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The Value of Consensus 

John L. Cameron, M.D., Keith A. Kelly, M.D., Co-Editors 

The "truth" in science is based largely on experi- 
mentation. Hypotheses are proposed, experiments de- 
signed and conducted, data collected and subjected to 
statistical analysis, and hypotheses supported or re- 
futed based on the data. The truth emerges. 

The truth in medical science is derived, in general, 
from a similar pathway. The management of individ- 
ual patients with individual diseases, however, must 
often be done with incomplete data supporting major 
management decisions. The "truth" may not be 
known for an individual patient. Judgment, reason, 
and personal experience must then be employed. 
Consultation among various physicians is frequently 
sought, and a consensus achieved about the manage- 
ment of the patient. While imperfect, the approach 
usually works to the patient's benefit. 

In this day and age, unlike a decade or more ago, 
most alimentary tract problems require a multidisci- 
plinary approach. Gone are the days when a gastroin- 
testinal surgeon managed a patient with an alimentary 
tract problem alone. Input from gastroenterologists, 
radiologists, interventionists, medical oncologists, ra- 
diotherapists, and individuals from other disciplines 
is usually required now. Today the alimentary tract 
surgeon not infrequently consults daily with gas- 
troenterologists, relies heavily on radiologists, and 
particularly interventionists, and requires input from 
medical oncologists and radiotherapists when manag- 
ing a patient. Consensus is part of today's practice. 

Obtaining a consensus among experts, the Delphian 
method, has helped to set directions not only for in- 
dividual patients but also on a broader scale. The con- 
sensus conferences held by the National Institutes of 
Health (NIH) are a prime example. Laparoscopic 
cholecystectomy for symptomatic gallstones, opera- 
tions directed at morbid obesity, and the role of Heli- 
cobacterpylori in the etiology, pathogenesis, and treat- 
ment of peptic ulcers have gained acceptance in our 
practices, in part, because of the conclusions and rec- 
ommendations of recent NIH consensus conferences. 
The consensus of experts continues to have great 

value for exploring a variety of pertinent topics and 
then setting state-of-the-art guidelines for all of us to 
consider. 

Our Society, The Society for Surgery of the Ali- 
mentary Tract (SSAT), has recently sponsored con- 
sensus conferences at our annual meeting during Di- 
gestive Disease Week (DDW). Digestive Disease 
Week is an ideal setting for employing the Dephian 
approach in gastrointestinal diseases. To start with, 
numerous experts from the SSAT (surgeons), the 
American Gastroenterological Association (gastroen- 
terologists), the American Association for the Study 
of Liver Diseases (hepatologists), and the American 
Society of Gastrointestinal Endoscopy (endoscopists) 
are already in one city, at one meeting, at one time. 
In addition, other experts in other clinical and basic 
disciplines related to gastrointestinal surgery are also 
present. Moreover, immediate public response to the 
presentations of the experts and the consensus for- 
mulated by them can take place. 

The first such consensus panel sponsored by the 
SSAT is published in this issue of THE JOURNAL. The 
panel explored the topic, "Treatment of Hepatic 
Metastases From Colorectal Cancer." Several papers 
relevant to the topic were presented by the panelists, 
the papers were discussed by the panel, and the pub- 
lic responded. A consensus statement was ultimately 
synthesized by the panel. This represents the first in- 
clusion of this type of material in the JOURNAI, OF 
GASTROINTESTINAl. SURGERY. We plan to continue 
and expand this practice, providing our readers re- 
spond positively. 

Many areas exist in the management of diseases of 
the alimentary tract where current concepts of diag- 
nosis and management are in a state of flux. We be- 
lieve alimentary tract surgeons will benefit from peri- 
odic reviews of these areas by experts in the field. The 
recommendations of multidisciplinary panels on rele- 
vant topics in gastrointestinal surgery should be of in- 
terest to you, our readers. We welcome feedback re- 
garding the value of consensus. 
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Consensus Statement 

Treatment of Hepatic Metastases From Colorectal 
Cancer 

The SSAT, AGA, ASLD, ASGE, AHPBA Consensus Panel* 

G e n e r a l  S u m m a r y  

1. The natural history of hepatic metastases from colorec- 
tal cancer is dismal without treatment, although occa- 
sional, prolonged survival is seen even without treat- 
ment. 

2. Only a relatively small percentage of patients with he- 
patic colorectal metastases are eligible for local ablative 
therapy. 

3. New therapeutic modalities should be evaluated by ap- 
propriately designed clinical trials when feasible, after 
initial uncontrolled reports indicate promise: 
a. The treatment of hepatic metastases from colorectal 

cancer is currently at this stage (i.e., awaiting the out- 
come of controlled trials). 

b. The need for scientific rigor must be balanced against 
the individual patient's right to choice and the physi- 
cian's primary responsibility to the patient's needs. It 
is important, however, that this caveat not be abused 
by a zealous, albeit well-meaning physician to obtain 
consent that is not truly intellectually informed. 

4. A preponderance of accumulated uncontrolled evidence 
strongly suggests that carefully selected patients often 
benefit from local hepatic resection. No such evidence 
clearly supports any other form of therapy for this con- 
dition. However, there is an insufficient quality and 
quantity of data to discriminate which patients should 
benefit from local hepatic resection or whether a com- 
bination of treatment should be chosen. At present there 
is not a definitive picture of the value or lack of value of 
any of these therapies in the asymptomatic patient, es- 
pecially when the natural history and the stage of the tu- 
mor at the time of proposed intervention are taken into 
account. 

5. There are insufficient data to form a consensus as to how 
to discriminate those patients who will benefit from 
complete resection from those who will not substantially 
benefit. However, contraindications for treatment include 
(a) incomplete control of the primary (colorectal) lesion; 

. 

. 

(b) extrahepatic metastatic disease (except under extra- 
ordinary circumstances); (c) systemic or local factors that 
render a particular patient at excessive risk for such 
treatment; and (d) the informed preference of the pa- 
tient. Moreover, it is clear that there is no evidence that 
incomplete resection is of benefit to the asymptomatic pa- 
tient. Numerous other prognostic factors do not reliably 
predict survival and currently available data do not pro- 
vide the basis for a consensus as to whether or not a par- 
ticular lesion or pattern of lesions should be resected. 
Currently, surgical resection is the only method of local 
ablative therapy with extensive but largely uncontrolled 
evidence that appears to indicate it is of benefit to these 
patients. Any alternative form of therapy should be of- 
fered as an adjunct to surgery and should be compared 
with resection alone in those who are eligible for resec- 
tion. 
A clear requirement for any further progress, including 
the design of trials, is a uniformly accepted staging/clas- 
sification system for such hepatic metastatic disease that 
takes into account multiplicity, bilaterality, location, sur- 
gical accessibility, and other factors to provide a basis for 
standardization of trials. The  Panel recommends the 
formation of a multidisciplinary study group to address 
the design of such a classification/stratification system, 
and subsequently of controlled clinical trials, at the ear- 
liest convenience. 
It is recommended that, whenever possible, all patients 
treated with local ablative therapy for hepatic metastasis 
from colorectal cancer should be treated only in the set- 
ting of a controlled clinical trial. 

L o c a l  H e p a t i c  R e s e c t i o n  

1. The panel agrees that, given the current state of knowl- 
edge, a single, accessible, metachronous metastasis in a 
good-risk patient with adequate control of the primary 
lesion and no evidence of extrahepatic disease should be 

The Consensus Panel was supported by an unrestricted educational grant from Sherwood/Davis & Geck. 
*The Society for Surgery of the Alimentary Tract, American Gastroenterological Association, American Society for Liver Diseases, Amer- 
ican Society for Gastrointestinal Endoscopy, and American Hepato-Pancreato-Biliary Association. 
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treated with local hepatic resection, whether or not it is 
symptomatic. At the other end of the spectrum, local he- 
patic resection for multiple, inaccessible, asymptomatic 
lesions in the face of systemic disease is not recom- 
mended. It remains unclear, however, where the thresh- 
old for surgical excision should be set within this broad 
spectrum. This requires formal evaluation by controlled 
clinical trials based on uniform standards of staging. 

2. Surgical resection should not be undertaken except at a 
center where there is sufficient experience to document 
acceptable mortality and morbidity: By 1996 standards, 
mortality should be less than 5%. 

3. Before a decision is made regarding resection, patients 
should be assessed, preoperatively and intraoperatively, 
by state-of-the-art imaging/localization studies to opti- 
mally delineate the extent of hepatic and potentially ex- 
trahepatic disease. 

Cryosurgery 
1. There are inadequate data to support a consensus that 

cryotherapy alone is either safe or effective. Such an ap- 
proach should therefore be employed only as a compo- 
nent of a controlled clinical trial. 

2. The role of cryotherapy adjunctive to surgicM resection, al- 
though promising, remains to be established by con- 
trolled trials. (This is also true for other forms of non- 
resective local ablative therapy.) 

Infusion Pump Regional Hepatic 
Chemotherapy 
1. Although current data show a significant response rate 

for infusion pump chemotherapy alone in the treatment 
of unresectable metastases limited to the liver, an over- 
all significant improvement in survival has not been 
demonstrated. Therefore this approach is not recom- 
mended. 

2. Emerging evidence from ongoing controlled trials sug- 
gests that there may well be a role for infusion pump 
chemotherapy as an adjutant to surgical resection. Itowever, 

substantial morbidity and even mortality may be associ- 
ated with this form of therapy. 

Systemic Chemotherapy 
1. Although it is clear that systemic chemotherapy alone is 

associated with a 10% to 20% clinical, objective (<50%) 
response rate, there has been no clear benefit demon- 
strated with respect to survival or quality of life. 

2. Likewise, the benefit of systemic chemotherapy as an ad- 
junct to surgical resection of hepatic metastases is also unclear 
but is currently being evaluated by a number of appropri- 
ately designed, prospective, randomized clinical trials. 

Recommendations 
There is a striking heterogeneity of criteria for classifi- 

cation of patients with hepatic metastases to provide the ba- 
sis for comparison of trials, or the stratification of patients 
within a trial. Because many of the standard criteria for clas- 
sification, including size, multiplicity, bilaterality, and ac- 
cessibility among others, do not reliably predict prognosis, 
better criteria are needed, perhaps based on the biology of 
the tumor. 

It is of the utmost importance that a universally applic- 
able classification/staging system be established as soon as 
possible. Pursuant to this goal, the Consensus Panel rec- 
ommends the formation of a multidisciplinary, international 
study group to define such a system. Major funding agen- 
cies should be approached for support of what should be a 
very cost-effective effort. This study should use as its pri- 
mary end points overall survival, quality of life during the 
survival period, and the cost-effectiveness of the treatments. 

This Consensus Conference represents the initiation as 
opposed to the completion of an effort to bring a rigorous, 
evidence-based scientific approach, unfettered by personal, 
parochial, or economic bias, to a potentially lifesaving ther- 
apeutic approach to patients who have heretofore been 
thought to be incurrable. This potential will be realized 
quickly and efficiently only by such a multidisciplinary and 
comprehensive approach. 



Natural History of Liver Metastases From 
Colorectal Carcinoma 

Jarle Norstein, M.D., William Silen, M.D. 

Colorectal cancer is the fourth most common ma- 
lignant disease in civilized countries, ranking behind 
cancer of the lung, breast, and prostate. In the United 
States it is estimated that 133,500 cases will be diag- 
nosed in 1996. However, in numeric terms, colorectal 
cancer is the second most lethal malignancy after lung 
cancer. The  number of deaths that will be attributable 
to colorectal cancer is estimated to be 55,000 in 1996 
in the United States.~ Metastasis to the liver is one of 
the most common sites of spread in patients who die 
of the disease. Knowledge of the natural course of the 
disease is of paramount  importance in determining 
the proper indications for and contraindications to lo- 
cal ablative or systemic treatment of hepatic metas- 
tases, especially in elderly and frail patients. Hepatic 
metastases from colorectal cancer are asymptomatic 
until late in the course of the disease. There  is thus 
little to palliate, and the only aim of surgical inter- 
vention is improved survival, while imposing the least 
possible suffering on the patient. Moreover, because 
many of the reports of "success" with local ablative 
therapy have been in uncontrolled studies, it is im- 
portant to document  the baseline (i.e., without treat- 
ment) status of this patient population. 

E P I D E M I O L O G Y  O F  L I V E R  M E T A S T A S I S  
I N  C O L O R E C T A L  C A N C E R  
Synchronous or Metachronous Metastases 

Synchronous metastases are defined as metastases 
that are present in the liver at the time of the initial 
diagnosis of colorectal carcinoma, or at the time of re- 
section of the primary cancer. Metachronous metas- 
tases are defined as metastases appearing at any time 
after the operation on the primary tumor. Metachro- 

nous metastases are believed to have been present in 
the liver prior to the primary operation, or seeded 
during the primary operative procedure, 2 or subse- 
quently from extrahepatic tumor tissue. This  implies 
that the proportion of synchronous or metachronous 
metastases in a given series will depend on the sensi- 
tivity and timing of the diagnostic methods that are 
used. 

Synchronous Metastases 

W h e n  assessed only by intraoperative palpation of 
the liver, approximately 15% to 2 5% of patients are 
found to have synchronous metastases. 3,4 The  widely 
differing reported incidences, particularly in the older 
literature, s reflect differences in patient selection and 
possibly in the degree of effort expended to diagnose 
metastases during palpation and inspection, particu- 
larly through a lower abdominal incision. In hospital- 
based studies from departments of surgery, the inci- 
dence of synchronous hepatic metastases will be in- 
fluenced by referral patterns and by the diagnostic ef- 
ficiency or screening efforts utilized in the patient 
base. Population-based studies, which also include pa- 
tients with advanced disease treated in departments of 
oncology or diagnosed only at autopsy, will reveal a 
higher incidence of synchronous liver metastases. Re- 
suits from three recent population-based studies show 
remarkably similar incidences of synchronous metas- 
tases: 16.3% (Norstein et al., unpublished data), 
18.1%, 6 and 19.4%. 7 

Thorough  intraoperative inspection and palpation 
at the primary operation have in some studies been 
supplemented with autopsy findings in patients dying 
within 31 days of operation. In Goligher's study 8 from 

From the Department of Surgery, Beth Israel Hospital, Boston, Mass. 
Reprint requests: J. Norstein, M.D., Department of Surgery B, The National Hospital, N-0027 Oslo, Norway. 
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St. Mark's Hospital, 5 of 31 patients with rectal can- 
cer, in whom the hepatic surface had been found to 
be smooth and free of evident secondary deposits at 
the primary operation, were found to have hepatic 
metastases at autopsy. Goligher speculated that ap- 
proximately one in six such patients might have con- 
cealed liver metastases. This finding was not corrob- 
orated by Hogg and Pack 9 from Memorial Sloan-Ket- 
tering Cancer Center, New York, who found that only 
5 of 100 patients who died postoperatively had previ- 
ously unrecognized metastases at autopsy. In three of 
these five patients the pathologist could not identify 
the metastases on gross inspection and after section- 
ing of the liver, but subsequent microscopic study re- 
vealed diffuse metastatic cancer. However, none of 45 
patients with colorectal cancer had concealed metas- 
tases in that study. In a study of similar design from 
Melbourne, Gray l~ found concealed metastases in 6 
(7.7%) of 78 patients who died in the early postoper- 
ative period but who were believed to be free of he- 
patic tumor. The majority of these patients had colo- 
rectal cancer, but other intra-abdominal primary can- 
cers were included in the study. Newer  diagnostic 
methods such as C T  during arterial portography and 
intraoperative ultrasonography have been reported to 
detect additional intrahepatic metastases that are not 
palpable, ll,v However, C T  arterial portography has 
a high rate of false positive findings because of perfu- 
sion defects that may be incorrectly identified as 
metastases, potentially adversely influencing the treat- 
ment of the primary tumor or of hepatic metastases if 
they are indeed present. ,3 The  precise accuracy of 
these techniques will never be validated at autopsy be- 
cause of the low postoperative mortality (<5%) expe- 
rienced today. Furthermore, it is possible that lesions 
might be overlooked even at autopsy if there is insuf- 
ficient sampling of all portions of the liver. Therefore 
there is currently no "gold standard" for assessing the 
incidence of synchronous hepatic metastases. 14 

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

Metastases, like primary tumors, are believed to 
grow exponentially in their early phases of tumor pro- 
liferation, with a relatively constant time for cell dou- 
bling. In experimental systems the rate of  growth 
slows as the tumor enlarges. The  concept of  a de- 
creasing growth rate modulating the exponential 
function is described as Gompertzian growth (after 
the equation originally described by Benjamin Gom- 
pertz in 1825). 15A6 Decreasing rate of growth is be- 
lieved to be relevant for tumors larger than 1 gram 

(10 9 cells), possibly affecting the majority of detectable 
tumors. In spite of the large number of patients who 
have hepatic metastases, and the apparent prognostic 
importance of tumor growth rate, it is surprising that 
only one study has attempted to establish the growth 
rate of untreated lesions. 17 In this study the growth of 
hepatic metastases was assessed from serial CT  scans, 
in most cases from only two observations. The tumor 
doubling times were found to vary from 48 to 321 
days (mean 155 days) in clinically overt metastases, 
that is, those detected by palpation at operation, and 
from 30 to 192 days (mean 86 days) in "occult" metas- 
tases, that is, those that were not seen nor palpated 
intraoperatively but were detected by CT  scan or ul- 
trasonography postoperatively. Assuming that the 
growth of  the metastases followed a Gompertzian 
curve, the age of the metastases was calculated. The 
mean age of the clinically overt metastases was esti- 
mated to be 3.7 + 0.9 years (+standard error of  the 
mean [SEMI) and that of occult metastases to be 2.3 
_+ 0.4 years (• (Actually, standard deviation 
[SD] would be a more appropriate measure of varia- 
tion than SEM in this setting. Laudably, Finlay et al. 17 
have published the original data in the article, per- 
mitting us to calculate the standard deviation. The  
mean age of overt metastases was 3.7 + 3.1 years 
[+ SD] and that of occult metastases 2.3 + 2.0 years 
[ + SD].) The difficulties and likely inaccuracy of this 
method are also illustrated by the estimated age of 
two metastases in the liver of one patient, one metas- 
tasis computed to be 1.3 years old and the other I 1.4 
years. The latter metastasis, as a single outlier, con- 
tributes 0.7 years to the mean age of overt metastases. 
If the 95% confidence interval of the estimates of tu- 
mor age would have been computed, the confidence 
interval would have included a tumor age of less than 
zero because of the skewed distribution of data, mak- 
ing a log transformation of the data necessary. Com- 
putations on log-transformed data show that the 95% 
confidence interval of tumor age for the overt metas- 
tases was 0.6 to 14.4 years and the 95% confidence 
interval of tumor age for the occult metastases was 0.4 
to 8.5 years. The  calculations of tumor age 17 show 
clearly that there is a prohibitively large variation in 
the growth pattern of hepatic metastases and predic- 
tions with regard to the initial time of development 
in individual patients will be quite imprecise. The ef- 
forts to estimate the age of metastases by observations 
late in the course of tumor development, which are 
bound to be imprecise, have been criticized by other 
authors. TM Recently the assumption that tumors grow 
in a reasonably predictable manner according to the 
Gompertzian curve has been challenged in breast can- 
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c e r )  9 A reappraisal of the actual growth rate, and 
therefore of tumor age, may significantly influence 
the attitude toward the election for hepatic resection 
or observation. Such information should be solicited 
through appropriately designed studies. 

Metachronous Metastases 

During the first 5 years after a curative operation 
for the primary tumor, metachronous hepatic metas- 
tases will appear as the initial site of failure in approx- 
imately 15 % of patients (Norstein et al., unpublished 
data), but up to 40% of all patients initially thought to 
be rendered tumor free have been shown to eventu- 
ally develop hepatic secondary lesions. 2~ Therefore 
the apparent incidence of metachronous metastases 
will be influenced by the ability to detect synchronous 
metastases, since initially undetected synchronous 
metastases will later appear to be metachronous. In 
one study in which sequential imaging with CT  and 
ultrasonography in the immediate postoperative pe- 
riod was used, 24 of 71 patients with no signs of 
metastasis at the primary operation were found to 
have "occult"metastases. 21 However, lesions in 8 of 
these 24 patients suspected to be synchronous metas- 
tases by CT  or ultrasonography were reported by the 
authors to have been found to be benign 4 months 
postoperatively. 21 In addition to the 16 patients in 
whom metastases were diagnosed by imaging, one pa- 
tient who died postoperatively was found at autopsy 
to have hepatic metastases. Thus 17 (24%) of 71 pa- 
tients had occult (i.e., synchronous) hepatic metas- 
tases shortly after the primary operation. Only three 
of the remaining patients (4.2 %) later developed true 
metachronous hepatic metastases. This demonstrates 
the difficulty in designating whether a metastasis oc- 
curring relatively soon after operation (within weeks 
or months) is in actuality a missed synchronous 
metastasis or a rapidly growing metachronous one. 

Measurement of carcinoembryonic antigen (CEA) 
in gallbladder bile 22 at the primary operation has been 
proposed as a method for identifying early on those 
patients who are at great risk for development of sub- 
sequent hepatic metastasis. Although the method ap- 
pears to be sensitive, it has been criticized because it 
lacks specificity. 23 Changes in the hepatic perfusion 
pattern 24 at the time of the primary operation indi- 
cate that it might be possible to classify patients who 
will or will not have subsequent metachronous metas- 
tases with reasonable accuracy. It might thus seem 
that the designation of metachronous metastases 
could be greatly reduced if the perioperative imaging 
methods were good enough. In the absence of a per- 

fect perioperative imaging system, the follow-up pro- 
gram that is employed will clearly affect the incidence 
of metachronous metastases at any given point in 
time. In a prospective study of patients who had no 
evidence of synchronous metastases on preopera- 
tive ultrasonography and intraoperative palpation 
(Norstein et al., unpublished data), 3 0% of the meta- 
chronous liver metastases that eventually occurred by 
5 years were diagnosed within the first 6 months using 
analyses of CEA levels and ultrasonography. 

R I S K  F A C T O R S  F O R  D E V E L O P M E N T  OF 
S Y N C H R O N O U S  A N D  M E T A C H R O N O U S  
L I V E R  M E T A S T A S E S  
Stage of the Primary Tumor 

Tumor stage is a strong risk factor for hepatic 
metastases. Whereas no patients with primary tumor 
in situ will have liver metastases, 25 the incidence ot ~ 
hepatic metastases increases with increasing depth of 
infiltration of the primary tumor, as well as with the 
presence and extent of lymphatic metastases. 2~ 

Venous Inf i l t ra t ion  

Tumor infiltration into veins is associated with an 
increased risk of hepatic metastases. 2y,28 However, ve- 
nous infiltration is somewhat dependent on tumor 
stage, and controversy exists as to whether venous in- 
filtration is an independent risk factor or merely an 
expression of advanced primary tumor. 29 

Tumor Location 

Several studies have suggested that a higher per- 
centage of patients with colon cancer have synchro- 
nous liver metastases as compared to patients with 
rectal cancer. In a population-based study from Mel- 
bourne comprising 1140 patients with colorectal can- 
cer, 20.5% of them had colonic primary lesions, 
whereas 17.8 % of patients with rectal cancer had liver 
metastases. 7 In a study from Cote d'Or, France, 
among 1986 cases, the incidence of metastases from 
colon and rectal cancers was 15.4% and 13.5%, re- 
spectively. 6 Although the trend toward an increased 
incidence of metastases from colon cancer was the 
same, none of these differences were statistically sig- 
nificant. In a large autopsy study Pickren et al. 3~ found 
that when the cancer occurred in organs where blood 
is drained by the portal circulation there was a higher 
incidence of liver metastasis. In their study 242 
(56.8%) of 426 patients with cancer of the colon at 
autopsy had hepatic metastases, whereas 141 (45.9%) 
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of 307 patients with cancer of the rectum had 
metastatic spread to the liver (P <0.005). T h e  pre- 
sumptive biologic explanation for this difference is the 
variation in venous drainage from colonic and low 
rectal cancers, with low rectal cancers draining partly 
to the systemic circulation. 

Absence of Metastases to Cirrhotic Livers 

A puzzling finding is the virtual absence of metas- 
tasis to cirrhotic livers, 31,32 effectively eliminating cir- 
rhosis as a contraindication to hepatic resection. Uet- 
suji et  al., 32 in a series of 250 patients with coiorectal 
cancer, found no cases of cirrhosis among 40 patients 
with liver metastasis, but cirrhosis was present in 46 
(21.9%) of 210 patients without metastases (P <0.001). 
It was speculated that the reduced portal blood flow 
might be responsible for this phenomenon.  

N A T U R A L  C O U R S E  O F  T H E  DISEASE:  
P R O G N O S I S  A N D  P R O G N O S T I C  
F A C T O R S  
Resection o f  the  P r i m a r y  Tumor: 
Existence of Extrahepatic Disease 

The  median (which was not much different from 
the mean) survival time for patients with synchronous 
liver metastases is 6 to 12 months after diagnosis at 
the primary operation (Table I). There  has been long- 
standing disagreement as to whether removal of the 
primary lesion significantly influences survival in 
those patients who have synchronous metastases. 
Most studies show that patients whose primary tu- 
mors have been resected have a better prognosis than 
those who have not received treatment directed at the 
primary lesion. Some authors have argued that since 
resection of the primary tumor is more likely to be 
carried out in patients with less extensive hepatic in- 
volvement, the improved survival in patients whose 
primary tumors have been removed is only an expres- 
sion of this selection bias, whereas the prognosis is ac- 
tually determined by the extent of hepatic metasta- 
sis. 33'34 Early studies attempting to control for extent 
of hepatic involvement failed to demonstrate a sur- 
vival benefit for primary tumor resection. More re- 
cent studies utilizing multivariate techniques, how- 
ever, have indicated that such a benefit exists 35 (Nor- 
stein et al., unpublished data). Extrahepatic disease in 
patients having had a locally radical operation for the 
primary tumor has been shown to have an indepen- 
dent  unfavorable effect on survival, when the per- 
centage of hepatic replacement by tumor is taken into 
account, 36 and in multivariate analyses. 3s,37 

Number of Hepatic Metastases and 
Proportion of Liver Involved 

The  patient's prognosis is largely dependent on the 
number of hepatic metastases and the proportion of 
liver replaced by tumor. 3s-3'~ In patients with solitary 
or unilobar metastases, the median survival is 10 to 21 
months 37,4~ (Norstein et al., unpublished data; see 
Table I). Very few patients with unresected liver 
metastases live longer than 3 years after diagnosis of 
the presence of hepatic metastases, irrespective of the 
degree of liver involvement. Sur~fival beyond 5 years, 
although very unusual, is described both in untreated 
patients 42 and in patients treated with chemother-  
apy. 43 Histologic verification is crucial for the credi- 
bility of such reports of long-term survivors, however. 
In one study, which reported five patients (not histo- 
logically verified) who survived for more than 5 years 
with untreated, synchronous hepatic metastases, the 
diagnosis was not substantiated in two of them at sub- 
sequent laparotomy up to 69 months later. 44 A much- 
cited preliminary report  from a prospective study 
conducted by W o o d ,  4s published in 1984, claimed 
that 16% of prospectively followed patients with soli- 
tary metastases were alive 5 years after diagnosis. 
However, this figure was apparently derived from 2 
of 15 patients. No further publications have emerged 
from this study, which has since been abandoned. 41 In 
contrast to patients who have undergone liver resec- 
tion, where several recent studies show that the sur- 
vival curve reaches a plateau, 46-4~ the small number  of 
unresected true 5-year survivors most  often die of 
their disease shortly thereafter. The  longest surviving 
patient who has undergone resection of the primary 
tumor but had no treatment of the hepatic metastases 
was a well-documented case who lived for more than 
10 years before he died of disease? 2 Another patient 
lived 14 years with chemotherapy. 49 

Resectability 

Only five studies 4~176 (Norstein et al., unpub- 
lished data; "Fable II) have related prognosis to per- 
ceived resectability of the hepatic metastases in pa- 
tients who did not undergo resection. Potentially re- 
sectable cases had a median survival of 14 to 24 
months  in these studies, which was significantly 
longer than the survival in cases judged to have unre- 
sectable hepatic metastases. 

