survival data were 
analyzed by the Kaplan-Meier method with log-rank 
test. Statistical significance was defined as P ~0.05. 

RESULTS 
Patient Data 

The mean age of all 49 patients was 69 +- 2 years 
and 75 % were male. There was no difference in mean 
age and sex distribution between ETAR and LAR/ 
APR patients (Table I). However, there was a signifi- 
cant difference in preoperative alkaline phosphatase 
values between the two groups. Whereas LAR/APR 
patients had a mean alkaline phosphatase value of 2 3 1 

+ 24 mg/dl, ETAR patients had a mean value of 478 
-t 75 mg/dl (P = 0.015). Alkaline phosphatase has 
been shown to be the most accurate parameter for 
predicting survival in patients with unresectable liver 
metastases from colorectal cancer and neuroen- 
docrine tumors, and may reflect hepatic tumor bur- 
den.1°-12 Both groups had rectal tumors at similar dis- 
tances from the anal verge (median 5 cm in both pa- 
tient populations). However, ETAR patients had a 
higher percentage of poorly differentiated tumors 
(35% vs. 6%; P = 0.034). 

Operations 

Of the 24 patients undergoing ETAR, most re- 
quired palliative intervention multiple times during 
their limited life span. The mean number of ETARs 
performed in these patients was 2.9 ? 0.7. The me- 
dian number of ETARs performed per patient was 
two (range 1 to 17). Among the 25 LAlUAPR pa- 

ETAR WAPR P value 

No. of patients 24 25 - 

Age (mean ? SEM) 69 t 2 yr 68 2 2 yr NS 
% Male 76% 75% NS 
Preoperative alkaline phosphatase 478 f 75 mg/dl 231 ? 24 mg/dl 0.015 

(mean 2 SEM) 
Tumor distance from anal verge (median) 5 cm 5 cm NS 
Poorly differentiated tumor 35% 6% 0.034 

ETAR = endoscopic transanal resection; LAR = low anterior resection; APR = abdominoperineal resection; SEM = standard error of the mean; 
NS = not significant. 
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Table II. Patient outcomes 

ETAR WAPR P value 

No. of patients 
Mortality (30-day) 
Morbidity 

Perforation 

Anastomotic leak 
Myocardial infarction 

Pneumonia 
Small bowel obstruction 

Stomas/diversion necessary 
Mean time as hospital inpatient 
Percentage of remaining lifetime spent 

outside of the hospital (days) 

24 2s 
4% 0% 
4% 24% 
1% 0% 

N/A 12% 
0% 4% 

0% 4% 

0% 4% 

17% 28% 

30 2 6 days 37 2 6 days 
85% 81% 

- 

NS 
0.049 

NS 

NS 
NS 

ETAR = endoscopic transanal resection; LAR = low anterior resection; APR = abdominoperineal resection; NS = not significant; N/A = not 

applicable. 

tients, 20 (80%) underwent LAR, two (8%) under- 

went APR, and three (12 %) had a Hartmann proce- 
dure. Two patients who initially underwent LAR re- 
quired subsequent fecal diversion for anastomotic 
leaks, and another patient in this group underwent 
a second operation for a postoperative small bowel 
obstruction. 

Mortality and Morbidity 

Thirty-day mortality consisted of one patient in 
the ETAR group who died in hospice care. Morbid- 
ity was significantly lower in the ETAR group when 
compared to the LAR/APR group (4% vs. 24%; P = 
0.049) (Table II). In the ETAR group, one patient 
had an intra-abdominal perforation that required op- 
erative fecal diversion. Among the LAR/APR pa- 
tients, three had anastomotic leaks. Two of these 
three patients required operative diversion for treat- 
ment. Other complications in the LAR/APR group 
included myocardial infarction in one patient, pneu- 
monia in one patient, and small bowel obstruction 
requiring laparotomy and lysis of adhesions in one 
patient. 

Outcomes 

Three variables were measured to roughly deter- 
mine quality of life: number of patients requiring 
stomas, number of days spent as an inpatient (for sur- 
gery, chemotherapy, radiation, and/or physical ther- 
apy), and the percentage of the patient’s remaining life 
spent outside of the hospital (see Table II). Four pa- 
tients (17 %) in the ETAR group required a stoma at 
some point in their management. In the LAIUAPR 

TIME FROM SURGERY(MONTHS) 

Fig. 1. Survival of patients with metastatic rectal adenocarci- 
noma after palliation with endoscopic transanal resection 
@TAR) versus low anterior resection (LAR), abdominoperineal 

resection (APR), or Hartmann procedure. 

group, seven patients (28%) required stomas: five as 
part of the initial procedure (APR or Hartmann) and 
two for treatment of postoperative anastomotic leaks. 
There was no statistical difference in stoma rates. Pa- 
tients in the ETAR group spent a mean number of 30 
2 6 days as inpatients compared to 37 -+ 6 days for 
the LAR/APR patients (P = NS). Patients in both 
groups spent similar percentages of their remaining 
life outside of the hospital (ET&R 85% vs. LAIUAPR 
81%; P = NS). 

Survival 

Survival was analyzed by the Kaplan-Meier method 
(Fig. 1). ETAR patients had median and mean sur- 
vivals of 6 and 15 months, respectively, whereas 
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LAR/APR patients had median and mean survivals of 
14 and 19 months, respectively. There were no statis- 
tical differences in overall survival between the ETAR 
and LAR/APR groups. 

DISCUSSION 

ETAR is a viable option for treatment of many rec- 
tal lesions. In this report we have shown that ETAR 
provides equivalent palliation for patients with symp- 
tomatic rectal adenocarcinoma and unresectable liver 
metastases compared to LAR, APR, or Hartmann 
procedure. ETAR was also associated with a lower 
morbidity rate and a trend toward less frequent need 
for fecal diversion. ETAR has many advantages over 
traditional transabdominal resection. ETAR is mini- 
mally invasive and ideal for elderly patients who are 
high risk for aggressive surgery.’ It can be performed 
without general anesthesia. Furthermore, ETAR 
avoids the need for a colostomy, which can be bur- 
densome in patients with a limited life expectancy. 

The use of ETAR for rectal lesions was first de- 
scribed in 1979.13 We have previously reported our 
experience with 120 patients who underwent 232 
ETARs for rectal cancer.9 The complication rate was 
19%, including bleeding (n = 17), pelvic sepsis (n = 
7), stricture (n = S), rectovaginal fistula (n = 4), and 
perforation (n = 1). The S-year survival in this group 
was 13.7 % , Others have also reported successful ex- 
periences with ETAR for rectal tumors with low com- 
plication rates. 3-7 In fact, ETAR has recently been 
used to treat postoperative colorectal strictures fol- 
lowing LAR with stapled anastomoses.* 

The role of local palliative procedures, such as 
ETAR, in patients with incurable rectal carcinoma has 
been debated. Initial studies indicated that resecting 
the primary tumor could prolong the survival of pa- 
tients with unresectable liver metastases.14 However, 
more recent data, summarized by Baigrie and Berry,15 
suggest that resection of the primary tumor offers lit- 
tle or no survival advantage in patients with liver 
metastases. Therefore, in such patients with incurable 
disease, palliation of the symptoms from the primary 
lesion is the goal. 

There are no studies prospectively comparing 
treatment options for patients with symptomatic rec- 
tal cancers and liver metastases. Options other than 
ETAR include open resection, radiation therapy, di- 
verting colostomy, and minimally invasive techniques 
such as laser treatment and colonic stents. Some ret- 
rospective studies suggest that ETAR may be more 
effective with regard to palliation when compared to 
open resection and radiotherapy.3-7 Laser treatment 
and colonic stents have recently been more com- 

monly employed as palliative interventions, and have 
yet to be compared to ETAR.16J7 Tack et a1.16 recently 
reported on 10 patients with advanced rectal cancer 
who had a combination of laser treaanent and place- 
ment of a self-expanding nitinol stent. Although stent 
placement was successful in nine patients, one de- 
ployment was complicated by a sigmoid perforation, 
requiring surgery. Others have reported problems 
with early stent occlusion and stent migration.‘*,19 
Furthermore, stents can be quite costly, especially if 
multiple deployments are needed. 

Although our data suggest that ETAR provides 
equivalent palliation to transabdominal resection, this 
study does have flaws. Most transabdominal resec- 
tions were performed by one surgeon and most 
ETARs by another. Thus surgeon bias played a strong 
role in patient selection. Furthermore, this was not a 
randomized trial. Patients who were thought to be 
less “fit” were not considered candidates for transab- 
dominal resection. Furthermore, patients who had 
more aggressive disease, as manifested by higher al- 
kaline phosphatase levels indicating greater hepatic 
tumor burden and by more poorly differentiated tu- 
mors, frequently were only offered ETARs. Despite 
these differences, ETAR patients had less morbidity 
and had almost equivalent survival. 

We do not recommend ETAR for all rectal tumors 
with unresectable liver metastases. Our impression 
is that ETAR palliates symptoms of obstruction, 
tenesmus, and bleeding well. Radiation therapy is 
used principally for patients with sacral pain. Asymp- 
tomatic patients with rectal tumors and extensive 
liver metastases would not be treated by ETAR at our 
institution. In our current practice, all patients are as- 
sessed preoperatively by CT of the abdomen and 
pelvis, and by endorectal ultrasound. For partially 
obstructing rectal tumors, the decision to use open 
resection or ETAR depends on the overall condition 
of the patient and the location of the tumor. A 
stenosing upper rectal cancer in a patient with low- 
volume liver disease would probably be treated by 
LAR. A low, fixed rectal tumor would probably be 
treated by ETAR. Based on the results of this study, 
all surgeons in our department have now adopted this 
practice pattern. 

CONCLUSION 

We have shown in this study that ETAR is a safe, 
viable alternative for the palliation of incurable rectal 
tumors. Compared to transabdominal resection, ETAR 
provides equivalent palliation as measured by survival 
and the proportion of the patient’s life spent outside the 
hospital, with a possibly lower overall stoma rate and 
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significantly less morbidity. Therefore, in select pa- 
tients with incurable stage IV rectal cancer, ETAR is 
an important option for surgical palliation. 
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Repeat Hepatic Cryotherapy for Metastatic 
Colorectal Cancer 

Mathew H. Chung, 111. D., Wei Ye, M.S., Kenneth l? Ramming, M.D., 
Anton J. Bdcbik, M.D., Ph.D. 

This study evaluated the risks and benefits of repeat hepatic cryotherapy for recurrent, unresectable hepatic 

metastases from colorectal carcinoma. Review of a prospective database identified 195 patients who un- 
derwent hepatic cryotherapy for metastatic colorectal carcinoma during a 7-year period. Of the 14 pa- 
tients who underwent successful repeat cryotherapy for recurrences confined to the liver, 86% had Duke’s 
stage D colorectal carcinoma at initial diagnosis. The median age of the 14 patients was 58 years (range 41 
to 77 years). The median number of hepatic metastases was three at the first cryotherapy and two at the 
second cryotherapy. At a median follow-up of 7 1 months, the mean survival times from original diagno- 
sis, first cryotherapy, and second cryotherapy were 5 3,42, and 19 months, respectively. At the most recent 
follow-up, eight patients (57%) have died of their disease, four (29%) are alive with disease, and two (14%) 
have no evidence of disease. The mean interval between the first and second cryotherapies was 23 months. 

The complication rates after the first and second cryotherapies were 7% and 14%, respectively. One pa- 
tient developed a wound dehiscence after the first cryotherapy. Following the second cryotherapy, one pa- 
tient had a small bowel obstruction and another had a pleural effusion. There was no perioperative mor- 
tality. Repeat cryotherapy for recurrent, unresectable hepadc metastases from colorectal cancer is safe and 
improves survival. However, a prospective trial is needed to validate the efficacy of systemic therapy and 
to better define the indications for repeat hepatic cryotherapy. (J GASTR~INTEST SURG 2001;5:287-293.) 

KEY WORDS: Cryotherapy, hepatic metastasis, colorectal cancer, recurrence 

The resection of isolated liver metastases from co- 
lorectal cancer is potentially curative with a S-year 
survival of 16% to 45 % .I However, the prognosis for 
those patients with unresectable hepatic metastases 
is dismal with a median survival ranging from 5 to 14 
months; S-year survivors are rare.2 Therefore many 
novel approaches have been developed to treat pa- 
tients with unresectable colorectal liver metastases. 
Cryosurgical ablation of liver metastases can prolong 
survival in carefully selected patients.3,4 Unfortu- 
nately, between 60% and 90% of patients undergoing 
liver resection or hepatic cryosurgery will have recur- 
rent disease. In a small group of these patients, recur- 
rence is confined to the liver.s,6 

Repeat hepatic resection is safe and associated 
with improved disease-free and overall survival in pa- 

tients whose recurrences are limited to the liver.1,2,s,7-9 
However, the role of repeat hepatic cryotherapy for 
colorectal metastases is unclear and controversial.1° 
There is only one published report of repeat cryo- 
therapy for recurrent metastases from colorectal can- 
cer.” In the present study we analyzed our hepatic 
database to determine the morbidity and outcome of 
repeat hepatic cryotherapy in patients with meta- 
static colorectal carcinoma. In addition, we identified 
the prognostic impact of variables that might be used 
to select candidates for repeat hepatic cryotherapy. 

PATIENTS AND METHODS 

We reviewed our computerized database of pa- 
tients treated at the John Wayne Cancer Institute and 
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Century City Cancer Center to identify all those un- 

dergoing hepatic cryotherapy for unresectable metas- 
tases from colorectal carcinoma between August 1992 

and August 1999. Of 195 patients undergoing hepatic 
cryosurgery during this 7-year period, 20 were con- 

sidered for repeat cryotherapy of presumably isolated 
liver recurrences. All of these patients underwent an 

extensive preoperative workup that included clinical 
examination, serum laboratory tests, chest radiogra- 

phy, and computed tomography (CT) of the ab- 
domen/pelvis with 5 to 7 mm cuts through the liver. 
Positron emission tomography (PET) was used if the 
results of other imaging studies were suspicious but 
not definitive. Patients were candidates for repeat 

cryotherapy if the liver metastases were unresectable 
based on their location or distribution, and if com- 

plete destruction of all visible lesions seemed feasible. 
Excluded were patients with diffuse infiltrative disease 
or large bilobar lesions (~50% of liver volume), in 

whom complete ablation of hepatic lesions might in- 
duce hepatic failure. The number of hepatic lesions 
was not an exclusion criterion. 

At the time of operation, thorough exploration was 
performed with the aid of intraoperative ultrasound 

to exclude extrahepatic disease and confirm hepatic 
metastasis. This exploration revealed extensive hepatic 
disease and/or extrahepatic disease in six patients, who 
therefore did not undergo repeat cryotherapy. The re- 

maining 14 patients had isolated but unresectable liver 
metastasis and underwent repeat cryotherapy. 

Cryotherapy was performed with an AccuProbe 
system (Cryomedical Sciences Inc., Rockville, Md.), 

which delivers liquid nitrogen to a triple-lumen insu- 
lated trocar-tipped probe that is placed in the lesion 
either by palpation or under ultrasound guidance. 
Freezing was achieved at a temperature of - 190” C 

and maintained until the entire tumor and at least 
a 1 cm rim of normal liver tissue was frozen. Iceball 
formation was monitored with intraoperative ultra- 

sound. Multiple probes were used to cryoablate large 
(25 cm) tumors and/or to ablate multiple lesions si- 
multaneously. Partial double freeze/thaw cycles were 
used for large tumors and those tumors close to major 
vasculature. 

Intraoperative events (operating time, estimated 
blood loss), perioperative complications, and hospital 
stay were recorded. Patients were followed up every 
3 to 6 months with serial clinical examinations, labo- 
ratory assessments, chest radiography, and CT scans 
of the abdomen/pelvis with fine cuts through the liver. 
Follow-up was stopped only if the patient died. 

Review of the hepatic database was supplemented 
as necessary by review of hospital charts, office charts, 
and patient interviews. Data for demographics, clini- 

cal course, pathology, surgical and adjuvant therapy, 
and outcome were recorded. Survival was calculated 
according to the methods of Kaplan and Meier. The 
log-rank test was used to compare differences in 
survival distributions among subsets of patients. A 

P value of co.05 was considered significant. 

RESULTS 

Seven men and seven women underwent repeat 
cryotherapy for hepatic metastases from colorectal 
carcinoma. Their median age was 58 years (range 41 
to 77 years). Median follow-up was 49 months (range 

2 1 to 95 months) from resection of the primary tumor, 
41 months (range 15 to 82 months) from the first cryo- 
therapy, and 18 months (range 8 to 42 months) from 
the second cryotherapy. 

Of the 14 primary lesions, five were in the right 
colon, four were in the left colon, and five were in the 
rectum. Twelve patients (86%) had synchronous liver 
metastases at presentation. The median number of 
initial hepatic lesions was three (range 2 to 6). The 

mean size of the largest hepatic lesion in each patient 
was 5 cm (range 2 to 12 cm). Initial hepatic metastases 
were in the right lobe in six cases, central in five cases, 
and bilobar in three cases. 

The median disease-free interval before the recur- 
rence of hepatic metastases was 18 months. The mean 
interval between the first and second cryosurgeries 

was 23 months. Of the 14 patients, 12 (86%) had he- 
patic recurrence at a site of previous cryosurgery. The 
median number of recurrent hepatic lesions in each 
patient was 2.3 (range 1 to 6). The mean size of the 
largest hepatic recurrence in each patient was 5.9 cm 
(range 3 to 12 cm). 

Nine patients underwent other surgeries for re- 
currences both in the liver and elsewhere (Table I). 
Three patients had a third hepatic cryosurgery, three 
patients had pulmonary metastasectomy, two patients 

had resection of abdominal wall recurrences, and one 
patient had a retroperitoneal metastasectomy. In ad- 
dition, nine patients underwent placement of a he- 
patic artery infusion pump during or after the first 
cryotherapy. All patients received adjuvant systemic 

chemotherapy. 
Operating time, blood loss, and duration of hospi- 

tal stay were similar after initial and repeat cryother- 
apies (Table II). The median hospital stay was 8 days 
following the repeat hepatic cryotherapy. Complica- 
tions requiring intervention were not common after 
either surgery. One patient (7.1%) had wound dehis- 
cence and an ischemic colon following the first cryo- 
therapy. After repeat cryotherapy, one patient had a 
small bowel obstruction and another had sympto- 
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Fig. 1. Disease-free interval (DFI) after first and second hepatic cryosurgeries (P = 0.15). 

Table I. Data on 14 patients undergoing second hepatic cryotherapy 

First myosurgery Second cryosurgery 

Age/ Duke’s Size No. of DFI Size No. of DFI Adjuvant Additional Status/follow-up 
sex stage (cm) lesions (mo) (4 lesions ho) therapy surgery ho) 

75/F D 8 2 30 5 2 23 S/H 3rd cryotberapy AWD/83 

66/M D 6 2 8 4 6 3 S/H DOD/49 

59/F D 4 6 18 3 3 12 S/H DOD/45 

56/M D 5 4 23 6 2 40 S Lung DOD/68 

67/F D 5 4 12 8 4 3 S 3rd cryotberapy DOD/2 1 

77/F C 12 1 13 10 1 28 S/H AWD/S7 

57/F D 3 4 25 3 2 13 S/H 3rd cryotberapy NED/S 7 
54/M D 9 2 9 8 2 10 S Abdomen DOD/24 

74/M D 4 2 20 10 1 3 S/H DOD/29 

71/M D 3 2 15 3 2 4 S Abdomen DOD/23 

49/F C 2 2 15 6 1 16 S/H Lung AWD/47 

42/M D 5 3 23 6 1 5 S/H AWD/3 7 

43/F D 2 4 12 4.5 4 10 S/H Lung AWD/30 

52/M D 2 3 54 4 1 13 S Retroperitoneal NED/46 

DFI = disease-free interval; S = systemic chemotherapy; H = hepatic regional chemotherapy; NED = no evidence of disease; AWD = alive with 

disease; DOD = died of disease. 

matic pleural effusion requiring thoracentesis. There 
was no in-hospital or 30-day mortality. 