Laboratory Tests and Tumor Markers 

Alkaline phosphatase level has, in most but not all 37 
studies, emerged as an independent prognostic factor 
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T a b l e  I. Survival in some studies o f  synchronous  liver metastases 

No. of Metastatic 
Reference patients load/procedure 

Median* 
survival 

(too) l y r  

Survival rate (%) Actual 
survivors 

3yr  5yr  a t 5 y r  

Bacon and Martin (1964)42t 

Jaffe et al. (1968)33~ 

Bengmark and Hafstrom 
(1969)4w 

Cady et al. (1970) 69 
Abrams and Lerner (1971)34~ 
Nielsen et al. (1971)53tw 

Primary resected 

Palliative/exploratory 
operation 

No  operation 
Baden and Andersen 

(1975)4411~ 
Wood et al. (1976) 40 

Morris et al. (1977)2711 
Wanebo et al. (1978)5~ 

Boey (1981)] ~ 

Bengtsson et al. (1981)7~167 
Goslin et al. (1982)s45w 

Lahr et al. (1983)71~w 

I 

110 Any 
25 Colostomy 
25 No  resection 
10 Bypass 
50 Palliative resection 

177 Any 
14 Exploration 
80 Palliative diversion 
60 Primary resection 
38 Any 

6.7 
6.5 
9 

15 
5 
1.5 
4.5 
5.5 
5.7 (7.8t) 

269 Any 13 
58 Any 5.9 

103 NS 
7 Multiple 5 
5 Several 9 

20 Few 18 
50 Any 5 

15 Any 1 
105 Any 10 

113 Any 6.6 
87 Widespread 3.1 5.7 
11 Unilobar 10.6 27 
15 Solitary 16.7 60 
49 Any 11.4 45 

217 
149 Nonresectable 7 25 

18 Liver resectable 19 72 
25 Liver resection 36 84 
14 Not  operated 1 
63 Primary resection 7.5 

5 Liver resection 15 
25 Any 4.5 (6.1t) 

125 Any 12.5 
87 _>4 mets 10 
38 <3 mets 24 

175 Any 6.1 
110 _>4 mets 4.1 19 

19 2-4 mets 12.7 58 
28 Solitary 11 46 

4 Liver resection 4.5 

0 
9.9 

13.3 8 1 
NS 1 

2 
17 
36 28 

5~ 

NS = not stated. 
*Mean survival in bold face. 
J-Operative mortality excluded. 
tSynchronous and metachronous metastases. 
w patients where the primary tumor was not resected. 
IIAI1 patients had their primary tumor removed. 
~Twenty-six cases with uncertain metastases, 5-year survivors without histologic proof of metastases, two 5-year survivors proven not to have 
liver metastases. 
#Only nine patients did not receive chemotherapy. 
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T a b l e  I. Survival in some studies o f  synchronous  l iver metas tases- - -cont 'd  

Median* Survival rate (%) 
No. of Metastatic survival 

Reference patients load/procedure (too) 1 yr 3 yr 5 yr 

Actual 
survivors 

a t S y r  

Wagner et al. (1984)4111 

Wood (1984) 45 

Finan et al. (1985) ~s 

Palmer et al. (1989) 72 
Scheele et al. (1990) 46 

Stangl et al. (1994)37t~ 

Rougier et al. (1995)3~qt 

Norstein et al. (1996) 

252 Any NS 
182 Widespread NS 

31 Multiple, unilateral 15 
39 Solitary 21 20 
70 Liver resectable" NS 
76 Widespread NS 0 
13 >1, unilobar NS 0 
15 Solitary NS 16 2 
90 Any 10.3 
65 Multiple 8.0 
21 1-2 mets 15.5 
30 Any 12 

921 Any 6.9 
62 Liver resectable 14.2 

484 Any 7.5 31 3 I 
320 >8 5.9 21 1 0 

90 2-7 mets 12.5 52 7 4 
74 Solitary 10.8 29 6 0 

544 Any NS 
420 _>3 6.0 
110 1-2 9.9 
177 Any 6 
161 Multiple 6 22 0 0 

10 Liver resectable 18 80 0 0 
6 Liver resection 25 83 33 33 

T a b l e  I I .  Studies  o f  na tura l  h is tory  o f  pat ients  with resectable  metastases that  were no t  resected 

Reference 

Median" Survival rate (%) 
No. of Metastatic survival 

patients load (too) 1 yr 3 yr 5 yr 

Actual 
survivors 

a t S y r  

Wood et al. (1976) 40 

Wanebo et al. (1978)5~ 
Wagner et al. (1984) 4t 

Scheele et al. (1990)46 
Norstein et al. (1996) 

11 Unilobar 10.6 27 9.9 
15 Solitary 16.7 60 13.3 
18 Liver resectable 19 72 17 
31 Multiple, unilateral 15 
39 Solitary 21 20 
62 Liver reseetable 14.2 
I 0 Liver resectable 18 80 0 

8 1 

0 

"Mean survival in bold face. 
tOperative mortality excluded. 
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for survival in patients with unresected hepatic metas- 
tases. The  degree of elevation of the CEA level at the 
time of diagnosis of hepatic metastases has also been 
identified as an independent prognostic factor in uni- 
variate analysis in most studies but has failed to 
achieve significance in multivariate analysis in one 
study. 3s 

N A T U R A L  C O U R S E  O F  M E T A S T A T I C  
DISEASE W H E N  M E T A S T A S E S  ARE 
D E T E C T E D  W I T H  I M A G I N G  
M E T H O D S :  S E L E C T I O N  BIAS 

With newer diagnostic methods allowing earlier 
diagnosis, the survival from the time of diagnosis of 
hepatic metastases may he artificially increased by lead 
time bias. This will affect both untreated and resected 
patients. The apparent survival benefit of hepatic re- 
section has been questioned because of this bias. 5~ 
Few recent studies applying modern diagnostic meth- 
ods have followed the natural course of unresected 
but technically resectable metastases 3s,37 (Norstein et 
al., unpublished data). The true natural course today 
is thus difficult to tell, "with so little left to nature. ''s2 
Furthermore, concomitant with the advent of more 
accurately estimated extents of hepatic involvement 
by modern diagnostic methods, hepatic resections 
have also become safer and more prevalent, thus se- 
lecting away favorable cases and blurring the assess- 
ment of prognostic factors. In the recent large study 
by Stangl et al., 37 untreated patients with solitary 
metastases paradoxically had a worse survival than pa- 
tients with two to seven metastases. The most likely 
explanation for this finding is that patients with soli- 
tary metastases had already been selected for resec- 
tion, leaving only the most unfavorable patients in the 
natural history group. In a large prospective study of 
unresected synchronous and metachronous metas- 
tases, 3s the survival for patients with one or two 
metastases reported as a single group (survival of  soli- 
tary metastases was not reported separately) was a me- 
dian of 9.9 months, which was worse than that of pa- 
tients with one or two metastases in previous stud- 
ies. 38,4~ This clearly demonstrates the effect of 
selection bias when patients with the most favorable 
prognosis undergo hepatic resection and analyses of 
natural history are carried out only on the remaining 
(unresected) patients. 

O P E R A T I V E  R I S K  A N D  E X T E N T  
O F  R E S E C T I O N  

For patients with a reasonable operative risk, re- 
section seems to provide a definite survival benefit. In 
most recent reports the operative mortality following 

resection of hepatic metastases is less than 3%, and 
the 5-year survival is greater than 25% as compared 
to only occasional 5-year survivors in studies of unre- 
sected cases. 42 These risk figures would probably be 
changed greatly if the required resection was a triseg- 
mentectomy. Although the most recent reports from 
expert centers show operative mortality rates for 
trisegmentectomy approaching 0%,s5 operative mor- 
tality within 30 days of that procedure has exceeded 
6.3% until recently in the same centers. 56 Other cen- 
ters reported figures as high as 25% in a recent se- 
ries, s7 and an even higher postoperative mortality (3 
of 4) was previously reported in a small study, s8 Tra- 
ditional criteria for operative mortality are no longer 
appropriate in the age of intensive care units, how- 
ever, where death may be delayed well beyond the 30- 
day limit and can still be attributable to the surgical 
procedure. Iwatzuki and Starze 56 have thus attributed 
five "late" deaths (within 60 days) to trisegmentec- 
tomy, raising the operation-related mortality rate 
from 6.3 % to 9.9%. The  operation-related mortality 
in the most recent study in which trisegmentectomy 
was studied was increased from 25% at 30 days to 
50% within 65 days. s7 Five-year survival after triseg- 
mentectomy is in some series at 0%, 5= and in no series 
does it exceed 21%.ss No studies of the natural course 
of liver metastasis have specifically analyzed patients 
who would have required a trisegmentectomy. Seri- 
ous doubt exists as to the utility of this procedure, and 
the indications should be very restricted with regard 
to selection of patients as well as performing centers. 

P R O G N O S T I C  S I G N I F I C A N C E  O F  
G E N O T Y P I C  O R  P H E N O T Y P I C  
C H A R A C T E R I S T I C S  O F  H E P A T I C  
M E T A S T A S E S  

The prognostic significance of tumor genotypic or 
phenotypic characteristics has not been extensively in- 
vestigated in patients with unresectable lesions be- 
cause of their generally unfavorable prognosis. Ploidy 
has been proposed and investigated as a possible prog- 
nostic factor in unresectable metastases but no defi- 
nite conclusion has been reached. 59 

P E R F O R M A N C E  S T A T U S  A N D  Q U A L I T Y  
O F  L I F E  

Some studies have introduced performance status 
of the patient as a factor that affects the natural course 
of unresected disease, with significantly better prog- 
nosis in terms of survival if the performance status is 
favorable. 35,s4 However, performance status is affected 
both by the metastatic process and by the patient's 
general health. Although this parameter may be of 
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great value in the assessment of prognosis (i.e., in 
terms of length of survival) in technically unresectable 
cases, it should be used with caution to provide guid- 
ance for selecting patients who might benefit from re- 
sective treatment. For example, a good performance 
status would indicate a relatively favorable prognosis 
if the patient were left untreated, but as an acceptable 
operative risk who stands to benefit from resection; 
the patient is also at risk for postoperative morbidity, 
mortality, and a diminished quality of life as a result of 
the operation. Conversely, a poor performance status 
could be due to advanced but resectable tumor (un- 
likely but possible), and thus poor performance status 
could result in denial of  an operation from which a 
particular patient might benefit. 

A formalized quality-of-life assessment has been 
claimed to be a better predictor of survival than tu- 
mor  size 6~ in patients with unresectable disease. A 
poor quality of life with poor survival is hypothesized 
to reflect the influence of a putative tumor product. 6~ 
A recent study of hepatic artery chemotherapy infu- 
sion in patients with unresectable metastases con- 
cluded that 95% of control patient survival time was 
spent with normal quality-of-life scores. 61 This un- 
derscores the fact that the goal of nonresectional (as 
well as resectional) therapy is to achieve added sur- 
vival time while maintaining good quality of life. 

D Y N A M I C S  O F  T H E  M E T A S T A T I C  
P R O C E S S :  T H E  T E S T  O F  T I M E  

In most patients with liver metastases, the liver is 
not the only site of tumor tissue. When a patient is 
considered for hepatic resection, it is of  the utmost 
importance to identify extrahepatic tumor and to de- 
termine whether the part of the liver destined to re- 
main after resection might harbor cancer tissue. A.s an 
alternative to extensive and costly investigations with 
limited sensitivity, some surgeons have chosen to wait 
several months after identifying a resectable metasta- 
sis to see whether further metastases in the liver or 
extrahepatic tumor deposits might appear. 52,~z The 
philosophy behind this expectant attitude is to some 
extent based on Gompertzian kinetics. Within 
months, smaller and initially undetectable tumors, 
growing rapidly and possibly exponentially, will have 
time to catch up with the larger and more slowly 
growing index metastases. Thus the practice of wait- 
ing for several months could spare the patient the risk 
of operative death or complications of a futile opera- 
tion. The  obvious disadvantage of this approach is 
that the index lesions may also grow, thus making the 
surgical procedure more risky, and less likely to yield 
safe margins. Moreover, tumor tissue may spread as 
metastases from hepatic metastases (tertiary metas- 

tases, 52,63 cascade spread 64,65) to hilar glands, to the 
lungs, or to more remote locations during the wait- 
ing period. Two recent developments may result in 
the abandonment of this practice of observation in the 
near future. With the advent of the concept of hepatic 
reresections, subsequently appearing tumors in the 
liver may yet be removed, 66 with survival prospects 
approaching those reported after the initial hepatic 
resection for metastases. Extrahepatic (as well as in- 
trahepatic) tumor may be identified with greater ac- 
curacy by means of positron emission tomography 
scanners, which are not yet widely available. 67 

C O N C L U S I O N  

Hepatic resection is technically feasible in approx- 
imately 10% of patients with synchronous metastases 
and in 20% to 25% of patients with metachronous 
metastases. The natural course of the disease is thus 
relevant for most patients. Survival of patients with 
hepatic metastatic disease beyond 5 years in the ab- 
sence of liver resection has been reported but is very 
rare. Only a handful of" cases are described in the 
world literature. The survival curve following hepatic 
resection levels off at approximately 25% to 30% in 
most recent studies. 46.68 The vast majority of patients 
surviving 5 years, and all patients surviving 5 years 
free of disease will thus consist almost entirely of 
those who have been resected. On the other hand, 
70% to 75% of patients undergoing liver resection 
will die within 5 years, and the lives of some patients 
will have been shortened or made more uncomfort- 
able by the operation. 

In this predominantly elderly population, great 
care should be taken not to impose undue risks on the 
patients. The natural course of the disease in poten- 
tially resectable patients is such that the operative 
mortality rate must be low, probably not exceeding 
3 % to 4%, and the expected survival curve should be 
significantly different from that determined by the 
natural course. This implies that the general condi- 
tion of the patients should predict a life expectancy of 
at least 18 to 24 months if hepatic resection is con- 
templated. For elderly patients the prospect of a 25 % 
5-year survival may be less attractive if there is a con- 
siderable risk of immediate death or suffering. Pallia- 
tion is seldom an issue, liver metastases generally be- 
ing asymptomatic until late in the course of the dis- 
ease, and death is in most instances less painful than 
other cancer deaths. The  fatigue experienced after 
major liver surgery may further diminish the quality 
of life during a period of life where the marginal util- 
ity of a patient's life may be rapidly decreasing as a re- 
sult of increasing disability and competing causes of 
death. 
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Resection of Colorectal Liver Metastases 

Johannes Scheele, Claudia Rudroffl, Annelore Altendorf-Hofmann 

Revisited 

Surgical resection has evolved into the treatment 
of choice for colorectal liver metastases. ~ Since 1980, 
single-institution series exceeding 100 patients have 
reported 5-year survival rates ranging from 22% to 
48%, 2-13 and rates from collected series have ranged 
from 21% to 33% (Table I). 14-16 In our own experi- 
ence of 376 patients who underwent potentially cura- 
tive resections, the 5-year survival rate was 39% with 
34% of patients free of disease (Fig. 1). 17 

Optimized results in recent years may be the result 
of improved preoperative imaging techniques, in- 
creasing operative expertise, and optimal tailoring of 
the procedure to each patient's individual needs. Cer- 
tainly a great deal of selection bias is also involved. 
The  development of indications for and contraindi- 
cations to resection of metastatic colorectal cancer 
has, nevertheless, shown a continuous liberalization 
of proposed selection criteria. Therefore  a current 
viewpoint should address general inclusion and exclu- 
sion guidelines, appropriate preoperative workup, 
timing of liver resection, therapeutic options in cases 
of tumor recurrence, and the balance between opera- 
tive risks and prognostic benefits. 

INDICATIONS FOR LIVER RESECTION 
His tor ica l  Aspects 

When the technique of liver resection for colorec- 
tal metastases was first introduced in early anecdotal 
reports, the indication was restricted to true solitary 
metastases. 1~,'9 At that time, when the liver was still 
regarded as the "no man's land of surgery, ''2~ it 
seemed to make perfect sense that advanced age, ex- 
trahepatic disease, and any resection requiring more 
than a right hemihepatectomy should probably pre- 
clude surgical treatment. 

During the 1980s, however, resection of multiple 
lesions became increasingly accepted. 2' One of the 
first studies, published by the Mayo Clinic in 1984, 

demonstrated identical survival curves in 104 patients 
resected for solitary lesions and 37 patients who had 
multiple lesions removed with 5-year survival rates of 
25% and 18%, respectively. 3 Even in the late 1980s, 
however, many reports were still reluctant to advocate 
surgery for bilateral disease. 3,22-26 In our own series, 
several analyses since 1990 have consistently failed to 
demonstrate any prognostic significance when soli- 
tary, multiple unilateral, and nmltiple bilateral metas- 
tases were compared 1,5,6 (Fig. 2). Because many of the 
conflicting results in major series may have been due 
to differences in statistical analysis rather than varia- 
tions in clinical results, a consideration of appropri- 
ate principles of statistical evaluation may be of value 
for further discussion. 

Principles of Current Statis t ical  Eva lua t ion  

Besides the total number of patients involved, the 
median and minimum follow-up times and the num- 
ber of patients lost to follow-up must be presented. 
Similarly, the number of patients in various subgroups 
is essential. Because 5-year (tumor-free) survival 
seems to be a major criterion of therapeutic success 
after surgical treatment of colorectal metastases, the 
number of patients with a follow-up period of 5 years 
or more should be balanced against those who have 
actually survived (without cancer relapse) this period 
of time (i.e., actual survival). 

The  predictive value of various factors involved in 
patient survival following hepatic resection shows 
great variation among different publications. When  a 
univariate approach is used, if" the sample of patients is 
too small, either in total or in a specific subgroup, it 
may be inadequate to assess the impact of potential 
prognosticators. In turn, as the number of persons in- 
volved increases, a growing proportion of factors will 
appear to be significant without actually having an in- 
dependent impact on the prognosis. This basic statis- 
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T a b l e  I. Prognosis  after resection of colorectal liver metastases 

5-year Median survival 
Reference Year R class No. of patients survival (%) (mo) 

Inst i tut ional  series 

Adson et al. 3 1984 NS 141 25 
Ringe et al. 4 1990 0 119 27 
Doci et al." 1991 0 I00 30 
Herfarth and Hohenberger s 1992 NS 161 20-30 
Rosen et alY 1992 NS 280 25 
Sugihara et al. 10 1993 0 109 47.9 
Gozzetti et al. ~ ~ 1994 NS 108 28.0 
Gayowski et al. L" 1994 NS 204 32 
Scheele et al.17 1996 0 376 39 

Collected series 

Hughes et al. 14 1988 NS 859 33 
Nordlinger et a l.15 1992 NS 1818 26 
van Ooijen et al.16 1992 NS 118 21 

21 
35.1 

28 

33 
41.3 

R class = resection classification. 
NS = not specified, including nonradical resections. 
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Fig. 1. Survival and disease-free survival 
in 376 consecutive patients undergoing 
"curative" (R0) resection of colorectal 
liver metastases between 1961 and 1993, 
with complete follow-up until January' I, 
1996. (Adapted from Scheele J, AI- 
tendorf-Hofmann A, Stangl R, Schmidt 
K. Chirurgische Resektion kolorektaler 
Lebermetastasen: Goldstandard fiir 
solit{ire und resektable Herde. Swiss Surg 
1996;Suppl 4:4-17.) 
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Fig. 2. Influence of number and distribu- 
tion of colorectal liver metastases on sur- 
vival in 206 consecutive patients under- 
going "curative" (R0) resection between 
1961 and 1988, with complete follow-up 
until January 1, 1990. (Adapted from 
Scheele J, Stangl R, Altendorf-Hofmann 
A, Gall FE Indicators of prognosis after 
hepatic resection for colorectal secon- 
daries. Surgery 1991 ; 110:13-29.) 
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tical rule mandates a multivariate analysis but also re- 
quires a clear definition of which patients should and, 
more important, which ones should not be enrolled 
in a particular analysis. 

In assessing the overall effect of a particular thera- 
peutic approach, such as resection of colorectal liver 
metastases, actual and actuarial (tumor-free) survival 
figures, as well as median survival times, should be 
represented by "intent to treat" and should include 
operative deaths. This most accurately reflects the 
risk:benefit ratio of this strategy. In assessing the im- 
pact of various factors on the prognosis of patients who 
have undergone curative resection, however, this 
group definition needs to be modified. The radical- 
ness of the procedure (R0 vs. R1/2 resection) is the 
overwhelming predictor of prognosis in that an R0 re- 
section is an almost absolute prerequisite for 5-year 
survival. 1,4,1~ Therefore  any nonradical resection 
should be excluded from this particular analysis, as 
should operative deaths. 27,28 Otherwise, assessment of 
the biologic behavior of a particular tumor variable 
might be obscured by surgical failure. 

Ind ica to rs  o f  P rognos i s  

Demographic Features. Most authors would agree 
that sex does not significantly affect the outcome. 4-6,17 
A few series report  superior results for female pa- 
tients, 3,29,3~ whereas others report prolonged (disease- 
free) survival in men. 12,31 Age may influence the oper- 
ative risk as well as patient selection but is unlikely to 
influence survival in those who make it past the early 
postoperative period. 1,4,17,32-34 

Primary Tumor. Location in the r e c t u m ,  17 m e s e n -  
teric lymph node metastases,* and poor differentia- 
tion 1,17 are all associated with inferior results. As the 
effects of staging and location are predominantly ap- 
parent in synchronous metastases, 6,17,37 differences in 
the proportion of metachronous lesions may explain 
inconsistencies in results among various large series.J 
Other  investigators may have missed the effect of  
mesenteric lymph node involvement on synchronous 
lesions by summarizing those patients as group 
"Dukes' D" with no further subcategorization ac- 
cording to the pN classification. 32 

Metastases. Multiplicity of lesions 3,7,34-36,42 and the 
intrahepatic tumor distribution 6,27 both seem to be of 
minor importance. Variations in results among re- 
ports addressing this aspect may often be due to in- 
clusion of nonradical procedures. It is fair to assume 
that nonradical resections become more frequent as 
the number of lesions resected increases and when bi- 

*References 3, 6, 7, 15, 25, 34-36. 
tReferences 1, 4, 17, 27, 31, 38-41. 

lateral lesions are present. Satellite metastases proved 
particularly important in the Jena/Erlangen experi- 
ence 1,6,17 and were also significant in other ser ies .  9,27,43 

They may indicate an adverse tumor biology with a 
higher potential for vascular invasion leading to 
spread, irrespective of whether the main lesions are 
single or multiple) 7 Interestingly, the proportion of 
subsequent pulmonary metastases was doubled in pa- 
tients with satellite nodules) This observation how- 
ever, conflicts with data from Cobourn et al. 44 and 
Langer, 4s who found satellite nodules to be insignifi- 
cant when they accompanied otherwise solitary 
metastases. In contrast to the number of metastases, 
the maximum diameter is usually a reliable indicator 
of prognosis ,  4,17,46-49 as is the percentage of liver vol- 
ume replaced by tumor, with no 5-year survivors 
among four 4 and five patients 27 with more than 50% 
of liver volume replaced by tumor, respectively. There 
are, however, some series that failed to demonstrate a 
significant influence of maximum tumor diameter on 
survival.I~ 

Some authors have reported extremely poor results 
in patients resected for synchronous liver lesions and 
therefore either generally question the value of re- 
secting synchronous metastases 5~ or restrict the indi- 
cation to solitary lesions. 8 Others have found similar* 
or slightly inferior results in comparison to meta- 
chronously detected lesions, 1,5,6,1~ with 5-year sur- 
vival rates ranging from 13.6% to 3 2 % .  l'17'42,52-54 In 
one large series, synchronous presentation of metas- 
tases was associated with a favorable prognosis. 9 Af- 
ter all, the timing of metastasis detection should not 
determine the principal therapeutic approach. 

The importance of the disease-free interval is still 
under discussion. Some authors found improved sur- 
vival with an extended time interval between primary 
tumor resection and detection of liver metastases. 36 In 
some of these reports, however, patients with syn- 
chronous metastases are assigned to the "short inter- 
val" group. 12,1s If only metachronous metastases are 
included, no prognostic significance was detected in 
the Jena/Erlangen series comparing disease-free in- 
tervals of  12 months or less, 13 to 24 months, and 
more than 24 months, respectively.: 7 There  were also 
no such differences in other reports comparing dis- 
ease-free intervals of  more than or less than 12 
months.14,32 

Therapeutic Approach. The optimal mode of liver 
resection remains controversial. Most authors failed 
to detect any significant difference between anatomic 
and nonanatomic procedures, whereas others re- 
ported superior results for minor resections usually 
performed in a nonanatomic manner. 32 In the 

*References 7, 24, 29, 34, 35, 42, 51. 
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Jena/Erlangen experience the anatomic approach re- 
duced the incidence of  histologically nonradical (R1) 
liver resections. 55-57 Even within the R0 group, how- 
ever, survival using this technique was significantly 
better if it was compared with that in nonanatomic re- 
sections. Among anatomic procedures, there was no 
difference between standard resections and more so- 
phisticated segment-oriented resections.~,17 

Operative blood loss and subsequent hypotension 
have both been reported to result in significantly 
lower survival rates. 9,32,58 Only one series, however, 
proved to have an independent impact on prognosis 
applying a multivariate analj, sis. 16 Others found no ef- 
fect even with the use ofa  univariate approach. 59 It is 
therefore unclear whether excessive blood transfu- 
sions, per se, impair the prognosis or simply reflect a 
more complex procedure facing a greater tumor load, 
which indicates a less favorable "tumor biology." In 
the Erlangen series, 17 a blood loss of 2000 ml or more 
was associated with decreased survival using univari- 
ate analysis, whereas blood transfusions had no sig- 
nificant influence (Scheele J, unpublished data). 

Su rvey  o f  Po ten t i a l  C o n t r a i n d i c a t i o n s  

In their 1986 landmark publication, Ekberg et al. 27 
proposed three general contraindications to liver re- 
section for metastatic colorectal cancer: (1) the pres- 
ence of four metastases or more, (2) additional extra- 
hepatic disease, and (3) a resection margin of  less than 
1 cm. 

One of  the problems with this report was its inclu- 
sion of nonradical procedures. Nevertheless, the "Ek- 
berg criteria," occasionally referred to even before the 

report was published, 24,31 have been frequendy cited 
by subsequent authors. 14,27,31,35,60 In turn, the presence 
of one to three liver metastases, irrespective of unilat- 
eral or bilateral distribution, that can be removed with 
a safety margin of 1 cm or more is now generally ad- 
vocated as a clear indication for liver resection, as long 
as extrahepatic disease is not present at the same time. 

With respect to the maximum number of metas- 
tases, several authors have since reported long-term 
success in patients with four, five, or even more inde- 
pendent hepatic lesions. Nordlinger et al. 42 described 
14 patients in whom five or more metastases were re- 
moved with clear margins. Their survival followed the 
same course as that seen in 36 patients who had two, 
three, or four metastases resected. Although less than 
15% of the patients in each group were alive at 5 
years, survival of more than 10 years was observed in 
some patients who had five or more lesions removed. 
In the 1989 update of the collected series of Hughes 
et  a]., 36 5-year survival and tumor-free survival were 
both reduced after resection of four or more metas- 
tases (I 8 % and 14%, respectively), if compared to one 
or two lesions but were better than the rates after re- 
moval of three nodules (8% and 0%, respectively). 36 
Recently Kawasaki et al. 6~ described five patients with 
between 3 to 12 bilateral metastases who underwent 
liver resection after right portal vein embolization. 
Four patients remained alive and free of disease 36 to 
74 months after surgery. In our series no difference 
was found in comparing one to three vs. four or more 
independent metastases that were completely re- 
moved (R0 resection). The group with four or more 
metastases comprised 35 patients, 15 Of whom have 
survived 5 years, 14 without recurrent disease (Fig. 3). 17 
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Fig. 3. Survival after R0 resection of four or more independent liver metastases does not differ from 
results in patients who had one to three metastases removed. (Adapted from Seheele J, Altendorf- 
Hofmann A, Stangl R, Schmidt K. Chirurgische Resektion kolorektaler Lebermetastasen: Goldstandard 
fiir solitiire und resektable Herde. Swiss Surg 1996;Suppl 4:4-17.) 
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There is certainly a technical limit to resectability, 
particularly if randomly distributed lesions are con- 
sidered. In articles addressing resection of more than 
10 metastases, it is occasionally difficult to assess the 
actual number of lesions in the long-term surviving 
subset, or long-term survival is restricted to patients 
with smaller numbers of lesions. 61,62 In a recent article 
by Sugihara et al., 1~ 15 patients with five or more 
metastases underwent "curative" resection, of whom 
11 were alive at the end of the study, seven of them 
without recurrent disease. Of  this disease-free group, 
five patients had surpassed the 4-year mark and two 
had survived longer than 10 years. There  was, how- 
ever, only one patient with 12 metastases at 55 
months and one additional patient with six metastases 
at 43 months. All other patients, in particular the 5- 
year survivors, had five metastases resected. 1~ In our 
series only two of 404 patients undergoing a curative 
resection had eight or more metastases resected; one 
of them became a long-term survivor (Scheele J, un- 
published data). 

More refined preoperative imaging techniques and 
the increasing application of intraoperative ultra- 
sonography have improved diagnostic accuracy in re- 
cent years such that a redefinition of guidelines for fu- 
ture therapeutic decision making is needed. These 
guidelines should take into account the size, site, 
number and distribution of lesions in the liver, the 
presence of other factors known to indicate less fa- 
vorable outcome, and obvious factors such as age and 
general condition. This may foster a situation where 
international, multicenter prospective trials of adju- 
vant and alternative treatment modalities can be more 
easily standardized. Any final assessment of the im- 
portance of an upper limit of  lesions defining re- 
sectability would still be premature. It should be rec- 
ognized that the number of patients who actually un- 
dergo curative resection of four or more metastases is 
still small but 5-year disease-free survival is at least 
possible. 

Less attention is usually paid to satellite metas- 
tases. This may reflect their relatively low incidence 
of 14% to 2 4 %  17'27'63 and the problem of unequivo- 
cally classifying a given lesion as being either inde- 
pendent or a satellite. In analyzing our material, a 
satellite metastasis was defined as (1) positioned in 
the same Couinaud segment 64 or less than 2 cm from 
the larger nodule, and (2) presenting with a diameter 
of less than 50% and less than 4 cm, even if associ- 
ated with a giant main lesion. 6 In fact, all but one of 
our satellite metastases measured less than 1 cm in 
size. On the basis of this definition, satellite metas- 
tases have, in our more recent analysis, proved to be 
the most important  single adverse prognosticator. 
However, there are meanwhile some long-term sur- 

vivors despite satellitosis, and therefore even this cri- 
terion may not serve as an absolute contraindication 
to r e s e c t i o n .  1,17 

The most generally accepted contraindication to 
liver resection is the presence of extrahepatic disease.* 
One of the very early reports that addressed this issue 
was presented in 1984. Extrahepatic disease precluded 
5-year survival and lowered the actual 2- and 3-year 
survival rates to 36% and 11%, respectively, which 
was significantly lower than the figures of 72% and 
63 %, respectively, for patients without extrahepatic 
involvement. In the collected series of Hughes et al., 36 
patients with extrahepatic disease had a 20% 5-year 
survival rate but only 4% were free of disease at that 
time. 

Our group has repeatedly reported more encour- 
aging results. Although significantly inferior with re- 
spect to both survival and disease-free survival, 9 of 
35 patients with extrahepatic disease and a follow-up 
time of more than 60 months have become 5-year dis- 
ease-free survivors and 5 of 20 additional patients 
with follow-up periods ranging from 24 to 59 months 
are presently alive and free of recurrent tumor (Fig. 
4).  17 Looldng at them in greater detail, all these suc- 
cessfully treated patients had either local recurrent 
disease, direct tumor invasion of adjacent structures, 
or a solitary pulmonary metastasis as the site of extra- 
hepatic tumor (Scheele J, unpublished data). Elias et 
al. 6s reported a 5-year disease-free survival of  33% 
among 11 patients in whom either lung metastases (n 
= 5) or pedicular colonic nodes (n = 6) were removed 
along with the hepatic resection. Gough et al. 69 pre- 
sented one anecdotal 5-year disease-free survivor 
among nine patients with metastases removed from 
both organs. A similar combination of liver plus lung 
metastases, or liver plus locally recurrent disease, has 
been found acceptable in some recent articles on re- 
peat hepatic resection, if both operations are looked at 
together. 17,47,7~ Extrahepatic disease is rarely com- 
pletely resectable; however, some highly selected pa- 
tients may still be considered for surgical treatment. 

The  factor most influenced by the surgical ap- 
proach is the margin of clearance. There  is a general 
agreement that a margin of 1 cm or more is prefer- 
ab le ,  31,36,71 and there is a growing consensus that this 
judgment must not be based on palpation of the liver 
but should instead be guided by routine application of 
operative ultrasonography. 72 With respect to the op- 
erative approach, a preference for anatomic proce- 
dures such as segmentectomies, according to the 
Couinaud terminology, rather than nonanatomic 
wedge excisions is advisable since these procedures are 
more likely to achieve satisfactory margins and reduce 

*References 8, 9, 12, 16, 65-67. 
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Fig. 4. The prognosis of R0 resection of liver metastases with additional extrahepatic disease is signifi- 
cantly worse compared to results in patients with metastases to the liver only, but still carries some long- 
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the incidence of  inadvertently nonradical procedures. 57 
Reports  that distinguish between nonradical oper- 

ations (so-called R1 resections) and procedures with a 
clear resection margin, even of  minimal extent, have 
demons t ra ted  long- te rm survival only in the latter 
subgroup 12,t7 (Table II). In the Erlangen series, 17 de- 
spite significantly bet ter  results with a margin of  I0 
mm or more,  38 five-year survivors have been ob-  
served among 131 patients with resection margins of  
0 to 4 mm only, and an additional 21 five-year sur- 
vivors had a resection margin of  5 to 9 mm (Fig. 5). 
These  narrow margins were partially a result of  lim- 

ited surgical resection, predominant ly  in the earlier 
years. In the majority of  cases, however, preoperative 
workup had already clearly demonstrated that only a 
minimal margin would be possible. In the large series 
by Elias et al., 73 even the width of  the resection mar- 
gin failed to significantly influence prognosis as in the 
analysis by Nakamura  et al. 47 In the recent ly  pub-  
lished Pit tsburgh series, ]2 95 patients with resection 
margins more than 1 cm had only slightly better  sur- 
vival than 92 patients with margins up to 1 cm, which 
closely matches the Erlangen results. The  differences 
in survival (42% vs. 32%) and disease-free survival 
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-Fable II. Impact of resection classification on prognosis after resection of colorectal liver metastases 

5-year Median survival 
Reference Year R class No. of patients survival (%) (too) 

Ringe et al. 4 1990 0 119 27 35.1 
1/2/X 38 0 18.4 

Sugihara et a12 ~ 1993 0* 109 47.9 - -  
1 17 0 17t 

Henne-Bruns et al. n 1993 0 66 37 31 
1/2 16 o - -  

Gayowski et al. i.' 1994 0 187 37 ~t - -  
1/2 17 0 - -  

Rees et al. 46 1996 0 89 37 - -  
1/2 18 6 - -  

Scheele et al. 17 1996 0 376 39 41.3 
1/2 65 2 14.8 

*R0, no extrahepatic disease. 
tEstimated from graph. 
~tCalculated from tables. 

T a b l e  III. Absolute contraindications to resection of 
colorectal liver metastases 

No possibility of radical (R0) resection (but occasionally 
justified for symptomatic palliation) 

Lymph node metastases at the liver hilum (but anecdotal 
success reported by Nakamura et al. 47) 

Extrahepatic tumor (except for local recurrence, direct 
invasion of adjacent structures, or solitary (1 to 3?) lung 
metastasis) 

(29% vs. 25%) at 5 years were only minor, whereas 
actual tumor  involvement of  the resection line pre- 
cluded 5-year survival and lowered the 3-year figure 
to 12%. T h e  lesson learned from these data is that 
one should keep removing metastases that, for rea- 
sons of  size, number, or location, do not allow a 1 cm 
clear margin, as long as they can be removed with a 
complete rim of  unaffected tissue (R0 resection). 

C R I T E R I A  F O R  E X C L U S I O N  

The  absolute contraindications to resection of  co- 
lorectal liver metastases are presented in Table III. As 
for any surgical procedure, there are patients and sit- 
uations in which the risk of  the procedure must be 
considered too high to balance the potential benefit. 
Apart f rom this, liver resection is of  questionable 
value in terms of  prognosis if not  all of  the tumor can 
be removed. This  was consistently the case in the Er- 
langen series, where just one 5-year survivor and no 
6-year survivors were observed among 104 patients 

who either had gross tumor left behind or had histo- 
logic evidence of  tumor invasion at the cut surface. J7 
Similar results have recently been reported by the 
Pittsburgh group 12 and by other authors.* An incom- 
plete tumor debulking may very occasionally be justi- 
fied in the rare situation where a patient is sympto- 
matic as a result of large metastatic lesions. 4,18,27 Even 
considering the selection bias involved, median sur- 
vival time may be improved in this particular subset 
of patients in whom an extreme tumor load is reduced 
to minimal or only microscopically detectable residual 
disease.l. 17 

A second absolute contra indicat ion may be the 
presence of (advanced ?) lymph node metastases at the 
liver hilum. 9,14,27,66 This was a rare finding in the Er- 
langen series 17 with only three such patients, as well as 
in the collected material of Hughes et al. 14 with 24 out 
of  859 patients. In the Pit tsburgh series 12 the inci- 
dence of  positive nodes was slightly higher with 6 of 
104 patients undergoing  hilar dissection, whereas 
Ekberg et al. 27 (6/31 = 19%), Fo r me r  et al. 34 (x/y = 
31%), and Nakamura et al. 47 (6/22 -- 27%) have re- 
ported significantly h igher  propor t ions  of  positive 
nodes. In Nakamura's  series two patients with posi- 
tive hilar lymph nodes remained disease free at 49 and 
66 months,  respectively. Both had undergone repeat 
liver resection. 47 It was not  specified whether  these 
metastases were macroscopically visible tumors  or 
they were detected by more thorough microscopic ex- 
amination, but the much higher incidence of  lymph 
node involvement,  aside from a systematic lymph 

*References 4, 10, 24, 27, 46, 48, 71. 
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node dissection, makes a sophisticated histologic tech- 
nique quite likely. 

The  presence of extrahepatic disease is commonly 
regarded as being a third absolute contraindication to 
resection. 8,12,16,65-67 We would modify this to include 
discontinuous extrahepatic tumor with the exception 
of a resectable local recurrence and a single (and pos- 
sibly up to three) lung metastasis. Tumor  at any other 
site, such as an adrenal metastasis, an omental deposit, 
nodules on the small bowel, and limited peritoneal 
spread, is rarely amenable to R0 resection. Despite 
occasional apparent R0 removal, however, it has al- 
ways resulted in early recurrence ofnonresectable dis- 
ease in our experience. ~7 Direct  tumor  infiltration 
usually affects the diaphragm or, rarely, the retrohe- 
patic vena cava, the extrahepatic bile duct, and other 
adjacent structures such as the omentum, transverse 
colon, or stomach. Such a finding is quite often asso- 
ciated with other negative prognostic factors such as a 
large tumor mass or poor differentiation. By avoiding 
any attempt at taking down what initially may appear 
to be adhesions rather than infiltration, and by fol- 
lowing an aggressive policy of wide en bloc excision of 
any adherent tissue, long-term disease-free survival 
may still be attainable. 

PREOPERATIVE WORKUP 

The  preoperative diagnostic workup must  address 
the primary tumor  site, the extent of liver involve- 
ment, and the possibility of extrahepatic disease. The  
following are the basic methods used to achieve these 
goals: 

1. Endoscopy of the colon, digital examination of 
the anastomotic site after low anterior resection 
accompanied by endoluminal ultrasonography, 
and C T  scan of the pelvis after abdomino-per- 
ineal resection 

2. Ultrasound, C T  scan, and increasingly C T  ar- 
terial portography 74 or MR175 of the liver 

3. Bidirectional chest x-ray examination supple- 
mented by spiral C T  scan of the lungs in equiv- 
ocal cases 

4. Determinat ion  of carcinoembryonic antigen 
and CA 1 9-9 levels to provide a baseline for fol- 
low-up 

Additional investigations may include cytologic 
study of bone marrow aspirate and, in patients with 
clinical abnormalities, imaging of other body areas 
such as the brain and spine. In borderline cases, where 
in effect more  than half of the functional hepatic 
parenchyma must be resected, C T  volumetry may op- 
timize decision making. It could mandate either com- 
plete avoidance of any liver resection that carries an 
unacceptable risk or performance of preoperative por- 

tal vein embolization on the side to be resected to in- 
duce hypertrophy of the contralateral liver remnant, 
thereby avoiding postoperative hepatic insufficiency. 76 
T h e  value of  immune  scintiscans, and even single 
positron emission computed tomography (SPECT), 
has yet to be defined. With more specific antibodies 
they may hold some future value, particularly in the 
detection of disease in the extrahepatic abdomen and 
pe lv i s .  77-82 

From a practical point of view, identical results us- 
ing external ultrasound and intravenous contrast-en- 
hanced C T  scans seem to balance the need for diag- 
nostic accuracy regarding the intrahepatic tumor load, 
with the logistic and current financial constraints of 
medicine in most Western countries. If one of these 
techniques is inadequate for technical reasons, or if 
the findings are contradictory, C T  portography and 
Endorem-MRI may serve as supplementary diagnos- 
tic tools. Any other modality should presently be re- 
served for prospective trials. 

The  preoperative diagnostic workup must be sup- 
plemented by thorough intraoperative assessment. 83,84 
Besides clinical evaluation of the abdomen including 
inspection and palpation of the liver, the most impor- 
tant method is intraoperative ultrasonography. 66,85,86 
In roughly 5% to 15%, this alters the surgical ap- 
proach. 72 Additional metastases may preclude resec- 
tion, and the interrelation between tumor  edge and 
important intrahepatic vascular structures may change 
the resection strategy. Occasionally a patient whose 
disease appears to be unresectable after the initial sur- 
gical exploration is, in fact, shown to be resectable. 

T I M I N G  O F  T R E A T M E N T  

There  are two basic positions regarding the timing 
of treatment. One emphasizes the importance of early 
resection once the diagnosis is established, since the 
already existing liver metastases may become the 
source of lymphatic spread to the liver hi lum and 
other  perihepatic lymph nodes, or hematogenous  
spread to the lungs) 7,34,3s On the other hand, a con- 
siderable number  of articles addressing this point ad- 
vocate instead a policy of applying a "test of time" 
ranging from a few weeks to 6 months. 3~ They  ar- 
gue that within this time a curable tumor is unlikely to 
become unresectable, since even at autopsy 12% of 
patients still present with solitary lesions and no ex- 
trahepatic spread. 87 Since no conclusive data are avail- 
able to substantiate either of these positions unequiv- 
ocally, this allows us to state our own personal posi- 
tion. 

We would resect any metastasis that has exceeded 4 
cm in diameter because this tumor has already passed 
a "test of time." It has grown to this size without be- 
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coming obviously diffuse or unresectable. In turn we 
would advocate a waiting period for very small le- 
sions, which might be detected by increasingly sensi- 
tive diagnostic techniques, especially if they are mul- 
tiple from the beginning. This is particularly true for 
a tumor distribution within the liver that would re- 
quire resection of more than 50% of liver parenchyma 
and therefore expose the patient to a low but not in- 
significant operative risk. This position is supported 
by the poor prognosis of small multiple metastases in 
comparison to larger multiple lesions in some se- 
ries.3. 27 

A particularly relevant issue in this context is the 
treatment of patients with synchronous metastases. 
The  Jena/Erlangen policy was to combine the two 
procedures quite liberally. This would not increase 
the operative risk as long as certain basic require- 
ments are met. We would combine any liver resection 
with a right-sided colon resection, and we would 
combine any coiorectal procedure with removal of 
two Couinaud segments of the liver or less. If left- 
sided colorectal resections must be combined with an 
operation more serious than a right hemihepatec- 
tomy, this would be done simultaneously only in a 
very fit patient, after a thorough discussion of the risks 
and benefits. A low anterior resection under these cir- 
cumstances would be covered by a diverting loop 
ileostomy. The  general guidelines for the timing of 
liver resections as previously discussed are very strictly 
adhered to in those patients with synchronous metas- 
tases. 

If the decision is made to delay the liver resection, 
a needle biopsy of the liver lesion should not be per- 
formed because tumor cell spillage and subsequent 
needle tract or localized peritoneal seeding may turn 

1 r . . 

an otherwise promising situation into a condition that 
is incurable. 88 In most cases the nature of those tu- 
mors is completely clear based on either the operative 
appearance or the pre- and intraoperative imaging 
procedures. 

R I S K  O F  T R E A T M E N T  

The 30-day mortality rate for elective major liver 
resections in noncirrhotic patients currently ranges 
from 0% to 5% (Table IV).* Series with a particularly 
aggressive policy from both an oncologic and techni- 
cal viewpoint usually do not have a zero mortality. But 
despite such an aggressive stance, mortality rates in 
some series, for instance in the Erlangen series, 17 have 
decreased from approximately 7% in the 1960s and 
197(}s to roughly 3% since 1990. Mortality after com- 

"References 3, 6, 7, 20, 24, 25, 50, 78, 79. 

bined procedures may be slightly higher, 56 but this 
merely reflects the addition of two operative risks at a 
single point in time. 

Morbidity of liver resection has also decreased con- 
siderably as a result of the application of the more re- 
fined techniques of parenchyma transection and he- 
mostasis. It can be assumed that nowadays 10% to 
15 % of patients may develop significant liver-related 
complications, particularly a substantial right-sided 
pleural effusion, which occurs in approximately half 
of these patients. ',17 

R E S U L T S  O F  H E P A T I C  R E S E C T I O N  

Liver resection is the only therapeutic modality 
that carries a significant chance of long-term survival. 
After 5 years, :approximately 20% to 40% of patients 
in a major series were still alive, and roughly 80% of 
them were free of recurrent disease at that time (see 
Table I). Significantly better results of up to 52 %8,) 
have not been confirmed by subsequent analyses of an 
increased number of patients from the same center 
with longer and more complete follow-up, 12 or im- 
proved results have been achieved by excluding less 
favorable patients in the entire R0 group from the 
analysis, for instance, patients with extrahepatic dis- 
ease. m "I~n-year survival figures, if recorded at all, are 
rarely based on a large enough sample of patients. In 
the most recent analysis of the Jena/Erlangen series, 
survival after 10 years was 21%, and was based on 21 
patients, 20 of whom remained free of recurrent dis- 
ease. Several authors have meanwhile reported sur- 
vival periods of more than 20 years, L~)m and some pa- 
tients are just approaching the 30-year mark. 17 The 
median survival and disease-free survival times are in 
the range of 40 and 30 months, respectively. Based on 
these data, the earlier discussion about whether the 
long-term results after liver resection are indeed an 
effect of treatment or simply the result of selection 
bias 22,92,93 can be decided in favor of there being a real 
prognostic effect of surgery .  4'5'2~ 

Tumor relapse after liver resection, as is the case 
after resection of primary colorectal cancer, occurs 
mainly within the first 2 years. The disease-free sur- 
vival curve then flattens out and becomes almost iden- 
tical to the survival curve after 7 years 1,12 (see Fig. 1). 
The Erlangen experience includes 196 patients who 
survived the initial 30 days after a curative liver resec- 
tion more than 7 years ago. No definite tumor recur- 
rence was ever observed in the 48 patients who had 
been free of disease after that t ime) 7 

In patients with recurrent disease and subsequent 
reresection, multi-institutional series have reported 5- 
year survival rates of 32 % and 16%, respectively, after 
the second liver resection ls,96 ('Fable V). In the Erlan- 
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T a b l e  IV.  P e r i o p e r a t i v e  m o r t a l i t y  a n d  m o r b i d i t y  o f  l i v e r  r e s e c t i o n  f o r  c o l o r e c t a l  m e t a s t a s e s  

Morta l i ty  

R e f e r e n c e  Y e a r  Per iod  No.  o f  pat ients  30-day Total  Morbidi ty  

A d s o n  et  al. 3 1984 1948-1982 I4 I  - -  4 - -  
E k b e r g  et  al. 27 1986 I971-1984  72 2.8 5.6 36 
H o h e n b e r g e r  e t  al. 25 1988 1981-1987 82 4.8 - -  - -  
H o l m  et  al. 29 1989 1977-1986 35 0 0 46 
R inge  et  al. 4 1990 1976-1987 157 4.5 - -  10.2 
D o c i  e t  al. 7 1991 1980-1989 I00 - -  5 11 
H e r f a r t h  e t  al. s 1992 1981-1991 161 - -  3.1 31 
R o s e n  et  al. 9 1992 1960-1987 280 - -  4* - -  
H e n n e - B r u n s  e t  al. 7I 1993 1985-1991 89 - -  3.4 13.4 
Sugihara  et  al. l~ 1993 1978-1989 109 1.8 - -  - -  
Gozz e t t i  e t  al. II 1994 1981-1991 108 0,9 - -  21.4 
F o n g  et  al. 1~ 1994 1985-1991 25 0 0 28 
Gayowsk i  e t  al, 12 1994 1981-1991 204 0 1 - -  
H a n a n e l  e t  al. -~4 1995 1980-1990 26 0 0 66.6 
W a n e b o  et  al. 32 1996 1978-1994 72 - -  8.3 38 
Rees  e t  al. 13 1996 1986-1995 150 0.7 3 23 
Scheele  e t  al. 17 1996 1960-1993 471 4.5 6.4 16 

1990-1993 155 2.6 3.9 7 

*Sixty-day mortality. 

T a b l e  V. P e r i o p e r a t i v e  m o r t a l i t y ,  m o r b i d i t y ,  a n d  p r o g n o s i s  a f t e r  h e p a t i c  r e r e s e c t i o n  f o r  r e c u r r e n t  c o l o r e c t a l  

l i v e r  m e t a s t a s e s  

No. o f  Mortal i ty  Morbid i ty  Survival (%) M e d i a n  

R e f e r e n c e  Year pat ients  (%) (%) 3 yr  4 yr  5 yr  survival (mo) 

I n s t i t u t i o n a l  s e r i e s  

Stone  et  al. 1~ 1990 10 0 - -  - -  
Bozzet t i  e t  al. 1~176 1990 11 9 40 - -  
Vail lant  et  al. 98 1993 15 0 40 57 
Elias e t  al. 1~ 1993 28 - -  - -  3 3 t  
F o n g  et  al. 1~ 1994 25 0 28 - -  
Q u e  and N a g o r n e y  1~ 1994 21 5 - -  - -  
Schee le  et  al. 7~ 1995 24 3 qt 18 - -  
Scheele  e t  al. 17 1996 26 2w - -  - -  

C o l l e c t e d  s e r i e s  

N o r d l i n g e r  e t  al? 5 1992 144 - -  - -  30 
N o r d l i n g e r  e t  a1.1~ 1994 130 0.8 25 33 
F e r n a n d e z - T r i g o  et  al. 96 1995 170 - -  - -  45 
W a n e b o  et  al. 127 1996 536 1.8 26 - -  

m _ _  _ _  

- -  - -  18" 
- -  30 33 

- -  - -  30* 
43 - -  41 
- -  46 50 
- -  5 7  6 0  

m 

h 

q 

16 m 

32 34 

- -  24[I 

*Mean survival time. 
tEstimated from graph. 
SBased on 34 reresections in 31 patients. 
w on 44 resections in 36 patients. 
IlMean of  reported median survival times. 
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Fig. 6. Survival after a presumed "curative" reintervention for recurrent disease. If the initial liver re- 
section was R0 (curative), a second R0 resection of intrahepatic and extrahepatic recurrent disease, re- 
spectively, resulted in 57% and 32 % 5-year survival from the time of reintervention. In contrast, a non- 
radical reoperation carried a poor prognosis, as did R0 reintervention in three patients who had a non- 
radical initial liver resection. MST = median survival time. (Adapted from Scheclc J, Altendorf-Hof- 
mann A, Stangl R, Schmidt K. Chirur~sche Resektion kolorektaler Lebermetastasen: Goldstandard fOr 
solitaire und resektable Herde. Swiss Surg 1996;Suppl 4:4-17.) 

gen experience, survival and disease-free survival rates 
were 44% and 38%, respectively, if tumor recurrence 
within the liver is considered. 7~ More recently, survival 
increased to 57% for hepatic recurrences (dropping to 
48% shortly after 5 years) and to 32% if extrahepatic 
disease was removed (Fig. 6). 17 This prognostic suc- 
cess after resection for subsequent extrahepatic cancer 
included local recurrences as well as pulmonary metas- 
tases but no other sites of tumor relapse. 7~ 

Reresection is possible in approximately 20% of 
patients with a cancer recurrence after an initial R0 
liver resection. Mortality and morbidity are similar to 
the rates for the initial liver resection, as is survival 
from the time of reintervention. 17,26,7~176 This justi- 
fies a policy of close follow-up because symptomatic 
recurrences are unlikely to be suitable for reresec- 
l ion.  70 

Q U A L I T Y  O F  L I F E  

Quality of  life after liver resection may be slightly 
impaired during the early postoperative period of 1 to 
2 months. When the patient recovers and the liver has 
regenerated, as is normally seen in noncirrhotic pa- 
tients, quality of life has been shown to be unchanged 
from the preoperative status. 

C O S T S  

The costs of liver surgery must be calculated on the 
basis of an operative procedure that requires 3 to 5 

hours for major liver resection and 1 to 2 hours of op- 
erating time for minor procedures. In general, 1 or 2 
days in the intensive care unit will be required after 
resection of 50% or more of the liver parenchyma, 
followed by a total hospital stay of 1 to 2 weeks. After 
minor procedures, no time in the intensive care unit 
will be necessary, and the total hospital stay may be 
reduced to a few days. If adjuvant treatment is con- 
sidered, there are additional costs that will depend on 
the method chosen and these are not discussed in this 
report. 