At a median follow-up of 2 1 months after repeat 
hepatic cryotherapy, eight patients have died of 
their disease, four are alive with disease, and two are 
free of disease after repeated resection/cryotherapy 
(see Table I). The median overall survival times fol- 
lowing resection of the primary, initial hepatic cryo- 
therapy, and repeat hepatic cryotherapy were 5 3,42, 

and 19 months, respectively. The median disease- 
free intervals following resection of the primary, ini- 
tial hepatic cryotherapy, and repeat hepatic cryo- 
therapy were 0, 18 months, and 12 months, respec- 
tively. Disease-free intervals following the first and 
subsequent hepatic cryotherapies are shown in Fig. 
1. Comparison of disease-free survival and overall 
survival after repeat hepatic cryotherapy is shown 
in Fig. 2. 
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Fig. 2. Disease-free and overall survival following repeat hepatic cryotherapy (P ~0.05). 

Table II. Intraoperative events and perioperative course 

First cryotherapy Second cryotherapy 

Operative time (min) 241 f 63 282 -c 54 
Blood loss (ml) 823 ? 310 758 ? 245 
Length of stay (days) 7-t3 823 
Complications requiring intervention 1(7.1%) 2 (14.3%) 
Deaths 0 0 

Table III. Predictors of outcome for repeat hepatic cryotherapy 

Parameter 

Age 
Sex 
Duke’s stage 
Size of largest lesion* 
No. of lesions* 
Biiobar involvement* 
Regional chemotherapy 
Disease-free interval after first 

cryotherapy 

Value 

>55 yr vs. 555 yr 
M/F 

Dvs. C 
>5 cm vs. 55 cm 

24 vs. <4 
Yes/No 
Yes/No 

212 mo vs. <12 mo 

Disease-free interval Overall sutival after 
after second cryotherapy second cryotherapy 

0.4016 0.5714 
0.1183 0.5679 
0.4954 0.8019 
0.4627 0.7033 
0.0270t 0.0962 

0.2578 0.2729 
0.7875 0.1367 
0.1528 0.0673 

*Tumor characteristics at first cryotherapy. 
tP ~0.05 (log-rank test). 

Parameters analyzed as potential predictors of out- terval after the first cryotherapy. These were evalu- 
come included demographics (age, sex), Duke’s stage ated by univariate analysis using the log-rank test. 
of disease at original presentation, characteristics of Only the number of lesions at first hepatic cryother- 
the first liver metastases (size, number of lesions, apy predicted disease-free interval following the sec- 
unilobar vs. bilobar disease), regional chemotherapy ond cryotherapy (P ~0.05). None of the parameters 
via hepatic artery infusion pump, and disease-free in- predicted overall survival (Table III). 
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DISCUSSION 

An estimated 130,200 new cases of colorectal cancer 
will be diagnosed in the United States this year.‘* Of all 
patients who are resected for cure, between one third 
and one half will have a recurrence. Nearly 70% of 
these patients will have liver involvement and will ulti- 
mately die of their disease. 9J3 Surgical resection repre- 
sents the only chance for cure in those patients with iso- 
lated hepatic metastases and/or recurrences.2~5J4J5 Op- 
erative morbidity and mortality in tertiary centers are 
acceptable and S-year survival ranges from 2 5 % to 40% 
for those undergoing complete resection.16 Unfortu- 
nately most patients undergoing curative resection will 
have a recurrence.1,2,5-9,13-15 

Repeat hepatic resection of isolated liver recur- 
rence is safe and effective,1,2,7-9,13,14 but the role of re- 
peat cryotherapy for unresectable hepatic recurrence 
is less certain. The small series reported by Seifert and 
Morris’ 1 in Australia showed that repeat cryotherapy 
can be performed safely with minimal morbidity and 
no mortality. In their study, blood transfusion re- 
quirements and postoperative hospital stay were al- 
most identical to those associated with a first hepatic 
cryotherapy. Our data confirm that a second hepatic 
cryotherapy can be performed safely; operating time, 
intraoperative blood loss, and duration of hospital stay 
were similar after the first and second hepatic 
cryotherapies (see Table II), and complications re- 
quiring intervention were uncommon. One patient 
had wound dehiscence and an ischemic transverse 
colon after the first cryotherapy, probably resulting 
from poor technique at operation. In this case the ab- 
domen was explored, colon resection and diversion 
were performed, and the patient was ultimately dis- 
charged home without further sequelae. Another pa- 
tient developed a small bowel obstruction after repeat 
hepatic cryotherapy; this required exploration and ly- 
sis of adhesions. The third had a symptomatic right 
pleural effusion after repeat cryotherapy, which re- 
quired thoracentesis. Our complication rate of 14% 
after repeat cryotherapy compares well with the 24% 
morbidity reported by Seifert and Morris,l 1 and with 
the 15% to 50% rate of complications following re- 
peat resection. 

The principles that apply to second-time hepatic 
cryotherapy are the same as those used to select the 
first-time candidates: all known disease must be ab- 
latable (with a 1 cm margin if possible), tumor should 
occupy less than half of hepatic volume, and the pa- 
tient should have adequate hepatic functional reserve, 
no evidence of extrahepatic disease, and no serious 
medical comorbidity. Seifert and Morris’l excluded 
patients with more than three hepatic metastases, 
whereas we did not exclude any patients based solely 

on the number of metastases. In our study the median 
number of tumors at the time of second cryotherapy 
was 2.3 (range 1 to 12). 

Our aggressive approach to recurrent unresectable 
hepatic metastases may be justified by the absence of 
effective alternatives. Patients with untreated liver 
recurrence after liver resection have a median survival 
of only 4 months,2 and most published reports of 
chemotherapy for liver metastases report a subopti- 
ma1 response (less than 30%) and a short duration of 
response (less than 6 months).17Js The median sur- 
vival in our study was 19 months after repeat hepatic 
cryotherapy and 42 months after the first cryotherapy. 
Mean actuarial survival from the time of original di- 
agnosis was 53 months. This is comparable to the 
58.7 months reported by Fong et al.* for patients un- 
dergoing repeat hepatic resection. In the cryosurgical 
series reported by Seifert and Morris,’ 1 mean disease- 
free survival and overall survival times following the 
second cryotherapy were 13 months and 2 8 months, 
respectively; corresponding survivals in our study 
were 12 and 19 months at a median follow-up of 2 1 
months (see Fig. 2). 

After completing data analysis for our study group 
of 14 patients, we compared their overall survival with 
that of the remaining 181 patients from the parent 
group. Fig. 3 shows the significant difference in sur- 
vival following one cryotherapy versus repeat cryo- 
therapy. Although we cannot rule out the possibility 
that patients who qualified for a second cryotherapy 
had a more favorable tumor biology, the comparison 
still suggests that repeat hepatic cryotherapy in a sub- 
set of patients with isolated liver recurrence can im- 
prove survival. However, it is not curative; all 14 pa- 
tients in our series developed a recurrence after the 
second cryotherapy and nine required additional sur- 
gery. Two patients are presently free of disease, but 
only after multiple interventions (see Table I). We 
emphasize that ours was an aggressive approach; of 
the 14 patients, three underwent a third hepatic cryo- 
therapy, three underwent pulmonary metastasectomy, 
two had abdominal wall resection, and one had 
retroperitoneal metastasectomy. Of interest, the last 
patient (see Table I, bottom row) was found to have 
an elevated serum level of carcinoembryonic antigen 
(CEA) during f o 11 ow-up. CT scans of the chest/ah- 
domen/pelvis and colonoscopy did not reveal any ev- 
idence of recurrence. Whole body PET scan, how- 
ever, demonstrated activity in the left upper quadrant. 
Surgical exploration revealed a periaortic retroperi- 
toneal lymphadenopathy, which was resected. Patho- 
logic examination of the specimen confirmed metas- 
tasis. Postoperatively the patient’s CEA level returned 
to normal. 
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Fig. 3. Overall survival (from time of original diagnosis) of patients undergoing one versus two hepatic 
cryosurgeries (P = 0.0001). 

Our data indicate a shorter disease-free interval 
following repeat hepatic cryotherapy (see Table II). 
The fact that 43% of our patients are alive at a me- 
dian follow-up of 21 months from the last cryother- 
apy is largely due to close follow-up and aggressive 
surgical treatment of recurrences. A more effective 
systemic therapy might increase this percentage. 
Although nine of our patients underwent placement 
of a hepatic artery infusion pump, regional chemo- 
therapy with floxuridine did not prolong the disease- 
free interval or improve overall survival following the 
second cryotherapy. In the literature, regional chemo- 
therapy reportedly decreases the rate of local re- 
currence without affecting distant metastasis or sur- 
vival. 19-* l All of our patients received aggressive adju- 
vant systemic chemotherapy-usually a 5-fluoro- 
uracil-based chemotherapy after resection of the pri- 
mary tumor and irinotecan (Camptosar) at first re- 
currence. At the second recurrence, several patients 
received oxaliplatin. Regional/systemic chemotherapy 
did not appear to affect disease-free survival or over- 
all survival in our study. The role of adjuvant therapy 
following hepatic resection or cryoablation should be 
investigated in a prospective trial. 

Several series have examined potential parameters 
for selecting patients to undergo a second hepatic re- 
section and/or cryoablation. 1,*,6,11,13,16,22 CEA levels, 

size of the tumor, number of lesions, bilobar involve- 
ment, and disease-free interval following the first he- 
patic surgery have not consistently been important in 
predicting outcome. We evaluated age, sex, stage of 

disease at presentation, tumor characteristics at first 
cryotherapy (size, number of lesions, bilobar involve- 
ment), regional chemotherapy via hepatic artery in- 
fusion pump, and disease-free interval after the first 
cryotherapy. Only the number of hepatic tumors 
present at the first cryotherapy was statistically signif- 
icant in predicting the disease-free interval following 
the second cryotherapy. None of the parameters pre- 
dicted overall survival following the second cryother- 
apy. CEA levels were not analyzed in our study be- 
cause data for pre- and postoperative levels were avail- 
able for only three patients. 

With the recent advent of radiofrequency ablation 
(RFA) techniques for hepatic tumors, the role of 
cryosurgery is in question. Multiple studies have 
shown that RFA is effective and safe for the ablation 
of unresectable hepatic tumors.Z3-2s RFA seems to be 
safer and less expensive than cryosurgery and can be 
performed via different approaches (percutaneous, 
laparoscopic, or at celiotomy).26 Indeed, several pa- 
tients in our series could have undergone percuta- 
neous RFA of their liver recurrences. However, RFA 
is associated with longer ablation times and higher 
rates of local recurrence when it is used for larger tu- 
mors (>3 cm).*’ Additionally, multiple tumors cannot 
be ablated simultaneously with RFA technology. 
Therefore multiple and/or large tumors may be better 
ablated with cryosurgery. We have incorporated all 
three techniques (resection, RFA, and cryosurgery) in 
a management algorithm for patients with unre- 
sectable hepatic tumors. 
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CONCLUSION 

This study is limited by its retrospective nature 
and by its small, highly select patient population. Even 
so, it offers strong evidence that repeat hepatic cryo- 
therapy for isolated liver recurrence can be performed 
safely with minimal morbidity and no mortality. This 
aggressive approach appears to improve survival when 
compared to observation or medical therapy. Addi- 
tionally, our survival data are comparable to survival 
rates associated with repeat hepatic resection. How- 
ever, we caution that repeat hepatic cryotherapy is 
not curative; all of our patients developed a recurrence 
and/or progression after the second cryotherapy. 
Moreover, our study failed to identify reliable criteria 
for patient selection. A multicenter prospective trial 
comparing repeat cryotherapy/resection plus adjuvant 
systemic therapy with systemic therapy alone is nec- 
essary to determine the true efficacy of an aggressive 
approach for patients with recurrent hepatic metas- 
tases from colorectal carcinoma. 
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Selective Internal Radiation Therapy With 
9oYttrium Microspheres for Extensive 
Colorectal Liver Metastases 

Richard S. Stubbs, M.D., ER.C.S. (Engj, lZR.A.C.S., RebeccaJ. Cannan, M.Sc., 
Alex W Mitchell, Ph.D. 

Increasing attention has been given to treatments for colorectal liver metastases ever since hepatic re- 
section was established as being worthwhile. Given the high proportion of patients who die of colorec- 

tal cancer with liver-only disease, it seems appropriate to be developing and investigating methods of lo- 
cal liver tumor ablation. Selective internal radiation therapy (SIRT) 1s a relatively new, not widely used, 
modality suitable for use even in patients with extensive liver involvement. Fifty patients with advanced, 
nonresectable, colorectal liver metastases were treated with SIRT between February 1997 and June 1999. 
Estimated liver involvement was less than 25% in 30 patients, 25% to 50% in 13, and greater than 50% 
in seven. A single dose of between 2.0 and 3.0 GBq of 90yttrium microspheres was injected into the 
hepatic artery via a subcutaneous port and followed at 4-week intervals by regional chemotherapy with 
S-fluorouracil. SIRT was well tolerated with no treatment-related mortality, although some treatment- 
related morbidity did occur including a 12% incidence of duodenal ulceration. Responses to SIRT were 
assessed by serial carcinoembryonic antigen (CEA) measurements and CT scans. Median CEA values 
1 and 2 months after SIRT (expressed as percentage of initial CEA) were 19 and 13, respectively. Pa- 
tients were assigned to one of two groups based on whether or not extrahepatic disease (EHD) developed 
within 6 months of SIRT Median survival from SIRT for group 1 (EHD) (n = 26) was 6.9 months (range 
1.3 to 18.8 months) and estimated survival t standard error at 6, 12, and 18 months was 57.7 ? 3.8%, 
23.1 ? 4.8%, and 0%, respectively. For group 2 (no EHD) (n = 24), median survival was 17.5 months 
(range 1.0 to 30.3 months) with estimated survival at 6, 12, 18, 24, and 30 months of 79.2 ? 2.9%, 66.7 
2 3.6%, 55.9 2 3.3%, 25.2 2 4.4%, and 16.8 + S.O%, respectively. This difference is statistically sig- 
nificant by log-rank test (P <O.OlO). SIRT is a highly effective and well-tolerated regional treatment for 
extensive colorectal liver metastases. Tumor marker data suggest that substantial destruction of liver tu- 
mors can be achieved in more than 90% of patients by a single treatment. Survival times, particularly for 
those who do not develop extrahepatic metastases for some time, appear to be extended. SIRT warrants 
further use and investigation in patients with advanced colorectal liver metastases. (J GASTROIIXXST 

SURC, 2001;5:294-302.) 

I&Y WORDS: Colorectal cancer, liver metastases, SIRT 

The development of metastatic tumors within the 

liver occurs in some 50% of patients with colorectal 
carcinoma and is the major cause of death in those 
with this disease. Unlike what has been noted in pa- 
tients with most other cancers, in patients with co- 
lorectal cancer the liver is frequently the only site of 
metastatic disease at the time of death.’ In untreated 
patients, median survival from the time of diagnosis 
is on the order of 7.5 months with approximately 30% 
of patients surviving 1 year.* 

Few meaningful treatment options seem to be 
available for such patients. Hepatic resection is possi- 
ble in up to 15% of cases and may be curative with re- 
ported .5-year survival rates of 20% to 50%. However, 
the majority of patients are not suitable for hepatic re- 
section because of the size, number, and location of 
their lesions, or the presence of extrahepatic disease. 
A number of palliative treatments have gained atten- 
tion in recent years, and evidence is accumulating to 
suggest that these may extend life. Such treatments 
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include focally destructive modalities such as cryo- 
therapy,3-5 radiofrequency ablation6 and laser abla- 
tion.7 However, these too are only applicable to a sub- 
group of those with colorectal liver metastases with a 
small number of relatively small lesions. At the time 
of recognition, most patients unfortunately have ex- 
tensive liver disease, either with a large number of le- 
sions or a smaller number of large lesions. For such 
patients, even when the disease is confined to the 
liver, as is often the case, reliance must be placed on 
regional or systemic chemotherapy. Although the for- 
mer is associated with significantly better response 
rates, these are still only on the order of 30% to 60% 
and any survival advantage is modest8 

Selective internal radiation therapy (SIRT) is a rel- 
atively new modality that may be valuable in this large 
group of patients. Whereas external-beam irradiation 
has found little place in the management of liver tu- 
mors because of the particularly radiosensitive nature 
of normal liver tissue, which limits total dosage to 30 
to 35 GY,~-‘~ SIRT is a technique that allows high av- 
erage doses of radiation (200 to 300 Gy) to be given to 
liver tumors with minimal serious effect on the non- 
tumorous liver. The treatment entails delivery of usu- 
ally a single dose of 9ayttrium microspheres into the 
hepatic artery, which by virtue of the almost exclusive 
arterial supply to liver tumors compared with the pre- 
dominant portal supply to normal liver, results in se- 
lective tumor uptake and irradiation. High rates of re- 
sponse from SIRT have been reported for hepatocel- 
lular cancer and colorectal liver metastases.12-14 

This modality has been under investigation at The 
Wakefield Gastroenterology Centre since February 
1997 in the management of a number of types of non- 
resectable liver tumors including extensive colorectal 
metastases. In this latter context SIRT has been fol- 
lowed with ongoing hepatic arterial chemotherapy with 
.5-fluorouracil (S-FU). The purpose of this paper is to 
report our current experience with SIRT in the man- 
agement of patients with extensive colorectal liver 
metastases with the intention of increasing awareness of 
the modality and encouraging its further investigation. 

METHODOLOGY 

Fifty patients (19 women and 3 1 men) with exten- 
sive colorectal liver metastases, who were not consid- 
ered suitable candidates for either resection or 
cryotherapy, were treated with SIRT between Febru- 
ary 1997 and June 1999 at The Wakefield Gastroen- 
terology Centre. The treatment protocol was re- 
viewed and approved by the Wellington Ethics Com- 
mittee. Patients were assessed prior to treatment with 
CT scans of the abdomen (and pelvis if appropriate), 
chest x-ray examination, and standard blood tests in- 

Fig. 1. Placement of hepatic artery Port-a-Cath via the gas- 

troduodenal artery. 

eluding carcinoembryonic antigen (CEA). Although 
CT scans of the chest and bone scans were not rou- 
tinely performed, they were done in many patients. 
The presence of extrahepatic disease was regarded as 
a relative contraindication to this treatment approach. 
However, in the presence of major liver disease and 
only minor intra-abdominal lymphadenopathy and 
occasionally minor or questionable lung metastases, 
SIRT was still considered justifiable. Life expectancy 
of less than 6 weeks was considered a contraindica- 
tion. Only those judged fit for major abdominal sur- 
gery were considered for this treatment. 

Laparotomy was performed for placement of a he- 
patic artery catheter (Port-a-Cath, Pharmacia, St. Paul, 
Minn.) via the gastroduodenal artery in 44 patients, 
using a technique we have described elsewherei (Fig. 
1). Briefly, cholecystectomy was carried out and par- 
ticular care was taken to ligate all small vessels passing 
from the hepatic artery to the pancreas, stomach, 
and duodenum. Isolation of the vascular supply to the 
liver was confirmed intraoperatively by injection of 
3 to 5 ml of methylene blue through the port. This 
technique permitted ready recognition of a dual or 
even triple arterial supply to the liver and when such 
was demonstrated, the aberrant/anomalous arteries 
were ligated. In 43 patients SIRT was subsequently 
given by administration of 90yttrium resin micro- 
spheres (SIR-spheres @, Paragon Medical Ltd., Perth, 
Australia) into the hepatic artery via the port and was 
followed by hepatic artery chemotherapy (HAC) with 
5-FU. In the remaining seven patients, SIR-spheres@ 
were administered through a hepatic artery catheter 
placed beyond the gastroduodenal artery, via the 
femoral artery using a Seldinger technique, and sub- 
sequent HAC was not given. 
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SIRT was administered as a single treatment, un- 

der Hypnovel (Roche Products New Zealand Ltd., 
Aukland, New Zealand) and narcotic sedation, gen- 
erally within 10 days of port placement. In those pa- 
tients who received subsequent HAC, this was com- 
menced around the time of the SIRT, such that syn- 

chronous S-FU was received for at least 2 days after 
the SIRT. The dose of SIR-spheres@ was titrated to 
the estimated extent of the disease (~25% liver re- 

placement, 2 GBq; 25% to 50% liver replacement, 
2.5 GBq; >50% liver replacement, 3 GBq) and was 

given over a lo-minute period, a few minutes after ad- 
ministration of SO pg angiotensin II (Hypertensin, 
Novartis New Zealand Ltd., Aukland, New Zealand), 
into the hepatic artery. The SIR-spheres@ were given 

using a special Perspex delivery apparatus, supplied by 
Paragon Medical Ltd. This permitted administration 
by pulsing of the SIR-spheres@, interspersed by flush- 
ing with sterile water. 