U N A N S W E R E D  Q U E S T I O N S  A N D  
P R O P O S A L  F O R  T R I A L S  

At the present time, there is a strong feeling that 
(neo)adjuvant treatment should be implemented ei- 
ther to improve the general outcome of hepatic re- 
section for metastatic disease or to possibly downstage 
patients to make them suitable candidates for resec- 
tion.26,50,109-112 There are, however, no convincing data 
available demonstrating a prognostic benefit when a 
noncurative resection is supplemented by any med- 
ical treatment, and only scant data are emerging that 
local destruction of minimal residual disease by laser, 
argon beam coagulation, or cryotherapy may allow 
for some long-term success. 1 t2,113 Despite such anec- 
dotal observations, there is still no effective therapeu- 
tic concept that can predictably achieve long-term 
survival after a nonradical procedure. Therefore ade- 
quate surgery remains the cornerstone in the cur- 
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ren t ly  available the rapeu t i c  a r m a m e n t a r i u m  used to 
t reat  s econdary  colorecta l  liver metastases.  

Fo l lowing  an R0 resect ion,  there  is still no  s t rong  
i n d i c a t i o n  tha t  any  c o m m o n l y  used  c h e m o t h e r a p y  
reg imen,  o r  radiotherapy,  given in an adjuvant  fash- 
ion  is l ikely to  i m p r o v e  the  resul ts .  H o w e v e r ,  n e w  
c h e m o t h e r a p e u t i c  agents ,  r e f ined  i m m u n o t h e r a p y  
protocols ,  preopera t ive  chemoembol i za t ion ,  rad io im-  
m u n o - g u i d e d  surgery,  ex situ and ante situ resect ion,  
o r  the c o m b i n a t i o n  o f  resec t ion  and c r y o t h e r a p y  all 
need  to  be evaluated in mul t icenter ,  mul t id isc ip l inary  
trials. Moreove r ,  less invasive therapeut ic  al ternatives 
such as M R I - g u i d e d  laser des t ruc t ion ,  pe rcu taneous  
rad ionucl ide  injection,  o r  l aparoscopic  in te rven t ions  
m a y  c o m p l e m e n t ,  o r  even replace ,  c o n v e n t i o n a l  
su rge ry  in se lec ted  patients.114,115 Hopefu l ly ,  in the  
years ahead, such trials will establish the value o f  these 
various therapeut ic  modal i t ies  and help to fur ther  im-  
prove  the  results o f  surgical  t r e a t m e n t  o f  co lorec ta l  
hepatic metastatic disease. 109,111,116-126 

We thank Mr. Justin Geoghegan, FRCSI, for his excellent editorial 
advice and assistance. 
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Hepatic Artery Infusion as Treatment of Hepatic 
Metastases From Colorectal Cancer 

M. Margaret Kemeny, M.D., EA. C.S. 

Each year more than 30,000 patients in the United 
States develop metastases from colorectal cancers, 
only to the liver. Treatment of these patients is the 
challenge of surgical and medical oncologists. A large 
number of these patients, probably more than 70% of 
them, have unresectable disease and must be treated 
by means other than surgery. However, approximately 
30% have potentially resectable disease. For these pa- 
tients resection is appropriate, but questions concern- 
ing the role of chemotherapy remain to be answered. 

Continuous hepatic artery infusion using a totally 
implantable pump that delivers chemotherapy directly 
to the liver has been studied for more than 20 years. 
At the present time, there are two main areas being 
investigated with regard to the use of hepatic artery 
infusion: one is t reatment of unresectable hepatic 
metastases and the other is treatment after resection 
of hepatic metastases. 

C L I N I C A L  T R I A L S  

In the late 1970s and throughout the 1980s, sev- 
eral groups conducted randomized trials comparing 
continuous hepatic artery infusion of floxuridine 
(FUDR) with systemic therapy for unresectable liver 
metastases. The largest studies in the United States 
were conducted by Kemeny et al) at Memorial Sloan- 
Kettering Cancer Center and by the Northern Cali- 
fornia Oncology Group (NCOG). 2 The Memorial 
Sloan-Kettering study included more than 163 pa- 
tients and found a highly significant difference in re- 
sponse rates with 52 % of patients having an objective 
response to intrahepatic therapy vs. 20% responding 
to systemic therapy. The systemic therapy used in that 
study was continuous intravenous infusion of FUDR. 
This study allowed a crossover of patients from the 
systemic arm to the intrahepatic arm resulting in no 
survival difference within the two groups. It is inter- 
esting to note that 20 of the 51 patients in the systemic 

group did not cross over to receive intrahepatic treat- 
ment generally because the ports to their hepatic ar- 
teries were clotted. Among patients who never re- 
ceived hepatic artery infusion and only received sys- 
temic therapy, the average survival time was 7 
months, which is significantly different from the 17- 
month survival in patients who received intrahepatic 
therapy. In the N C O G  study, again there was a sig- 
nificant difference in tumor responses but no differ- 
ence in survival because patients were allowed to cross 
over from the systemic arm to the intrahepatic arm. 
The North Central Cancer Treatment Group (NC- 
CTG)  conducted a small noncrossover study com- 
paring intrahepatic treatment with intravenous treat- 
ment. 3 In this study there was no difference in sur- 
vival between the systemic arm and the intrahepatic 
arm, but again there was a statistically significant dif- 
ference in responses. The N C C T G  study was flawed, 
however, in that half of the 35 patients in the intra- 
hepatic arm did not receive either the complete 
course of intrahepatic therapy or any intrahepatic 
therapy. 4,s Thus it is very difficult to draw any defini- 
tive conclusions from a study involving only 17 ana- 
lyzable patients. For the patients who did receive the 
complete course of therapy, there was a survival ad- 
vantage. There are two studies from Europe, both of 
them large noncrossover studies and both of which 
demonstrated significant survival advantages for in- 
trahepatic therapy. The  problem with both of these 
studies was that in the English study the nonintra- 
hepatic arm was a no-treatment control arm and in 
the French study the therapy in the systemic arm was 
left to the discretion of the physician; thus there was 
no uniformity of treatment. The recently published 
meta-analysis of hepatic artery infusion reviewed six 
of the seven trials of hepatic artery infusion, which in- 
cluded more than 654 patients. 6 The tumor response 
rate was 41% for patients receiving hepatic artery 
infusion vs. 14% for those given intravenous chemo- 
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therapy (P = 10q~ The first site of treatment failure 
was the liver in 39% of patients who received hepatic 
artery infusion vs. 74% of those who were treated 
with intravenous chemotherapy. The  patients who 
were assigned to receive intravenous chemotherapy 
first had a mean survival time of 12 months. The pa- 
tients who received continuous hepatic artery infu- 
sions had a mean survival of 16 months. This differ- 
ence was not significant. However, the majority of pa- 
tients in the intravenous groups had been crossed over 
to receive intrahepatic therapy. If all of the trials are 
taken into account--that is, those in the intravenous 
chemotherapy arm and those in the ad libitum con- 
trol arm, the hepatic artery infusion group did 
demonstrate significantly improved survival (P = 
O.OOO9). 

Because ahnost all of the trials conducted thus far 
have had a crossover arm, there is a need for a new, 
well-controlled randomized study. Such a protocol 
has recently been instituted in the Cancer and 
Leukemia Group B and will compare the best sys- 
temic treatment currently available, which consists of  
5-fluorouracil plus leucovorin, with continuous he- 
patic artery infusion of FUDR, leucovorin, and 
Decadron using an Infusaid pump (Infusaid Corp., 
Norwood, Mass.). This trial will not only examine dif- 
ferences in tumor response and patient survival but 
will also analyze costs and quality of life. Approxi- 
mately 350 patients will be required to answer these 
questions sufficiently, and the study should be com- 
pleted within 3 years. 

C O M P L I C A T I O N S  O F  H E P A T I C  
ARTERY I N F U S I O N  

The  principal toxiferous effects that accompany 
hepatic artery infusion are chemical hepatitis, gastritis 
and duodenitis, and biliary sclerosis. 7s The reported 
incidence of duodenitis, gastritis, and ulcers in vari- 
()us studies ranges from 17% to 56% but is less than 
20% in most of them. Chemical hepatitis, which is an 
elevation of transaminase levels, has been reported to 
occur in 10% to 17% of patients, but in many studies 
the rate approaches 45% to 50%. This complication 
is reversible with temporary cessation of intrahepatic 
therapy. Biliary sclerosis, which is the most serious 
complication, is defined as a narrowing of the bile 
ducts especially at the hepatic duct bifurcation. It has 
been reported in anywhere from 5% to 29% of the 
patients in some of the original studies, but because 
some of the dosages have been modified it is now re- 
ported to occur much less frequently and should be 
seen in no more than 10% of patients being treated 

with intrahepatic infusion. Cholecystitis occurred in 
almost one third of the patients until cholecystectomy 
became part of the implant procedure. 

Trials at Memorial Sloan-Kettering conducted in 
an attempt to decrease biliary sclerosis included 
adding Decadron to the FUDR in the infusion pump. 
This resulted in a decrease in biliary sclerosis to a 
level of 8% and in fact when Decadron and Leuco- 
vorin were added to the FUDR in the pump, the in- 
cidence of biliary sclerosis dropped to 3 %. The same 
trials at Memorial Sloan-Kettering showed that in- 
creased response rates could be obtained when other 
drugs were added to the FUDR in the pump. The  
best response came from the addition of Leucovorin 
and Decadron to the FUDR with an objective re- 
sponse rate of 78% and a 2-year survival of 57%. As a 
result of this study, the new intergroup study will in- 
clude the combination of FUDR, Leucovorin, and 
Decadron as the intra-arterial arm. 

R O L E  OF H E P A T I C  ARTERY I N F U S I O N  
F O L L O W I N G  L I V E R  R E S E C T I O N  

For patients with resectable hepatic metastases, re- 
suits of many institutional studies, especially within 
the past 15 years, have shown that resection of one to 
three metastases will yield a 5-year survival of greater 
than 30%. In light of these data, this has become the 
standard treatment in patients with one to three he- 
patic metastases. Studies analyzing areas of recurrence 
show that for the approximately 70% of patients that 
do have a recurrence in the liver, approximately 20% 
to 40% have a recurrence in the liver only, and an- 
other one third of patients will have recurrences in 
the liver and in extrahepatic sites. A randomized trial 
conducted at the City of Hope studied patients 
treated with infusional chemotherapy after resection. '~ 
This was a single-institution study with small num- 
bers but interesting data were obtained. Of the 11 pa- 
tients with solitary metastases, the five who were 
treated with resection plus hepatic artery infusion had 
a longer median survival of 37 months vs. 28 months 
for those treated with resection only. They also had a 
significantly longer median time to Failure (30 months) 
in comparison to those who underwent resection only 
(8.7 months). Furthermore, it was noted that among 
the 15 patients who were treated with resection plus 
continuous hepatic artery infusion, not one of them 
had a recurrence in the liver. In 9 of the 15 patients 
who did have a recurrence, the lesions were in the 
lungs, bones, and other areas. Patients who had mul- 
tiple resectable lesions who were randomized to 
pump-only therapy had a 64% complete response rate 
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and another 29% had a partial response. Thus more 
than 80% of the patients had an objective response to 
continuous hepatic artery infusion. 

As a result of  this study, an intergroup national 
study was initiated comparing treatment of  one to 
three resectable metastases using surgery alone in one 
arm and surgery plus infusional intrahepatic che- 
motherapy in the other arm. That trial is almost com- 
pleted and the data should soon be available on the 
usefulness of  that modality. 

C O N C L U S I O N  

There are data to suggest that infusional chemo- 
therapy is more effective than systemic chemotherapy 
for liver-only metastases. The definitive trial is now 
in progress. There are also data to suggest that he- 
patic artery infusion after liver resection decreases the 
incidence of recurrent or additional liver metastases. 
Again, a national trial is in progress that should pro- 
vide definitive answers. 
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Cryosurgery in the Treatment of Liver Metastasis 
From Colorectal Cancer 

T.S. Ravikumar, M.D., EA.CS., Ramon Sotomayor, M.D., Ravi Goel, B.A. 

The practice of using ultrasound in the operating 
room has allowed resections for primary and metasta- 
tic liver cancer to be performed with increased safety 
and has permitted the accurate delineation of surgi- 
cal margins--important concepts in achieving local- 
ized tumor control with improved patient outcome. 
Further, ultrasound enables the identification of un- 
suspected bilobar liver disease and demonstrates the 
proximity of tumors to critical vascular structures. ~ 
Although the operative mortality of major hepatic re- 
section is now in the range of less than 5%, there are 
clearly patients who will not benefit from resection or 
simply will not tolerate resection because of poor he- 
patic reserve. A recent article by $u et al. 2 re- 
viewed 74 patients with colorectal metastases over a 
14-year period; patients with Dukes' B primary colon 
cancer, one to three lesions, and unilobar disease had 
5-year survival rates of 36%, 24%, and 26%, respec- 
tively. These patients were demonstrated to benefit 
from hepatic resection. However, these same investi- 
gators reported a very high mortality rate in 12 pa- 
tients who underwent trisegmentectomy or extended 
resection. 2 The treatment of unresectable liver metas- 
tases has traditionally relied on systemic chemother- 
apy. Since systemic therapy did not change the sur- 
vival or patterns of failure, several regional therapy 
options (chemotherapy and ablative approaches) have 
been explored. 

There are various options for treating inoperable 
liver tumors, with cryotherapy being one of them. 
Percutaneous injection of 95% alcohol, although use- 
ful for treating small hepatocellular carcinomas, par- 
ficularly in cirrhotic patients, has not found success in 
colorectal liver metastasis. 3 Various forms of intra- 
arterial chemotherapy and embolization of branches 

of the hepatic arterial supply to the tumors are useful 
in unresectable liver tumors. 3 Cytoreduction and se- 
quential resection is another strategy that has been re- 
ported. A series from the Liver Cancer Institute in 
Shanghai reported on 72 patients with hepatocellular 
carcinoma who were resected out of a group of 663 
patients deemed unresectable on initial exploration. 4 
These patients were subsequently treated with hepatic 
artery ligation and hepatic artery infusion of che- 
motherapy before the second operation several 
months later. Survival in the resected group at 5 years 
was 62%.4 Data on such an approach for colorectal 
liver metastasis are lacking. 

C R Y O S U R G E R Y m B I O L O G I C  
C O N S I D E R A T I O N S  

Cryosurgery or cryoablation is a technique that in- 
volves the use of extremely low temperatures to de- 
stroy tumors, which are then left in place to be reab- 
sorbed. It is a focal therapy that allows treatment of 
lesions with preservation of  normal tissue. Cryo- 
surgery has been used in other organs such as the skin 
and entails direct contact with liquid nitrogen at low 
temperatures. This was the initial form of therapy 
used in the liver and involved application of liquid ni- 
trogen on the surface of the liver. Modern liquid ni- 
trogen delivery systems and vacuum-insulated recir- 
culating nitrogen probes have now been developed 
that allow this technique to be used to treat tumors in 
virtually any segment of the liver. Real-time ultra- 
sound permits accurate placement of probes and 
monitoring of the extent of freezing; the ice ball or 
"cryolesion" can actually be seen as it develops, along 
with the margin of normal tissue frozen around the 
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Fig. 1. Demonstration of real-time intraoperative ultrasound monitoring of hepatic cryosurgery. A and 
B, Cryoprobe placement in the center of the liver tumor. C and D, Demonstration of the freezing 
process. Hyperechoic rim and postacoustic shadowing are evident. 
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tumor, thus utilizing the same principle of surgical re- 
section s,6 (Fig. 1). 

Cryosurgery works by destroying cells directly as 
a result of physicochemical effects and indirectly by 
affecting the structure of vascular channels. T h e  
process begins when liquid ni t rogen circulates at 
-196 ~ C through a probe that is placed in direct con- 
tact with the tissue to be treated; in this case the probe 
is placed under  uhrasonographic guidance through 
the liver substance into the tumor. As ice forms, elec- 
trolytes and organic compounds are excluded from 
the crystal. A hyperosmolar environment is created in 
the extracellular compar tment ,  which draws water 
from inside the cells. AS a result the tissue shrinks, the 
cell membranes are disrupted, and intracellular pro- 
tein is denatured, thus destroying cell function. Freez- 
ing propagates from one cell to another through com- 
munication channels. As more and more tissue crys- 
tallizes when small ice crystals grow together  with 
large crystals, a grinding action is created that me- 
chanically disrupts the tissue. Rapid freezing and slow 
thawing enhances tissue damage. As the treated area 
warms, water passes into the cells, leading to an in- 

crease in volume and bursting of the cell membranes. 
This  process is repeated more than once so that any 
remaining viable tumor cells are destroyed on the sec- 
ond or third cycle. 6,7 Animal experiments confirmed 
the destruction of tumor cells in in vivo and in vitro 
studies. 7 The  effectiveness of cryosurgery to control 
experimental colorectal liver metastasis was investi- 
gated in a rat model. Rat livers were implanted with 
tumor cells on one of the lobes of the liver; the ani- 
mals were randomly assigned to one of three groups: 
no therapy, resection, or cryotherapy. T h e  animals 
randomized to the cryotherapy group did just as well 
as those undergoing resection. 

Cryotherapy also causes obliteration of tumor ves- 
sels leading to hypoxia and necrosis. This  occurs in 
small-caliber arteries and veins as they undergo 
thrombosis as a result of direct contact with subzero 
temperatures. Fortunately, large vessels such as the 
hepatic veins and portal veins are protected from this 
effect because the flow of warm blood makes them act 
as thermal sinks, thus protecting their intima and me- 
dia. To achieve the maximum effect, the temperature 
should be lowered rapidly to at least -35 ~ C and 



428 Ravikumar et al. 
Journal of 

Gastrointestinal Surgery. 

slowly warmed. It has been shown that one cTcle is 
not sufficient to achieve adequate lysis of tumors and 
that two or three freeze-thaw cycles are best. 7 

Cold injury affects different tissues in different 
ways. In the liver, a temperature of -15 ~ C is gener- 
ally lethal; in the skin, however, much lower temper- 
atures are required to destroy tumors. Also, the rate at 
which the tissue freezes is known to be an important 
factor. In studies using cellular suspensions of hepa- 
tocytes, it was found that intermediate rates of freez- 
ing were most lethal. In the liver itself, slow cooling 
results in formation of long structures of ice along 
blood vessels and the hepatic sinusoids, with sur- 
rounding tissue dehydration. When  the liver is frozen 
at intermediate and high rates of cooling, significant 
intracellular ice formation occurs with minimal hepa- 
tocyte dehydration. Freezing to -40 ~ C will result in 
complete destruction of hepatocytes, bile ducts, and 
connective tissues, whereas freezing to -10 ~ C will 
spare normal hepatic parenchyma. 

Once cryosurgery has been performed, the tumor 
undergoes necrosis and is left in place. A cellular re- 
pair process begins immediately and may last several 
months.  Collagen scar formation takes place in the 
treated area; most  lesions treated successfully will 
tend to show gradual shrinkage on follow-up with 
computerized axial tomography, with focal hepatic at- 
rophy. Some lesions, particularly the small ones, may 
undergo full resorption and disappear completely. 8 

It has also been suggested that destruction of tu- 
mors by means of cryotherapy may somehow affect 
immunologic function and improve survival. 9 Tumors 
were implanted in rat livers and the animals were 
treated using one of the follcrwing four methods: he- 
patic artery ligation, resection, cryoablation, or liver 
mobilization only (sham treatment). In this study, al- 
though there were no differences in local tumor con- 
trol, the animals treated with cryotherapy survived 
longer. 9 Clinically these effects, which are thought  to 
be immunologic, have not been proved. 7 

T E C H N I C A L  A S P E C T S  O F  
C R Y O T H E R A P Y  

Freezing is accomplished by using hollow metallic 
probes through which liquid ni trogen circulates. 
They  are insulated except at the end of the shaft, 
which is the area that comes in contact with the tu- 
mor. Disc-type probes can be used for superficial le- 
sions, whereas deeper lesions require the use of tro- 
car-type probes. The  size and shape of the ice ball are 
determined by the diameter of the probe (3 to 10 mm) 
and the length of the freezing zone (2 to 4 cm). Freez- 
ing begins from the probe outward, that is, from the 
center of the tumor to the periphery. The  process can 
be effectively monitored using intraoperative ultra- 

sonogxaphy, and the ice ball is created up to the de- 
sired margin (about 1 cm) around the lesion. 

Cryotherapy requires a laparotomy under general 
anesthesia, although new instrumentation allows the 
use of a laparoscope in select cases. In general, the 
same principles that apply to liver resection apply to 
cryosurgery. Preoperative studies include an imaging 
module such as C T  scan, MRI, or ultrasonography to 
note the number and size of the lesion or lesions and 
their proximity to critical structures. 5 The  patient 
should be given adequate hydration since myoglobin- 
uria with acute tubular necrosis has been reported 
early in the experience, particularly with large-volume 
freezing, l~ Exposure of a large volume of the liver to 
subfreezing temperatures may lead to significant hy- 
pothermia in a patient with an open body cavity who 
is under general anesthesia. Use of the Bair Hugger 
warming system (Augustine Medical, Inc., Eden 
Prairie, Minn.) in addition to standard maneuvers, 
was recommended by Onik et al., II after they found 
significantly lower core body temperatures in 28 pa- 
tients who had undergone surgery without this de- 
vice.tl 

The  abdomen is entered through a standard inci- 
sion that allows adequate visualization and exposure. 
The  abdomen is thoroughly explored, and the liver is 
mobilized and palpated bimanually. The  liver is then 
carefully scanned using ultrasound to assess the num- 
ber of lesions, the size, and the location in relation to 
vascular structures. A number  of ultrasound trans- 
ducers are commercially available including handheld 
linear-array transducers with a variety of configura- 
tions including I and T shapes; generally 5.0 or 7.5 
MHz transducers are used. With the aid of ultra- 
sonography, the shortest and least traumatic path to 
the tumor  is chosen for cryoprobe placement that 
avoids major branches of the hepatic and portal veins 
and bile ducts. The  surrounding viscera and di- 
aphragm are packed out of harm's way to protect  
them from accidental injury during the freezing 
process. Adequate mobilization of the liver should be 
practiced before the probe is placed to allow adequate 
access to the liver in case of bleeding, s The  size of the 
lesion will determine the size of the cryoprobe to be 
used. Performance of a Pringle maneuver may help 
enlarge the ice ball for a given probe if needed. 

The  goal of cryosurgery for liver tumors should be 
similar to modern standards for hepatic resection. Ad- 
equate margins of normal tissue freezing should be 
obtained; 1 cm margins are recommended by most 
authors. As the ice forms from the center outward, 
there is a central area of rapid freezing, an intermedi- 
ate area of moderate freezing, and an area of slow 
cooling in the periphery. Thermal gradients of up to 
I0 ~ C for every millimeter of tissue are seen depend- 
ing on the efficiency of the probe. Therefore  this 
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must be considered if adequate tumoricidal tempera- 
tures (i.e.,-35 ~ C) in the periphery of the ice ball are 
to be ensured. 7 

There  are characteristic ultrasonographic features 
of the advancing cryolesion. The freeze front is seen 
in most cases as a hyperechoic rim with postacoustic 
shadowing beyond this rim (see Fig. I). After thaw- 
ing, the normal frozen liver (which is treated as a mar- 
gin) appears hypoechoic when compared with normal 
unfrozen liver. The  treated tumor remains hypere- 
choic after thawing; this creates a halo effect of hy- 
poechoic normal liver tissue around a hyperechoic 
cryolesion, which helps ensure adequacy of mar- 
gins. 12,13 To achieve optimal tumor destruction, two 
to three freeze-thaw cycles are recommended. 7,14 Af- 
ter completion of the freeze-thaw cycles, the probe is 
rewarmed and gently rotated on its axis before it is 
removed to avoid potential cracking of the liver and 
hemorrhage. There  is usually some bleeding from the 
tract of the probe, which is controlled by packing with 
a hemostatic agent. The  abdomen is then closed in 
standard fashion. The use of drains is not mandatory. 
Postoperative care is usually straightforward and 
patients are usually discharged home by the fifth or 
sixth postoperative day. 

Follow-up of tumors treated with cryosurgery is 
carried out using C T  scans and tumor markers. 
Necrosis of the tumor can be demonstrable with gas 
bubbles in the tumor, which can be of no clinical sig- 
nificance; hepatic abscess is rare. Within 3 to 6 
months, the lesions shrink, and in most patients an 
area of fibrosis and architectural distortion persists. 8 
The kinetics of tumor markers (e.g., carcinoembry- 
onic antigen [CEA]) have been studied in patients 
treated with cryotherapy. This was studied in 11 pa- 
tients with metastatic colorectal cancer to the liver in 
whom CEA levels were determined before and after 
surgery. CEA levels fell in all but two patients treated 
with cryosurgery and were found to return to pre- 
treatment levels when these patients developed re- 
currences. I~ CEA levels usually fall between 4 and 8 
weeks after surgery if cryotherapy is effective. 

E X P E R I E N C E  W I T H  C R Y O S U R G E R Y  

Cryosurgery has been used throughout the world 
for a variety of liver tumors, both primary and 
metastatic. The worldwide experience with cryother- 
apy reflects the patterns and prevalence of hepatobil- 
iary tumors in different parts of the world. Investiga- 
tors in China have dealt almost exelusively with early 
and advanced hepatocellular carcinomas, whereas 
those in the United States, Britain, and Australia have 
dealt with metastases to the liver from colorectal pri- 
mary lesions and some neuroendocrine tumors. Zhou 
et al. 16 reported the initial experience in China with 

35 patients with primary liver tumors; this experience 
was then expanded to 107 patients, 17,18 86% of whom 
had cirrhosis. Five- and 10-year survival rates were 
22% and 8.2%, respectively, for the whole series, 
whereas in 32 patients with small tumors (<5 cm) 5- 
and 10-year survival rates were 48% and 17%, re- 
spectively. This was accomplished with no operative 
deaths and no serious complications such as rupture 
of tumor, delayed bleeding, or biliary fistula.18 

In the United States a pilot study of 10 patients 
with colorectal metastases was initially reported in 
1987.13 The first five patients underwent resection af- 
ter cryoablation with pathologic examination of the 
resected specimen showing coagulative necrosis of the 
tumor. 13 In a subsequent communication, among 20 
patients with liver tumors treated with cryosurgery, 
16 patients with colorectal metastasis showed a grad- 
ual decrease in CEA levels and two patients with liver 
lesions from neuroendocrine tumors became asymp- 
tomatic with normalization of their tumor markers (5- 
hydroxyindoleacetic acid and glucagon), v~ The use- 
fulness of ultrasound in cryosurgery was demon- 
strated in a review of 110 consecutive patients who 
underwent exploration for hepatic tumors. 2~ Ultra- 
sound identified 21 patients not suitable for resection 
who were then treated with cryotherapy. At 14 
months, the median follow-up in this study, 52% of 
recurrences were noted in the liver, whereas 24% 
were systemic recurrences. It was concluded that 
cryosurgery was effective in controlling some of the 
unresectable tumors but that regional or systemic 
therapy was needed as an adjunct to cryoablation. -'~ 

To evaluate the long-term response, Ravikumar et 
al. 13 evaluated their 5-ye.ar experience with cry()- 
surgery to treat unresectable hepatic tumors. In this 
study comprising 32 patients, 75% had colorectal 
liver metastases. There were no postoperative deaths 
and only two major complications. Overall survival 
was 62% and disease-free survival 24% using actuar- 
ial analysis. Among the patients who had a recurrence, 
12 (54%) of 22 were in the liver and extrahepatic sites; 
32% had recurrence in the untreated remaining liver, 
whereas 14% developed disease in the lung, peri- 
toneum, and bone. Among the entire group of 32 pa- 
tients, however, only 3 (9%) of 32 developed a recur- 
rence at the cryosurgery-treated site. Onik et al. l~ re- 
ported similar findings in 18 patients with colorectal 
metastases with a 22% long-term remission rate at a 
median follow-up of 28.8 months. This group also re- 
ported on 53 patients over 4 years including patients 
with metastatic lesions from ovarian, carcinoid, and 
head and neck primary tumors, as well as hepatomas 
and leiomyosarcomas. 21 An average of four tumors 
were frozen per patient with up to 16 lesions treated 
in one patient. Approximately half of their patients 
underwent at least a wedge resection of the liver in 
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addition to cryotherapy, and in several patients 
cryotherapy was used to treat a close margin. Long- 
term survival data were reported recently by these in- 
vestigators from Pittsburgh, with an expected overall 
5-year survival of approximately 20% (Society of Sur- 
gical Oncology, Chicago, March 7-21, 1997). Data 
from Australia showed long-term remission in 18 of 
170 patients, whereas in the New England Deaconess 
experience, 25% disease-free survival was reported. 7 
Nine cases were reported by a group in Hawaii with 
no deaths; all patients were alive at 11-months' fol- 
low-up, z2 

Another long-term series reported by Steele 23 eval- 
uated 70 patients, 56 of whom had colorectal liver 
metastases. The medial survivals for patients who had 
residual disease at the end of the cryosurgery vs. those 
who had no gross residual disease were 24 months and 
42 months, respectively. The author concluded that 
the survival for metastatic colorectal cancer cryoabla- 
tion was analogous to that for resection in the Gas- 
trointestinal Tumor Study Group multi-institutional 
series. 