Before the SIR-spheres@ were given, two special 
precautions were taken. First, a “leach” test was per- 
formed in our laboratory, to confirm the stability of 
the SIR-spheres @, thereby ensuring that free 90yt- 

trium would not pass into the general circulation. 
Second, gamma scintigraphy was performed after 120 
MBq of 99m technetium-labeled macroaggregated al- 
bumin (99mTc-MAA; Amersham Pulmonate II, U.K., 
particle size 10 to 60 km, average 3 5 km) was admin- 
istered into the hepatic artery either via the port or 

the percutaneous arterial catheter, an hour or so be- 
fore the planned delivery of the SIR-spheres@. Be- 
cause the particle size of the 99mT&MAA is similar to 

that of the SIR-spheres@ (29 to 3 5 km), this scan pro- 
vides an indication of the distribution of the SIR- 
spheres@ that will be achieved and allows quantitation 
of any liver/lung shunt. In the event this exceeds 13 %, 
it is unwise to proceed with SIRT because of the risk 
of subsequent radiation pneumonitis. Is 

In the 43 patients who received HAC, this was 
given continuously over 4 days with 1.0 g S-FU per 
day, every 4 weeks. A portable, disposable balloon 

pump (Singleday Infusor PC1 07 1, Baxter Healthcare 
S.A., Swinford, Ireland) was utilized and patients 

were maintained as outpatients for this procedure 
while being encouraged to pursue normal activities. 
The exception to this was during the initial cycle, 
which was given in the hospital around the time of 
the SIRT. 

Patients were seen at 4-week intervals for repeat 
cycles of HAC and/or review, at which time routine 
blood tests including complete blood count, liver 
function tests, and CEA were done. Chest x-ray ex- 
amination and CT scan of the liver were done every 
3 months during follow-up. Tumor response was as- 
sessed both by changes in CEA and by CT scan- 

ning. CT changes within the liver were defined as 
follows: 

Tumor response = definite reduction in size of in- 
dex lesions; no enlarging or new lesions 

Stable disease = no definite increase or decrease in 
lesion size; no new lesions 

Progressive disease = definite increase in size of in- 

dex lesions or appearance of new lesions 

Changes in CEA were expressed as a percentage of 
the pre-SIRT value. Median values are quoted be- 
cause the data are not normally distributed. Estimated 
survival was calculated by the Kaplan-Meier method, 
and statistical analysis was performed using the log- 
rank test. P ~0.05 was taken to indicate statistical 
significance. 

RESULTS 

The 50 patients included 3 1 men and 19 women 
whose median age was 61.4 years (range 33 to 76 

years). Estimated liver involvement was less than 2 5 % 
in 30 patients, between 25 and 50% in 13, and more 
than 50% in seven. Most patients were asymptomatic 

or only minimally symptomatic prior to treatment as 
shown by the Karnofsky scores in Table I. Only eight 

patients had definite evidence of extrahepatic meta- 
static disease at the time of SIRT, but this was gener- 
ally relatively minor and not life-threatening as indi- 

cated in Table II. In 33 patients the liver metastases 
were present at the time of surgery for the primary 
site, and in 17 patients the metastases became evident 

at a subsequent time. 
No deaths or life-threatening morbidity resulted 

from the surgery to place the hepatic artery Port-a- 
Cath or the hepatic artery catheter. Abdominal and 
thoracic scanning with a gamma camera following in- 
jection of 99mTc-MAA into the hepatic artery revealed 
a median liver/lung shunt of 0.2 5 % (range 0 to 9.3 %) 
and confirmed the approximate anticipated distribu- 
tion of the SIR-spheres@ to be administered. In 3 of 
the 50 patients the 99mTc-MAA scan revealed prob- 
lems that required further surgery before SIRT could 
be safely and effectively given. In one patient the scan 
showed the port was accessing only the left liver, in 

another the catheter had become dislodged from the 
gastroduodenal artery, and in the third significant per- 
fusion of the pancreas and duodenum was demon- 
strated. All three patients underwent additional sur- 
gery to correct the problem before receiving treat- 
ment. SIRT was administered a median of 3.2 months 
(range 0.5 to 7 1.6 months) after the diagnosis of liver 
metastases. 

In two patients blockage of the port catheter oc- 
curred during administration of the SIR-spheres@ and 
led to catheter “blowout” when forceful flushing was 
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undertaken. In the first patient the port was aban- 
doned and SIRT was given by femoral artery catheter, 
and in the second urgent laparotomy was performed, 
the port was replaced, and SIRT was administered 
immediately thereafter. 

Table I. Karnofsky scores of 50 patients at beginning 
of treatment 

Score (%) n 

100 27 
90 10 
80 6 
70 3 
60 2 
50 2 

Table II. Sites and extent of extrahepatic disease 
prior to SIRT 

Patient Site and extent 

1 Several lung lesions less than 1 .O cm; 6 cm right 
adrenal lesion 

2 Solitary 1.5 cm lung lesion-excised prior to SIRT 
3 Several small porta hepatis nodes less than 1 cm 
4 Several small porta hepatis nodes less than 2 cm 
5 2 cm recurrence in abdominal scar; early local 

pelvic recurrence 
6 Several small lung sites and porta hepatis nodes all 

less than 1 cm 
7 4 cm porta hepatis nodal mass-excised prior to 

SIRT 
8 Several lung sites all less than 1 cm 

Acute pain and/or nausea was experienced at the 
time of SIR-spheres @ administration in 14 patients 
(28%) but was readily manageable with narcotics and 
antiemetics. Overall the SIRT was well tolerated and 
no serious in-hospital morbidity occurred. However, 
six patients (12 %) developed an acute duodenal ulcer 
in the first 2 months after SIRT and the initial cycle of 
HAC, which may have been related to misperfusion 
of the duodenum by either SIR-spheres@ or I-WC or 
both. Two of these patients experienced acute upper 
gastrointestinal bleeding from the ulcer, one of whom 
required emergency surgery from which he recovered 
uneventfully. Patients were discharged a median of 2 
days following SIRT (range 2 to 10 days). All experi- 
enced lethargy and some had anorexia for up to 5 or 6 
weeks following the SIRT. No patient developed clin- 
ical evidence of radiation pneumonitis or hepatitis, 
and no biliary toxicity was observed as a result of the 
SIRT or ongoing HAC with 5-FU. 

Antitumor effect was assessed by both tumor 
marker (CEA) and CT responses. Tumor marker 
(CEA) responses were dramatic (Fig. 2) and were seen 
in almost all patients. Three patients had normal 
serum CEA levels prior to treatment, and these levels 
remained normal throughout follow-up. These pa- 
tients were not included in the following analysis. Af- 
ter 3 months, serum CEA levels were higher than pre- 
treatment levels in only 2 (5.9%) of 34 patients. By 
6 months, serum CEA levels were higher than pre- 
treatment levels in 5 (20.0%) of 25 patients. At 12 
months, serum CEA levels were higher than pre- 
treatment levels in 6 (3 7.5 %) of 16 patients. The me- 
dian (range) serum CEA level, as a percentage of pre- 

Time (months) post treatment 

Fig. 2. Median serum CEA level following SIRT expressed as a percentage of pretreatment CEA. 
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Fig. 3. CT changes after SIRT in two patients who responded well to treatment. A and B, Two large liver 
metastases before and 6 months after SIRT Corresponding CEA values were 23,160 ng/ml and 23 12 
ng/ml, respectively. C and D, Two metastases in another patient before and 6 months after SIRT with 
no significant change in size but a decrease in CEA from 11.1 ng/ml to 1.2 ng/ml. 

Table III. CT changes at 3 and 6 months after SIRT 

3 months 6 months 

No. of patients 

Reduction in tumor size 
Stable disease 
Increase in tumor size 

or new lesions 

44 28 

32 23 
8 4 
4 1 

treatment levels, at 3, 6, and 12 months was 15.0% 
(0.3 to 13_5.8%), 24.3% (0.5 to 296.4%), and 24.0% 
(1 .O to 3 2 8.1%), respectively. HAC seemed very ef- 
fective at maintaining the tumor marker response as 
demonstrated in Fig. 2. Significant increases in CEA 
levels were most commonly associated with and in- 
dicative of the development of extrahepatic disease 
and were uniformly seen prior to death. 

Responses as judged by CT scanning 3 and 6 after 
SIRT are shown in Table III. Although the changes 

in tumor size on CT scanning are not always as im- 
pressive as the tumor marker changes, progressive 
liver disease was seen in only 4 (9%) of 44 patients af- 
ter 3 months and in only one further patient after 6 
months. Fig. 3 demonstrates the CT changes seen in 
two patients in whom excellent tumor marker re- 
sponses were seen. Progressive disease on CT (be it 
liver or elsewhere) was never accompanied by a fall 
in CEA. 

Twenty-six patients (52 %), including the initial 
eight, already had or developed extrahepatic disease 
(EHD) within 6 months of receiving SIRT; they have 
been designated group 1. Within this group, CEA 
levels were rising significantly after 3 months in I6 of 
20 patients for whom CEA data were available. The 
remaining 24 patients (48%) still had liver-only dis- 
ease 6 months after SIRT and have been designated 
group 2. Within this group CEA was increasing sig- 
nificantly after 3 months in only 3 of 23 patients for 
whom CEA data were available. Median follow-up for 
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Fig. 4. Estimated survival (Kaplan-Meier method) for 50 patients after SIRT. The number of patients 
alive and under observation at the time of treatment and at six monthly intervals thereafter were as fol- 
lows: 50, 36,21, 12, 5, and 1. 
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Fig. 5. Estimated survival (Kaplan-Meier method) for patients after SIRT. Group 1 includes those who 
already had or developed extrahepatic disease within 6 months of SIRT, and group 2 includes those in 
whom metastatic disease remained confined to the liver 6 months after SIRT. The number of patients 
alive and under observation at the time of treatment and at six monthly intervals thereafter were as fol- 
lows: 26, 16, 5, 1, 0 for group 1 and 24, 20, 16, 11, 5, 1 for group 2. EHD = extrahepatic disease. 

all patients was 25.5 months (range 8.6 to 37.5 (Fig. 4) is 70 + 2.3% at 6 months, 45.1 + 3.0% at 12 
months). Median survival from the time of diagnosis months, 36.0 2 3.0% at 18 months, 14.7 2 3.3% at 
of liver metastases is 14.5 months (range 1.9 to 91.4 24 months, and 9.8 + 3 5% at 30 months. A compar- 
months) and from the time of treatment is 9.8 months ison of the estimated survival following treatment of 
(range 1.0 to 30.3 months). Kaplan-Meier estimated patients in groups 1 EHD and 2 (no EH) is shown in 
survival + standard error for all patients after SIRT Fig. 5. For patients in group 1 median survival from 
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diagnosis of liver metastases is 11.4 months (range 1.9 
to 2 3 .O months). Median survival after treatment is 
6.9 months (range 1.3 to 18.8 months) and the esti- 

mated survival + standard error at 6 months is 57.7 t 
3.8%, 23.1 ? 4.8% at 12 months, and 0% at 18 

months. For patients in group 2 median survival from 

diagnosis of liver metastases is 24.7 months (range 3.0 

to 91.4 months). Median survival after treatment is 
17.5 months (range 1.0 to 30.3 months), and the esti- 

mated survival 2 standard error at 6 months is 79.2 t 
2.9%, 66.7 -+ 3.6% at 12 months, 55.9 + 3.3% at 
18 months, 25.2 2 4.4% at 24 months, and 16.8 -’ 

5.0% at 30 months. These differences are statistically 

significant. 
At the time this report was being written, 37 pa- 

tients had died a median of 11.6 (range 1.9 to 91.4) 
months after diagnosis and 7.0 (range 1.0 to 27.8) 
months after SIRT. Thirty of these patients died with 

progressive extrahepatic disease (10 liver plus one 
other site, 20 liver plus two or more other sites). Only 
seven patients (19%) had liver-only disease. 

DISCUSSION 

The appearance of colorectal liver metastases has 
long been regarded as a harbinger of death, and a 
rather nihilistic approach to management has often 
been taken. However, there is increasing reason to 
suppose an aggressive approach to liver-only metas- 
tases is justifiable. Autopsy studies indicate a high pro- 

portion of those dying of colorectal cancer do so with 
liver-only disease,’ and clinical observation makes it 
clear that colorectal liver metastases progress more 

quickly than those at most other sites and in most in- 
stances will determine the prognosis. Somewhat con- 
trary to initial opinion, liver resection for resectable 
disease emerged through the 1980s and 1990s as a 

worthwhile treatment, l6 and evidence has been accu- 
mulating since the 1990s to indicate that locally abla- 

tive techniques such as cryotherapy,3-5 radiofrequency 
ablation,” and laser destruction’ may also be worth- 
while in some circumstances. However, most patients 
with colorectal liver metastases have too much disease 
for any of these techniques to be applicable. Regional 

chemotherapy has been extensively investigated and 
offers some advantages over systemic chemotherapy, 
but is still not sufficiently reliable to be of unequivo- 
cal benefit.8 

SIRT is a potential therapeutic option for such pa- 
tients. High rates of local tumor response have been 
reported’2-14 and are confirmed by the present study. 
This is not surprising in view of the very high doses of 
radiation being achieved within tumor relative to nor- 
mal liver parenchyma. Although it is not possible to 
be precise about the delivered absorbed doses because 

of the point source nature of the radiation delivered 
and the nonhomogeneous tumor and liver uptake, it 

has been calculated and reasonably validated that av- 
erage tumor doses on the order of 200 to 300 Gy are 
being achieved. ‘U This is in the face of average doses 
to unaffected liver of 15 to 50 Gy, which again be- 

cause of the nonhomogeneous uptake and delivery of 
the radiation, does not result in clinically significant 
radiation hepatitis. Conventional techniques for radi- 

ation therapy are not suitable for liver metastases be- 
cause total delivered doses in excess of only 3 0 to 3 5 
Gy lead to potentially fatal radiation hepatitis.“-” 

Selective tumor uptake is brought about by the 
particulars of tumor versus liver blood supply, where- 
by upwards of 95 % of tumor blood supply is from the 
hepatic artery, whereas only perhaps 2 5 % of normal 

liver blood supply is from the hepatic artery.‘sJ” This 
selectivity can be enhanced still further by the prior 
administration of vasoconstrictive agents such as an- 
giotensin II, which cause greater vasoconstriction of 
normal liver arterioles than tumor arterioles.?O 

Assessment of tumor response on the basis of tu- 
mor marker data indicates that even in those with ex- 
tensive liver replacement, responses occur in approx- 
imately 90% of individuals. Furthermore, if as is likely 
to be the case, there is a linear relationship between 
serum CEA levels and tumor cell mass, a single dose 
of SIRT leads on average to destruction of 85% to 
90% of hepatic tumor within 2 months. The benefit 
of this treatment seems to be well maintained by on- 

going HAC. CT assessments support this based on 
the finding that fewer than 10% of patients demon- 
strate progression of liver tumor within 3 months of 
receiving SIRT. That SIRT plus HAC can achieve 
more than HAC or indeed systemic chemotherapy 
alone has not yet been conclusively shown, but the re- 

sponse rates reported here and by others are numeri- 
cally superior to those reported for either HAC or 
systemic chemotherapy alone. Randomized trials are 
needed and will resolve this issue. The first of these 
has been completed in Perth, Australia, and is await- 
ing publication. 

Survival data are both interesting and important. 
Considering the extent of disease in those being 
treated, a median survival time of 9.8 months from 
treatment and 14.5 months from diagnosis compares 
favorably with median survival times in similar but un- 
treated patients, on the order of 7 to 10 months from 
diagnosis. 2J1,2Z What is very clear is that the principal 
determinant of survival time after SIRT plus ongoing 
HAC is the development of extrahepatic disease. In 
the 48% of treated patients who still had liver-only 
disease after 6 months, the median survival time was 
17.5 months from treatment and 24.7 months from di- 
agnosis. It is particularly important to note that only 
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19% of those dying had liver-only disease, indicating 
that further significant advances in survival time will 
come only with the introduction of a treatment capa- 
ble of controlling extrahepatic sites of disease. At the 
present time, systemic chemotherapy does not appear 
able to do this. There is some reason to be optimistic 
that new approaches to immunotherapy utilizing den- 
dritic cell vaccines may prove able to do ~0.~~ 

SIRT with SIR-spheres@ is a relatively straightfor- 
ward and safe technique, provided that careful atten- 
tion to detail is given. The SIR-spheres@ themselves 
are resin-based microspheres with a lower specific 
gravity than the glass microspheres used by some 
groups. 24,25 As a result they probably have better dis- 
tribution characteristics when injected into the he- 
patic artery and thus may be safer and more effective. 
Leaching of the 9’+ttrium from the microspheres has 
been a theoretical concern, leading to uptake in bone 
and subsequent bone marrow depression, but is not 
seen in practice, and the manufacture of SIR-spheres@ 
is now sufficiently reliable to not require on-site 
“leach testing” prior to administration. 9oYttrium is a 
particularly suitable isotope for medical use in this sit- 
uation. As a pure beta emitter it is much simpler to 
handle and use than gamma or mixed beta and gamma 
emitters such as 131iodine. In addition, its half-life of 
2.7 days and maximum penetration in soft tissue of 11 
mm both contribute to suitability for the purpose. 
The microspheres do not degrade and are of a size 
(29 to 35 km) that means they are trapped in the ar- 
teriolar capillaries. Providing there is no significant 
arteriovenous shunt through the liver or tumor, they 
will not pass into the pulmonary circulation and 
thereby make radiation pneumonitis a possibility. 
99mTc-MAA scanning prior to administration of the 
SIR-spheres@’ has been shown to be a very satisfactory 
technique for demonstrating such arteriovenous 
shunting and should always be carried out.26 In prac- 
tice the principal hazards associated with SIRT come 
from the potential for inadvertent perfusion of other 
foregut organs, particularly the duodenum, stomach, 
and pancreas. Even small quantities of microspheres 
caught in the capillary bed of the duodenal or stom- 
ach wall may lead to ulceration, bleeding, and even 
perforation. Again the 99mTc-MAA scan can alert 
the clinician to this by the demonstration of extra- 
hepatic perfusion. The technique of port placement 
is particularly important to the success of the tech- 
nique in terms of both safety and efficacy. We have 
documented this more fully elsewhere.27 SIRT is 
not thought to be working through simple devascu- 
larization as this does not occur with delivery of ap- 
proximately 20 X lo6 spheres of an average size of 29 
to 3 5 Frn. Furthermore, effective devascularization 
techniques have never been shown to produce signif- 
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icant tumor destruction because of the rapidity of 
revascularization. 

Given that SIRT appears so effective in destroying 
much of the liver tumor, it may seem tempting to uti- 
lize this therapy alone, administered via a hepatic 
artery catheter. Although this approach is currently 
taken by some groups including our own for nonre- 
sectable hepatocellular cancer,13 we doubt that it can 
be delivered quite so safely in this manner in those 
with colorectal metastases because of the desirability 
of treating both sides of the liver. The ability to ligate 
anomalous hepatic arteries and the small vessels pass- 
ing to the duodenum, stomach, and pancreas at the 
time of laparotomy and port placement does enhance 
the ability to isolate the liver prior to SIRT Further- 
more, we and others have presented evidence else- 
where that the addition of regional chemotherapy to 
hepatic cryotherapy seems to enhance the results in 
that setting,3J and it seems inherently sensible to in- 
troduce a measure such as regional chemotherapy to 
control the residual liver tumor after SIRT 

SIRT is a novel and interesting means of delivering 
high-dose radiation relatively selectively and safely to 
patients with extensive colorectal liver metastases and 
has achieved high response rates and encouraging sur- 
vival statistics. Further use and investigation of this 
approach in this group of patients who have such a 
poor prognosis seems warranted. 
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Effect of Matrix Metalloproteinase Inhibition 
on Colonic Anastomotic Healing in Rats 

Zmo Kiyama, M.D., Masahiko Onda, M.D., Akira Tokunaga, M.D., 
David 7: Efi-on, M.D., Adrian Barbul, M.D. 

Wound strength depends on the balance between collagen synthesis and degradation; however, the role 
of collagen breakdown in wound healing is still not well understood. We investigated the role of matrix 
metalloproteinases in wound healing by using BE16627B, a matrix metalloproteinase inhibitor. Identi- 
cal surgical procedures consisting of a colonic anastomosis (single-layer, inverted) and implantation of 
an osmotic pump in the back were performed in male Sprague-Dawley rats weighing 270 to 290 grams. 
The animals were randomly assigned to receive either BE16627B (n = 10) dissolved in dimethylsulfox- 
ide and diluted with ethylene glycol at a dosage of 2.4 mg/rat/day for 3 days or the vehicle solution 
alone (n = 11). The solutions were administered through the surgically implanted osmotic pumps. The 
animals were killed 4 days after surgery, and the colonic bursting pressure (mm Hg) and hydroxyproline 
concentration (pg/mg wet tissue, index of collagen) were measured. The administration of BE16627B 
enhanced colonic anastomotic healing, as measured by the increase in the colonic bursting pressure 
(160 -’ 12 vs. 125 + 7 mm Hg; P ~0.05) and the increase in the soluble fraction ofcollagen (0.27 -C 0.01 
vs. 0.2 1 -C 0.01 pg/mg wet tissue; P ~0.01) in the anastomosis. Histologic examination of the tissue re- 
vealed that the use of BE16627B resulted in the preservation of the multilayered colonic structure and 
increased the network of collagen between both ends of the colon in the thickening submucosal layer. 
These findings demonstrate that the inhibition of matrix metalloproteinase activity influences colonic 
anastomotic healing, indicating a potential mechanism for enhancing anastomotic healing. (J GAS- 
TROINTESTSURG 2001;5:303-311.) 

KEY WORDS: Matrix metalloproteinases, colonic anastomosis, wound healing, collagen, collagenase 

Failure of anastomotic healing is a serious compli- 
cation of large bowel surgery.’ Many factors have 
been shown to impair gastrointestinal healing. Local 
factors, including technical details and the presence 

of intra-abdominal sepsis, and systemic factors, such 
as the nutritional state of the host, have been impli- 
cated in the etiology of anastomotic leaks.2 An in- 
creasing number of cellular and subcellular interac- 
tions between wounded cell populations and matrices 
has been identified as having a profound effect on 
wound healing. 

Many components of the healing process are com- 
mon to all tissues, such as the initial inflammatory re- 
sponse, early collagenolysis, deposition of new colla- 

gen, and eventual maturation of the scar. However, 
the strength of intestinal wounds increases far more 
rapidly than the strength of cutaneous wounds, under 
normal circumstances.3 Collagenase activity increases 
throughout the gastrointestinal tract after transection 
and reanastomosis, although not as much as in cuta- 
neous wounds.4 

Collagenases, together with gelatinases and stro- 
melysins, belong to the general category of matrix 
metalloproteinases (MMPs).~ These enzymes contain 
zinc at their active site and require a neutral pH and 
Ca2+ for full activity. MMPs are secreted as inactive 
proenzymes and are activated proteolytically. Their 
activity can be inhibited by tissue MMP inhibitors. 
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The role of collagenases in wound healing is not fully 
understood, although they are rapidly induced after 
wounding and exhibit a distinct pattern of expression. 
At different times during healing, inflammatory cells, 
fibroblasts, keratinocytes, and endothelial cells all 
serve as sources of various MMPs.” 

Successful wound healing is tantamount to the 
achievement of a strong and stable scar, and wound 
strength is determined by the amount and quality of 
newly synthesized and deposited collagen, as well as 
the degradation of preformed collagen. The balance 
between these two factors ultimately determines the 
strength and integrity of wounds during the early pe- 
riod of healing. Collagenase plays an important role 
in determining anastomotic integrity and suture- 
holding capacity during the first few days of healing.’ 
The activity of collagenase increases significantly 
3 days after colonic anastomosis, and the suture-hold- 
ing capacity in the region of the anastomosis de- 
creases by up to 80% during this period.sp9 When sep- 
sis is present, excess enzymes may promote dehis- 
cence. This complication is most likely to occur 3 to 
5 days after surgery. 

BE16627B is an MMP inhibitor that lacks MMP iso- 
type specificity.lO MMP inhibitors, such as BE1662 7B 
or its analogues, have been shown to inhibit tumor 
progression and the growth of metastases. MMP in- 
hibitors have also been used to improve outcome after 
septic shock and hemorrhage by inhibiting the role of 
MMPs in promoting the formation of tumor necrosis 
factor-alpha.“-i3 Furthermore, MMP inhibition has 
also been shown to decrease angiogenesis, as demon- 
strated in a rat cornea1 model.” 

In cutaneous wound healing models, MMP inhibi- 
tion enhances wound strength, even though new col- 
lagen synthesis and inflammatory responses are de- 
creased.15 We hypothesized that the inhibition of col- 
lagenase activity would improve colonic anastomotic 
healing by reducing collagenolysis and indirectly en- 
hancing anastomotic collagen deposition. In the pres- 
ent study we investigated the effect of the MMP in- 
hibitor BE1 662 7B on rat colonic anastomotic healing. 

MATERIAL 
Animals 

AND METHODS 

The experimental protocol was approved by the 
Institutional Animal Care and Use Committee of 
Nippon Medical School. Twenty-one male Sprague- 
Dawley rats (Nippon Clea, Tokyo, Japan), weighing 
270 to 290 grams, were acclimatized to our laboratory 
conditions for 7 days before being used in the experi- 
ment. The animals were housed at 2 lo C with 12 -hour 
light/dark cycles and allowed free access to tap water 
and standard rodent chow (CL-2, Nippon Clea). 

Colonic Anastomosis 

The animals were weighed and anesthetized by 
intraperitoneal injection of pentobarbital sodium (50 
mg/kg of body weight) (Nembutal; Dai-Nippon 
Pharmaceutical Co., Tokyo, Japan). A laparotomy was 
performed under aseptic conditions through a lower 
midline incision. The distal colon was divided 2 cm 
proximal to the peritoneal reflection without damag- 
ing the mesenteric vascular arcade. A single-layer, in- 
verting anastomosis was made using interrupted 6-O 
Prolene sutures (Ethicon, Inc., Tokyo, Japan), and the 
abdominal wall was closed in two layers. A minios- 
motic pump (model 1003, ALZA, Palo Alto, Calif.), 
preloaded as described below, was implanted in the 
left side of the back. The rats were then housed in in- 
dividual metabolic cages. 

The animals were randomly assigned to receive ei- 
ther BE16627B (Dr. A. Okuyama, Banyu Tsukuba 
Research Institute, Tsukuba, Japan) (n = 10) dissolved 
in dimethylsulfoxide and diluted with the same vol- 
ume of ethylene glycol at a dosage of 2.4 mg/ratlday 
for 3 days or the vehicle solution alone (n = 11) by 
subcutaneous infusion via the osmotic pump. Body 
weight, water and food intake, and urine output were 
monitored daily. 

Colonic Bursting Pressure 

Four days after surgery, the rats were killed with a 
lethal dose of pentobarbital. Cardiac blood was drawn 
for determination of serum albumin, total protein, 
and urea nitrogen levels. The abdomen was opened. 
The anastomotic bursting pressure was measured in 
situ according to a previously reported procedure.‘” 
Briefly, a 16-gauge silicone rubber catheter was in- 
serted via an incision into the proximal colon and held 
in position with 3-O silk sutures. The rectum (distal 
to the anastomosis) was then ligated with a 3-O silk 
suture, and normal saline solution was continuously 
infused through the catheter via a pump (Watson- 
Marlow, Cornwall, England) at a rate of 1.0 ml/min. 
The pressure was monitored using a disposable pres- 
sure transducer (DTX Plus, Baxter, Tokyo, Japan), si- 
multaneously displayed on a monitor, and continu- 
ously recorded on a polygraph system (Nihon Koden, 
Tokyo, Japan). The peak pressure attained before rup- 
ture of the anastomosis was recorded as the bursting 
pressure. 

Soluble and Insoluble Fractions of Collagen 
and a-Amino Nitrogen 

After bursting, the anastomotic segment (compris- 
ing a 1 cm length of bowel centered at the anastomo- 
sis) was excised, cleared of surrounding mesentery and 
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fat, and rinsed with saline solution. Half of  each anas- 
tomosis was used for staining with hematoxylin and 
eosin, and azan stain (azocarmine-anil in blue). The  
latter stain shows collagenous fibers as well as mucous 
substances in various shades of blue, allowing them to 
be distinguished from the reddish-stained nuclei and 
cytoplasmic components. The  other half of each anas- 
tomosis was stored at - 2 0  ° C for up to 24 hours un- 
til the hydroxyproline content, which was used as an 
index of anastomotic collagen, could be determined. 

The collagen was fractionated into soluble and in- 
soluble fractions. 17 Briefly, the colon segments were 
weighed while wet and minced into fragments smaller 
than 1 mm. The  salt-soluble fraction was extracted by 
placing the fragments in sodium chloride at a con- 
centration of 0.15 mol/L in a Tris buffer (pH 7.2) for 
72 hours. After centrifugation and decanting of the 
salt solution, the acid-soluble collagen was similarly 
extracted from the residual colon fragments using 
acetic acid at a concentration of 0.5 mol/L for 72 
hours. The  acid-soluble fraction was also decanted 
and stored for analysis. The salt- and acid-soluble ex- 
tracts were evaporated to dryness at 110 ° C. Each of 
the soluble collagen extracts and the residual colon 
fragments (representing insoluble collagen) were hy- 
drolyzed in 6N hydrochloric acid, and the hydroxy- 
proline content was determined spectrophotometri- 

cally using the method described by Woessner. 18 a-  
Amino nitrogen, an index of the total protein content, 
was also measured in the ample hydrolysates accord- 
ing to a previously described method. 19 

Statistics 

All data are expressed as means + standard error 
of  the mean (SEM). Statistical comparisons were 
made using the unpaired Student's t test and the 
StatView II statistical package (Abacus Concepts, 
Berkeley, Calif.). 

RESULTS 

All animals appeared healthy throughout the exper- 
iment, and no deaths or abscesses were noted. Animals 
in both groups demonstrated an initial decrease in 
body weight on the first postoperative day. However, 
the body weight of the BE16627B animals began to 
increase thereafter, whereas the body weight of the ve- 
hicle-infused animals continued to decrease until the 
second postoperative day (Fig. 1). Postoperatively, the 
BE16627B group gained significantly more weight 
than the control group on days 2 through 4 (Table I). 

Food intake on day 2 was higher in the rats that re- 
ceived BE16627B than in the control rats (13.7 _+ 3.2 

Table I. Metabolic parameters 

Body weight A Body weight Food intake Water intake Urine output 
Group (day 0, g) (day 0-4, g) (g/day) (ml/day) (ml/day) 

BE16627B 276 __ 3 13.6 _+ 3.1" 14.8 _+ 1.5 15.7 _+ 1.3 34.0 _+ 1.5 
Control 277 _+ 2 -1.1 _+ 2.8 12.7 --- 1.6 12.9 _+ 1.0 31.5 _+ 2.3 

Mean -+ SEM. 
*P <0.005. 
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Fig. 1, Changes in body weight after surgery in BE16627B-treated rats (n = 10) and control rats 
(n = 11) (mean _+ SEM; * = P <0.05; ~ = P <0.005). 
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Fig. 2. Daily chow intake after surgery in BE16627B-treated rats (n = 10) and control rats (n = 11) 
(mean ± SEM; *P = <0.05). 

Table II. Nutritional parameters (blood chemistry) 

Group Total protein (g/dl) Albumin (g/dl) Urea nitrogen (mg/dl) 

BE16627B 5.7 ± 0.1 4.0 ± 0.1 20.6 ± 1.1 
Control 5.6 ± 0.1 3.9 ± 0.1 20.5 ± 0.7 

Mean -+ SEM. 

Table HI. Anastomotic hydroxyproline and a-amino nitrogen content 

Soluble collagen Insoluble collagen c~-Amino nitrogen 
Group (~g/mg wet tissue) (~g/mg wet tissue) (~mol/mg wet tissue) 

Control  0.21 -- 0.01 1.89 ± 0.07 90.8 ± 3.1" 
BE16627B 0.27 ± 0.01t 1.77 ± 0.07 83.0 ± 1.9 

Mean _ SEN[. 
*P <0.05. 
tP  <0.001. 

vs. 5.3 +- 1.4 g/day, P <0.05; Fig. 2), but no other dif- 
ferences between the two groups were noted in terms 
of  mean food intake, water consumption, or urine 
output (see Table I). N o  differences in serum albu- 
min, total protein, or urea nitrogen levels were ob- 
served between the two groups (Table II). 

The  bursting pressure of the anastomotic segment 
was significantly higher in the BE16627B group than 
in the control group (160 _+ 12 vs. 125 _+ 7 mm Hg; P 
<0.05). The  soluble fraction of collagen in the anas- 
tomotic segment was also significantly higher in the 
BE16627B group, but the insoluble fraction of  colla- 
gen was the same for both groups. The  total protein 

level, measured as the e~-amino acid content, was sig- 
nificantly reduced in the BE16627B group (Table III). 

Macroscopic inspection revealed that the suture ties 
along the anastomosis were visible in the BE16627B 
group, but a linear ulceration with a white necrotic 
tissue was present along the suture line in the control 
group (Fig. 3). Thickening of the bowel wall was lim- 
ited to the area surrounding the suture ties in the 
BE16627B group, and the network of blood vessels in 
the serosa was visible. In the control group, however, 
the area adjacent to the anastomosis had thickened, 
making the network of blood vessels in the serosa dif- 
ficult to observe. 
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Fig. 3. Macroscopic views of colonic anastomoses 4 days after surgery. The anastomosis of the control 
rat shows a linear ulceration with a white necrotic tissue (arrow) and a thickened bowel wall. The anas- 

tomosis of the BE16627B-treated rat shows no defect in the mucosa, and the blood vessel network is vis- 

ible on the serosal side. 

The histologic examination using hematoxylin and 
eosin staining revealed that both ends of the bowel 
were attached by a thick submucosal layer in the 
BE1 662 7B group and by thin, nonstructural granula- 
tion tissue in the control group (Fig. 4). In the 
BE16627B group, the multilayered structure of the 
bowel was well preserved; mucosa with glands cov- 
ered the region of the anastomosis, the submucosa 
was thick, and blood vessels were seen in the submu- 
cosa and subserosa. In the control group, the granu- 
lation tissue was well established and had replaced the 
structure of the bowel; a single layer of epithelium 
covered the absent mucosa on the granulation tissue, 
and both ends of the bowel were attached by a thin, 
nonstructural granulation and covered with fibrous 
tissue on the serosa. 

Collagen &an) staining revealed that the number 
of collagen fibers in the submucosal layer had in- 
creased only at the anastomotic site in the BE1 662 7B 
group. In the control group, however, the number of 
fibers increased at the anastomotic site, as well as 
along the adjacent regions of the bowel (Fig. 5). In the 
BE1662 7B group, the thickening of the submucosa 
was limited, as approximately 20 mucosal glands and 
both ends were attached in a layer-to-layer fashion, 
especially the collagen fibers in the thickened submu- 

cosal layer. In the control group, the region of sub- 
mucosal thickening extended for approximately 40 
mucosal glands, and both ends were attached by a 
small portion of collagen fibers in the submucosa. 
The number of collagen fibers in the adjacent regions 
of the bowel was also higher. 

DISCUSSION 

The data obtained in these experiments demon- 
strate that BE16627B, an inhibitor of MMPs, en- 
hances colonic anastomotic healing as measured by 
increases in both anastomotic bursting pressure and 
the soluble fraction of collagen in the anastomotic 
segment. The chow intake on day 2 recovered to 
more than 50% of the mean daily chow intake in the 
BE1 6627B group and to less than 25 % of the mean 
daily intake in the control group, accounting for the 
larger increase in body weight on days 2 to 4 in the 
BE16627B group. Because MMP inhibitors have 
been reported to inhibit the production of tumor 
necrosis factor-alpha during sepsis and hemorrhage, 
BE1 6627B may also induce early recovery from sur- 
gical insults and stimulate appetite. 

The colonic bursting pressure is determined pri- 
marily by the following two factors: the net amount 
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Fig. 4. Histologic appearance of the anastomosis in a control rat (A) and a BE16627B-treated rat (B). In 
the control rat, the anastomosis has been replaced by granulation tissue covered by a single layer of ep- 
ithelium. In the BE16627B-treated rat, the multilayered architecture of the bowel has been well pre- 
served, including the presence of glands in the mucosa, the thickening of the submucosal layer, and 
proper muscle, serosa, and blood vessels (arrow). (Hematoxylin & eosin stain, x200.) 
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Fig. 5. Histologic appearance of the anastomosis in a control rat (A) and a BE16627B-treated rat (B). In 
the control rat, a large number of collagen fibers are present in the submucosal layer of the adjacent re- 
gions of the colon, but the ends of the bowel are attached only by a thin granulation tissue. In the 
BE16627B-treated rat, a large number of collagen fibers are present only at the site of the anastomosis, 
and the ends of the bowel are attached mainly by a thickened submucosal layer. (Azan stain, X 500.) 
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of wound collagen deposition and the cross-linking of 
this collagen. Net collagen deposition, in turn, de- 
pends on collagen turnover and is a reflection of col- 
lagen synthesis minus collagen breakdown. Soluble 
collagen consists of a salt-soluble fraction, which may 
represent actively synthesized collagen, and an acid- 
soluble fraction, which may represent fibers that have 
been depolymerized, translocated, and reutilized in 
collagen synthesis. Our experimental data suggest that 
the soluble fraction of collagen deposition is respon- 
sible for the attachment of both anastomotic ends and 
the increase in mechanical strength of the anasto- 
motic segment in the BE16627B group. Insoluble col- 
lagen, which is polymerized, accounts for almost 90% 
of the collagen at the anastomotic site. The insoluble 
collagen fraction did not differ between the two 
groups in our study. Collagenase activities of peri- 
toneal fluids on zymography also did not differ be- 
tween the two groups on day 4 (data not shown). The 
dosage of BE16627B used in this study was 2.4 
mg/rat/day for 3 days. This dosage is less than the 
dosage of 0.5 to 2 mg/mouse/day used in a previous 
study that demonstrated the inhibition of human tu- 
mor growth as well as lung colonizationlO BE16627B 
alone might not be sufficient to completely inhibit the 
activity of MMP. Alternatively, the MMP activity 
might have recovered on day 4 because the BE1 662 7B 
inhibition was reversed by the onset of dialysis.‘O In the 
present study, the total protein level was significantly 
higher in the control group than in the BE16627B 
group. The total protein level also increased in colonic 
anastomosis with intra-abdominal sepsis, although 
the concentration of insoluble collagen decreased.” 
BE16627B may decrease the infiltration of inflamma- 
tory cells as well as collagen degradation. 

Collagen (Azan) staining showed that both ends of 
the bowel were attached by a larger number of colla- 
gen fibers in the thick submucosal region of the 
BE16627B group. In the control group, the anasto- 
mosis of the bowel was replaced by granulation tissue 
with numerous collagen fibers in the submucosal layer 
of the colon, but both ends of the bowel were at- 
tached by a small collagen network in a thin granula- 
tion tissue. The increased deposition of collagen in 
the BE16627B group may be responsible for the 
higher bursting pressure. 

The gastrointestinal tract has a multilayered archi- 
tecture and a large microorganism content in its lu- 
men. In addition, the serosa influences the sealing of 
the suture line. The gastrointestinal tract also has a 
unique vascular supply.* All of these factors contribute 
to the healing of colonic anastomoses. The mucosal 
component of gastrointestinal anastomoses is repaired 
by the migration and hyperplasia of epithelial cells, 
which cover the granulation tissue of the wound, 

thereby sealing the defect and creating a barrier to the 
luminal contents.*O This sealing can be completed in 
as little as 3 days if the layers of the bowel wall are di- 
rectly apposed.?’ In the control group, a single layer 
of epithelial cells covered the granulation tissue on 
day 4. Delayed epithelization results in a more pro- 
found and prolonged inflammatory process, which 
contributed to the much larger total protein concen- 
tration in the anastomotic segment of the control rats. 
The increase in the total protein concentration in 
the control rats may indicate the deposition of an ex- 
tracellular matrix, which is critical for mechanical 
strength and is influential in regulating cellular gene 
expression and phenotypic differentiation.**J3 Histo- 
chemical staining showed a dilatation of the arterioles 
in the submucosal and subserosal layers in the 
BE16627B group, but only the capillary vessels were 
dilated in the control group. Although MMP in- 
hibitors have been reported to inhibit angiogenesis, 
the preservation of the multilayered structure may 
suggest vascular communication in the BE16627B 
group. 