Based on worldwide data concerning colorectal 
metastases to the liver and primary hepatic tumors, it 
seems that long-term control is possible in approxi- 
mately 20% of the cases. Although the experience 
with other metastatic tumors of the liver is small, ex- 
perience with neuroendocrine tumors from the gas- 
trointestinal tract should grow over the next few 
years, especially for amelioration of symptoms from 
endocrine activity. 7 

A question to be answered in the future is whether 
cryotherapy will become an alternative to resection. 
Although this question will be difficult to answer, 
there are now reports of the use of cryotherapy as an 
adjunct to resection. Welling and Lamping 24 de- 
scribed a technique in which the cryoprobe is used as 
a "handle" to assist in segmental resections of the 
liver. This technique was initially described in 10 pa- 
tients, but there was little information on outcome. 
Recently the group at Memorial Sloan-Kettering 
Cancer Center  reported on 16 tumors in 13 pa- 
tients. 25 The cryoprobe was inserted into the tumor 
under ultrasound guidance and freezing was per- 
formed up to a 1 cm margin. The ice ball was main- 
tained, and the probe was used for traction on the 
specimen while a segmental resection was performed 
in standard fashion. This technique was found to be 
useful for wedge resections in the dome of the liver 
and in patients who required a liver resection for a 
unilateral lesion and had a small contralateral lesion. 
There was one postoperative death. The authors sug- 
gest that this may allow excision of small tumors with 
adequate margins and maximal preservation of liver 
function. 25 

Many studies have documented the safety of 
cryoablation of liver tumors in addition to the long- 
term response in tumor control. There  have been 
very few operative deaths and few major complica- 
tions among more than 300 cases reported in the lit- 
erature. The largest studies from Australia and Pitts- 
burgh (each with more than 100 patients) report 0% 
and 4.5% mortality, respectively. Complications have 
included pleural effusion in most patients (of little 
clinical significance), hemorrhage resulting from liver 
cracking, hepatorenal syndrome, and acute tubular 
necrosis ascribed to myoglobinuria. Bile leaks and fis- 
tulas have also been reported, as well as subphrenic 
and intrahepatic abscesses. 5,6,1~ Other important issues 
that pertain to the development of cryosurgery are the 
reduced length of hospital stay and minimal need for 
blood transfusion. The  length of hospital stay for 
cryosurgery is approximately 6 days, whereas it aver- 
ages 10 to 12 days for major hepatic resection. 

IMPROVEMENTS IN CRYOSURGERY 
T E C H N O L O G Y  A N D  C O M B I N E D  
I N F U S I O N  A P P R O A C H E S  

Although cryotherapy has expanded the possibili- 
ties of tumor control and disease progression in pa- 
tients with inoperable colorectal hepatic metastasis, 
limitations still exist. In most circumstances a lapa- 
rotomy is still required for adequate performance of 
the procedure. A new area of exploration is the use of 
laparoscopic surgery to perform these procedures. 
The second major limitation is the persistently high 
rate of failure in the untreated liver, presumably be- 
cause of micrometastatic disease. A combination of 
cryotherapy and regional infusion chemotherapy may 
improve control in the liver. 

Although laparoscopy has been used to perform 
many abdominal procedures, it is not currently ap- 
plicable to major hepatic resection. However, tech- 
nology has been developed that allows ultrasound ex- 
amination of the liver through a laparoscope. A 10/11 
port is necessary and adequate sagittal and transverse 
views of the liver can be obtained by changing the po- 
sition of the transducer. Prospective studies of lap- 
aroscopic ultrasonography followed by open ultra- 
sound examination have shown that laparoscopic 
transducers can accurately delineate hepatic anatomy, 
localize occult tumors, and delineate the relationship 
of tumors to major vessels and bile ducts. 

The  cryoprobes developed for laparoscopy are a 
modification of the probes used for conventional open 
surgery. We have used a 4.8 mm diameter probe that 
fits through a 5 mm laparoscopic port and is 40 cm 
long. As in open surgery, it is necessary to have avail- 
able probes of various diameters and lengths depend- 
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ing on the size of the lesion. However, in contrast to 
open surgery, placement of the laparoscopic trocars 
must be individualized in accordance with the loca- 
tion of the lesion. It is often necessary to define the 
trajectory of the cryoprobe before inserting the tro- 
cars rather than using standard trocar sites. Once this 
is defined using ultrasonography, the tumor is local- 
ized with a long needle that can be passed percuta- 
neously or through one of the ports. A J-type 
guidewire is passed, the needle is removed, and a dila- 
tor with a sheath is passed over the guidewire. The 
cryoprobe is then passed through the sheath. The  
sheath used for laparoscopic cryosurgery is stiffer than 
usual so that it does not collapse or bend. The  sheath 
is then pulled back to the edge of the liver surface and 
cryoablation is completed under laparoscopic visual- 
ization and ultrasound monitoring. The sheath is then 
pushed up to the frozen tumor and the cryoprobe is 
removed. The tract of the probe can then be packed 
with a hemostatic material in the same way as the 
open technique to minimize bleeding. The  pneu- 
moperi toneum is well maintained with this tech- 
nique. 6 Experience with the laparoscope and cryo- 
surgery has been limited, and they have been used 
with solitary tumors in accessible locations; a group 
from Scotland has reported laparoscopic cryoablation 
in 18 patients. 26 Complications were similar to those 
seen with the standard approach, but data on longer 
term outcome is not yet available. 

As outlined earlier, recurrence in the untreated 
liver after cryotherapy poses a significant problem. As 
in other sites, it is then necessary to search for alter- 
native or adjunctive therapies as part of  a multi- 
modality treatment. Systemic chemotherapy has been 
notoriously ineffective in the management of colo- 
rectal liver metastases. Regional chemotherapy (par- 
ticularly fluorodeoxyuridine [FUdR]), administered 

through pumps placed in the hepatic artery, has im- 
proved the response rate in comparison to systemic 
therapy, but this has not resulted in improved survival 
when tumors are advanced. 27 In regional infusion 
studies, patients with low-volume liver tumor burden 
(<20%) and those with relatively normal liver func- 
tion tests benefited the most. 27 At the present time, 
intrahepatic chemotherapy is also being tested as an 
adjunct to resection. This is based on the assumption 
that recurrences in the liver are due to micrometasta- 
tic deposits that go undetected at the time of treat- 
ment. The same principle has been applied to tumors 
treated with cryotherapy. This has been studied by 
Morris et al. 28 and H o r t o n  29 in Australia. In their ex- 
perience with unresectable colorectal metastases, 11 
patients were treated with cryotherapy alone and 38 
patients were treated with cryotherapy and hepatic 
artery infusion of 5-fluorouracil (5-FU) and folinic 
acid in a 4-day regimen repeated monthly. They con- 
cluded that patients with cryotherapy alone were 
three times as likely to die of disease as patients 
treated with cryotherapy and intra-arterial 5-FU. Me- 
dian survival for the initial group was 245 days com- 
pared with 570 days for the treated group. However, 
this was not a randomized trial; actually all 38 patients 
had pumps placed with the intention of administer- 
ing intra-arterial chemotherapy. The 11 patients in 
the cryotherapy-only group were those in whom the 
delivery system failed or those who for some other 
reason could not be given intra-arterial chemother- 
apy. 3~ 

A trial at the Cancer Institute of New Jersey is on- 
going to evaluate the combination of cryotherapy and 
regional hepatic arterial chemotherapy. It is based on 
the rationale that in randomized trials of intrahepatic 
chemotherapy, patients with a lesser liver tumor bur- 
den and lower lactate dehydrogenase and CEA levels 
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Fig. 2. Cryoablation and hepatic artery infusion for multifocal liver metastasis from rectal cancer. CT 
scans immediately after cryotherapy and at 3 years 9 months follow-up. 
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had a significant benefit in terms of tumor response 
and time to progression when compared to systemic 
chemotherapy. 26 This is a phase I/II trial in which 5- 
FU and FUdR are being used. In this trial we have 
shown that these two modalities can be administered 
safely without increasing hepatic toxicity (phase I 
component). Preliminary results in 12 patients show a 
remission rate of  67% at 2-year median follow-up 
compared with the 20% to 25% that has been 
achieved with cryotherapy alone (Fig. 2). The proto- 
col will continue to accrue 20 patients with follow-up 
data, and incorporating a quality-of-life assessment 
protocol before consideration of a multi-institutional 
phase II or phase III study in the near future. 

C O N C L U S I O N  

Cryotherapy is a treatment modality that can offer 
reasonable hope to patients with unresectable met- 
astatic colorectal cancer to the liver and those with 
poor hepatic reserve or comorbid conditions that pre- 
clude major resection. It can be used for more than 
one liver lesion, for bilobar disease, and as an aid in 
segmental resections. We believe that the data in the 
literature provide confirmation of phase I (safety) and 
single-institution phase II (response) criteria. Multi- 
institutional phase II or phase III randomized studies 
may yet be warranted. The high rate of recurrence in 
multifocal liver tumors after cryotherapy suggests the 
need for effective adjuvant therapies. One such option 
appears to be the addition of intrahepatic infusion of 
cytotoxic drugs. Minimally invasive techniques for ul- 
trasound-guided cryoablation will continue to evolve. 
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Original Articles 

Transcriptional Activation of the Human Villin Gene 
During Enterocyte Differentiation 
Richard A. Hodin, M.D., Amy Shei, B.S., Shufen Meng, M.D. 

Enterocyte differentiation occurs along the crypt-villus axis and is generally thought to involve the tran- 
scriptional activation of cell-specific genes, among which is the brush-border structural protein villin. 
We have examined the molecular mechanisms ofvillin induction using both in vivo and in vitro systems. 
Total RNA was purified from rat tissues or cultured cells by the guanidinium thiocyanate method and 
Northern blot analyses carried out using radiolabeled complementary DNA probes specific for villin or 
the actin control. Transient transfection (calcium/phosphate method) assays were performed using a lu- 
ciferase reporter gene containing 2 kb of the human villin gene 5'-flanking region. We have found that 
the villin mRNA was expressed at high levels in the small intestine, to a lesser degree in the colon, and 
was not detected in the brain or liver. In HT-29 cells, villin mRNA levels increased 2.5-fold (P <0.001) 
after 24 hours of sodium butyrate treatment, consistent with the process of enterocyte differentiation. 
Similarly, villin gene expression was induced in Caco-2 cells during postconfluence differentiation. Tran- 
sient transfection assays demonstrated marked reporter gene activation (fourfold, P <0.001) in response 
to sodium butyrate in HT-29 cells, but no activation in the liver cell line HepG2. The effects of sodium 
butyrate were dose dependent, reaching a maximum at a concentration of 5 mmol/L. We conclude that 
a 2 kb region of the human villin gene is able to mediate its transcriptional activation during HT-29 cell 
differentiation. This DNA regulatory region appears to function in a cell type-specific (gut) manner. (J 
GASTROINTEST SURG 1997; 1:433 -438.) 

T h e  mammal ian  small intest ine is l ined with an 
epi thel ium in which undifferent ia ted,  p lur ipotent  
crypt stem cells give rise to four lineages of  differen- 
tiated cells including enterocytes, goblet, enteroen- 
docrine, and Paneth 's  cells. T h e  transition from the 
undifferentiated,  renewable crypt cell to the termi- 
nally differentiated villus enterocyte appears to in- 
volve the transcriptional activation of a number  of  cell 
type-specif ic  genes including the enzymes,  trans- 
porters, and structural proteins that reside within the 
apical microvilli.l,2 Among the markers of  enterocyte 
dif ferent ia t ion is the actin b inding protein,  villin. 
Villin is the major structural component  of  the brush- 
border membrane and its expression is limited to the 
epithelia of  the small and large intestine as well as the 
proximal renal tubule. 3,4 The  molecular mechanisms 
responsible for the tissue-specific pattern of  villin ex- 
pression are not  well known. 

HT-29 and Caco-2 cells are human colon cancer-  
derived cell lines that have been used extensively as in 
vitro models for the intestinal epithelium. Both cells 
appear to most closely resemble small intestinal crypt 
cells, but each has the capacity to differentiate into a 
more villus-like phenotype under  various experimen- 
tal conditions. For  example, HT-29  cells have been 
shown to differentiate in response to sodium butyrate 
(NaBu) t reatment  s or prolonged culture in glucose- 
free media, 6 whereas Caco-2 cells differentiate when 
grown under  postconfluent  conditions. 7 In all cases 
cellular differentiation has been documented by both 
morphologic (tight junctions or microvilli among oth- 
ers) and biochemical (brush-border enzyme expres- 
sion) criteria. 

In a previous study from this laboratory, 8 we exam- 
ined the induction ofvillin gene expression in NaBu- 
treated HT-29  cells. We determined that  villin in- 
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duction occurs at the messenger RNA level and is en- 
tirely dependent on the synthesis of new proteins. In 
addition, the maximal effects on villin gene expression 
were seen at a NaBu concentration of 5 mmol/L, with 
lesser effects at both lower and higher doses. In the 
present study we employed both in vivo and in vitro 
systems to further elucidate the molecular mecha- 
nisms that govern villin gene regulation. 

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

Adult Sprague-Dawley rats were maintained on 
standard chow in wire cages in accordance with the 
guidelines set forth by the Beth Israel Hospital Ani- 
mal Use Committee. The animals were anesthetized 
with intraperitoneal pentobarbital, and harvested tis- 
sue samples were immediately frozen in dry ice and 
stored at - 80 ~ C. The  anatomic distinction between 
intestinal segments was as previously described. 9 

Cell Culture 

HT-29, Caco-2, and HepG2 cells were purchased 
from American Type Culture Collection (Rockville, 
Md.) and grown in 160 cm 2 plastic flasks at 37 ~ 
C/5%CO2 in DulbeccCs modified Eagle's media 
(Gibco, Grand Island, N.Y.) supplemented with 10% 
fetal bovine serum (Sigma, St. Louis, Mo.), 2 mmol/L 
L-glutamine, and penicillin/streptomycin (100 U/ml). 
The media were changed every 3 days and the cells 
were separated via trypsinization when they reached 
confluence. The media were changed 24 hours prior 
to the start of each experiment and treatments with 
NaBu were carried out as indicated. 

Northern Blot Analysis 

Total RNA was extracted from rat tissues or cells 
in culture using the guanidinium thiocyanate 
method. 1~ Northern blot analyses were performed by 
loading 20 ~g of RNA in each lane of an 
agarose/formaldehyde gel, separating through elec- 
trophoresis, then transferring to nitrocellulose mem- 
branes, and baking for 2 hours at 80 ~ C. Examination 
of ethidium bromide-stained gels verified equal load- 
ing of RNA in each lane. Complementary DNA 
probes were labeled with 32p by the random primer 
method, II typically to a specific activity of 5 • 108 
cpm/l~g DNA. The villin probe is a 530 bp fragment 
from the human cDNA and was provided by Dr. M. 
A r p i n .  12 The actin probe is a 1.0 kb Pstl fragment de- 
rived from mouse {3-actin cDNA. 13 Conditions for 
hybridization were as follows: 5X standard saline cit- 
rate (SSC)/50% (volume/volume) formamide/ l% 

(weight/volume) sodium dodecyl sulfate (SDS) at 42 ~ 
C. Washing conditions were 2X SSC/0.1% SDS at 
50 ~ C. Relative changes in mRNA levels were deter- 
mined by laser densitometry of autoradiograms and 
normalized for actin mRNA. Statistical analyses were 
carried out using Student's unpaired t test; P <0.05 
was considered significant. 

Nuclear Run-On Assays 

Nuclei were isolated from the cells in culture us- 
ing standard NP-40 lysis and stored at - 70 ~ C. The 
run-on transcription reaction was performed using 
thawed nuclei (approximately 107) in the presence of 
32p uridine triphosphate (I 00 p~Ci). Following DNA 
and protein digestion, the radiolabeled RNA was pre- 
cipitated with trichloracetic acid and purified. The  
ILNA was then hybridized to nitrocellulose filters con- 
taining linearized cDNA plasmids corresponding to 
villin, intestinal alkaline phosphatase (IAP), and actin. 
Hybridization and washing conditions were similar to 
those used for Northern blot analyses. 

Transient Transfection 

HT-29 or HepG2 cells were transferred to I00 
mm 2 dishes and grown m 80% confluence. The villin 
reporter plasmid contains approximately 2 kb of the 
human villin 5'-flanking region linked to the lu- 
ciferase structural gene and was kindly provided by 
Dr. S. Robine.14 Ten to 15 p~g of DNA was transfected 
in each experiment, along with 2 ~g of a thymidine 
kinase-human growth hormone (TK-GH) plasmid 
that was used to control for transfection efficiency. 
The  DNA to be transfected was precipitated with 
ethanol and resuspended in CaCI2/HEPES buffer and 
then added directly to the culture dish. After 24 
hours, the media were changed and the cells incu- 
bated for 24 hours with NaBu as indicated. The cells 
were then washed with phosphate-buffered saline so- 
lution and extracts prepared using a freeze-thaw 
method. Protein assays were done by the Bradford 
method 15 and luciferase activity in relative light units 
was determined by standard luminometry. 

R E S U L T S  
Villin Gene Expression in Rat Tissues 

Villin mRNA levels were examined in a variety of 
intestinal and nonintestinal rat tissues by Northern 
blot analyses to verify the tissue-specific pattern of 
villin gene expression (Fig. 1). No villin mRNA was 
detected in the forestomach, which is an anatomic 
continuation of the esophagus and is lined with strat- 
ified squamous epithelium. So, too, villin mRNA was 
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absent  from the glandular  s tomach,  which is lined 
with columnar cells that  lack microvilli. In contrast, 
abundant  villin m R N A  was seen along the length of  
the small intestine, with lesser amounts  as one moves 
from the proximal colon to the rectum. A single villin 
m R N A  band is detected in these rat tissues, which is 
in ag reement  with findings in previously repor ted  

Villin 

28S 

18S 

F G D J I CeCoR B L 

studies. 4 In nonintes t inal  tissues, that  is, liver and 
brain, no villin m R N A  was evident. 

Vi l l in  E x p r e s s i o n  D u r i n g  E n t e r o c y t e  
Differentiation I n  V i t r o  

Nor the rn  blot analyses of  RNA derived from H T -  
29 and Caco-2 cells revealed basal villin m R N A  levels 
and dramatic induction as a function of  the differen- 
t iation process (Fig. 2). In t IT -29  cells 48 hours of  
NaBu treatment  caused a 2.5-fold increase (P <0.001) 
in villin m R N A  levels, as we have previously re- 
ported. 6 In Caco-2 cells villin levels increased three- 
fold (P <0.001) at 14 days of  postconfluent  growth. 
Two human villin m R N A  species are seen, 4.0 and 3.2 
kb, and these have previously been shown to arise by 
an alternative choice of  polyadenylation signals. 16 In 
contrast to its expression in these intestinal cells, villin 
m R N A  was not  detected in the liver cell line HepG2 
under  either basal or NaBu-t rea ted  conditions (not 
shown). 

Fig. 1. Tissue distribution ofvillin gene expression. Northern 
blot analyses were performed on total cellular RNA derived 
from various rat tissues and probed with the human villin 
cDNA. Twenty micrograms of RNA was loaded in each lane 
with equal amounts verified by ethidium bromide staining as 
shown in the bottom panel. F = forestomach; G = glandular 
stomach; D = duodenum; J = jejunum; I = ileum; Ce = cecum; 
Co = colon; R = rectum; B = brain; and L = liver. 

Nuclear Run-On Assays 

As shown in Fig. 3, the rate of  villin transcrip- 
t ion increased with 24 hours  o f  NaBu t reatment ,  
whereas the actin control was unchanged. For control 
purposes a second enterocyte marker, LAP, was also 
seen to be induced by NaBu at the level of  gene tran- 
scription. 

Villin 

Actin - - - ~  

T r a n s i e n t  T r a n s f e c t i o n  
Studies 

HT-29 Caco-2 T h e  villin-luciferase reporter  plasmid was trans- 
-_ _4:._ _! 2 ~ 3 _  4 _ fected into HT-29  cells and treatments were carried 

wti :--iwl 
lAP wwuwi 

Fig. 2. Villin gene expression as a function of enterocyte dif- 
ferentiation. HT-29 cells were treated with either saline solu- 
tion ( - )  or 5 mmol/L NaBu (+) for 48 hours and Caco-2 cells 
were harvested at (I) 80% confluence, (2) 100% confluence, 
(3) 7 days post confluence, or (4) 14 days post confluence. 
Twenty micrograms of RNA was loaded in each lane with 
equal amounts verified by ethidium bromide staining and 
probing with the actin control (bottom panel). Increases in 
villin mRNA levels in both models of enterocyte differentia- 
tion were statistically significant (P <0.001). 

Actin 

Fig. 3. Villin transcriptional regulation. Autoradiograms of nu- 
clear run-on assays are depicted (n = 3) and demonstrate the 
increases in both villin and intestinal alkaline phosphatase 
(L4P) gene transcription in HT-29 cells by NaBu. There is no 
change in the actin control. 
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Fig. 4. Transactivation of villin reporter gene by NaBu. HT-29 cells were transfected with a villin- 
luciferase reporter plasmid and treated for 24 hours with increasing concentrations of NaBu. Data rep- 
resent the mean + standard error of the mean from four independent experiments and refer to relative 
light units, as determined by standard luminometry. As a control for transfection efficiency, 2 ~tg of TK- 
GH plasmid was cotransfected and tuciferase activity divided by growth hormone levels in the serum. 

3.5 ,  T 
> 3,  
O 
'~ 2.5, 

m 2 .  

"~ 1 .5 .  

�9 4 
> 

O 

N a B u  + - + 
HT-29  Hep-G2 

Fig. 5. Transient transfections in HT-29 and HepG2 cells. 
HT-29 or HepG2 cells were transfected with a villin-luciferase 
reporter plasmid and treated for 24 hours with 5 mmol/L 
NaBu. Data represent the mean of three independent experi- 
ments and refer to relative light units (arbitrarily defined as 1 
for both HT-29 and HepG2 cells) in NaBu-treated cells com- 
pared to untreated cells. As a control for transfection efficiency, 
2 Ixg ofTK-GH plasmid was cotransfected in each experiment. 

out  with various doses of  NaBu.  As seen in Fig. 4, 
modes t  reporter  gene activation occurred at 1 
m m o l / L  NaBu,  with h igher  levels at 5 m m o l / L  
NaBu. T h e  high level of reporter gene activation was 
maintained at 10 and 20 mmol /L  NaBu. A promoter-  
less luciferase plasmid was used for control purposes 
and showed only background activity under both con- 
trol and NaBu-treated conditions. 

Depicted in Fig. 5 are the results of  transfections 
in HT-29 cells compared to HepG2 cells. An approx- 

imate 3.5-fold induction in luciferase activity was seen 
in the case of the HT-29 cells, whereas no induction 
by NaBu was seen in HepG2 cells. In another set of  
experiments there was marked (threefold) villin re- 
porter gene induction with NaBu treatment  seen in 
Caco-2 cells but minimal induction (~ 1.5-fold) in the 
breast cancer cell line MCF-7  (not shown). 

D I S C U S S I O N  

Villin is a calcium-regulated, actin binding protein 
that  is a major  component  of  the enterocyte brush 
border and appears to play a critical role in the estab- 
l ishment of  apical microvilli. For  example, transfec- 
tion of  the human villin cDNA into fibroblasts causes 
a redistribution of  F-actin and growth of  microvilli, I7 
whereas villin antisense expression impairs the assem- 
bly of the brush border in Caco-2 cells. 18 In the in- 
tact gut, low levels ofvill in are present in undifferen- 
tiated crypt cells, whereas high levels exist in the dif- 
ferentiated villus cells. In addition to the intestinal ep- 
ithelia, villin is also expressed in the proximal tubular 
epi thel ium of  the kidney, cells that  also contain an 
apical brush border. 

Our studies in the intact rat serve to verify the pat- 
tern of  tissue-specific villin expression and show this 
to be due to regulation at the level of  gene expression. 
The  findings of  villin m R N A  induction by NaBu in 
HT-29 cells and in postconfluent Caco-2 cells have 
not  been previously repor ted and indicate that  the 
regulation of  villin expression in vitro is also primar- 
ily at the m R N A  level. These  results are consistent 
with the increased villin m R N A  levels previously re- 
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ported in HT29-18 cells in which glucose deprivation 
was used as the differentiation stimulus. 4 The nuclear 
run-on assays demonstrate that this increase in villin 
occurs at the transcriptional level, as predicted from 
previous work on villin gene regulation.14 The possi- 
bility remains, however, that changes in mRNA half- 
life also contribute to the induction of villin mRNA 
by NaBu. 

Robine et al. 14 have shown that 2.0 kb of human 
villin 5'-flanking D N A  was capable of  mediating the 
increase in HT-29 cell villin expression on differenti- 
ation in glucose-free media. Since we found that the 
identical reporter plasmid was activated by NaBu, it is 
possible that a common mechanism might underly 
villin transcriptional activation during HT-29 cell dif- 
ferentiation. The precise mechanism by which NaBu 
alters cellular growth and differentiation has not been 
established. NaBu is known to block histone deacty- 
lase leading to hyperacetylation 19 and a link between 
histone acetylation and gene transcription has re- 
cently been identified. 2~ It is not known whether glu- 
cose deprivation similarly alters the state of histone 
acetylation. Further work will be needed to identify 
the exact D N A  cis-regulatory element(s) and trans- 
acting factor(s) that function to regulate villin gene 
expression in the context of crypt-villus differentia- 
tion. 