CONCLUSION 

Our findings suggest that the inhibition of MMP 
activity can influence colonic anastomotic healing, in- 
dicating a potential mechanism for enhancing anasto- 
motic healing. The preservation of a multilayered 
structure in the anastomotic region may help to main- 
tain the collagen network in the submucosal layer, 
thereby increasing the mechanical strength of the 
anastomosis. 

We are gratefil to Dr. A. Okuyama, Banyu Pharmaceutical Com- 
pany, for providing the BE1 6627B and for his he&f&l advice. 
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Laparoscopy With Laparoscopic Ultrasound 
for Pretreatment Staging of Hepatocellular 
Carcinoma: A Prospective Study 

Marco Montorsi, M.D., Roberto Santambrogio, M.D., Paolo Bianchi, M.D., Enrico Opocber, M.D., 
Gian Paolo Comalba, M.D., Giovanni Dapv-i, M.D., Luigi Bonavina, M.D., Massimo Zuin, M.D., 
Maw-o Poa!da, M.D. 

Laparoscopy with laparoscopic ultrasound (L-LUS) has proved to be superior to conventional CT imag- 
ing in the staging of hepatocellular carcinoma (HCC). The aim of our prospective study was to evaluate 
the efficacy of L-LUS as compared with currently available imaging techniques (spiral CT or Lipiodol 
CT) in patients with HCC and liver cirrhosis. From January 1998 to May 2000,70 consecutive patients 
(SO men and 20 women; mean age 67 k 7 years) were enrolled. Liver cirrhosis was related to chronic hep- 
atitis C virus infection in 55, hepatitis B virus infection in seven, and alcohol abuse in eight patients. Pre- 
operative diagnostic workup included the following: 70 ultrasound examinations of the liver, 2 3 CT scans 
after Lipiodol arteriography, and 53 spiral CT scans. A single lesion was found in 39 patients, two lesions 
in 20 patients, and three lesions in 11 patients. L-LUS was performed in all patients under general anes- 
thesia using a two- to three-trocar technique. The examination was completed in 68 patients (97%); in 
two cases extensive adhesions prevented the L-LUS examination. L-LUS yielded additional informa- 
tion in 39 patients (57%). New histologically proved HCC lesions were detected in 14 patients (in the 
same liver segment in 4 cases and in different liver segments in 10 cases), and an adrenal metastasis was 
seen in one patient. In 23 patients, benign nodules were identified as regenerative macronodules, low- 
grade dysplastic nodules, or small hemangiomas. In 10 patients, correct localization of the primary lesion 
was detected by L-LUS in comparison with the preoperative liver location. In our experience, L-LUS is 
a safe and reliable procedure. It provides superior information (intraoperative histologic confirmation) for 
the diagnosis and pretreatment staging of HCC in patients with cirrhosis when compared with current 
radiologic imaging techniques. (J GASTROINTEST SURG 2001;5:3 12-3 15.) 

KEY WORDS: Hepatocellular carcinoma, liver cirrhosis, laparoscopic ultrasound, radiofrequency intersti- 
tial thermal ablation 

Notwithstanding recent refinements in imaging 
techniques for patients with liver cirrhosis and hepa- 
tocellular carcinoma &ICC), preoperative diagnostic 
studies such as ultrasound examination, spiral CT, 
Lipiodol CT, and magnetic resonance imaging (MRI) 
still have some limitations in the assessment of the 
number and exact location of hepatic nodules.’ The 
current standard for accurate staging of hepatic tumors 
prior to surgical resection involves laparotomy and in- 
traoperative ultrasound examination of the liver.2 

Laparoscopy with laparoscopic ultrasound (L-LUS) 
provides information similar to that obtained by 
means of intraoperative ultrasound3 and can identify 
lesions that are undetectable by preoperative imaging 
techniques.4 Furthermore, L-LUS also allows per- 
formance of ultrasound-guided biopsy5 and intersti- 
tial therapies such as ethanol injection, cryoablation, 
or radiofrequency thermal ablation in the same ses- 
sion.6-9 We report herein our experience with L-LUS 
in the preoperative assessment of patients with HCC 
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and liver cirrhosis who were potential candidates for 
invasive treatment, resection, or interstitial therapies. 

METHODS 
Clinical Material 

Patients with a single HCC nodule or multinodu- 
larity (up to three lesions with at least one nodule 150 
mm) in liver cirrhosis who were candidates for surgi- 
cal resection or interstitial therapy treatment were en- 
rolled in the study. The exclusion criteria were tumor 
size greater than 5 cm, the presence of more than 
three nodules, a complete portal thrombosis, and/or 
coexisting severe liver disease (Child’s C cirrhosis). 
Predetermined criteria for interstitial therapies were 
outlined in a previous work.9 

Technical Notes 

The ultrasound scanner used was an Aloka SSD 
500 B-mode system (Aloka Co., Ltd., Tokyo, Japan). 
The laparoscopic ultrasound probe had a rigid shaft, 
10 mm in diameter and 50 cm in length. A 7.5 MHz 
linear-array transducer was side mounted near the tip 
of the shaft. The length of the transducer surface was 
3 8 mm, which produced an image approximately 4 cm 
in length and 6 cm in depth. The probe and the cable 
were sterilized by immersion in 2% glutaraldehyde 
solution. All examinations were performed by a sur- 
geon trained in ultrasound techniques.*0 

The development of laparoscopic ultrasound scan- 
ning techniques of the liver was based on the standard 
intraoperative ultrasound examination performed 
during laparotomy. 1111* With the patient under gen- 
eral anesthesia, after establishing a pneumoperi- 
toneum by a percutaneous or open (Hasson) tech- 
nique, a 10 mm trocar was inserted through an um- 
bilical incision. An initial laparoscopic exploration of 
the peritoneal cavity was performed and a second 10 
mm trocar was inserted at the right hypochondrium 
or flank between the anterior and midaxillary line. In 
this regard, a preoperative evaluation of the inferior 
limit of the liver is of great importance to avoid plac- 
ing the port site too near the scanning area, thereby 
preventing adequate contact between the transducer 
and the liver surface. Once the laparoscopic ultra- 
sound examination of the liver was completed, a third 
optional 10 mm trocar was selected based on the 
number of lesions to be treated and their location. 
These access sites allowed complete visualization of 
the entire organ. Biopsy of suspected malignant liver 
nodules was routinely performed through alternate 
trocar sites using an automatic disposable l&gauge 
biopsy needle (Ternno, Bauer Medical International 
SA, Santo Domingo). Prior to L-LUS examination, 

all patients were subjected to standard external liver 
ultrasonography and spiral CT or post-Lipiodol CT 
Post-treatment follow-up included ultrasound exam- 
ination of the liver every 3 months and a spiral CT 
every 6 months. 

RESULTS 

Between February 1996 and May 2000,70 patients 
with HCC and liver cirrhosis were enrolled in the 
study. There were 50 men and 20 women, whose 
mean age was 67 + 7 years (range 51 to 79 years). 
Fifty-five patients had cirrhosis due to hepatitis C, 
seven had cirrhosis due to hepatitis B, and the re- 
maining eight had alcoholic cirrhosis. Forty-seven pa- 
tients were Child-Pugh class A and 23 were class B. 
Before treatment, all patients underwent an ultra- 
sound examination of the liver and either Lipiodol 
CT (23 patients) or dual-phase spiral CT allowing the 
hepatic arterial phase and portal venous phase of he- 
patic enhancement to be imaged separately (53 pa- 
tients); in six patients both Lipiodol CT and spiral 
CT were performed. 

Thirty-nine patients had a solitary lesion, 20 pa- 
tients had two lesions, and 11 patients had three le- 
sions. The mean diameter of the tumors, measured by 
preoperative ultrasound, was 30 + 12 mm (range 13 
to 50 mm). 

In all 70 patients, a complete Iaparoscopic ultra- 
sound examination was attempted. In two patients 
(3%) the presence of extensive adhesions prevented 
intraoperative scanning of the liver. Therefore 68 of 
70 patients had a complete laparoscopic study and 
were suitable for the final evaluation (97% feasibility 
rate). In another 10 patients multiple adhesions re- 
quired surgical dissection to allow an effective lapa- 
roscopic ultrasound evaluation (14%). In 14 patients 
L-LUS and ultrasound-guided biopsy took 38 t 5 
minutes to perform, whereas in the remaining 54 pa- 
tients L-LUS with some additional therapeutic mea- 
sures (ethanol injection, radiofrequency, or laparo- 
scopic liver resection) took 67 + 26 minutes. 

Histologically, 63 of the 68 primary liver tumors 
were shown to be HCC, whereas two cases were pe- 
ripheral cholangiocarcinoma and three were high- 
grade dysplastic nodules; therefore L-LUS and ultra- 
sound-guided biopsy changed the presumptive pre- 
operative diagnosis of HCC and liver cirrhosis in five 
patients (7%). 

L-LUS provided additional information in 39 pa- 
tients (57%) (more than one additional item of infor- 
mation in each patient); new HCC nodules were de- 
tected in 14 patients (in the same liver segment in 
4 cases and in different liver segments in 10 cases). An 
adrenal metastasis was seen in one patient. All of these 
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Table I. Correlation between L-LUS detection of new malignant hepatic nodules and number or diameter of 
primary lesions identified on preoperative imaging 

New malignant nodules (L-LUS) 

Absent Present 

No. of primary lesions* 

One lesion (3 9 cases) 
Two or more lesions (29 cases) 
Diameter (mm) of primary lesionst 

34 5 (13%) 
20 9 (31%) 

28 5 12 37 + 15 

L-LUS = laparoscopy with laparoscopic ultrasound. 
*P = 0.0124. 
tP = 0.0398. 

Table II. Surgical procedures performed following L-LUS examination 

Procedure No. of patients 

Laparoscopic ultrasound-guided biopsy 6 
Hepatic resection 8* 
Laparoscopic hepatic resection plus radiofrequency 2 
Laparoscopic “one-shot” ethanol injection 8 
Laparoscopic radiofrequency 42t 
Laparoscopic radiofrequency plus ethanol injection 4 

*Laparoscopic surgical resection in one patient. 
tin two patients, a percutaneous radiofrequency procedure was performed for extensive adhesions. 

nodules were histologically proved. Thus L-LUS 
identified new malignant lesions in 22% of cases. 
These new hepatic nodules had a mean diameter of 
14 + 8 mm; a statistically significant correlation be- 
tween these new nodules and the number and the di- 
ameter of the primary lesions was found (Table I). 
Moreover, in 23 patients, some additional benign 
nodules were identified as regenerative macronodules, 
low-grade dysplastic nodules, or small hemangiomas. 
On the basis of L-LUS findings, the patients under- 
went a subsequent therapeutic procedure as described 
in Table II. 

DISCUSSION 

Multiplicity of neoplastic lesions and a high recur- 
rence rate are major problems complicating the cura- 
tive treatment of patients with HCC and liver cirrho- 
sis. The prognosis of HCC might be improved by in- 
creasing the detection rate and selecting the appro- 
priate treatment for multiple lesions. Although surgi- 
cal resection is still considered the treatment of choice 
for small HCC lesions occurring in patients with liver 
cirrhosis and good hepatic function,13 it showed a 
high rate of recurrence. l4 This accounts for the in- 
creased use of both alternative ablative therapieG and 
L-LUS, which allowed a thorough evaluation of the 
liver and abdominal cavity with additional informa- 

tion for complete neoplastic staging prior to the de- 
finitive treatment. 

In the present study 1.5 (22%) of 68 patients evalu- 
ated by L-LUS revealed new malignant hepatic le- 
sions. Prelaparoscopic diagnostic workup with extra- 
corporeal ultrasound and Lipiodol or spiral CT was 
considered the best procedure available. In any case, 
small satellite nodules were found that had gone un- 
detected with both of these imaging techniques. Of 
the 68 patients evaluated by L-LUS, 39 were consid- 
ered to have a solitary HCC before L-LUS, but in 
five of these patients (13 %) new malignant nodules 
were identified. However, only one (6%) of 16 pa- 
tients in whom the main tumor was considered to be 
solitary and 2 cm or less in diameter had multicentric 
HCC. Most of these new nodules were very small (no 
larger than 1 cm in diameter) with a mean diameter of 
14 2 8 mm. In our experience, L-LUS modified the 
original planned procedures in 12 of these 15 patients; 
five patients were subjected to laparoscopic explo- 
ration only, four patients required additional ther- 
moablation, and three patients had an ethanol injec- 
tion for distant satellite nodules. In the remaining 
three patients, the new malignant lesion was close to 
the primary nodule and was therefore treated with the 
planned segmental hepatic resection. 

In the cirrhotic liver, various types of hepatocytic 
nodular lesions including regenerative nodules or 
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hemangiomas could be detected.r6J7 Nonetheless, it 
is difficult to judge whether a nodular lesion with a di- 
ameter of approximately 10 mm is HCC based on the 
ultrasonographic image alone. Histologic diagnosis of 
new nodules was reported by means of resection, enu- 
cleation, or thick-needle biopsy.2 

Because small HCC lesions are generally histolog- 
ically well differentiated and sometimes very difficult 
to diagnose in small specimens, we preferred to not 
use fine-needle biopsy. New, very small hyperechoic 
nodules were not biopsied, particularly if they were 
located in liver segments that are difficult to reach; 
the nodules with this ultrasound pattern had a very 
low risk of being cancerous.2-5 These patients were 
subjected to a strict follow-up program with ultra- 
sound and spiral CT 

Although all forms of ultrasonography are operator 
dependent and present a significant “learning curve,” 
we believe that most hepatobiliary surgeons, particu- 
larly those with experience in extracorporeal and in- 
traoperative ultrasound imaging, can expect to em- 
brace this method with a minimum of additional 
training. 12,18 When compared with intraoperative ul- 
trasound at laparotomy, some limitations of the lapa- 
roscopic technique still exist. The angle and the di- 
rection of ultrasound scanning under laparoscopy are 
limited by the position of the laparoscopic ports. 
Thus some difficulties can be encountered during ex- 
amination of the superior and posterior segments 
(IVA, VII, and VIII): this problem can be dealt with 
by filling the upper abdomen with sterile saline solu- 
tion to create an acoustic window and/or by using a 
flexible probe. Learning the technique for laparo- 
scopic ultrasound-guided interventional procedures 
could be somewhat more difficult laparoscopically, 
but readily attainable after exposure to several cases.5 
The technique of LUS alone failed to differentiate 
benign from malignant nodules and required a lapa- 
roscopic ultrasound-guided biopsy in most cases. 

In conclusion, L-LUS provides all the features that 
are lacking with the current preoperative imaging 
techniques-that is, greater accuracy and better defi- 
nition of the location of the lesions relative to the liver 
anatomy. In our experience, it has greatly contributed 
to the accurate staging of HCC in liver cirrhosis and 
has aided in intraoperative decision making. Further- 
more, in the same session it was possible to perform 
different therapeutic procedures such as ethanoi in- 
jection or radiofrequency and segmental liver resec- 
tion. l9 We suggest using this procedure in all patients 
who are candidates for a laparotomy and liver resec- 
tion or in those candidates for thermal ablation in 
whom the percutaneous approach is deemed very dif- 
ficult or dangerous. 
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The Hippurate Ratio as an Indicator of Functional 
Hepatic Reserve for Resection of Hepatocellular 
Carcinoma in Cirrhotic Patients 

Alan W Hemming, M.D., M.Sc., Steven Gallinger, M.D., M.Sc., Paul D. Greig, M.D., 
Mark S. Cam-al, M.D., M.Sc., Bernard Lange? M.D., Boyce R. Taylor, M.D., 
Zulfkarali Vey’ee, B.Sc., Ph.D., Esther Giesbrecht, M.Sc., Yoshiko Nakamachi, R.N., 
Khyn N. Fumya, M.D. 

Predicting the ability of the cirrhotic liver to withstand resection remains a challenge for the surgeon. 
This study evaluates the use of the hippurate ratio, a novel assessment of glycine conjugation of para- 
aminobenzoic acid by the liver, as a preoperative indicator of functional hepatic reserve. Between 1998 
and 2000, sixty-one cirrhotic patients were prospectively assessed for hepatic resection using the hippu- 
rate ratio, indocyanine green retention at 1.5 minutes (ICG R-l S), and other standard measures of liver 
function. Twenty-six patients were excluded as candidates for resection on the basis of inadequate func- 
tional hepatic reserve. Patients excluded from resection had significantly higher ICG R- 15 values (29% 
? 9% vs. 16% ? 12%, P = O.OOl), higher Child-Pugh scores (5.9 2 0.9 vs. 5.3 2 0.4, P = O.Ol), and 
lower hippurate ratios (30% t 14% vs. 45% + lS%, P = 0.005). There was a significant correlation be- 
tween the hippurate ratio and ICG R-l 5. Other indicators of liver function such as factor V, factor VII, 
albumin, bilirubin, protbrombin time, and transaminases were no different between patients who did 
and those who did not undergo resection. Of the 35 patients resected, there were seven (20%) who de- 
veloped varying degrees of liver failure with three perioperative deaths (8.5%). Patients who had some de- 
gree of liver failure had significantly lower hippurate ratios than patients who had no liver failure (29% 
? 10% vs. 48% 2 14%, P = 0.002). There was no difference in ICG R-15 values between patients who 
had liver failure and those who did not. The hippurate ratio offers information on hepatocellular reserve 
that is not provided by other measures of liver function and may allow better selection of cirrhotic patients 
for liver resection. (J GASTROINTEST SURG 2001;5:316-321.) 

KEY WORDS: Liver function, cirrhosis, liver resection, hepatocellular carcinoma, indocyanine green, 
paraminobenzoic acid 

Hepatocellular carcinoma (HCC) is one of the 
most common malignancies worldwide and is re- 
sponsible for more than one million deaths annually.’ 
Without treatment the prognosis is dismal.2 Partial 
hepatic resection is generally accepted as the treat- 
ment of choice for HCC if resection is possible, with 
transplantation reserved for a specific subset of pa- 
tients with both poor liver function and limited dis- 
ease.3 Unfortunately, most cases of HCC are first seen 

at a size or stage that is too advanced to allow trans- 
plantation, while at the same time the presence of cir- 
rhosis and decreased hepatocellular function makes 
hepatic resection a higher risk endeavor in cirrhotic 
than in noncirrhotic patients. Current operative mor- 
tality for hepatic resection in noncirrhotic patients is 
reported to range from 0% to 3 % ,4,5-7 whereas oper- 
ative mortality even in well-selected cirrhotic patients 
is 10% to 1 5%.*-I1 The ability of the surgeon to ac- 
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Fig. 1. Hepatic metabolism of para-aminobenzoic acid (PABA). PAHA = para-aminohippuric acid; 
PAABA = para-acetamidobenzoic acid; PAAHA = para-acetamidohippuric acid. 

curately estimate hepatocellular reserve prior to liver 
resection in the cirrhotic patient has been notoriously 
unreliable. A variety of methods have been developed 
to estimate preoperative liver function in the cirrhotic 
patient with perhaps the most experience with indo- 
cyanine green (ICG) clearance.’ l-l3 ICG clearance is a 
relatively time-consuming, expensive, and labor-in- 
tensive test, however, and has not been widely 
adopted in Western centers. A widely available, eco- 
nomical, less labor-intensive test of liver reserve 
would be a useful addition to the preoperative assess- 
ment of patients with HCC and cirrhosis who are be- 
ing considered for resection. 

Para-aminobenzoic acid (PABA) is readily absorbed 
from the gastrointestinal tract and is extensively me- 
tabolized in the liver by phase II conjugation reactions 
independent of the cytochrome ~450 system14JS to 
form three major metabolites. PABA is either glycine 
conjugated to form para-aminohippuric acid (PAHA) 
or undergoes acetylation to form para-acetamidoben- 
zoic acid (PAABA). Para-acetamidohippuric acid 
(PAAHA) is then formed through acetylation of 
PAHA or through glycine conjugation of PAABA 
(Fig. 1). This study assesses glycine conjugation of. 
PABA by the liver as a novel assessment of liver func- 
tion in patients with HCC who are being considered 
for hepatic resection. 