The dose-dependent effects of N, aBu appear to be 
different in the transfection studies compared to the 
endogenous villin gene. That is, we have previously 
shown in HT-29 cells that the maximal effects of  
NaBu on villin mRNA levels were at the 5 mmol/L 
concentration, whereas the effects were almost com- 
pletely lost at the 20 mmol/L concentration. This un- 
usual dose-response curve was also seen in the case of 
IAP, another marker of differentiation. 8 In contrast, 
recent studies from our laboratory have revealed that 
the induction of the cell cycle inhibitor, p21, was seen 
to plateau at 5 mmol/L NaBu, with similar induction 
at 20 mmol/L NaBu (unpublished observations). This 
latter dose response is the same as that seen in the 
present transfection studies in which only transcrip- 
tional activation through the villin 5'-flanking D N A  is 
being tested. It is possible, therefore, that transcrip- 
tional activation continues at the higher NaBu con- 
centration but that a separate mechanism comes into 
play in the case ofvillin and IAP (but not p21), which 
leads to a decrease in mRNA levels, for example, de- 
creased mRNA half-life. Further studies will be 
needed to explain this apparent discrepancy in the 
NaBu dose response between the endogenous gene 
regulation and the reporter gene activation. 

The present studies add to our understanding of  
villin gene regulation, demonstrating tissue specificity 

both in vivo and in vitro. The dramatic difference in 
villin reporter gene transactivation in the intestinal vs. 
the nonintestinal cell lines provides the basis for fu- 
ture studies aimed at elucidating the mechanisms un- 
derlying gut-specific gene expression. 
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Discussion 
Dr. R. Fitzgerald (Palo Alto, Calif.). I know that in glu- 

cose-deprived induction of differentiation in HT-29 cells, 
there are microvillar inclusions that contain villin. I won- 
dered in your butyrate differentiation model whether you 
observed microvillous inclusions and whether that could ac- 
count for some of your increased transcription of villin 
mRNA? 

Dr. R.A. Hodin. We have not yet examined this very 
extensively, but with electron microscopy, we do see 
changes with butyrate, as has been reported by others. 
These changes usually require more than just a couple of 
days. As you probably know, the glucose deprivation model 
usually requires weeks of incubation. That  also appears to 
be the case with butyrate, where changes require a number 
of days, or even weeks, to occur. 

Dr. T. Ko (Galveston, Tex.). Have you looked at other 
intestinal epithelial cell lines that do not differentiate in tis- 
sue culture? Are you using HepG2 as your control? Have 
you looked at IEC-6 or Caco-2 cells? Do they lack villin? 

Dr. Hodin. The only other intestinal cell line that we 
have looked at is the IEC-6 line, which does not contain 
any villin mRNA by Northern blot analyses. We have not 

actually done transfection studies in those cells to see 
whether they have the machinery to turn on the villin gene. 

Dr. B. Schirmer (Charlottesville, Va.). How specific is 
this model physiologically for butyrate? Is it a physiologic 
substance that is necessary, or is this simply something that 
is necessary in the in vitro model? 

Dr. Hodin. I think it is really an in vitro system we are 
talking about. Butyrate has a number of effects on different 
cell lines. I think it is difficult to look at the in vitro systems 
and try to draw any parallels with the in vivo system con- 
cerning what short-chain fatty acids might be doing. It is 
true, however, that butyrate is present in the human colon 
at concentrations similar to those used in vivo. 

Dr. Schirmer. Can you achieve the same incubation with 
another substance, or is butyrate specific to this in vitro sys- 
tem? 

Dr. Hodin. The only other thing that has really worked 
in HT-29 cells, as one of the questioners mentioned, is this 
glucose deprivation model. If  you take these HT-29 cells 
out of glucose-containing media and put them in galactose- 
containing media, over a period of weeks the cells will ap- 
pear to differentiate. 



Small Bowel Transplantation: Effects on Function of 
Nonadrenergic, Noncholinergic Nerves 

Michel M. Murg, M.D., Michael G. Sa~v;, M.D. 

Previous work from our laboratory showed that spontaneous contractile activity of jejunal smooth mus- 
cle increases after small bowel transplantation. Our aim was to determine whether small bowel trans- 
plantation alters the function of nonadrenergic, noncholinergic (NANC) nerves. Seven groups of rats (n 
_>7 in each group) were studied as follows: 1 week after sham celiotomy and 1 week and 8 weeks after 45 
minutes ofischemia/reperfusion (IR1 and IR8), jejunal and ileal transection and reanastomosis CI'RI and 
TR8), or orthotopic small bowel transplantation (TX1 and TX8). Contractility of jejunal circular mus- 
cle strips was studied in vitro. Spontaneous contractile activity increased in the IR1, TRI, and TX1 and 
TX8 groups (P <0.01). Under NANC conditions, spontaneous activity increased in TR1 and in both 
TXI and TX8 (P <0.01) despite the lack of an increase in the frequency of contractions in TXI. Electri- 
cal field stimulation inhibited contractile activity at low frequencies, t)ut under NANC conditions this in- 
hibition persisted at higher frequencies. The calculated equieffective frequency (Fi00) that produced a 
response equal to baseline contractile activity was similar in all groups, but under NANC conditions was 
greater in TXI (P <0.025). Functional alterations of NANC nerves are partly responsible for the increase 
in spontaneous activity in rat jejunal circular muscle strips after a limited ischemia/reperfusion injury, af- 
ter selective disruption of enteric neural continuity (transection/reanastomosis), and after small bowel 
transplantation. These findings may provide important insight into graft dysfunction after small bowel 
transplantation in humans. (J GASTROINTEST SURG 1997; 1:439-445.) 

Our understanding of the enteric function of the 
transplanted gut lags behind both the technical ad- 
vances and our current knowledge of the immunobi- 
ology of small bowel transplantation (SBTx). Despite 
seemingly adequate engraftment, dysfunction is not 
uncommon in intestinal grafts and may be the result 
of derangements brought on by the transplantation 
procedure itself (denervation, ischemia/reperfusion 
injury) or by immune phenomena, l 

Although vascular and enteric continuity are re- 
stored by SBTx, extrinsic neural reinnervation to the 
gut does not occur. 2 Extrinsic denervation of the gut 
has rather insignificant functional impact on global 
patterns of motility3.4; however, neither its acute or 
chronic effects on smooth muscle contractility nor the 
adaptive process that occurs in response to permanent 
extrinsic denervation have been elucidated. Extrinsic 
nerves project to ganglia in the enteric nervous sys- 

tem (ENS) and not directly to the smooth muscle 
cells. The  ENS has a major regulatory effect on in- 
testinal function, 5 and its inhibitory effect on the in- 
herently excitable myocytes is mediated, in large part, 
through intrinsic nonadrenergic, noncholinergic 
(NA,NC) nerves and extrinsic adrenergic nerves. 6,7 
Our previous work demonstrated that SBTx does not 
result in hypersensitivity to cholinergic and adrener- 
gic agonists, and the increase in spontaneous contrac- 
tile activity may be the result of an alteration in the 
tonic output of N A N C  nerves. 8,9 The current study 
was designed to extend this work by determining 
which of the nonimmunologic perturbations necessi- 
tated by SBTx (nonspecific effects of anesthesia, ex- 
trinsic denervation, ischemia/reperfusion, or inter- 
ruption of the continuity of the ENS) affects sponta- 
neous or stimulated output of  the enteric N A N C  
nerves. 
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M A T E R I A L  A N D  M E T H O D S  
Animal Preparations 

Procedures and subsequent animal care were per- 
formed according to the guidelines of the Animal 
Care and Use Committee of the Mayo Foundation in 
accordance with the guidelines of the National Insti- 
tutes of Health and the United States Public Health 
Service Policy on the Humane Use and Care of Lab- 
oratory Animals. All animals used were male Lewis 
rats (Harlan Sprague Dawley, Inc., Indianapolis, Ind.) 
weighing 250 to 300 g. General anesthesia was 
achieved by intraperitoneal injections of 30 to 50 
mg/kg sodium pentobarbital (Ampro Pharmacy, Ar- 
cadia, Calif.). Animals were divided into the follow- 
ing groups: sham celiotomy (SC), ischemia/reperfu- 
sion (IR), intestinal resection/reanastomosis (TR), 
and intestinal transplantation (TX). 

Sham Celiotomy. T h e  abdominal cavity was 
opened via a midline incision, and the intestine was 
manipulated. Thir ty minutes later the abdominal wall 
and skin were closed in layers. Rats were studied 1 
week later (n --- 8). 

Iscbemia/Reperfusion. After a midline celiotomy, 
the vascular arcades were ligated at the mesenteric 
side of the proximal jejunum and terminal ileum, and 
the intestinal lumen was clamped at these two points 
to prevent backflow. Rats were then given 1.5 ml of 
heparinized Ringer's lactate (10 U/ml) intravenously 
and the superior mesenteric artery was occluded for 
30 to 35 minutes, thereby stopping all vascular inflow 
to the entire jejunoileum. The  jejunoileum was kept 
outside the abdomen and immersed in chilled 
Ringer's lactate and ice. Core temperature was mon- 
itored by means of a rectal thermometer .  After un- 
clamping, 2 to 3 ml of warmed Ringer's lactate was 
given intravenously. Rats were studied 1 week (IR1, 
n = 9) and 8 weeks (IRS, n = 7) postoperatively. 

Intestinal Transection/Reanastomosis. The  conti- 
nuity of the intrinsic (enteric) nervous system between 
the jejunoileum and the duodenum was disrupted by 
transecting the proximal jejtmum and terminal ileum 
followed by immediate reanastomosis, thereby neu- 
rally isolating the intramural ganglia and plexuses of 
the ENS in the jejunoileum from the proximal gut 
pacemaker without  any ischemic event but main- 
taining extrinsic innervation. Rats were studied 1 
week (TR1, n= 8), and 8 weeks (TRS, n = 8) postop- 
eratively. 

Intestinal Transplantation. Inbred Lewis rats were 
used as donors and recipients to avoid immunosup-  
pression and immune  reactions. Total or thotopic  
small intestinal isotransplantation was performed us- 
ing standard microvascular techniques, s,l~ In brief, af- 

ter flushing both the intestinal lumen with a chilled 
1% neomycin solution and the graft vasculature with 
2 to 3 ml of chilled heparinized (10 U/ml) Ringer's 
lactate, the jejunoileum was removed and stored in 
chilled Ringer's lactate while the recipient was being 
prepared. T h e  graft was revascularized by end-to- 
side, aorta-aorta, and portal vein-inferior vena cava 
anastomoses (warm ischemia, 30 to 60 seconds; cold 
ischemia, 40 to 50 minutes). Subsequently, a native 
enterectomy was performed, and intestinal continu- 
ity was reestablished by means of a jejunojejunostomy 
and ileoileostomy. Recipients received 1 ml /hr  of 
warmed Ringer's lactate intravenously during the pro- 
cedure. The  animals were allowed immediate access 
to water and rat chow. Animals that died within 4 days 
were considered technical failures. None  of the sur- 
viving animals developed intestinal obstruction. The  
animals were weighed every 2 days for the first week 
after SBTx and once a week thereafter. Animals were 
studied 1 week (TX1, n = 9) and 8 weeks (TX8, n = 8) 
after SBTx. 

Conduct of  E x p e r i m e n t s  

Rats were anesthetized as previously described, and 
a standardized segment of proximal jejunum was re- 
moved, opened, and pinned in chilled modified 
Krebs-Ringer's bicarbonate solution (composition in 
mmol/L:  NaC1, 118.3; KC1, 4.7; CaC12, 2.5; MgSO4, 
1.2; KHzPO4, 1.2; NaHCO3, 25.0; calcium disodium 
edetate, 0.26; and glucose, 11.1). Full-thickness strips 
(1 to 2 mm wide) were cut in the direction of the cir- 
cular muscle layer, suspended in eight separate 25 ml 
tissue chambers at 37.5 ~ C, filled with modified 
Krebs-Ringer's bicarbonate solution, and continu- 
ously bubbled with 95% oxygen and 5% carbon diox- 
ide (Puri tan-Bennett  Corp., Overland Park, Kan.). 
The  strips were suspended vertically between a fixed 
point in the chamber and a noncompliant force trans- 
ducer (Kulite Semiconductor Products, Inc., Leonia, 
N.J.) to measure isometric force. Contractile activity 
was moni tored  on an eight-channel  strip-chart 
recorder (Grass 7D Polygraph, Grass Instrument Co., 
Quincy, Mass.) and converted to digital signals by a 
computerized data acquisition system (Biopac Sys- 
tems, Inc., Goleta, Calif.). The  digital signals were 
displayed and stored on a computer  (Reason 486, 
Reason Technology, Inc., Minneapolis, Minn.) for on- 
line analysis using specialized software (AcKnowl- 
edge, Biopac Systems, Inc.). 

Lengtb/Tension-L o. Spontaneous activity stabilized 
after an initial 45 minutes of equilibration in tissue 
chambers with washout every 15 minutes. Each strip 
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was incrementally stretched to its optimal length (Lo) 
beyond which further stretching did not increase the 
amplitude of spontaneous contractions. Equilibration 
for 5 to 10 minutes was allowed after each stretch. All 
subsequent measurements and experiments were done 
at Lo. Strips that did not develop spontaneous con- 
tractile activity (1%) were excluded. All strips were al- 
lowed to equilibrate at Lo for 10 to 20 minutes before 
further interventions. 

Electrical Field Stimulation. Trains of square- 
wave stimuli were generated by means of  an SD9 
stimulator (Grass Instrument Co.) and applied within 
the tissue chambers through two parallel platinum 
electrodes. Stimulus time was kept constant at 10 sec- 
onds by means of a computerized timer (Gralab $45, 
Dimco Gray Co., Dayton, Ohio). After equilibration 
at Lo, a standard stimulus (20 V, 4 msec duration, 20 
Hz) was applied every 2 to 3 minutes until sponta- 
neous phasic activity was abolished or a total of four 
stimuli were applied. Subsequently, stinmli with vary- 
ing frequencies (1, 2, 5, 10, 20, and 50 Hz) were ap- 
plied every 2 to 3 minutes with no intervening periods 
of washout. 

Nonadrenergic, Noncholinergic Conditions. Ex- 
periments were carried out after incubation at L o for 
45 minutes with atropine (10 -7 mol/L), propranolol 
( 5 ) <  10 -6 mol/L), and phenmlamine (10-s tool/L). 
Tetrodotoxin (10 -6 mol/L) was added to the cham- 
bers after the conclusion of the experiment to verify 
the neural vs. myogenic nature of the response to 
EFS. 

Measurement of IVeigbt. At the conclusion of each 
experiment, all strips were washed thoroughly, blotted 
twice on No. 1 filter paper, and weighed (Mettler AC 
100, Mettler Instrument Corp., Greifensee, Switzer- 
land). 

Drugs and Chemicals 

DL-Propranolol hydrochloride, phentolamine hy- 
drochloride, atropine sulfate salt, and tetrodotoxin 
were purchased from Sigma Chemical Company (St. 
Louis, Mo.). All concentrations are expressed as the 
final molar concentration in the tissue chamber. 

Data Analysis 

Baseline spontaneous contractile activity, as mea- 
sured by the integral of the force generated (g-5 min), 
was determined at L o before any interventions were 
made. The integral (area under the curve) rather than 
the mean or peak amplitude of contraction was mea- 
sured to account for the frequency, duration, and both 

phasic and tonic contractions. The frequency of con- 
tractions was determined separately. The response to 
EFS was quantitated (integral of force) for the exact 
10-second interval of stimulation, avoiding the "off- 
contraction" that occurs when the stimulus is termi- 
nated. The force generated (g-5 rain) was standard- 
ized per wet weight of  the respective strip (g-5 
min/mg). We calculated two parameters during EFS. 
First, the equieffective frequency (F100) was a calcu- 
lated value extrapolated from frequency-response 
curves as the frequency that would result in a response 
equal to the baseline spontaneous activity. The values 
of FL00 were compared to determine whether there 
was a shift in the frequency-response curves between 
groups. If the Fl00 differed from that in the SC group, 
we also calculated the difference in the force of con- 
tractions at the maximal inhibitory frequency in SC 
(2 Hz) and at the maximal excitatory frequency in SC 
(20 Hz) in an attempt to compare the relative re- 
sponse to EFS as a function of NAN(;  nerves. 

Statistical Analysis. One way analysis of variance 
was used to compare the means of all groups. I fa  sig- 
nificant F value (<0.05) was obtained, means were 
compared using Student's t test with Bonferroni's 
correction where appropriate. All data are mean _+ 
standard error of the mean. 

R E S U L T S  
Spontaneous Cont rac t i l e  Activity 

The force of spontaneous contractile activity was 
increased (P_<0.008) in IR1, TR1, and in both TX1 
and TX8 when compared to SC ('Ihble I). Sponta- 
neous activity was 2.7 _+ 0.3, 2.8 _+ 0.3, 3.4 + 0.3, 
and 2.6 _+ 0.4 g-5 min/mg in IR1, TR1, TX1, and 
TX8, respectively, as compared to 1.1 + 0.2 g-5 
min/mg in SC. The frequency of contractions did not 
differ between groups indicating that the amplitude 
of contractions was increased. 

Under  N A N C  conditions, increases in sponta- 
neous activity persisted in TR1, TX1 (Fig. 1), and 
TX8 when compared to SC (5.5 +_ 0.5, 4.4 + 0.3, 
and 4.7 _+ 0.7 g-5 min/mg, vs. 2.2 + 0.3 g-5 min/mg, 
respectively; P _<0.01). The increase in spontaneous 
activity was secondary to an increase in the amplitude 
of contractions; this increase was especially evident in 
TX1 in which the frequency decreased in comparison 
to SC (11 _+ 1 vs. 23 _+ 2; P <0.008). NANC condi- 
tons also increased the spontaneous contractile activ- 
ity in the SC, IR8, TR1, TX1, and TX8 groups and 
increased the frequency of contractions in all groups 
except IRI, TR1, TX1, and TX8 in comparison to 
baseline conditions. 
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Table I. Spontaneous contractile activity of jejunal circular muscle strips in vitro 

Baseline condi t ions  N A N C  condi t ions  

G r o u p  Contract i le  force* F r e q u e n c y t  Contrac t i le  force* F r e q u e n c y t  

SC  1.1 -+ 0.2 13 _+ 2 2.2 +_ 0.3~ 23 + 2~: 
IR1 2.7 -+ 0.3w 14 _+ 1 3.0 _+_ 0.3 19 +- 3 
IR8 1.5 + 0.2 16 _+ 1 2.7 m 0.4~ 24 -+ 2{ 

T R 1  2.8 +- 0.3~ 17 +- 2 5.5 + 0.5~,w 20 +_ 3 
T R 8  1.8 -+ 0.3 10 + 1 2.6 _+ 0.2r 21 _+ 3~t 
TX1  3.4 -+ 0.3w 12 _+ 1 4.4 +- 0.3r167 I t  +- 1~ 
TX8 2.6 +- 0.4w 11 +- 1 4.7 +_ 0.7~:,w 18 +_ 3 

Values are mean +_ standard error of  the mean (n >_7 rats). 
* g-  5 min/mg. 
tContractions/min. 
;~Differs from baseline; P <0.04. 
w from SC group; P _<0.008. 

Table II. Calculated equieffective frequency* (Fro0) in 
jejunal circular muscle strips 

Group  Baseline condi t ions  N A N C  condi t ions  

SC  5 + 1 1 9 _ + 4  
IR1 4 + 1 14 + 2 
IR8 5 +- 1 17 + 2 
TR1 3 _+ 2 36 +_ 7 
TR8 4 _+ 1 16 • 2 
TX1 4 + 1 34 _+ 4t 
TX8 5 _+ 1 21 +_4 

*Hz; values are mean -+ standard error of the mean (n >7 rats). 
tDiffers from SC group; P = 0.02. 

Electrical Field Stimulation 

EFS elicited a frequency-dependent inhibition of 
spontaneous activity at low frequencies (1 to 5 Hz) 
and a frequency-dependent increase in force gener- 
ated at higher frequencies (5 to 50 Hz) in all groups 
(see Fig. 1). A higher frequencies the muscle strips ex- 
hibited predominantly tonic contractions. The calcu- 
lated equieffective frequency, F100, that resulted in a 
response equal to 100% of baseline activity did not 
differ between groups (Table IT). 

Under N A N C  conditions, however, EFS caused a 
distinct inhibition of all phasic activity at both low and 
high frequency in all groups. The muscle strips re- 
sponded to EFS at lower frequencies (___5 Hz) with a 
short-lived decrease in baseline tone, reflecting a re- 
laxation of the circular smooth muscle of the strip. At 
higher frequencies (>20 IIz) EFS caused a small in- 
crease in force as a result of a more tonic contraction. 
The Fl00 also increased in all groups under N A N C  
conditions and was greater 1 week after SBTx (TX1) 

compared to SC (34 -+ 4vs.  19 + 4 IIz; P = 0.02). 
When the effect of EFS was examined at 2 Hz, the 
relative inhibitory effect (when compared to sponta- 
neous activity) was greater in T X l  than in SC (data 
not shown; P <0.01). Similarly, at 20 Hz the effect of 
EFS on the SC group was a net increase in contractile 
activity, whereas in TXI  the net effect of EFS was an 
inhibitory effect (P <0.01). 

DISCUSSION 

Graft dysfunction after gut transplantation contin- 
ues to be a problem in the clinical setting. ~1 This dys- 
function is poorly understood and may result from 
immune reactions and immunosuppressive drugs, or 
it may be a consequence of the transplantation pro- 
cedure itself, related to the extrinsic denervation, in- 
terruption of enteric neural continuity of the graft 
with the proximal gut, ischemia/reperfusion injury, 
or lymphatic interruption. Indeed, all of these altera- 
tions are known to affect several aspects of gnat func- 
tion.1 

In previous studies we demonstrated that isogeneic 
SBTx increases spontaneous contractile activity in the 
rat jejunum in vitro ~,9 by mechanisms that involve the 
ENS but not via a hypersensitivity to cholinergic or 
adrenergic agonists. Our previous work and the cur- 
rent study specifically addressed a model of total or- 
thotopic syngeneic SBTx to avoid any confounding 
immune reactions or immunosuppression. These 
findings prompted us to investigate the effect that 
N A N C  nerves exhibit on contractile activity after 
SBTx, not only under baseline conditions but also af- 
ter direct stimulation of the N A N C  nerves by EFS. 
In addition, we used different experimental groups to 
selectively control for the physiologic changes that 
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Fig. 1. Effect of electrical field stimulation (20 V, 4 msec) on rat circular muscle strips at different fre- 
quencies. A, Neurally intact control tissue. B, Muscle strips 1 week after orthotopic, isogeneic small in- 
testinal transplantation. *PPA = propranolol (5 x 10 6 mol/L), phentolamine (10-5 mol/L), atropine 
(10 -6 mol/L). 
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occur as necessitated by the transplantation procedure 
itself. The use of sham-operated control rats served 
another purpose in demonstrating that the anesthetic 
agents used or the effects of the celiotomy itself had 
no appreciable effect on smooth muscle or N A N C  
nerve function 1 week after the operation. 

The ENS contains intrinsic neurons, both cholin- 
ergic and peptidergic, which can be excitatory or in- 
hibitory) 2 The ENS also receives direct innervation 
from extrinsic nerves, both vagal and sympathetic. 
The  latter adrenergic nerves serve, in large part, an 
inhibitory function. Our past and current observa- 
tions of an increase in spontaneous contractile activity 
after SBTx support the concept that extrinsic inner- 
vation serves as the brake on spontaneous, phasic, 
myogenic contractile activity. SBTx necessitates ex- 
trinsic denervation, and since it is known that rein- 
nervation of the gut wall does n o t  occu r ,  2,13 inhibition 
of smooth muscle contractile activity after SBTx may 
be mediated, in large part, by NANC nerves. This 
concept prompted our interest in studying the func- 
tional output of NANC nerves by measuring muscle 
contractility. Our experimental preparation evaluates 
the nerve-muscle components of the intestinal wall as 
one functional unit. 

Our previous work did not demonstrate any hy- 
persensitivity of jejunal smooth muscle strips to mus- 
carinic cholinergic or adrenergic agonists8,9; thus we 
concluded that the increase in spontaneous contractile 
activity after SBTx may be secondary to an alteration 
in the contractile mechanism within the smooth mus- 
cle cell itself or secondary to changes in effective 
neural output from the ENS. We hypothesized that 
the injury related to ischemia/reperfusion and/or sim- 
ple intestinal transection (disruption of enteric/in- 
trinsic neural continuity with the proximal gut) may 
result in a further reduction in tonic inhibitory output 
from the ENS to the jejunal smooth muscle. The pres- 
ent study showed that contractile activity was in- 
creased at both 1 week and 8 weeks after SBTx partly 
as a result of a change in the functional output of  
NANC nerves. It is interesting that ischemia/reper- 
fusion (IR1) and interruption of the continuity of the 
ENS (TR1) resulted in the same phenomena 1 week 
postoperatively, but this effect did not persist at 8 
weeks (IR8 and TR8). Ischemia/reperfusion injury 
certainly affects mucosal structure and function 14 and 
may directly affect the function of the ENS and/or in- 
testinal smooth muscle; these effects appear to be 
largely transient without long-term sequelae. Sprout- 
ing and reinnervation of enteric nerves across the 
anastomosis 15 may explain the temporal difference in 
the TR  group, but it points to different mechanisms 
that may be at work in the IR, TR, and TX groups to 
produce a similar end result of increased contractile 

activity, especially since the frequency of contractions 
differed between groups. These mechanisms may not 
be mutually exclusive, because spontaneous activity 
was also increased after ischemia/reperfusion possi- 
bly, in part, through a modest hypersensitivity to 
bethanechol. 9 

Study of spontaneous contractile activity under 
NANC conditions was used in an attempt to abolish 
the tonic input of cholinergic and primarily adrener- 
gic nerves. In muscle strips from control animals, con- 
tractile force showed a significant increase primarily 
via a prominent increase in the frequency of contrac- 
tions. Similar effects were seen in IR8 and TR8. IR1 
failed to demonstrate an increase in either force or 
frequency, whereas TX1 and TX8 showed an increase 
in force with no change in frequency. The lack of an 
effect early after selective ischemia/reperfusion (IR1) 
without extrinsic denervation suggests that is- 
chemia/reperfusion injury may, at least early postop- 
eratively (1 week), either alter adrenergic function or 
downregulate N A N C  nerve output, but this effect 
does not persist at 8 weeks postoperatively. The per- 
sistence of an increase in contractile force in the SBTx 
groups (both at 1 week and 8 weeks) suggests a pri- 
mary effect on N A N C  nerve function because all 
adrenergic input is necessarily absent after SBTx. 

EFS under baseline conditions stimulates all in- 
trinsic nerves with the release of many neurotrans- 
mitters (both excitatory and inhibitory) resulting in 
either a net inhibitory or net excitatory effect on mus- 
cle activity. Selective blockade of adrenergic and 
cholinergic receptors unmasks the spectrum of 
NANC nerves in response to EFS; under these con- 
ditons both low (<5 Hz) and high (>5 Hz) frequencies 
resulted in inhibition of phasic activity as compared 
to inhibition of phasic activity only at low frequency 
(EFS) under baseline conditions. The rightward shift 
ofF100 in the TX1 group suggests either an upregula- 
tion of inhibitory NANC nerves, a downregnlation of 
excitatory NANC nerves, or a primary effect on the 
smooth muscle itself. This study does not allow any 
differentiation among these possibilities; evidence 
from histologic studies by others supports the hy- 
pothesis of an upregnlation of N A N C  neurons be- 
cause NADPH-diaphorase  activity (an indirect 
marker for nitric oxide production) and gene expres- 
sion ofvasoactive intestinal polypeptide, an inhibitory 
transmitter, are increased after SBTx. 16,17 Similar 
work using a different methodology and addressing 
longitudinal muscle (rather than circular muscle) to 
study contractile activity found that the NANC com- 
ponent of the response to EFS was increased at 1 
month and 1 year after SBTx. ~8 

One additional consideration must be acknowl- 
edged. Although our experiments were focused on net 
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NANC nerve output, we are unable to fully exclude 
primary alterations in myogenic activity by the differ- 
ent surgical perturbations introduced into the exper- 
imental setup independent of any neural influence. 
We are assuming that the responses to EFS are sec- 
ondary to nerve stimulation with release of neuro- 
transmitters, both excitatory and inhibitory; however, 
EFS may alter smooth muscle contractility indepen- 
dent of neural stimulation. Although we tried to con- 
trol for this by studying tissues at different frequencies 
of EFS and under differing experimental conditions 
(baseline, NANC conditions, and previously with 
bethanechol and norepinephrine), it remains possible 
that ischemia/reperfusion, intestinal transection, and 
SBTx may alter the smooth muscle excitability, con- 
tractility, and response to EFS independent of neural 
influences. 

C O N C L U S I O N  

Interruption of the ENS (transection/reanastomo- 
sis) alone or in combination with extrinsic denerva- 
tion, as with SBTx, increases spontaneous contractile 
activity in the rat jejunal circular smooth muscle by 
altering the functional output of NANC nerves un- 
der baseline and stimulated conditions. The changes 
in response to EFS in TX1 are not apparent in TX8, 
whereas changes in spontaneous activity are persistent 
in both TX1 and TX8, suggesting that different sub- 
groups of NANC nerves may be affected differentially 
by SBTx and the mode of stimulation. These findings 
may have important implications for understanding 
and treating graft dysfunction after SBTx in humans. 

The authors wish to thank Deborah Frank for her help in the prepa- 
ration of this manuscript. 
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Does Extended Pancreaticoduodenectomy Increase 
Operative Morbidity and Mortality vs. Standard 
Pancreaticoduodenectomy? 
Calogero Iacono, M.D., Luca Bortolasi, M.D., Enrico Facci, M.D., Giovanni Falezza, M.D., 
Gaetano Prati, M.D., Gerardo Mangiante, M.D., Giovanni Serio, M.D. 

The poor prognosis of pancreatic carcinoma after resection is related to distant metastases and local re- 
currence that is characterized by a strong tendency to infiltrate the retroperitoneal tissue and spread 
along the neural plexuses and lymph nodes. Thorough clearance of these tissues around the celiac and 
mesenteric axes, aorta, and inferior vena cava from the diaphragm to the inferior mesenteric artery (ex- 
tended pancreaticoduodenectomy may lower the rate of local recurrence, but the procedure has been 
criticized for its higher morbidity and mortality. Our aim was to compare extended pancreaticoduo- 
denectomy (EPD) with standard pancreaticoduodenectomy (SPD) in terms of postoperative morbidity 
and mortality. Data from 47 patients who underwent either EPD (n = 24) or SPD (n = 23) between No- 
vember 1992 and October 1995 were retrospectively analyzed. Preoperative laboratory findings, opera- 
tive risk (according to the American Society of Anesthesiologists classification), type of operation (clas- 
sic Whipple vs. pylorus-preserving Whipple), operative time, intraoperative blood and plasma transfu- 
sion, postoperative morbidity and mortality, and postoperative hospital stay were scrutinized. The re- 
suits showed that all of the parameters considered were similar in the EPD and SPD groups (intraoper- 
ative blood transfusion 800 + 490 ml vs. 700 + 586 ml, postoperative mortality 0% vs. 4.3%, overall 
morbidity 45.8% vs. 47.8%, surgical morbidity 37.5% vs. 34.7%, and postoperative hospital stay 16 + 
8.1 days vs. 17 + 13.1 days. These two groups differed only in the operative time, which was signifi- 
cantly longer for EPD than for SPD (360 + 68.9 minutes vs. 330 + 66.9 minutes, P = 0.02). Although 
the operative time is increased with EPD, there does not appear to be an increase in intraoperative com- 
plications, postoperative morbidity and mortality, or postoperative hospital stay with this procedure. 
However, definitive confirmation of these results can only be provided by a prospective randomized study. 
(J GASTROINTEST SURG 1997;1:446-453.) 

Al though a century  has elapsed since Codivilla 1 
performed the first pancreaticoduodenectomy in Italy 
in 1898, this remains a complex operation that carries 
a substantial operative risk. Perioperative mortality, 
which was high up until the 1970s, 2-4 is now less than 
5% in specialized treatment centers, 5-1~ and some sur- 
geons have recently reported no operative deaths in 
large personal series. 8,11 Postoperative morbidity, on 
the other hand, remains high. 4,6,9,12,13 

In an attempt to improve survival in patients with 
pancreatic carcinoma, For tne r  14 in t roduced an ap- 
proach termed "regional pancreatectomy." Later, 
Japanese surgeons proposed a technique referred to 

as "extended pancreaticoduodenectomy," which com- 
bined pancreaticoduodenectomy with extended lym- 
phadenectomy and clearance of  the neural plexuses 
and connective tissue of  the celiac trunk, superior 
mesenteric axis, aorta, and inferior vena cava from the 
diaphragm to the inferior mesenteric artery.15,16 This  
proposal was based on a detailed clinicopathologic 
s tudy of  the manner  in which pancreatic cancer 
spreads.15,16 

The  aim of the present study was to assess whether 
extended pancreaticoduodenectomy (EPD) increases 
postoperative morbidity and mortality as compared to 
standard pancreaticoduodenectomy (SPD). 
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Reprint requests: Calogero Iacono, M.D., Department of Surgery, Division of General Surgery C, University Hospital, 37134 Verona, 
Italy. 
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PATIENTS A N D  M E T H O D S  

We reviewed the hospital records of 47 consecu- 
tive patients undergoing pancreaticoduodenectomy 
between November 1992 and October 1995 in the 
Division of General Surgery C, Depar tment  of 
Surgery, University of Verona. 

EPD was performed in 24 patients (group A); there 
were 18 men and six women whose median age was 
60 years (_+ 9.1 years standard deviation [SD]). SPD 
(group B) was performed in 23 patients (11 men and 
12 women) whose median age was 58 years (_+ 11.7 
years SD). 

All patients with benign disease underwent SPD, 
whereas those with malignant disease were not se- 
lected but consecutively treated in the early period 
(November 1992 to December 1993) by SPD and in 
the ensuing period (January 1994 to October 1995) 
by EPD after the adoption of this operation as our 
standard procedure for surgical treatment of pancre- 
atic and periampullary carcinoma. 

The indications for extended and standard pancre- 
aticoduodenectomies are listed in Table I. H 2 blockers 
and antibiotics were administered preoperatively. So- 
matostatin analogues were not used prophylactically. 

Standard Pancreaticoduodenectomy 

SPD was carried out in the usual manner. We per- 
formed the pancreatic resection at the neck level for 
benign disease and at the body level for pancreatic 
and periampullary carcinomas. In the group with ma- 
liguant disease, two patients had a segmental and tan- 
gential resection, respectively, with reconstruction of 
the portal mesenteric axis because of vascular involve- 
ment. A pylorus-preserving technique was used in all 
patients with benign disease, as well as in one patient 
with intraductal papillary mucinous carcinoma and 
one with pancreatic carcinoma (which was recognized 

Table I. Indications for extended and standard 
pancreaticoduodenectomy 

EPD SPD 

Pancreatic carcinoma 16 15 
Periampullary carcinoma 7 0 
IPMcm 1 1 
Cystic tumor 0 4* 
Chronic pancreatitis 0 2 
Duodenal cystic dystrophy 0 1 

IPMcm = intraductal papillary mucinous carcinoma with mucinous 
invasion pattern. 
~['wo serous cystadenornas, 1 acinar cystic tumor, and 1 mucinous cyst- 
adenoma. 

postoperatively after thorough pathologic examination 
of the specimen); all other malignant lesions in this 
group were treated with hemigastrectomy. 

Extended Pancreaticoduodenectomy 

We performed EPD via a different approach from 
the translateral one proposed by the Japanese au- 
thors. 15,16 The gallbladder was dissected from its bed 
and the lymphatic, neural, and connective tissue of the 
hepatoduodenal ligament was resected along its entire 
length; this maneuver was facilitated by early transec- 
tion of the common hepatic duct near its bifurcation. 
Either hemigastrectomy or the pylorus-preserving 
technique was used in this group, and selections were 
made on the basis of randomized criteria. When the 
pylorus-preserving technique was performed, the py- 
loric lymph nodes were excised. The pancreatic body 
was dissected and clearance of the retropancreatic and 
periceliac tissue was completed with skeletonization 
of the common and proper hepatic artery and of the 
splenic artery 2 to 3 cm beyond the level of the pan- 
creatic resection. Transection of the pancreatic body 
was performed on the left margin of the aorta and a 
portion of the resected margin was sent for frozen 
section analysis. The  pancreatic head and uncinate 
process were dissected from the mesenteric vessels; 
meticulous retroportal and perimesenteric clearance 
of the adipose, neural, and lymphatic tissue was car- 
ried out and these were resected en bloc with the pan- 
creaticoduodenal specimen. Once the specimen was 
removed, skeletonization of the aorta from the di- 
aphragm to the inferior mesenteric artery was then 
performed (Fig. 1). 

In both extended and standard pancreaticoduo- 
denectomies, the pancreaticojejunostomy was per- 
formed in an intussusceptive end-to-end fashion; the 
common hepatic duct was anastomosed end to side 
with the jejunum, to avoid impinging on the intestinal 
mucosa with the interrupted absorbable stitches. The 
operation was completed using a side-to-side gastro- 
jejunostomy or an end-to-side duodenojejunostomy. 

All anastomoses were performed on the same loop 
according to the modified Child's technique 17 and 
were not stented. Two closed suction drains were 
placed close to the pancreatic and biliary anastomoses. 

We compared patients undergoing EPD (group A) 
and SPD (group B) taking into consideration the pre- 
operative values for hematocrit, hemoglobin, serum 
bilirubin, albumin, and total protein, operative risk 
according to the American Society of Anesthesiolo- 
gists (ASA) classification, Whipple or pylorus-pre- 
serving procedures, operative time, intraoperative 
blood and plasma transfusions, postoperative mortal- 
ity and morbidity, and postoperative hospital stay. 
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Fig. 1. Intraoperative findings after extended pancreaticoduo- 
denectomy. BD = common hepatic duct; PV = portal vein; 
SMV = superior mesenteric vein; SV = splenic vein; ICV = in- 
ferior vena cava; HA -- hepatic artery; C T  = celiac trunk; SMA 
= superior mesenteric artery; SA = splenic artery; GA = gastric 
artery; AO = aorta; P = pancreas. 

Statistical analyses were performed using Student's 
t test, Mann-Whitney U test, Fisher's exact test where 
appropriate, and chi-square test; P values <0.05 were 
considered statistically significant. Values were ex- 
pressed as median _+ standard deviation (SD) when 
the data were not normally distributed. 

A diagnosis of pancreatic fistula was made when the 
daily peripancreatic drain output exceeded 10 ml and 
the amylase and lipase activity of this fluid was three 
times higher than plasma levels on or after postoper- 
ative day 4.18 

Operative mortality was defined as death within 30 
days of the operation. 

RESULTS 

Preoperative laboratory parameters, operative risk, 
and types of gastrointestinal reconstruction (hemigas- 
trectomy with side-to-side gastrojejunostomy or py- 
lorus-preserving technique with end-to-side duode- 
nojejunostomy) were similar in groups A and B (Ta- 
bles II and III). The only statistically significant dif- 

Table II. Preoperative laboratory findings and operative risk according to American Society of Anesthesiologists 
classification in extended vs. s tandard pancrea t icoduodenec tomy 

EPD SPD P value 

]tematocrit (%) 39 (_+ 3.7)* 37 (_+4.8)* NS 
Hemoglobin (g/dl) 12.9 (-+ 1.4)* 12.5 (-+ 1.6)* NS 
Serum bilirubin (mg/dl) 3.1 (_+6.0)* 1.8 (_+9.2)* NS 
Serum albumin (g/L) 37 (_+4.7)* 40.6 (_+ 5.1)* NS 
Serum total protein (g/L) 65.7 (+_ 7.4)* 70 (_+ 7.6)* NS 
ASA I (No. of patients) 7 9 NS 
ASA II (No. of patients) 14 11 NS 
ASA 1-I1 (No. of patients) 3 3 NS 

NS = not significant. 
*Data are expressed as median + standard deviation. 

Table III. Type of operation (Whipple or pylorus-preserving), operative time, and blood and plasma transfusion in 
extended vs. standard panereatieoduodenectomy 

EPD SPD P value 

Pylorus-preserving pancreaticoduo- 
denectomy (No. of patients) 

Whipple procedure (No. of patients) 
Operative time (min) 
Intraoperative blood transfusion (m}) 
Intraoperative plasma transfusion (rrlt) 

7 9 NS 

17 14 NS 
360 (_+68.9)* 330 (_+66.9)* 0.02 
800 (_+490)* 700 (_+ 586)* NS 
800 (+641)* 600 (-+ 526)* NS 

NS = not significant. 
*Data are expressed as median _+ standard deviation. 
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ference was in operative tinle: median operative time 
in group A was 360 _+ 68.9 minutes compared to 330 
_+ 66.9 minutes  in group B (P ~- 0.02; Table III). 
Transfused volumes of  blood and plasma were simi- 
lar in the two groups (Table 111). 

The  overall operative mortality rate was 2.1% with 
death occurring in l of  47 patients as a result o f  mul- 
tiorgan failure following hemorrhagic shock. In this 
patient from group B, bleeding occurred on postop- 
erative day 11 as a result of  hepatic ar tery pseudo-  
aneurysm rupture close to the ligature of  the gastro- 
duodenal artery. T h e  patient underwent  angiographic 
embolization, but on postoperative day 16 the bleed- 
ing recurred. At emergency laparotomy a necrotic left 
lateral segment  of  the liver was detected; the bleed- 
ing hepatic artery was ligated and a left lateral seg- 
mentectomy was performed. The  patient died of  mul- 
tiorgan failure 2 days later. 

T h e  overall morb id i ty  was 46.8% (22 of  47 pa- 
tients) and rates were similar in the two groups:  

45.8% (n = 11) in group A and 47.8% (n = 11) in 
group B. Surgical complications were present in nine 
(37.5%) and eight (34.7%) patients in groups A and B, 
respectively (P = NS)  (Tables IV and V). 

Pancreaticojejunal anastomosis leak was the most  
frequent surgical complication, with an incidence of  
approximate ly  17% in both  groups.  All pancreat ic  
leaks were treated nonoperatively with maintenance 
of  the peripancreatic drains placed during surgery, ad- 
ministration of  the somatostatin analogue octeotride, 
and total parenteral nutrition. 

There  were three biliary leaks in group A vs. none 
in group B, but the difference was not statistically sig- 
nificant (Fisher's exact test, P = 0.23); all healed with 
conservative treatment. 

Delayed gastric emptying occurred in only three 
cases: two in the E P D  group (1 pylorus-preserving 
and 1 partial gastrectomy pancreat icoduodenectomy) 
and one in the SPD group (pylorus-preserving pan- 
creaticoduodenectomy).  

Table  IV. Postoperative mortality., morbidity, and hospital stay in extended vs. standard pancreaticoduodenectomy 

EPD SPD P value 

Postoperative mortality (No. of patients) 0 (0%) 1 (4.3%) NS 
Overall morbidity (No. of patients) 11 (45.8%) 1 ! (47.8%) NS 
Surgical complications (No. of patients) 9 (37.5%) 8 (34.7%) NS 
Postoperative hospital stay (days) 16 (+ 8.1)* 17 (+ 13.1)* NS 

NS = not significant. 
*Data are expressed as median + standard deviation. 

Table  V. Postoperative individual complications in extended vs. standard pancreaticoduodenectomy 

EPD SPD P value 

Overall complications 11/24 (45.8%) 11/23 (47.8%) NS 
Pancreatic fistula 4 (16.6%) 4 (17.3%) NS 
Biliary leak 3 (12.5%) 0 (0%) NS 
Digestive leak 0 (0%) 1 (4.3%) NS 
Intra-abdominal hemorrhage 0 (0%) 1 (4.3%)*,t NS 
lntra-abdominal abscess 1 (4.1%)t,~ 0 (0%) NS 
Intra-abdominal fluid collection 1 (4.1%) 1 (4.3 %) NS 
Sepsis 0 (0%) 1 (4.3%) NS 
Hepatic abscessw 1 (4.1%)t,~ 0 (0%) NS 
Delayed gastric emptying 2 (8.3%) 1 (4.3%) NS 
Venous cathether sepsis 1 (4.1%) 0 (0%) NS 
Pleural effusion and pneumonia 4 (16.6%) 5 (21.7%) NS 

NS = not significant. 
*Operative mortality. 
t Relaparotomy. 
~'I'hese complications were present in the same patient. 
w by preoperative percutaneous transhepatic biliary drainage for jaundice. 
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Relaparotomy was performed in two patients, one 
in each group. The group A patient had had preop- 
erative percutaneous biliary decompression, which 
caused a hepatic hematoma. On postoperative day 30 
after EPD, the patient had fever related to sepsis; ul- 
trasound and CT  scans demonstrated an abscess in 
the area of the hematoma and a separate intra-ab- 
dominal fluid collection. Percutaneous drainage was 
attempted but proved unsuccessful, and the patient 
underwent surgical drainage of the abscess. The  
group B patient was the one who died of multiorgan 
failure following hemorrhagic shock, as mentioned 
previously. 

Length of postoperative hospitalization was simi- 
lar in the two groups: a median of 16 + 8.1 days in 
group A and 17 _+ 13.1 days in group B (Table IV). 

D I S C U S S I O N  

Pancreaticoduodenectomy is the treatment of 
choice for cancer of the pancreatic head, neck and un- 
cinate process and for periampullary carcinoma. Be- 
cause the mortality rate is less than 5%, it is also indi- 
cated for selected benign and inflammatory pancre- 
atic diseases. 19 Overall survival rates in patients un- 
dergoing pancreaticoduodenectomy for pancreatic 
carcinoma 5.:~ are reported to be lower than those in 
patients with periampullary carcinoma and particu- 
larly carcinoma of the papilla of  Vater5,6,13,23,24; al- 
though some authors report 5-year survival rates 
higher than 20% for pancreaticoduodenectomy in 
pancreatic c a n c e r .  83~ 

In an attempt to improve the poor prognosis of 
pancreatic carcinoma, more aggressive procedures 
such as total pancreatectomy 27,28 and regional pancre- 
atectomy 2') have been proposed. Nevertheless, total 
pancreatectomy has failed to yield a better survival 
rate than pancreaticoduodenectomy in patients with 
pancreatic cancer. 3~ Regional pancreatectomy also 
fails to improve the long-term survival rate and carries 
a high operative mortality. 29,32 Recently, however, 
Fortner et al .  33 have reported a 5.3 % operative mor- 
tality rate (3.8% for subtotal regional pancreatec- 
tomy) and 33 % 5-year survival after regional pancre- 
atectomy for pancreatic lesions smaller than 2.5 cm. 

In the early 1980s Japanese surgeons adopted 
EPD, 15,x6 which owes its popularity to the fact that 
the poor prognosis of pancreatic cancer after resec- 
tion is related to local recurrences and distant metas- 
tases. 34-36 Local recurrences are attributed to the fact 
that there is a strong tendency for pancreatic carci- 
noma to infiltrate the retroperitoneal connective tis- 
sue and spread along peripancreatic neural plexuses 
and locoregional lymph nodes. 37 Although EPD can- 
not prevent distant metastases, 38,39 it permits a more 

radical local resection, possibly decreasing the risk of 
local recurrence; it requires, in addition to pancreati- 
coduodencctomy, thorough clearance of the retro- 
peritoneal lymphatic tissue, peripancreatic neural tis- 
sue, and connective tissue around the celiac axis and 
its branches, the mesenteric vessels, aorta, and infe- 
rior vena cava from the diaphragm to the inferior 
mesenteric artery. ~5,16 This technique appears to re- 
duce the rate of local recurrence 16 and increase over- 
all survival in the Japanese experience. Ishikawa et 
al. 16 reported 3- and 5-year survival rates of 38% and 
27%, respectively, in patients undergoing EPD vs. 
13 % and 9% in patients undergoing standard lymph- 
adenectomy. Nagakawa et al. 4~ reported similar re- 
suits, with a 4.8% 5-year survival rate for standard re- 
section vs. a 29.7% rate for extended resection. The 
main limitation of these retrospective studies, how- 
ever, is that the patients were not randomized. 

Although survival of patients with "I'l stage I dis- 
ease was similar after standard and extended resection 
in one multicenter study, patients with TI stage II tu- 
mors had significantly higher 3- and 5-year survival 
rates after extended vs. standard pancreaticoduo- 
denectomy (32.5% and 32.5% vs. 27.8% and 11.1% 
respectively; P <0.05). 41 Some believe that these re- 
sults can be achieved only when EPD is combined 
with intraoperative radiotherapy. 42 

However, other Japanese investigators and cer- 
tainly most Western observers do not share this opti- 
mistic view. Nakao et al .  43 reported a 5-year survival 
rate of only 5% in 90 extended pancreatic resections 
(48 total and 42 pancreaticoduodenectomies). Geer 
and Brennan l~ report a median survival of 22 months 
for EPD vs. 18 months for SPD with no statistical dif- 
ference (P = 0.08). Yeo and Cameron 44 believe that re- 
ports in the literature have failed to demonstrate a sig- 
nificant advantage in terms of survival for radical re- 
section over standard resection, and they report  a 
21% actuarial 5-year survival rate with SPD at Johns 
I Iopkins Hospital. :6 

Considering that EPD is a more complicated op- 
eration than SPD, we retrospectively analyzed post- 
operative morbidity and mortality in these two groups 
of patients. 

In our series there were no postoperative deaths in 
the EPD group, whereas there was only one death in 
the SPD group (4.3 %). This compares favorably with 
most of  the recent reports in the literature where 
mortality, can be as high as 17%. 1~,4~ However, 
there is a consistent trend toward higher mortality in 
the patients compared to those undergoing SPD. 5-~~ 

The explanation for the low postoperative mortal- 
ity rates reported by some authors is related to the 
high hospital and surgical volumes in the specialized 
centers where these resections were performed. 25,46,47 
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Many of the Japanese reports deal with the patho- 
logic and prognostic aspects of EPD 43,48-51 but fail to 
consider postoperative complications, with the excep- 
tion ofNagakawa et al. 4~ who reported a 32.8% inci- 
dence of postoperative complications in EPD. 

The  results of our retrospective study show a 
45.8% overall morbidity rate for EPD, which is not 
different from the 47.8% rate for SPD. 

Surgical complications were observed in 9 (37.5%) 
of 24 patients undergoing EPD and 8 (34.7%) of 23 
patients undergoing SPD. These findings are similar 
to those reported in the literature 4-6,9,12.13 for SPD. 

One of the most frequent surgical complications in 
our experience, as has been the case in other  re- 
ports,  2'5'6'12'52 is pancreatic fistula, which occurred with 
a similar frequency in our groups of patients, suggest- 
ing that it is unrelated to the extent of resection. 
However, this complication, which up until only a few 
years ago entailed a relaparotomy with increased post- 
operative mortality, is now treated conservatively with 
maintenance of the drains, or with percutaneous 
drainage and medical t rea tment .  9,s2-s4 

We observed three cases of biliary leak (12.5%), all 
in the EPD group, in the early part of the series (not 
statistically significant compared to the SPD group). 
This rate is higher than what has been reported in the 
literature for S P D .  2,5,9,12,54 We believe that the cause 
of this complication may be devascularization of the 
common hepatic duct due to excessive skeletonization 
of the hepatoduodenal ligament. To avoid this prob- 
lem we now resect the hepatic duct very close to the 
bifurcation. Bile leaks are also treated conservatively. 9 

Intra-abdominal  hemorrhage is another  serious 
complication. In our experience it caused the death of 
a patient in the SPD group as a result of rupture of a 
pseudoaneurysm of the hepatic artery close to the lig- 
ature of the gastroduodenal artery. Similar cases are 
reported in the literature on both extended and stan- 
dard pancreaticoduodenectomies. 55 One cause of in- 
tra-abdominal bleeding may be the proteolytic action 
of an enzyme-rich intra-abdominal fluid collection on 
the vessel wall. 52,55 Although during extended lymph- 
adenectomy the regional vessels are extensively dis- 
sected and skeletonized, there is no convincing evi- 
dence that the risk of vascular injury and bleeding is 
higher, 45,55 and our findings corroborate this. Some 
surgeons suggest wrapping the exposed, denuded ves- 
sels in residual omentum, falciform ligament, 55 or a 
mixture of cyanoacrylate and gum.  56 

The  incidence of delayed gastric emptying was low 
in our series, as it has been in other reports. 5,7,12,57 We 
had two cases (8.3%) in the EPD group and one 
(4.3%) in the SPD group. 

The  low incidence of relaparotomy (4.1% in the 
EPD group and 4.3% in the SPD group) is most  

probably due to the increasing success of nonopera- 
tive management of postoperative complications that 
would have necessitated surgical intervention in the 
past. 

C O N C L U S I O N  

The  two groups of patients undergoing extended 
and standard pancreaticoduodenectomies were similar 
in terms of preoperative laboratory parameters, oper- 
ative risk, and types of gastrointestinal reconstruction. 
Intraoperative blood and plasma transfusions, post- 
operative morbidity and mortality, and length of hos- 
pital stay were also similar in the two groups. EPD 
was different from SPD only in that it required a sig- 
nificantly longer operative time. This  was to be ex- 
pected because EPD involves meticulous dissection 
of the connective, lymphatic, and neural tissue. 

Possible limitations of this retrospective study in- 
clude the risk of a beta-type error (sample size) and 
lack of randomization. However, our findings suggest 
that EPD may increase the operative time but is not 
associated with increased intraoperative complica- 
tions, postoperative morbidity and mortality, or post- 
operative hospital stay. Definitive confirmation of 
these results can only be provided by a prospective 
randomized study. 