PATIENTS AND METHODS 

All patients with HCC who were referred for re- 
section over a 24-month period from 1998 to 2000 

were assessed prospectively. All patients initially un- 
derwent surgical assessment and were considered can- 
didates for resection based on review of imaging stud- 
ies, clinical evaluation, and baseline liver function 
tests that included aspartate aminotransferase, alanine 
aminotransferase, prothrombin time, albumin, biliru- 
bin, and alkaline phosphatase. Patients who were not 
thought to be surgical candidates based on initial eval- 
uation did not undergo further liver function assess- 
ment and are not addressed in this study. Sixty-one 
patients considered possible candidates for resection 
were then assessed with additional tests of liver func- 
tion that included factor V and VII levels, indocya- 
nine green retention at 1.5 minutes (ICG R- 15), and 
determination of the hippurate ratio after oral ad- 
ministration of PAPA. Patients ranged from 26 to 79 
years of age (mean 53 years). Male-to-female ratio 
was 2 : 1. Underlying liver disease was hepatitis B in 
45% of patients, hepatitis C in 40% of patients, and 
alcohol related in 15%. Patients who had ICG R- 15 
values above 30% or tumors that would require ex- 
tensive resection which ICG R-15 values indicated 
would exceed functional hepatic reserveI were not of- 
fered resection. 

Indocyanine Green Clearance 

A baseline venous blood sample was drawn fol- 
lowed by intravenous bolus administration of ICG, 
0.5 mgkg. Blood samples were then drawn at 2,5, 10, 
15,20, 30, and 45 minutes. Blood samples were cen- 
trifuged and the serum was analyzed using a spec- 
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trophotometer at a wavelength of 805X, and the opti- 
cal density (OD) was recorded. The baseline serum 
sample was used for calibration. The logs of outside 
densities were then plotted against time. ICG R-15 
was extrapolated from the obtained curve as OD,,,i”/ 
OD,,, X 100%. 

Hippurate Ratio 

After a 4-hour fast, a baseline venous blood sample 
was drawn. A second sample was drawn 30 minutes 
after oral administration of PABA at a dosage of 5.0 
mg/kg to a maximum dose of 170 mg. Samples were 
analyzed using a modification of the high-pressure 
liquid chromatographic (HPLC) method of Yung- 
Jato et al.” After solid-phase extraction, patient sam- 
ples (50 ~1) were injected onto an HPLC Supelco 
LC-18 column (Sigma-Aldrich, St. Louis, MO.) with a 
mobile phase of acetonitril:methanol:50 mmol/L 
phosphate buffer, pH 3 .15 (2:8:90 by volume). A flow 
rate of 1.2 ml/min was used to achieve complete sep- 
aration with ultraviolet spectrophotometric detection 
at 290h. Quantification was performed by comparing 
peak height ratios of PABA and its metabolites to in- 
ternal standards. PABA and its metabolites were ex- 
pressed as molar concentrations and the hippurate ra- 
tio was derived from the formula: 

Hippurate ratio = 
PAHA + PAAHA(M) 

PAHA + Pm(M) + PABA(M) + PAABA(M) 

x 100% 

Patients underwent liver resection using standard 
liver resection techniques.3 Perioperative blood trans- 
fusion (intraoperative plus blood transfused in the first 
24 hours post resection), fresh-frozen plasma require- 
ments, and complications were recorded. Liver failure 
was defined as the development of encephalopathy, as- 
cites requiring sustained diuretics or paracentesis to 
control, or coagulopathy unresponsive to vitamin K 
that required fresh-frozen plasma administration for 
an international normalization ratio (INR) of more 
than 2.0 after the first 24 hours post resection. 

Statistical analysis was performed using SPSS 9.0 
software (SPSS Inc., Chicago, Ill.). Parametric sta- 
tistical analysis included Pearson’s Y and student’s t 
tests. Nonparametric analysis included chi-square or 
Fisher’s exact test when appropriate. Alpha was spec- 
ified as P ~0.05. Results are reported as mean -+ 1 

standard deviation when not otherwise specified. 

RESULTS 

After assessment, there were 26 patients who had 
ICG R-l 5 values above 30% or tumors that would re- 

Table I. Types of liver resections performed 

Resection Number 

Right lobe 6 
Left lobe 4 
Right trisegmentectomy 3 
Left trisegmentectomy plus inferior 1 

vena cava resection 
Left lateral segmentectomy 4 
Left lateral segment + segment 6 1 
Segments 7 + 8 1 
Segments 7 + 8 with right hepatic vein graft 1 
Segments 5 + 6 4 
Segments 6 + 7 1 
Segments 4b + 5 1 
Segment 8 1 
Segment 6 2 
Segment 5 1 
Segment 4 4 

Tc?Tru, E 

quire a degee of resection which ICG R- 15 values in- 
dicated would exceed functional hepatic reserve. 
Thirty-five patients eventually underwent hepatic re- 
section. Resections performed are shown in Table I. 
Mean operating time was 4 2 1.5 hours with a median 
perioperative blood transfusion of 1 unit of packed red 
cells (range 0 to 20 units). Patients who were not of- 
fered resection on the basis of inadequate hepatocel- 
lular reserve had significantly higher ICG R- 15 values 
(29% f 9% vs. 16% 5 12%, P = O.OOl), higher 
Child-Pugh scores (5.9 + 0.9 vs. 5.3 5 0.4, P = O.Ol), 
and lower hippurate ratios (30% ? 20% vs. 45% + 
1.5%, P = 0.005). There was a significant correlation 
(P = 0.01) between the hippurate ratio and ICG R-l 5 
(Fig. 2). Other indicators of liver function such as fac- 
tor V, factor VII, albumin, bilirubin, prothrombin 
time, and transaminases were no different between pa- 
tients who did and did not undergo resection. 

There were three postoperative deaths from com- 
plications of liver failure for an operative mortality 
rate of 8.5%. An additional four patients had evidence 
of liver failure for an overall liver failure rate of 20% 
(Table II). 

Patients who had liver failure had significantly 
lower hippurate ratios than patients who did not have 
liver failure (29% -+ 10% vs. 48% 2 14%, P = 0.002). 
There was no significant difference in ICG R- 15 val- 
ues between patients who developed liver failure 
and those who did not (21% + 8% vs. 15% t 8%, 
P = 0.08). Preoperative prothrombin time, bilirubin, 
transaminases, albumin, factor V, factor VII, and 
Child-Pugh score were not predictive of postopera- 
tive liver failure. Perioperative blood transfusion re- 
quirements were not predictive of the development of 
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Fig. 2. The hippurate ratio showed a significant correlation 
with ICG R-l 5 (F’ = 0.01). 

Table II. Liver failure in cirrhotic patients undergoing 

hepatic resection 

Patient Complication 

1 Liver failure/sepsis/death on postoperative day 8 

2 Liver failure/bleeding/sepsis/death on 
postoperative day I2 

3 Liver failure/encephalopathy/death on 

postoperative day 27 
4 Encephalopathy, persistent ascites, prolonged 

coagulopathy 
5 Persistent ascites, prolonged coagulopathy 
6 Persistent ascites 

7 Persistent ascites 

liver failure overall but were significantly higher in the 
patients who eventually died of liver failure than in 
the patients who survived their operations (9 2 9 
units vs. 1 ? 1 unit, P = 0.01). 

DISCUSSION 

Liver resection in cirrhotic patients has a higher 
operative mortality than in noncirrhotic patients, pri- 
marily because of the increased risk of liver failure 
when operating in the setting of impaired liver func- 
tion. The Child-Pugh classification system has been 
demonstrated to correlate with a higher risk of oper- 
ative mortality18J9 with Child’s A patients being at 
lowest risk for liver failure; however, in general only 
Child’s A or early Child’s B patients are offered resec- 
tion. Standard liver function tests have not been use- 
ful in selecting patients for resection within the group 
of patients with Child’s A cirrhosis, with the excep- 
tion of elevated transaminase levels indicating active 

hepatitis, which is associated with poor outcome af- 
ter liver resection.20 Operative mortality for hepatic 
resection even in well-selected cirrhotic patients is ap- 
proximately five times as high as in noncirrhotic pa- 
tients.7JJ0J1,22 The availability of a test of hepatocel- 
lular reserve that could identify patients who would 
not tolerate hepatic resection would obviously be 
helpful to the surgeon. Although there have been 
many attempts to identify such a test, including 
MEGX2j (a lidocaine metabolite), galactose clear- 
ance,24 the redox tolerance index,2s and cytochrome 
C oxidase activity,26 no single test has gained wide- 
spread acceptance. The most widely used test to date 
has been ICG clearance, which according to most re- 
ports provides useful information for selecting pa- 
tients who will tolerate resection.12J3,27 ICG clearance 
has not been widely adopted in the West, however, 
largely because it is a test that is expensive, labor-in- 
tensive, and time consuming to perform. The hippu- 
rate ratio, which measures glycine conjugation of 
PABA by the liver, is relatively simple to perform and 
may offer some advantages over ICG clearance. 
Glycine conjugation is dependent on hepatocyte mi- 
tochondrial function, and decreased glycine conjuga- 
tion has experimentally been shown to be related to a 
decrease in hepatocyte mitochondrial adenosine 
triphosphate.28,29 The hippurate ratio has not been as- 
sessed previously in the setting of hepatic resection 
but has been shown to correlate with liver function 
both in chronic liver disease and in the setting of ful- 
minant hepatic failure. 3o In the present study the hip- 
purate ratio clearly correlated with ICG clearance and 
showed a decrease in glycine conjugation in patients 
selected as having inadequate hepatocellular reserve 
for resection by ICG-RI 5. Additionally, patients who 
underwent liver resection with adequate hepatic re- 
serve as indicated by ICG R- 1.5 but who subsequently 
developed liver failure had significantly lower hippu- 
rate ratios than patients who did not have liver fail- 
ure. There was no difference in ICG R- 15 values be- 
tween patients who developed liver failure and those 
who did not, which suggests that the hippurate ratio 
may be a more discriminating test of hepatocellular 
reserve than is ICG R- 1.5. However, the sample size 
of the study was relatively small, which does not al- 
low us to draw a definitive conclusion regarding the 
superiority of one test over the other. As has been re- 
ported in previous studies,12 standard tests of liver 
function including transaminases, prothrombin time, 
bilirubin, albumin, as well as factor V and VII levels 
were not helpful in predicting postoperative liver fail- 
ure. Blood transfusion requirements that were not 
predictive of overall liver failure, however, were sig- 
nificantly higher in patients who eventually died of 
complications of liver failure than in patients who had 
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a successful outcome. In this prospective study, the 
number of patients was not sufficient to determine 
whether poor liver function, as manifested by either 
high ICG R-15 values or a low hippurate ratio, and 
blood loss were independent factors that contributed 
to postoperative liver failure or whether poor liver 
function causes increased operative blood loss. How- 
ever, in a retrospective study, Nonami et a1.31 reported 
that both poor liver function assessed by ICG R- 15 
and operative blood loss were independent predictors 
of death after hepatic resection in the cirrhotic patient 
stressing the importance of meticulous technique and 
methods of minimizing blood loss during hepatic 
resection. 

This is the first study to evaluate the use of the hip- 
purate ratio, a measure of glycine conjugation by the 
liver, to assess hepatic functional reserve in the setting 
of hepatic resection in the cirrhotic patient. The hip- 
purate ratio may offer better discrimination of the 
ability of the liver to withstand hepatic resection than 
the current standard, ICG clearance. The use of the 
hippurate ratio to select specific patients for resection 
will require further assessment with a larger number 
of patients before a definitive conclusion of its utility 
can be reached; however, initial evaluation appears 
promising. 
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Bosentan, an Endothelin Antagonist, Augments 
Hepatic Graft Function by Reducing Graft 
Circulatory Impairment Following 
Ischemia/Reperfusion Injury 

Rocco Ricciardi, M.D., Bradley K. Schafer; M.D., Shin& A. Shah, M.D., 
Steven H. Qua$ordt, M.D., Barbara E Banner, M.D., Suzanne M. Wheeler, B.S., 
Susan E. Donahue, B.S., William C. Meyers, M.D., Ravi S. Chari, M.D. 

Endothelin is a potent hepatic vasoconstrictor. We evaluated the role of an endothelin antagonist in 
hepatic ischemia/reperfusion injury. Bosentan, a novel endothelin receptor antagonist, was infused di- 
rectly into the portal vein prior to cold ischemia and immediately on reperfusion, in five porcine livers. 
Five other pigs underwent routine liver harvest and reperfusion without bosentan treatment. Hepatic 
vascular resistance and liver tissue blood flow, as measured by thermistor flow probes, were determined 
following reperfusion. Hepatocellular damage was assessed through hepatic venous levels of sorbitol de- 
hydrogenase and lactate dehydrogenase. Endothelial cell damage was determined in sections immuno- 
stained for factor VIII. Graft function was determined through oxygen consumption, bile production, and 
response to bile acid challenge. Organs treated with bosentan demonstrated lower vascular resistance 
and enhanced tissue blood flow (P ~0.05) as compared to untreated organs. Portal vein inflow to hepatic 
tissue was significantly enhanced (4.4-fold) in th e b osentan-treated organs (P ~0.05). No difference was 
observed in hepatocellular damage. Pathology scores for factor VIII immunohistochemical staining were 
2.3-fold higher in the bosentan-treated livers as compared to untreated livers (P ~0.05). The bosentan- 
treated livers also demonstrated enhanced oxygen consumption, increased bile production, and aug- 
mented biliary response to a bile acid challenge (P ~0.05). These results indicate that administration of 
bosentan before and after ischemia/reperfusion reduces hepatic circulatory disturbances, diminishes en- 
dothelial cell damage, and augments hepatic graft function. (J GASTR~INTEST SURG 2001;5:322-329.) 

KEY WORDS: Ischemia, liver, reperfusion, function, endothelin, blood flow 

Ischemia/reperfusion injury (I/R) continues to pose 
a perplexing problem to all transplant specialists. 
During liver transplantation, I/R is known to nega- 

tively affect the function of the liver through alter- 
ations in energy production and usage, cellular in- 
tegrity, signaling mechanisms, and hepatic tissue cir- 
culation. Data detailing the circulatory impairment 
that occurs following I/R demonstrate both a macro- 
circulatory and microcirculatory perfusion failure.‘l* 
The microcirculatory failure following I/R is charac- 
terized by decreased sinusoidal perfusion and referred 
to as the “no-reflow” phenomenon.‘13 On a larger 
scale, the macrocirculatory perfusion failure includes 

decreased hepatic tissue blood flow to peripheral tis- 
sues and reduced portal vein inflow to the hepatic 
parenchyma.2 Given that liver function is intimately 
linked to hepatic blood flo~,~l~ much research has fo- 
cused on reducing the postreperfusion circulatory 
impairment. 

A number of vasoactive mediators have been im- 
plicated in the pathogenesis of hepatic postreperfu- 
sion circulatory failure, including nitric oxide, en- 
dothelins, and carbon monoxide. Recently, attention 
has focused mainly on the role of endothelins in prop- 
agating the described circulatory impairments. This 
attention is due to data demonstrating upregulation 
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of the endothelin message within 6 hours of cold isch- 
emia in the rat kidney.6 Further studies revealed in- 
creased endothelin levels in hepatic venous blood on 
reperfusion 7,8 in small and large animal livers. A re- 
cent report further implicated endothelins in mediat- 
ing the no-reflow phenomenon in rat hepatic sinu- 
soids, a process that was abrogated by hepatic nitric 
oxide production. 

Collectively these observations implicate endothe- 
lins in hepatic circulatory failure following I/R; thus 
we undertook a study to evaluate the effect of en- 
dothelins on (1) macrocirculatory perfusion failure, 
(2) cellular damage, and (3) graft function. To perform 
these studies, an endothelin receptor antagonist, 
bosentan, was infused into the large animal liver be- 
fore and after I/R. Administration of bosentan reduced 
hepatic circulatory disturbances, lessened endothelial 
cell damage, and augmented hepatic graft function. 
Clinically, administration of an endothelin antagonist 
may improve postreperfusion graft function. 

was being drained, the hepatic artery (8 Fr) and the 
portal vein (17 Fr) were cannulated. During drainage 
of blood, the systemic blood pressure was maintained 
above 80 mm Hg. The liver was perfused in situ with 
three liters of Euro-Collins solution (Fresenius USA, 
Ogden, Utah) (2 liters portal vein; 1 liter hepatic 
artery), then cooled to 4” C with iced saline solution. 
Euro-Collins solution was used instead of University 
of Wisconsin solution in order to reduce experimen- 
tal costs and because of the nature of the injury that 
.occurs during shorter periods of cold ischemia. It is 
estimated that the conditions produced by preserving 
an organ in Euro-Collins solution for 6 hours are sim- 
ilar to conditions following 24 hours’ preservation in 
University of Wisconsin solution.” During Euro- 
Collins infusion, the inferior vena cava was vented in 
the chest. The inii-ahepatic vena cava was ligated and 
the liver was removed with all cannulas in place. A 32 
Fr drainage cannula was placed in the suprahepatic 
vena cava during cold storage. 

METHODS 
Animal Preparation 

All procedures and protocols were approved by the 
University of Massachusetts animal review board, 
IACUC. Donor Yorkshire pigs weighing 3.5 to 40 kg 
were used for these experiments. Animals were se- 
dated with a mixture (1 .O ml/kg) of telazol, ketamine, 
and xylazine. The concentrations of the components 
were as follows: telazol, 150 mg/ml (Ft. Dodge Ani- 
mal Health, Ft. Dodge, Iowa); ketamine, 50 mg/ml 
(Ft. Dodge Animal Health); and xylazine, 10 mg/ml 
(Phoenix Pharmaceuticals Inc., St. Joseph, MO.). Ani- 
mals were endotracheally intubated and anesthesia 
was provided by inhalation isoflurane (1 .S%). The 
femoral vein and artery were cannulated for intra- 
venous infusions and continuous blood pressure mon- 
itoring, respectively. 

Liver Preparation 

Through a midline laparotomy, the cystic duct 
was ligated without removing the gallbladder, and a 
14 Fr cannula (Sherwood Medical, St. Louis, MO.) 
was inserted into the common bile duct. The hepatic 
artery and portal vein were isolated. The chest was 
opened through a median sternotomy and the supra- 
hepatic vena cava was isolated. Following infusion of 
20,000 units of intravenous heparin, a 2 1 Fr perfusion 
cannula (Medtronic Biomedicus, Eden Prairie, Minn.) 
was placed in the right external jugular vein and di- 
rected toward the suprahepatic vena cava. Next, 1000 
ml of blood was drained into the perfusion circuit 
reservoiri at a rate of 300 ml/min. While the blood 

cold ischemia, Euro-Collins solution was washed 

Graft Reperfbsion 

from the graft using room temperature saline solution 
(1 liter portal vein; 1 liter hepatic artery). The graft 
was then connected to the perfusion circuit as previ- 

The liver was maintained at 4” C for 2 hours. After 

ously described. lo The circuit had a total blood vol- 
ume of 1000 ml. A Plexus membrane oxygenator heat 
exchanger (Shiley Inc., Irvine, Calif.) warmed the 
blood to 3 7” C. The liver was perfused slowly through 
the portal vein and h epatic artery. Initial inferior vena 
cava outflow, approximately 300 ml, was discarded to 
prevent Euro-Collins contamination into the system. 
The portal vein flow reached 550 to 700 ml/mm (0.50 
to 0.75 ml/g liver/min) and the hepatic artery, per- 
fused with additional nonpulsatile flow, reached 100 
to 200 ml/min (0.16 to 0.2 ml/g liver/min).1° Blood 
gas values (pH and partial pressures of oxygen and 
carbon dioxide) were monitored every 30 minutes 
both proximal and distal to the liver. Portal pressures 
remained below 15 mm Hg, whereas hepatic artery 
pressures remained below 1.50 mm Hg during reper- 
fusion. The partial pressure of oxygen before blood 
entered the liver was maintained above 9.5 mm Hg. 

Experimental Protocol 

Bosentan (lot 704001) was obtained from F. Hoff- 
mann-La Roche Ltd. (Basel, Switzerland). Fifty mil- 
ligrams of bosentan was dissolved in saline solution 
(250 ml) and administered directly into the portal vein 
for 15 minutes prior to cold ischemia and again 15 
minutes following early reperfusion in five pigs. The 



Journal ot 
324 Ricciardi et al. Gastrointestinal Surgery 

bosentan dose was extrapolated from previous exper- 
imental data.‘*-“’ The dosing of bosentan (before har- 
vest and after reperfusion) is based on previous data 
indicating the timing of endothelin production. 
Bosentan was administered prior to harvest (to antag- 
onize endogenous endothelin production) and fol- 
lowing. renerfusion (to antagonize the known en- 
dothein upregulation that orcurs during cold isch- 
emia). In five other pigs (250 ml), saline was adminis- 
tered without bosent&a (untreated). No other differ- 
ences in study protocol existed between the bosentan 
and the untreated group. 

ma1 liver.17 LDH and SDH activities were measured 
in hepatic venous blood samples every 30 minutes fol- 
lowing reperfusion. Spectrophotometric assay kits 
(Sigma, St. Louis, MO.) were used in the analyses. 
Peak hepatic venous levels were calculated for each 
graft and standardized to total serum protein. 

Determination of Endothelial Cell Damage 

lb evaluate endothelial cell damage, wedge biop- 

Glostrup, Denmark) on an automated immunostaine; 

sies were obtained at the end of reperfusion from both 
the left and right hepatic lobes. Biopsies were cleanly 
excised with a scalpel. Tissues were formalin fixed, 

(Bio-‘I&k, Burlington, Vermont). 

paraffin embedded,*and stained with hematoxylin and 
eosin. Additional sections cut at 4 microns were im- 

Positive Control. Several biopsies from the nor- 

munostained using anti-factor VIII antibodv (Dako, 

ma1 in situ liver were also taken to ensure normal 
immunostaining of the in situ liver prior to ex- 

Determination of Hepatic Circulatory 

To evaluate the effect of bosentan on hepatic cir- 

Impairment 

culatory impairment, hepatic vascular resistance and 
liver tissue blood flow were determined in all grafts. 
Hepatic vascular resistance was calculated by means 
of the following equation: 

Portal vein pressure (mm Hg) - vena cava pressure 
(mm Hg)/portal blood flow (ml/min) 

Portal venous pressure was determined with a 16- 
gauge 24-inch catheter inserted into the portal vein 
cannula that was directed toward the liver hilum dur- 
ing reperfusion. Inferior vena cava pressure was de- 
termined through a similar cannula inserted into the 
outflow tract of the liver. Both catheters were con- 
nected to standard pressure transducers and moni- 
tored every hour during reperfusion. 

Liver tissue blood flow was determined with ther- 
mistor flow probes (Thermal Technologies Inc., 
Cambridge, Mass.) directly inserted into each of the 
four lobes of the porcine liver. Flows were recorded 
following 30 minutes of reperfusion, a time required 
for the organ to achieve thermal equilibrium. To de- 
termine the relative inflows from the hepatic artery 
versus the portal vein, one vessel was clamped and lo- 
bar tissue blood flow subsequently recorded. The ves- 
sel was then reperfused and blood flows were redeter- 
mined in the same lobe. These maneuvers allowed de- 
tection of the relative importance of the portal vein 
and hepatic artery to lobar tissue blood flow. 

perimentation. 
Specimen Analysis. A pathologist (B.F.B.), 

blinded as to specimen treatment, evaluated all 
slides. The slide sections were scanned and evaluated 
for normal histology or changes of zonal ischemia, 
apoptotic bodies, micro- and macrovesicular steato- 
sis, and sinusoidal dilatation. Positive staining of en- 
dothelium in the portal veins was noted as a built-in 
control. Because of the distinct lobular structure, 
central veins surrounded by interconnecting portal 
triads were easily seen. Five such lobules with a clear 
relationship of portal triad to central vein were se- 
lected and arbitrarily divided into zones I, 2, and 3 
(as defined by Rappaport) for evaluation of im- 
munostaining. Immunostaining was called positive 
when a distinct dark brown color was present, cor- 
responding to flat endothelial cells, along the sinu- 
soidal walls. Positive sinusoidal staining was graded 
as follows: 0 = no staining; I = positive staining in 
less than half the sinusoids in the zone; 2 = positive 
staining in more than half the sinusoids. Scores for 
the five areas selected were averaged for each zone 
per slide and recorded. 

Analvsis of Graft Function , 
Determination of Hepatocellular Damage 

Cellular function and damage were estimated 
through determinations of peak venous levels of lac- 
tate dehydrogenase (LDH) and sorbitol dehydroge- 
nase activity (SDH), two indicators of hepatocellular 
damage.15,16 Determinations of SDH are particularly 
useful markers of hepatocyte injury in the large ani- 

Graft function was determined through oxygen 
consumption, biliary production, and bilia-v pro&- 
tion following bile acid stimulation.1° To estimate 
graft oxygen consumption, arterial blood gases from 
the portal vein and vena cava were obtained every 
30 minutes. A model 1640 blood gas analyzer (Instru- 
mentation Laboratory, Lexington, Mass.) was used to 
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analp tie samples, OqJpn consumption was calcu- 
lated us:ng t&standard equation: 

(Portal vein O2 saturation - vena cava O2 saturation) 
X (1.34) X (hemoglobin) X (portal vein flow/min + hepatic 

artery flow/min) + (liver weight [g]) 

Mean oxygen consumption was calculated starting 
at 30 minutes of reperfusion until the end of the 
experiment. 

Baseline biliary flow data were monitored in the 
unstimulated state. After 2 hours of reperfusion, a 
time previously determined to be necessary for opti- 
mal reestablishment of normal bile secretory mecha- 
nisms,‘O hepatic grafts received biliary stimulation 
with taurocholate (Sigma) (5952 pmoVl.5 min). ‘Em- 
rocholate was infused into the portal vein of the graft 
for 15 minutes. Unstimulated and taurocholate-stim- 
ulated bile was collected every 1.5 minutes and mea- 
sured in a graduated cylinder. Recorded values in- 
clude maximal biliary production prior to tauro- 
cholate infusion and following the bile acid infusion. 

Data Analysis 

Statistical significance was determined by means of 
Student’s t tests. A P value co.05 was considered sig- 
nificant. 

RESULTS 
Evaluation of Hepatic Circulatory Impairment 

Hepatic vascular resistance was calculated every 
hour during reperfusion. Hepatic vascular resistance 
for untreated organs was 0.021 2 0.001 mm Hg 
mm/ml. In the bosentan-treated group, vascular re- 
sistance was significantly lower, 0.015 * 0.0004 mm 
Hg mm/ml (P <O.OS). Hepatic vascular resistance re- 
mained relatively constant from the beginning to the 
end of the reperfusion period. 

Liver tissue blood flow was determined with ther- 
mistor flow probes following 30 minutes of reperfu- 
sion. In untreated organs, liver tissue blood flow was 
2 5 .O + 4.6 ml/l00 g/min. This postreperfusion tissue 
blood flow is approximately one-half the preharvest 
blood flow values, although total organ blood flow are 
maintained constant.* The bosentan-treated organs 
demonstrated significantly higher liver tissue blood 
flow, 59.0 2 5.7 ml/100 g/min, as compared to un- 
treated organs (P ~0.05) (Fig. 1). 

Differences in vascular inflow were also noted be- 
tween the two groups. Following I/R, when portal 
vein inflow was impaired (80%) in untreated organs, 
liver tissue blood flow to the hepatic parenchyma de- 
creased from 3 3 .O to 22.4 ml/l 00 g/min (decrease by 

Untreated Bosentan 

Fig. 1. Effect of bosentan on hepatic tissue blood flow follow- 

ing ischemkkeperfusion injury. Data represent mean hepatic 
tissue blood flow 2 standard error of the mean in five un- 
treated organs and five bosentan-treated organs. 

32% IT 9%). In the bosentan-treated organ, a similar 
disruption of portal vein inflow produced a signifi- 
cantly greater reduction in liver tissue blood flow from 
61.0 to 14 ml/l00 g/min (decrease by 77% t 7%) (P 
~0.05). Although disruption of hepatic artery inflow 
decreased hepatic tissue blood flow to the hepatic 
parenchyma, there was no difference in this change 
between untreated and bosentan-treated organs. 

Evaluation of Hepatocellular Damage 

Hepatocellular damage markers, LDH and SDH, 
were measured before harvest and every 30 minutes 
after reperfusion in the hepatic venous blood. Com- 
parisons of LDH and SDH levels in the organ prior 
and following I/R demonstrated sharp increases in en- 
zyme activities. LDH increased from 14.6 + 5 U/mg 
protein prior to I/R to 45.8 ? 7 U/mg protein in all 
livers following I/R. SDH similarly increased from 
23.5 2 8 U/mg protein prior to I/R to 1332 ? 185 
U/mg protein in all livers following I/R. No differ- 
ence in maximal postreperfusion LDH levels was 
noted between untreated livers (41.8 ? 5 U/mg pro- 
tein) and bosentan-treated livers (49.8 _’ 14 U/mg 
protein). Similarly, no difference in maximal 
postreperfusion SDH levels was noted between un- 
treated livers (1052 ? 164 U/mg protein) and bosen- 
tan-treated livers (16 13 2 285 U/mg protein). 

Evaluation of Endothelial Cell Damage 

Following 3 hours of reperfusion, pathology spec- 
imens were obtained from the left and right lobes 
and immunostained for factor VIII. Prior to cold 



Fig. 2. A, Biopsy specimen from an untreated organ. Factor VIII immunostain revealed lack of positive im- 
munostaining everywhere (score 0) except the central vein. (x400.) B, Biopsy specimen from a bosentan- 
treated organ. Factor WI immunostain revealed brown positive stain along the sinusoids (score 2). (X400.) 



Vol. 5, No. 3 
2001 Bosentan Improves Graft Function 327 

&hernia, in both groups, pathology scores for factor 
VIII immunostaining were 1.9 ? 0.05 (top score = 
2 .O). I/R produced endothelial cell rounding and dis- 
placement from the basement membrane, resulting in 
a decrease in factor VIII pathology scores to 0.36 2 
0.07. Untreated liver postreperfusion biopsy scores 
for factor VIII immunostaining were 0.23 + 0.09. 
Fig. 2, A shows a biopsy specimen taken from an un- 
treated organ after 3 hours of reperfusion. The bosen- 
tan-treated organs demonstrated significantly higher 
immunostain scores, 0.54 ? 0.11 (P ~0.0.5). Fig. 2, B 
demonstrates a biopsy taken from a bosentan-treated 
organ after 3 hours of reperfusion. 

Evaluation of Graft Function 

Graft function was determined through hepatic 
oxygen consumption and biliary production with and 
without bile acid stimulation. After the first 30 min- 
utes of reperfusion, hepatic oxygen consumption re- 
mained stable. In the untreated organ, hepatic oxygen 
consumption was 0.5 ? 0.1 ml/100 g/min. The 
bosentan-treated organ demonstrated significantly 
higher oxygen consumption, 0.9 + 0.1 ml/100 g/min 
(Z’ ~0.0.5) following I/R (Fig. 3). 

The cold-reperfused liver demonstrates reduced 
biliary production following I/R, and requires 1 to 2 
hours of reperfusion to return to normal.i0 Maximal 
biliary production following I/R was 1 .O + 0.1 ml/l 5 
minutes in the untreated liver and 1.7 ? 0.3 ml/l5 
minutes in the bosentan-treated organ (P ~0.05) (see 
Fig. 3). Two hours after I/R, all reperfused livers were 
challenged with 5952 pmol/lS minutes of tauro- 
cholate via the portal vein. With bile acid infusion, 
biliary production was markedly increased in both the 

Unstimulated Bile Stimulated Bile 

Fig. 3. Effect of bosentan on graft biliary production after 
ischemia/reperfusion injury, both unstimulated and following 
stimulation with taurocholate. Data represent mean biliary 
flows (k standard error of the mean) in five untreated organs 
and five bosentan-treated organs. 

untreated organ and the bosentan-treated organ. Yet 
biliary production was significantly higher in response 
to the bile acid challenge in the bosentan-treated or- 
gan (7.4 + 0.4 ml/l.5 minutes) as compared to the un- 
treated organ (3.5 2 0.6 ml/l5 minutes) (P = 0.003). 

DISCUSSION 

In the present study, the effect of an endothelin re- 
ceptor antagonist, bosentan, on hepatic circulation, 
cell damage, and graft function was evaluated follow- 
ing I/R. The data reveal that grafts treated with 
bosentan demonstrated lower hepatic vascular resis- 
tance, enhanced liver tissue blood flow, and improved 
portal vein inflow following I/R. Although no change 
in hepatocellular damage was noted, endothelial cell 
damage was reduced in the bosentan-treated livers. 
Bosentan grafts also demonstrated enhanced oxygen 
consumption, increased bile flow, and augmented re- 
sponses to bile acid challenge. These results indicate 
that administration of bosentan before and after I/R 
may be a useful approach to improving preservation 
damage and graft function of the transplanted liver. 

The endothelins are a family of proteins first dis- 
covered in 1988.ts These peptides are potent vaso- 
constrictors that produce prolonged pressor responses 
in both vascular and nonvascular tissues.19 Although a 
basal release of endothelins is thought to modulate 
numerous vascular beds, de novo synthesis with large 
bursts of newly synthesized endothelins also occurs in 
response to various signals.‘* These signals range 
from chemical stimuli to hypoxic stresses. For exam- 
ple, induction of hypoxia to the rat arterial bed leads 
to a dramatic rise in endothelin message and subse- 
quent increases in intracellular calcium.20 These in- 
tracellular changes lead to vasoconstriction and a 
sharp rise in vascular pressures. 

Endothelins have been localized in many tissues in- 
cluding the lungs, kidneys, heart, peripheral vascula- 
ture, and liver. Given the ubiquity in which endothe- 
lins are found, these peptides have been implicated in 
a variety of disease processes including cardiovascu- 
lar, inflammatory, and transplantation pathophysiolo- 
gies. A number of drugs have been developed aimed 
at blocking endothelin binding to its receptor.*’ The 
agent used in the present study, bosentan, is an orally 
active, nonselective endothelin receptor antagonist.** 
This compound has already undergone evaluation in 
human studies of pulmonary hypertension23 and con- 
gestive heart failure, 24 demonstrating no significant 
toxic effects as compared to placebo. In the liver, 
bostentan has been shown to reduce hepatic injury 
secondary to endotoxemia in mice,12 lessen portal 
pressures in a rat model of cirrhosis,13 and reduce the 
hepatic microcirculatory damage of I/R in the canine 
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liver.14 No study has, however, evaluated the effect of 
bosentan on hepatic macrocirculation and function 
following I/R. 

Previous data from our laboratory have demon- 
strated significant alterations in hepatic tissue blood 
flow (macrocirculation) following I/R. The reperfused 
large animal liver is characterized by enhanced hepatic 
resistance, reduced liver tissue blood flow, and de- 
creased portal vein inflow to the hepatic parenchyma.’ 
In the present study, a significant decrease in hepatic 
resistance was noted with bosentan treatment. Livers 
perfused with bosentan also demonstrated enhanced 
liver tissue blood flow and augmented portal vein 
inflow to the hepatic parenchyma. The lobar tissue 
blood flow of the bosentan-treated organs almost re- 
turned to that expected for a normal in situ liver.2 

The observed improvements in the macrocircula- 
tion of bosentan-treated organs corresponds to pre- 
vious data demonstrating similar improvements in the 
microcirculation of reperfused livers treated with en- 
dothelin antagonists. 2s,26 A significant decrease in 
leukocyte endothelial cell interactions in hepatic acini 
was noted on reperfusion in rat livers treated with an 
endothelin antagonist prior to ischemia. The same 
study also demonstrated improved sinusoidal blood 
flow and attenuated microvascular perfusion failure as 
evaluated by intravital microscopy.25 Given the im- 
provements in micro- and macrocirculatory perfusion 
with endothelin receptor antagonist, endothelins 
likely play a key role in mediating the circulatory col- 
lapse of I/R. 

Antagonism of endothelins has previously been 
shown to augment graft function following I/R. Infu- 
sions of endothelin receptor antagonists improves 
graft function in the transplanted porcine liver as 
measured by indocyanine green retention and en- 
hanced serum total bile acid.26 In addition, infusions 
of endothelin antagonists lead to improved survival 
in the reperfused dog liver following 2 hours of 
ischemia.*’ The data in these previous studies are sim- 
ilar to the results obtained in the present study. Im- 
proved graft function as evaluated by enhanced oxy- 
gen consumption, biliary production, and response to 
bile acid challenge was demonstrated with bosentan 
treatment. These functional changes in hepatic grafts 
during bosentan treatment may be significantly influ- 
enced by the observed dramatic changes in the vascu- 
lar supply to the hepatic parenchyma. Given the sig- 
nificant contribution of endothelins to the patho- 
physiology of ischemia/reperfusion and the volume of 
data indicating a hepatoprotective role for endothe- 
lin receptor antagonists, clinical trials should be con- 
sidered evaluating the potential benefit of these agents 
in transplantation. 

Journal of 
Gastrointestinal Surgery 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Clemens MG, McDonagh PF, Chaudry IH, Baue AE. Hepatic 

microcirculatory failure after &hernia reperfusion: Improve- 

ment with ATP-MgCL2 treatment. Am J Physiol 1985;248: 

H804-H8 11. 

Ricciardi R, Foley DP, Quarfordt SH, et al. Cold ischemia af- 

fects regional hepatic tissue perfusion [abstr]. Hepatology 

1999;30:223A. 

Koo A, Komatsu H, Tao G, Inoue M, Guth PH, Kaplowitz 

N. Contribution of no-reflow phenomenon to hepatic injury 

after ischemia-reperfusion: Evidence for a role for superoxide 

anion. Hepatology 1992;15:507-514. 

Lautt WW. The 1995 Ciba-Geigy Award Lecture. Intrinsic 

regulation of hepatic blood flow. Can J Physiol Pharmacol 

1996;74:223-233. 

Ricciardi R, Foley DP, Quarfordt SH, et al. Variables predict 

ex-vivo support organ function (submitted for publication). 

Wilhelm SM, Simonson MS, Robinson AV, Stowe NT, Schu- 

lak JA. Cold ischemia induces endothelin gene upregulation 

in the preserved kidney. J Surg Res 1999;85:101-108. 

Kawamura E, Yamanaka N, Okamoto E, Tomoda F, Furukawa 

K. Response of plasma and tissue endothelin-1 to liver isch- 

emia and its implication in ischemia reperfusion injury. Hep- 

atology 1995;21:1138-1143. 

Nakamura S, Nishiyama R, Serizawa A, et al. Hepatic release 

of endothelin-1 after warm ischemia. Transplantation 1995;59: 

679-684. 

Pannen BH, Al-Adili F, Bauer M, Clemens MG, Geiger KK. 

Role of endothelins and nitric oxide in hepatic reperfusion in- 

jury in the rat. Hepatology 1998;27:755-764. 

Foley DP, Vittimberga FJ, Quarfordt SH, et al. Biliary secre- 

tion of extracorporeal porcine livers with single and dual ves- 

sel perfusion. Transplantation 1999;68:362-368. 

Southard JH, Belzer FO. Organ preservation. Annu Rev Med 

1995;46:235-247. 

Iskitt AB, Sungur A, Gedikoglu G, Oguz Gut M. The effects 

of bosentan, aminoguanidine and L-canavanine on mesenteric 

blood flow, spleen, and liver in endotoxaemic mice. Eur J 

Pharmacol 1999;379:73-80. 

Sogni P, Moreau R, Gomola A, et al. Beneficial hemody- 

namic effects of bosentan, a mixed ET, and ET, receptor 

antagonist, in portal hypertensive rats. Hepatology 1998;28: 

655-6.59. 

Koeppel TA, Kraus T, Thies JC, Gebhard MM, Otto G, Post 

S. Effects of mixed ETA and ETB receptor antagonist (Ro- 

47-0203) on hepatic microcirculation after warm ischemia. 

DigDis Sci 1997;42:1316-1321. 

Asada M, Galambos JT Sorbitol dehydrogenase and hepato- 

cellular injury: An experimental and clinical study. Gastroen- 

terology 1963;44:578-587. 

Wiesner IS, Rawnsley HM, Brooks FP, Senior JR. Sorbitol 

dehydrogenase in the diagnosis of liver disease. Am J Dig Dis 

1965;10:147-151. 

Jenkins SJ, Green SA, Clark PA. Clinical chemistry reference 

values of normal domestic animals in various age groups-as 

determined on the ABA-100. Cornell Vet 1982;72:403-415. 

Yanagisawa M, Kurihara H, Kimura S, et al. A novel potent 

vasoconstrictor peptide produced by vascular endothelial cells. 

Nature 1988;332:411-415. 

Randall MD. Vascular activities of the endothelins. Pharmacol 

Ther 1991;50:73-93. 
Rakugi H, Tabuchi Y, Nakamura M, et al. Evidence for en- 

dothelin-I release from resistance vessels of rats in response to 

hypoxia. Biochem Biophys Res Commun 1990;169:973-977. 



Vol. 5, No. 3 
2001 

21. 

22. 

23. 

24. 

Moreland S. Endothelin receptor antagonists: A brief review. 
Can J Physiol Pharmacol 1994;72:1469-1471. 
Clozel M, Breu V, Gray GA, et al. Pharmacological charac- 
terization of bosentan, a new potent orally active nonpeptide 
endothelin receptor antagonist. J Pharmacol Exp Ther 1994; 
270~22%235. 
Williamson DJ, Wallman LL, Jones R, et al. Hemodynamic 
effects of Bosentan, an endothelin receptor antagonist, in pa- 
tients with pulmonary hypertension. Circulation 2000;102: 
411-418. 
Sustch G, Bertel 0, Richenbacher P, et al. Regulation of al- 
dosterone secretion in patients with chronic congestive heart 
failure by endothelins. Am J Cardiol2000;85:973-976. 

25. 

26. 

27. 

Bosentan Improves Graft Function 329 

Kitayama Y, Yamanaka N, Kawamura E, Kuroda N, Okamoto 
E. Hepatoprotective effect of the endothelin receptor antago- 
nist TAK-044 against ischemia-reperfusion injury in the ca- 
nine liver. Hepatology 1997;27:1652-1660. 
Yamanaka N, Takaya Y, Oriyama T, et al. Hepatoprotective 
effect of a nonselective endotbelin receptor antagonist (TAK- 
044) in the transplanted liver. J Surg Res 1997;70:156-160. 
Urakami A, Tbdo S, Zhu Y, et al. Attenuation of ischemic liver 
injury by monoclonal anti-endothelin antibody, AwETN40. J 
Am Co11 Surg 1997;185:358-364. 



Randomized Comparison of Conventional and 
Gasless Laparoscopic Cholecystectomy: Operative 
Technique, Postoperative Course, and Recovery 

Jens Fromholt Larsen, M.D., Per Ejstmd, M.D., Joergen U. Kristensen, M.D., 
Flemming Svendsen, M.D., Finn Redke, M.D., Vivi Pedersen, M.D. 

The positive CO2 pneumoperitoneum needed to create the working space for laparoscopic surgery in- 
duces cardiovascular, neuroendocrine, and renal changes. Concern about these pathophysiologic changes 
has led to the introduction of a gasless technique. Fifty consecutive patients with symptomatic gallstones 
were randomized to conventional (CLC) or gasless laparoscopic cholecystectomy (GLC), with special 
reference to overall patient satisfaction, technical difficulties, duration of surgery, postoperative pain, and 
recovery. The overall exposure of the operative field was extremely poor in the GLC group, whereas the 
duration of surgery, steps involved in the cholecystectomy technique, length of hospital stay, and post- 
operative pain score did not differ significantly. After discharge, the median time to complete relief of pain 
tended to be shorter in the gasless group (5 days [range 1 to 151) vs. the conventional group (8 days [range 
1 to 151). The period to return to normal activity was shorter in the GLC group (6 days [range 1 to 1.51) 

compared to the CLC group (8.5 days [range 1 to 1 S]) (P = 0.03 1). No differences were found in terms 
of fatigue, dizziness and nausea, and overall satisfaction with the outcome. This study demonstrates a 
significantly shorter convalescence after laparoscopic cholecystectomy by means of the gasless technique 
compared to the conventional CO2 technique. Exposure of the operative field was less than optimal us- 
ingthegaslesstechnique.(J GASTROINTEST S~~~2001;5:330-335.) 

KEY WORDS: Laparoscopic cholecystectomy, pneumoperitoneum, gasless laparoscopy, comparative 
study, methods 

Laparoscopic surgery involves less trauma than 
open surgery with a reduction in postoperative pain 
and less pulmonary and cardiovascular dysfunction. l 
These benefits may be particularly important to pa- 
tients with preexisting cardiopulmonary disease. 

Pneumoperitoneum achieved with high-flow insuffla- 
tion of CO2 provides good exposure of the abdomi- 
nal viscera by creating a uniform dome-type cavity, 
which is the basis for laparoscopic operations. How- 
ever, pneumoperitoneum induces complex patho- 

physiologic changes. 2 The main hemodynamic 
changes induced by CO2 insufflation during laparo- 
scopic cholecystectomy are well documented and con- 
sist of significant increases in mean arterial pressure, 
cardiac index, and systemic and pulmonary vascular 

resistance. Even the patient’s position may cause he- 

modynamic changes, and the combined effects of 
anesthesia, head-up tilt, and insufflation may produce 
a SO% decrease in the cardiac index. Changes in ve- 
nous circulation can also occur and may mimic ab- 

normalities such as chronic heart failure, as shown by 
echocardiography.3,4 

One major technical disadvantage of using CO2 in- 

sufflation is it requires an airtight system. Airtight sys- 
tems do not allow palpation of the intra-abdominal or- 

gans during laparoscopy, and combined laparoscopic 
and open procedures are difficult to handle because of 
the loss of pneumoperitoneum. A large number of me- 
chanical elevators of the abdominal wall have been 
developed. The most widely used system is the Lap- 
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arolift developed by Origin Medsystems, Inc. (Menlo 
Park, Calif.). This system uses an intraperitoneal fan- 
shaped retractor and a mechanical arm providing a 
tenting of the abdominal wall. The Laparotensor (Lu- 
cini, Milan, Italy) provides traction of the skin and 
subcutaneous tissue creating a more domelike work- 
ing cavity without penetrating the peritoneum. The 
gasless technique permits the use of unvalved trocars 
to perform minilaparotomy for operative purpose 
without compromising the working chamber, and it 
eliminates the pathophysiologic effects of pneu- 
moperitoneum. However, the gasless technique has 
some disadvantages such as the absence of counter- 
pressure on the inn-a-abdominal organs and limitation 
of trocar placement.s 

Few studies have investigated and compared con- 
ventional laparoscopic and gasless techniques, and no 
general conclusions could be reached because of the 
small amount of data and conflicting results.6-11 The 
aim of this study was to compare gasless (Laparoten- 
sor) and conventional laparoscopic cholecystectomy 
in a randomized setting paying particular attention 
to exposure of the operative field, technical difficul- 
ties, duration of surgery, postoperative pain, clinical 
course, and convalescence. 

MATERIAL AND METHODS 
Patients 

Fifty consecutive patients with symptomatic chole- 
cystolithiasis fulfilling the inclusion criteria were ran- 
domly allocated to one of two groups: conventional 
laparoscopic cholecystectomy (CLC) or gasless lapa- 
roscopic cholecystectomy (GLC). The allocation se- 
quence was generated by random numbers using 
Documenta Geigy. Patients were randomly allocated 
by opening sealed envelopes on the day of surgery. 
The intervention assignments were hidden from the 
patients and from the nursing staff on the ward. Data 
were collected from December 1, 1998 to October 1, 
1999. Inclusion criteria consisted of the following: age 
over 18 years and body mass over 30 kg/m2. Informed 
written consent was obtained from all patients. Pa- 
tients with acute pancreatitis, cholecystitis, cholangi- 
tis, blood diseases, rheumatic diseases, acute infectious 
diseases, and renal or liver diseases were excluded 
from the study. The study was approved by the local 
ethics committee. 

Operations 

All operations were performed by three surgeons 
experienced in CLC and GLC. In one group (CLC), 
laparoscopic cholecystectomy was performed using 
conventional CO2 pneumoperitoneum at a pressure 

of 12 mm Hg and two 10 mm trocars and two 5 mm 
trocars. In the other group (GLC), two curved steel 
needles were inserted into the subcutaneous space 
and attached to a mechanical arm affixed to the oper- 
ating table. A minilaparotomy (15 mm) was performed 
through the umbilicus. A working chamber was pro- 
duced by elevation of the mechanical retractor 
(Laparotensor) (Fig. 1). A valveless 10 mm port was 
inserted, and one 10 mm and two 5 mm valveless ports 
were inserted under direct vision. After the working 
chamber was created, cholecystectomy was performed 
using identical technique and instruments, a curved 
dissector and monopolar electrocautery. Cholangiog- 
raphy was not routinely performed. Once the cystic 
duct and artery were clipped and divided, the gall- 
bladder was detached from the liver bed and placed 
over the liver. The gallbladder was removed through 
the umbilical incision via a 20 mm port in the CLC 
group and through the 15 mm incision in the GLC 
group. Immediately after the operation, the surgeon 
rated the procedure on a scale of 1 to 5 (impossible = 
1, easy = 5) according to the following parameters: 
overall exposure of the operative field, dissection of the 
triangle of Calot, application of clips, dissection of the 
gallbladder from the liver bed, and removal of the gall- 
bladder. Furthermore, perioperative complications 
such as bleeding and perforation of the gallbladder 
were recorded. Gentamycin (240 mg) was given to all 
patients 1 hour before the procedure. 

Anesthesia 

Patients were not premeditated to avoid interfer- 
ence with pulmonary or circulatory functions. Local 
anesthesia (bupivacaine 0.5%) was injected before the 
insertion of the ports and subdiaphragmatically after 
the gallbladder had b een removed. Before the induc- 
tion of anesthesia, 10 ml/kg sodium chloride was 
infused. Anesthesia was induced with 2.5 mg midazo- 
lam and a bolus of 2.5 mg/kg propofol intravenously. 
The patient was given a 5 Fg/kg dose of fentanyl dur- 
ing the first hour of anesthesia and 2.5 Kg/kg intra- 
venously for the remaining time. Endotracheal intu- 
bation was facilitated by 0.1 mg/kg cisatracurium. 
Muscle relaxation was maintained by cisatracurium. 
During the operation, muscle relaxation was estimated 
by nerve stimulation, and doses of cisatracurium were 
administered when needed. Patients were ventilated 
by means of a Servo 900 C respirator (Siemens) with a 
tidal volume of 7 ml/kg and a frequency of 12 respira- 
tions/min and FI02 = 0.30. Pulmonary peak pressure 
and pause pressure were measured to give an estimate 
of static compliance. An antiemetic dose of ondan- 
setron (4 mg intravenously) and ketoprofen (100 mg) 
was given 30 minutes prior to the expected time of ex- 
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Fig. 1. The Laparotensor, which is used for gasless laparoscopic cholecystectomy. 

tubation. Patients were given 2 5 mg/0.4 mg Neostig- 

mine/glycopyrron at the end of anesthesia to prevent 
postanesthetic relaxation. Finally, the patients were ex- 
tubated. Postoperatively, ketoprofen (100 mg twice a 
day) and Paracetamol(1 g four times a day) were given 
as a standard dose. Morphine injections were given 

when requested by the patient and recorded in the pa- 
tient’s chart. 

Postoperative Course 

Without knowing which procedure had been se- 

lected, patients were asked to rate their pain using a 
visual analogue scale ranging from 0 to 10. Patients 
recorded pain at rest and during mobilization, and 
specifically at the incision sites, the shoulders, and the 
abdominal wall. Recording was done 4 hours after 
surgery (phase I), 8 hours after surgery (phase 2), in 
the morning (phase 3), and in the afternoon (phase 
4) of the first postoperative day. During hospitaliza- 
tion, the use of pain medicine was recorded daily. At 
discharge, a questionnaire was given to the patients 
and they were asked to score daily for 14 days their 

pain (1 = no pain, 2 = moderate pain, 3 = severe 
pain) and activity (1 = as before operation, 2 = re- 

duced, 3 = bedridden); they were also asked to note 
daily the following: nausea, dizziness, fatigue, pneu- 
monia, wound complications, and fever. In addition, 
patients were asked to rate their satisfaction with the 
overall results of the operation (1 = very satisfied, 

2 = satisfied, 3 = same symptoms as preoperatively). 

Statistial Analysis 

The nonparametric Mann-Whitney test was used 
to compare the two groups. Fisher’s exact test was ap- 
plied in cases where the frequency was less than five. 
Friedman’s analysis was used to detect changes over 
time within each group. Data are expressed as median 
and range. P values ~0.05 were considered significant. 

RESULTS 

The two groups were comparable in terms of age, 
sex, body mass index, and previous abdominal opera- 
tions (Table I). 



Vol. 5, No. 3 
2001 Comparison of Cholecystectomy Techniques 333 

Abdominal Pain Wound Pain 

2 3 4 

Phaae 

tCLC -0-GLC 

2 3 4 

Phase 

tCLC -c-GLC 

Shoulder Pain 

c c$s$ 

1 2 3 4 

Phase 

-m-CLC -O-GLC 

Fig. 2. Pain scores measured by a visual analogue scale (VAS) in the abdomen (A), wound (B), and shoul- 
der (C). Each point represents median values; T represents upper quartiles; I represents lower quartiles. 
Phase 1 = day 0, four hours postoperatively; phase 2 = day 0, evening; phase 3 = postoperative day 1, 
morning; phase 4 = postoperative day 1, afternoon. CLC = conventional laparoscopic cholecystectomy; 
GLC = gasless laparoscopic cholecystectomy. 

Table I. Patient data 

Conventional laparoscopic 
cholecystectomy (n = 26) 

Age (yr) 52 (range 29-7.5) 
Sex (male/female) 808 
Body mass index (kg l m-*) 26 (range 20-30) 

Values are median and with range in parentheses. 

Gasless laparoscopic 
cholecystectomy (n = 24) 

49.5 (range 29-71) 
707 

27 (range 23-30) 

Intraoperative Course 

The duration of surgery was 78 minutes (range 4.5 to 
170) in the CLC group and 102 minutes (range 40 to 
2 10) in the GLC group (P = 0.086). Overall exposure 
of the operative field was significantly poor in the gas- 
less group compared to the conventional group (P = 
0.006). However, no significant differences were noted 
when dissecting the triangle of Calot, placing clips, and 
dissecting the gallbladder from the hepatic bed. Re- 
moval of the gallbladder from the abdominal cavity was 
easiest in the gasless group (P = 0.017). Four patients 

in the gasless group were converted as follows: one pa- 
tient was converted to CLC, three patients were con- 
verted to open cholecystectomy because of a poor 
overview due to empyema of the gallbladder, and the 
fourth patient was converted because of a poor 
overview due to the absence of counter-pressure on the 
intestine. One patient in the CLC group was converted 
to open surgery because of chronic cholecystitis and 
Mirizzie’s syndrome. No statistical difference was 
found in conversion rates (P = 0.182). No major intra- 
operative complications occurred in either group. 
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Fig. 3. Pain scores measured by a visual analogue scale @MS) at rest (A) and during mobilization 
(B). Each point represents median values; T represents upper quartiles; I represents lower quartiles. 
Phase 1 = day 0, four hours postoperatively; phase 2 = day 0, evening; phase 3 = postoperative day 1, 
morning; phase 4 = postoperative day 1, afternoon. CLC = conventional laparoscopic cholecystectomy; 
GLC = gasless laparoscopic cholecystectomy. 

Postoperative Course During Hospital Stay 

The median postoperative hospital stay was 1 day 
(range 1 to 31 days) in the CLC group and 1 day 
(range 1 to 3 days) in the GLC group. Postoperative 
wound pain, abdominal pain, and shoulder pain were 
similar in the CLC and GLC groups (Fig. 2). No 
significant differences in pain scores were found at 
rest or during mobilization within or between the 
groups during the hospital stay (Fig. 3), or in mor- 
phine consumption on day 0 (P = 0.377) and day 1 

(P = 0.447). 

After Discharge 

The period to complete relief of pain was similar 
in the two groups: 8 days (range 1 to IS) in the CLC 
group vs. 5 days (range 1 to 15) in the GLC group 
(P = 0.234). H owever, the time to return to normal 
activity was significantly shorter in the gasless group 
(6 days [range 1 to 1 S]) compared to the conventional 
group (8 days [range 2 to 1 S]) (P = 0.03 1). No differ- 
ence was found between the two groups with regard 
to fatigue, dizziness and nausea, and overall satisfac- 
tion with the outcome of the operation. Three pa- 
tients were readmitted, all of them from the CLC 
group. One patient in the CLC group developed bile 
leakage due to an aberrant duct and was treated with 
endoscopic stenting. The patient was discharged af- 
ter 3 1 days. Two patients were readmitted with fever 
and abdominal pain, but they were discharged after 1 

and 3 days, respectively. No significant difference was 
found between the two groups concerning the overall 
results of the operation (P = 0.965). 

DISCUSSION 

This study demonstrates a significantly shorter 
convalescence after ltiparoscopic cholecystectomy by 
the gasless technique than with conventional CO1 
pneumoperitoneum. The exposure of the operative 
field was less than optimal using the gasless technique. 
However, the operative time was not significantly ex- 
tended, and there were not any more intraoperative 
or postoperative complications in the gasless group. 

Few studies have investigated and compared the 
laparoscopic techniques performed with pneumoperi- 
toneum or mechanical traction within the fields of gy- 
necology6-s and general surgery.9-11 Duration of sur- 
gery, intraoperative complications, and conversion 
rates are the typical objective parameters.6-11 In gen- 
eral, the duration of surgery is found to be longer 
when the gasless technique is used. We also found 
that the operative time for the GLC group tended to 
be longer than that for the CLC group and that the 
conversion rate also tended to be higher, although the 
difference was not significant. The lack of statistical 
significance, however, may be due to a type II error. 

In this study we used a quantitative system to as- 
sess exposure of the operative field and the different 
steps involved in the operation. Applying this scoring 
system, the gasless technique provided inferior expo- 
sure. We noticed that with the gasless technique, the 
transverse colon in some cases hindered exposure of 
the operative field more frequently than during con- 
ventional laparoscopic cholecystectomy, probably be- 
cause of the absence of counterpressure on the bowel. 
However, when the exposure was good, no difference 
was found concerning the individual steps involved in 
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the procedure, apart from removal of the gallbladder 
from the abdominal cavity, which was easier in the 
gasless group because of the minilaparotomy incision. 
In patients of normal weight, we had no problems 
creating a dome-like working cavity using the Lap- 
arotensor device. However, when performing lapa- 
roscopic cholecystectomy, it is important to insert the 
subcutaneous needles over the costal margin in order 
to lift up the gallbladder, especially in obese patients. 
In two randomized studies comparing the gasless and 
conventional laparoscopic procedures on the basis of 
intraoperative visualization and procedural difficulty 
during pelvic surgery, increased technical difficulty 
and poorer visualization were found with the use of 
an intra-abdominal fan retractor (Laparolift).7,s 

Our concern that traction on the abdominal wall 
by the subcutaneous needles in the gasless group 
would result in more discomfort or pain was not 
confirmed. During the hospital stay, no differences 
in somatic or visceral pain were found between the 
conventional and gasless groups. Our results are in 
agreement with those of the randomized study by 
Koivusalo et al.,” who found that postoperative nau- 
sea, vomiting, and pain in the right shoulder occurred 
less often after gasless cholecystectomy (Laparolift). 
However, greater technical difficulties and postoper- 
ative pain were reported with the gasless technique 
using the Laparolift fan retractor for gynecologic lap- 
aroscopy. 7,8 Furthermore, increased pain during mo- 
bilization and coughing was registered in the gasless 
group when comparing gasless and CO2 laparoscopic 
colon resections.‘* These conflicting results may re- 
flect procedural differences rather than pathophysio- 
logic differences between gasless and conventional 
laparoscopy. 

The postoperative period was monitored daily by 
the patients wh o recorded their pain and daily activi- 
ties for 14 days. Patients in the GLC group returned 
to their normal activities sooner than those in the 
CLC group, supposedly because they had less post- 
operative pain. Concerning fatigue, dizziness, nausea, 
and wound problems, no differences were found. 
From the patients’ point of view, there were no dif- 
ferences in terms of overall satisfaction with the re- 
sults of the operation. 

Comparison of Cholecystectomy Techniques 335 

Further research is required to explore the poten- 
tial of other mechanical methods or the combination 
of low-pressure pneumoperitoneum and traction. 
More comparative studies of the conventional and 
gasless method are also needed in the effort to inves- 
tigate the cardiovascular, respiratory, neuroendocrine, 
and renal effects of laparoscopic surgery. 
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Matters of duplicate and fraudulent publication are 
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the surgical community at large. The Surgical Journal 
Editors Group, a group of editors of major surgical 
journals in the United States and abroad, has prepared 
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TINAL SURGERY, they will not be tolerated. 
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a manuscript has been peer-reviewed and published, 
any subsequent publication is duplication” should be 
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We look forward to hearing from you. 
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