We thank Mr. Anthony Steele, Lecturer in Medical English, Fac- 
uRy of Medicine, Univet~izy of Verona, and G.G. ~iotos, M.D., De- 
partment of Surgery, Mayo Clinic, Rochester; Minnesota, for their 
invaluable assistance in editing the text of this paper: 
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Efficacy of p 120 Antisense-Mediated Therapy 
for Pancreatic Cancer 

James w. Freeman, M.D., William E. Strodel, M.D., Patrick C McGrath, M.D. 

p120 Antisense oligodeoxynucleotides were used to determine whether they inhibited cell growth of MIA 
PaCa-2, a highly tumorigenic human pancreatic carcinoma cell line. Growth inhibition assays were de- 
termined in vitro by the ability of these oligomers to inhibit DNA synthesis and cell growth. For in vivo 
studies, nude mice were injected with cells and palpable tumors were found in 16 of 20 animals by day 14. 
Sixteen animals (8 in each group) were then treated daily (25 mg/kg intraperitoneally) for up to 40 days 
with nonsense control oligomers or p 120 antisense oligomers, p 120 Antisense oligomers inhibited the in 
vitro proliferation of MIA PaCa-2 cells in a dose-dependent manner, and optimal growth inhibition of 
greater than 90% was achieved at an antisense oligomer concentration of 100 ~mol/L. The tumor vol- 
ume was calculated for antisense- and nonsense-treated animals. Fifteen days after the beginning of treat- 
ment, control animals had a significantly greater (P = 0.0035) tumor volume (425 _+ 244 mm 3 above 
baseline) as compared to p120 antisense-treated animals (166 + 116 mm3). Seven of the eight control an- 
imals formed tumors that had a volume greater than 1200 mm 3 45 days after treatment was begun, 
whereas only three of eight p120 antisense-treated animals had tumors that were this large. Two of the 
latter three animals had relatively large, palpable tumors (> 150 mm 3) prior to treatment. Twenty days af- 
ter treatment was stopped (day 60), all animals had tumors larger than 1200 mm 3. p120 Antisense 
oligomers were effective for inhibiting in vitro growth of the pancreatic cancer cell line MIA PaCa-2. In 
preliminary studies, p120 antisense oligomers appeared to inhibit the rate of growth in nude mice; how- 
ever, no cures were achieved. The most effective response was seen in animals with initial low tumor 
burden. (J GASTROINTI~'.ST SURG 1997;1:454-460.) 

Carc inoma of  the exocrine pancreas is the fifth 
leading cause of cancer deaths in Western society and 
one of  the leading causes o f  cancer deaths world 
wide. 1-3 There  has been little improvement  in patient 
survival in this century; the 5-year survival rate of  pa- 
tients with this disease is less than 5%, and the only 
cure is surgical resection. 1,2 Although surgery is con- 
sidered the only curative modality, less than 10% of 
the patients have a localized tumor  and thus are can- 
didates for surgical resection. Despite advances in 
chemotherapy, radiation therapy, and surgical proce- 
dures, the overall impact of  conventional therapeutic 
modalities has been minor in the management of pan- 
creatic cancer. 

Newer  approaches now being considered are the 
use of  neoadjuvant  therapy and surgery combined 

with biologic markers to better predict and specify the 
behavior of these tumors. Other  approaches include 
identifying genetic differences between normal ma- 
lignant tissues with the intention of using gene ther- 
apy to replace tumor supressor genes or to inhibit the 
expression of  oncogenes or other growth regulatory 
molecules expressed by tumor cells. A number of such 
molecules exist in pancreatic cancer including acti- 
vated oncogenes and the overexpression of  growth 
regulatory molecules. 4-6 T h e  selective inhibition of  
growth regulatory molecules could potentially reverse 
the malignant phenotype, inhibit growth, and/or  in- 
duce cell death. One approach for the selective inhi- 
bition of gene expression has been the use of antisense 
oligodeoxynucleotides.  7-12 Antisense oligodeoxynu- 
cleotides are short nucleotide sequences that are corn- 
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plementary to messenger RNA and to one strand of 
DNA. These types of antisense molecules can inhibit 
specific gene expression by several different mecha- 
nisms including transcriptional arrest, inhibiting ini- 
tiation or elongation of transcription, inhibiting splic- 
ing, and promoting messenger P~NA degradation via 
activation of RNA_se H. 

One potential growth regulatory molecule that ap- 
pears to be overexpressed in tumor tissues and repre- 
sents a downstream target of oncogenic changes is the 
p120 protein. 13-15 p120 Is a proliferation-associated 
nucleolar protein that is temporally expressed at a 
specific time during mid-G1.16 Studies have indicated 
that p120 expression is required for ribosomal bio- 
genesis punitively through its role as an RNA methyl- 
transferase. 17 Antisense-mediated specific inhibition 
of p120 expression has been shown to inhibit the 
growth of breast cancer cell lines z3 and to block Gl to 
S-phase transition in mitogen-stimulated lympho- 
cytes. 18 The present study was undertaken to deter- 
mine the efficacy of p120 antisense oligodeoxynu- 
cleotide therapy for inhibiting the growth of pancre- 
atic cancer cells. For this initial study, a highly tu- 
morigenic pancreatic carcinoma cell line, MIA PaCa- 
2, was selected. MIA PaCa-2 cells have multiple ge- 
netic mutations including ras, p53, and the tumor 
growth factor-J3 type II receptor gene. ~9,2~ This cell 
line is growth factor independent, grows well in soft 
agar, and rapidly forms tumors in nude mice) ~ 

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

The  MIA PaCa-2 pancreatic carcinoma cell line 
was purchased from American Type Culture Collec- 
tion (Rockville, Md.), and cells were cultured using 
standard conditions as previously described. 2~ 

Synthesis of Oligomers 

Two separate 15 mer antisense oligodeoxynu- 
cleotides were synthesized. One oligonucleotide was 
prepared as a phosphodiester (p120 antisense-sj). This 
oligomer was directed against a region of the gene 
that overlaps the eleventh splice junction. The second 
oligonucleotide was directed against the AUG-tran- 
scriptional start site of the p120 gene (p 120 antisense- 
aug) and was prepared as a phosphorothioate. The  
nonsense oligomer for in vitro studies was a 15 mer 
phosphodiester oligodeoxynucleotide with the same 
nucleotides in the p120 antisense-sj but in a random 
"nonsense order." The  nonsense control for the in 
vivo studies was a phosphorothioate oligodeoxynu- 
cleotide (Isis-1082) that has been previously de- 
scribed, n 

Proliferation Assays 

Cell proliferation was measured by the ability of 
3I I-thymidine to be incorporated into DNA as previ- 
ously described. 15 Cells were plated in six replicates 
in 96-well plates at 5 x 10 3 cells per 100 I~1. The next 
day cells were left untreated or antisense or nonsense 
oligomers were added and the cells were cultured for 
an additional 24 hours. At that time an additional 50 
I~1 of medium containing 1 mCi of 3H-thymidine was 
added to each well for an additional 4 hours incuba- 
tion, and the cells were then harvested and thymidine 
incorporation determined by liquid scintillation 
counting. Growth was also determined by the ability 
of viable cells to metabolize 3-[4,5-dimethylthiazol- 
2-yl]-2,5-diphentetrazolium bromide (MTT)  meta- 
bolic labeling assay.": For this assay, cells were plated 
as above and treated with antisense or nonsense 
oligomers, and M T T  assays were performed daily 
over a 7-day period. M T T  was added at a final con- 
centration of 0.5 mmol/ml. After 2 hours' incubation 
at 37 ~ C, the medium was removed and cells were 
lysed in dimethyl sulfoxide. Color intensity was mea- 
sured with a spectrophotometer at 590 nm. Results in 
the untreated group of cells were not significantly dif- 
ferent from those in nonsense-treated cells and are 
therefore not shown. 

Western Blot Analysis 

Treated and control cells were washed and resus- 
pended in Laemmli buffer at a concentration of 2 • 
107 cells/ml. An equivalent of 105 cells were subjected 
to electrophoresis in each lane of a 7.5% polyacryl- 
amide gel containing 0.1% sodium dodecylsulfate. 
The  p120 protein was detected following Western 
transfer by immunoalkaline phosphatase as previously 
described. 16 

Therapeutic Effects  o f  p120 Antisense 

The p120 antisense directed against the AUG tran- 
scriptional start site (p 120 antisense-aug) was used for 
all in vivo testing. This oligomer was chosen since it 
was prepared as a phosphorothioate and may there- 
fore have a longer in vivo half-life than phosphodi- 
ester oligomers. 21 For these assays, MIA PaCa-2 cells 
were inoculated (2 x 106 cells per mouse) into the 
flank of NCr  nLdnu nude mice. Animals were moni- 
tored and tumors were apparent by day 14, at which 
time treatment was begun. Animals were given in- 
traperitoneal injections daily at a concentration of 25 
ms/ks .  This concentration of phosphorothioate 
oligodeoxynucleotides was chosen as an optimal non- 
toxic dose based on previous experiments using ro- 
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Fig. l .  The effect of p120 antisense oligomers on DNA synthesis was determined by ~tt-thymidine in- 
corporation assay. The percentage of inhibition represents the 'I l-thymidine counts per minute of treated 
cells divided by the ~H-thymidine counts per minute of untreated control cells • 100. The results were 
plotted as the mean of six replicates and the standard deviation was less than 13% for each mean. 

dent models. 23 Animals were treated with oligomers 
for up to 40 days. The tumor volume was estimated 
following measurements of the length and width us- 
ing the method of Shin. 24 A statistical comparison was 
made by means of Student's t test between the con- 
trol and treated groups. Animals were killed after they 
developed tumors larger than 1200 mm 3. 

R E S U L T S  
p120 Antisense-Mediated Inhibition of Cell 
Proliferation and p120 Expression 

The treatment of MIA PaCa-2 cells with p 120 an- 
tisense oligodeoxynucleotides inhibited the in vitro 
growth of these cells. Cell growth was first measured 
by determining the effect of various concentrations of 
two different p120 antisense molecules and a p120 
nonsense control molecule on DNA synthesis as mea- 
sured by 3H-thymidine incorporation. Both p 120 an- 
tisense molecules inhibited DNA synthesis in a dose- 
dependent manner (Fig. I). However, the kinetics of 
the inhibition differed between the two antisense 
molecules. The p 120 nonsense control oligodeoxynu- 
cleotide showed a slight inhibition of DNA synthesis 
(<20% at 100 t~mol/L). The  p120 antisense-aug 
oligomer showed a greater growth inhibition at low 
concentrations (almost 50% at 25 ~zmol/L) than the 
p120 antisense-sj oligomer (17% at 25 ~mol/L). 
There  was a plateau effect on growth inhibition by 

the p120 antisense-aug oligomer at a concentration 
between 50 and 100 btmol/L. The p120 antisense-sj 
oligomer did not show a plateau at the concentrations 
of oligomer used and reached a maximum inhibition 
of DNA synthesis of greater than 90% at a concen- 
tration of 100 ~mol/L. A single 100 ~mol/L dose of 
either antisense oligomer completely inhibited any 
increase in cell numbers in MIA PaCa-2 cells cultured 
over a 7-day period (Fig. 2). The effect of treatment 
with p120 antisense-sj was analyzed for its ability, to 
inhibit p120 protein expression. When compared to 
the nonsense control (Fig. 3, lanes 2, 4, and 6), the 
p 120 antisense oligomer specifically inhibited p 120 
expression in a dose-dependent manner (Fig. 3, lanes 
1, 3, and 5). 

p120 A n t i s e n s e - M e d i a t e d  Inh ib i t ion  
of Pancreatic T u m o r  G r o w t h  
in Nude Mice 

The potential efficacy of p 120 antisense oligomers 
to inhibit tumor growth in vivo was examined using 
a nude mouse model. Sixteen mice bearing palpable 
MIA PaCa-2 tumors (14 days after they were injected 
with cells) were randomly placed into two separate 
groups and treated for 40 days with either antisense 
(p120 antisense-aug) or nonsense control oligomers. 
The tumor volume for each treatment group is shown 
for days 1, 15, and 45 after treatment was initiated 
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Fig. 2. The effect of a single treatment of the p120 antisense or nonsense oligonucleotide on the growth 
of MIA PaCa-2 cells was determined over a 7-day period. Growth was determined by a metabolic MTT 
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Fig. 3. The effect ofpl20 antisense treatment on the expression of p120 
protein was determined by Western blot analysis. Lane 1, cells treated 
with 100 i~mol/L p120 antisense oligomer; lane 2, cells treated with 100 
ixmol/L nonsense oligomer; lane 3, cells treated with 50 Ixmol/L p120 
antisense; lane 4, cells treated with 50 i~mol/L nonsense oligomer; lane 
5, cells treated with 25 l~mol/L p120 anfisense oligomer; and lane 6, cells 
treated with 25 txmolfL nonsense oligomer. 

(Fig. 4). On  day 1 pr ior  to t reatment ,  the initial tu- 
mor  volume was greater  for the antisense t rea tment  
group (133 _+ 101 mm 3) than the tumor  volume in the 
nonsense  t r ea tmen t  group (64 _+ 26 mm3). T h e  in- 
crease in t umor  growth  over baseline (day 1 values; 
see Fig. 4, A) was calculated every 5 days. T h e  results 
showed a statistical d i f ference be tween  the contro l  

group and the antisense-treated group.  A graph for 
day 15 is shown in Fig. 4, B. Mice receiving the non-  
sense control  ol igomer grew significantly (P = 0.0035) 
larger tumors  15 days after t rea tment  was started (av- 
erage tumor  volume = 425 _+ 244 mm3), as compared 
to p 120 antisense-treated animals (average tumor  vol- 
ume = 166 + 116 mm3). In the nonsense-treated con- 
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trol group, seven of eight mice had tumors larger than 
1200 mm 3 at day 45(see Fig. 4, C). At this same time, 
only three of eight mice from the p120 antisense- 
treated group showed tumors larger than 1200 mm 3. 
Interestingly, two of these three mice had rather large 
tumors (>150 mm 3) prior to treatment. By 60 days af- 
ter treatment was started, all mice in both the control 
and p120 antisense-treated groups had tumors larger 
than 1200 mm 3. 

D I S C U S S I O N  

The studies presented here evaluated the efficacy 
of antisense oligodeoxynucleotide therapy for inhibit- 
ing the growth of pancreatic tumor cells by blocking 
the specific gene expression ofpl20,  a growth regula- 
tory molecule. Studies using a variety of tumor types 
indicate the potential therapeutic efficacy of antisense 
oligonucleotides. ~- 12 

Several potential problems exist in antisense ap- 
proaches for therapy. These include the molecular 
target chosen and the properties of the oligonu- 
cleotide including stability, cellular uptake, and non- 
specific toxicity, y Activated oncogenes such as r a s  are 
attractive targets in pancreatic cancer, but they are not 
expressed in all pancreatic cancers and these cancers 
may also have mutations of other oncogenes or tumor 
suppressor genes such as in p53.19 A potentially more 
attractive target may be growth regulatory molecules 
that are downstream targets of oncogenic changes. ~ 3,16 
One such molecule having this feature is p120. p120 
Plays a role in cell cycle regulation and represents a 
downstream target of oncogenic changes. Such onco- 
genic changes cause a decreased regulation in the ex- 
pression of p120 at the transcriptional level. 16 In- 
creased expression of p120 raises nucleolar function, 
promotes an increased proliferative potential, changes 
cellular morphology, and increases tumorigenic prop- 
erties including a reduced dependence on normal 
physiologic growth regulators.15 Conversely, a dra- 
matic reduction in the level of  p120 expression by 
specific antisense oligonucleotides may cause pancre- 
atic cancer cells to undergo cell cycle arrest or cause 
cellular death by apoptosis or necrosis. 

In this study we compared two separate p120 anti- 
sense oligodeoxynucleotides for their ability to inhibit 
the in vitro growth of the human pancreatic tumor 
cell line MIA PaCa-2. One of the antisense molecules 
(p120 antisense-sj) was a phosphodiester developed to 

overlap a splice junction of the p120 gene. 15,18 The  
other antisense molecule (p120 antisense-aug) was de- 
veloped against the AUG transcriptional start site. 
The phosphodiester backbone of the latter oligomer 
was modified to form a phosphorothioate. These an- 
tisense molecules were first tested for their ability to 
inhibit DNA synthesis after a single cell culture treat- 
ment of 24 hours. Both antisense molecules inhibited 
DNA synthesis in a dose-dependent manner. The  
phosphorothioate p120 antisense aug molecule 
showed a greater level of inhibition at lower concen- 
trations than the phosphodiester antisense molecule. 
t{owever, the phosphodiester antisense, to the p120 
splice junction, showed a somewhat greater inhibitory 
activity at the highest antisense concentration used 
(100 ~mol/L). The reason for the difference in kinet- 
ics of the inhibitory activity of these two oligode- 
oxynucleotides is unclear from this study. These dif- 
ferences may reflect the difference in binding sites or 
the longer half-life that has been reported for phos- 
phorothioate oligodeoxynucleotides compared to 
phosphodiester oligodeoxynucleotides. 7 Both anti- 
sense molecules were equally effective for inhibiting 
the growth ofMIA PaCa-2 cells over a 7-day period. 
The ability of p 120 antisense molecules to inhibit cell 
proliferation in MIA PaCa-2 cells is in agreement 
with our previous studies, which showed that treat- 
ment with these antisense molecules prevented cell 
cycle progression 13,18 and the growth of breast cancer 
cells in vitro. 13 

The phosphorothioate p 120 antisense was chosen 
for in vivo studies since it showed the greatest in- 
hibitory activity in vitro at lower concentrations and 
because phosphorothioates are reported to be more 
stable in vivo. 7,21 This antisense molecule was used in 
this study to determine whether it could inhibit the 
growth of established pancreatic tumors. The  p120 
antisense-treated mice showed an overall decrease in 
tumor size up to 45 days after treatment was begun. 
However, no cures were obtained and all mice devel- 
oped large tumors by day 60. It is interesting to note 
that two of the three mice in the p120 antisense- 
treated group that formed large tumors at day 45 
(>1200 mm ~ tumor volume) had initial tumor volumes 
greater than 150 mm 3. This suggests that p120 anti- 
sense may be more effective for inhibiting the growth 
of small tumors or micrometastasis. It remains to be 
determined whether an increased dose of antisense 
would be tolerated by the animals and whether in- 

Fig. 4. Sixteen animals with palpable tumors were divided into two groups of eight animals each and 
treated with either nonsense or p120 antisense oligomers. Tumor volume is shown for day 1 (A), day 15 
(B), and day 45 (C) after treatment was begun. The mean tumor w)lume is shown for days 1 and 15. 
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creasing the concentrat ion of antisense would be 
more effective in inhibiting tumor growth. Further- 
more, it is possible that multiple antisense molecules 
directed against other growth regulatory molecules or 
oncogene products would be a more effective strat- 
egy for inhibiting the growth of pancreatic tumors. 

We thank Drs. Brett Monia and t'rank Bennett, of lsis Pha~vnaceu- 
ticals, Carlsbad, Calif, for providing antisense oligomers and fo," 
helpfid suggestions. 
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Acute Isovolemic Hemodilution During Major 
Hepatic Resection An Initial Report: Does It Safely 
Reduce the Blood Transfusion Requirement? 
Herbert Chen, M.D., James v.. Sitzmann, M.D., Catherine Marcucci, ]ll.D., 
Michael A. Choti, M.D. 

Surgical resection remains the mainstay of treatment for patients with hepatic tumors, despite the asso- 
ciated morbidity including tile need for blood transfusion. Acute isovolemic hemodilution (AIII) has 
been shown to decrease the transfusion requirement for cardiac, urologic, and orthopedic procedures. 
I Iowever, the reported experience with MH during hepatic resections is limited. Seven patients under- 
went major hepatic resection from July 1992 to June 1994 with standard MH. Their clinical parameters 
were compared with those of nine matched control patients during the same time period. AIH and con- 
trol patients had similar preoperative laboratory values (hematocrit, bilirubin, and coagulation studies), 
extent of liver resection, and pathologic diagnoses. Mean tumor diameters were larger in the MH group 
(9.3 cm vs. 5.8 cm). Most important, patients managed with MH required homologous blood transfusions 
significantly less often than the control group (14% vs. 67%; P = 0.05). Furthermore, if they did receive 
transfusions, MIt  patients needed fewer units of red cells (0.I _+ 0.1 units vs. 1.7 _+ 0.6 units). There was 
no morbidity associated with AII I. AIH can be safely performed in patients undergoing major hepatic re- 
section for malignant T. MtI appears to reduce the number of patients requiring homologous blood trans- 
fusion as well as the number of units transfused per patient. This technique warrants further study in a 
larger prospective, randomized trial. (J GASTROIN'I'F.ST SURG 1997; 1:461-466.) 

Hepatic resection is one of the few treatment op- 
tions that offers the potential for cure in patients with 
liver malignancies. Despite the low mortality rates, 
which range from 2% to 5%, the associated morbid- 
ity remains high, ranging from 25% to 50% in some 
series including the substantial operative blood loss 
necessitating transfusion of blood products.l-s Several 
methods to minimize the need for transfusion of  
blood products after surgery are currently available 
and include the use of intraoperative autotransfusion 
using devices such as the Cell Saver (Haemonetics 
Corp., Braintree, Mass.), preoperative autologous 
blood donation, erythropoietin administration, and 
intraoperative hypovolemia. 

One technique that has achieved significant success 
in reducing the requirement for postoperative blood 
transfusions is acute isovolemic hemodilution (AIH). 
M H  has been widely used in a variety of surgical pro- 
cedures including cardiac, orthopedic, and urologic 
operations, when a significant operative blood loss is 

expected. 6-9 Briefly, M H  consists of the collection of 
the patient's whole blood after induction of anesthe- 
sia and simultaneous replacement with crystalloid 
solution to maintain an isovolemic state. The patient 
is maintained in a state of relative anemia during 
surgery, and the patient's whole blood is administered 
intraoperatively after all surgical blood loss has ceased 
or in response to a hemodynamic necessity. Theoret-  
ically, blood lost during the operation is diluted re- 
suiting in a lower net loss. Experience with M H  in 
liver surgery is limited, l~ We have used this tech- 
nique selectively at our institution, and this report re- 
views our initial experience with AIH in hepatic re- 
sections for neoplasms over a 2-year period (July 1992 
to June 1994). 

M E T H O D S  

Medical records from patients who underwent ma- 
jor hepatic resection for gastrointestinal neoplasms 

From the Departments of Surgery. (t t.C. and M.A.C.) and Anesthesia (C.M.), Johns Hopkins Medical Institutions, Baltimore, Md.; and 
the Department of Surgery, Georgetown University Medical Center (J.V.S.), Washington, D.C. 
Reprint requests: Michael A. Choti, M.D., Department of Surgery, Halsted 614, 600 N. Wolfe St., Baltimore, MD 21287. 
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between June 1992 and July 1994 were analyzed. Of  
these, seven patients had surgery with standard AIH 
and form the basis of this report. The  decision to use 
AIH in these cases was made because of the surgeon's 
belief that a significant blood loss could be antici- 
pated. The  clinical parameters of these patients were 
compared with those of nine non-AIH patients dur- 
ing the same time period. Transfusion data included 
all homologous units of red cells received during 
surgery and during the entire postoperative hospital- 
ization period. 

The  standard protocol for AIH at our institution 
has been previously described 7 and is illustrated in 
Fig. 1. Prior to surgery, all candidates for AIH were 
required to have a preoperative hematocrit  value of 
33 % or greater. After induction of general anesthesia, 
whole blood was collected via central venous access 
using commercially available, blood bank-approved, 
anticoagulated autologous blood collection kits (Fen- 
wal Laboratories, Deerfield, I11.). One standard unit 
of whole blood (450 cc) was removed at a time, la- 
beled with the patient's name, and stored in the oper- 
ating room at 25 ~ C until needed. In each patient, be- 
tween two and five total whole blood units were re- 
moved to achieve an estimated hematocri t  value of 
approximately 25%. Simultaneous replacement with 
an identical or greater volume of crystalloid was ad- 
ministered at a separate venous access site. Additional 
volume replacement was given later, as dictated by he- 
modynamic parameters determined by central venous 
and intra-arterial monitoring.  AIH was generally 

completed prior to surgical incision and required ap- 
proximately 30 minutes. 

All patients underwent surgical exploration through 
a right subcostal incision extending to the s ternum 
medially and into the right flank laterally. Major he- 
patic resections included extended or formal lobec- 
tomies or multiple (>4) nonanatomic wedge resec- 
tions. All lobar resections were performed with con- 
trol of the portal venous system, hepatic arterial in- 
flow, and hepatic venous outflow before dissection of 
the parenchyma. Total vascular isolation was not rou- 
finely used during this time period. An ultrasonic as- 
pirator (Cavitron, Boulder, Colo.) was used for all 
parenchymal dissections. Transfusion decisions were 
made intraoperatively by the anesthesia team and 
postoperatively by the at tending surgeon based on 
clinical parameters. The  volume of intravenous crys- 
talloid and colloid solutions administered intraopera- 
tively was left to the discretion of the anesthesia team. 
All remaining withdrawn whole blood units were 
transfused after liver resection was completed and he- 
mostasis was obtained. 

Statistical data were analyzed using the Mann- 
Whitney, rank-sum, and Fisher's exact tests. Signifi- 
cance was defined as P _<0.05. 

R E S U L T S  
P a t i e n t  Data 

Demographic data from the patients who had AIH 
vs. the non-AIH patients during the same time period 

Patient 
to OR 

Skin incision 

AIH crystalloid 
infusion 

Liver resection 

Total inflow occlusion Hemostasis Close 
obtained abdomen 

,l I ; 
l Inducti!n of l anesthesia 

Placement of 
central venous catheter 

Whole blood removed 
for AIH 

Transfuse withdrawn 
whole blood as needed Transfuse remaining withdrawn whole blood 

Fig. 1. Acute isovolemic hemodilution (Altt) protocol. Schematic of the standard protocol for AIH used 
at Johns IIopkins Hospital. 
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are shown in Table I. Patients in both groups were 
similar in age (mean 56.5 years vs. 58.5 years, respec- 
tively). The  groups differed in their gender composi- 
tion; AIH patients were predominantly female (86%), 
whereas non-AIH patients were mostly male (67%). 
The  incidence of hepatitis and cirrhosis in each group 
was 28% vs. 22% and 0% vs. 11%, respectively. Pre- 
vious abdominal surgery and preoperative therapy 
(hepatic radiation therapy and systemic chemother-  
apy) were comparable in the two groups. 

Table II presents the pre- and postoperative labo- 
ratory data for AIH and non-AIH patients. Pre- and 
postoperative prothrombin and partial thromboplas- 
tin ratios (compared to control laboratory values) did 
not differ between AIH and non-AIH patients. Al- 
though no patients in the AIH group developed co- 
agulation problems, one of nine non-AIH patients re- 
quired treatment for postoperative coagulopathy. The  
two groups had similar mean and median preopera- 
tive hematocrit values (mean: AIH 40.0% _+ 2.0% vs. 
non-AIH 40.5% +_ 2.1%; median: AIH 38.5% vs. 
non-AIH 37.5%). Mean and median postoperative 
hematocr i t  values dropped in the AIH patients to 
30.4% _+ 2.0% and 32.9%, respectively, whereas in 
the non-AIH patients these values dropped to 32.3% 
+ 1.1% and 30.7%, respectively. These differences 
were not statistically significant. Preoperative mean 
bilirubin levels, which have been shown to be a pre- 

operative predictor of morbidity, l were similar be- 
tween AIH (0.7 + 0.1 mg/dl) and non-AIH (0.8 _+ 
0.1 mg/dl) patients. 

Operative Data 

Hepatic resections were categorized into three 
groups: (1) type l--multiple wedge resection and for- 

Table I. Patient demographics* 

AIH Non-AIH 

Age (yr) 
Mean + SEM 56 + 5 58 _+ 5 
Median 55 60 

Sex 
Male 1/7 (14) 6/9 (67) 
Female 6/7 (86) 3/9 (33) 

Hepatitis 2/7 (28) 2/9 (22) 
Cirrhosis 0/7 (0) 1/9 (11) 
Previous abdominal surgery 4/7 (56) 6/9 (67) 
Previous radiation therapy 1/7 (14) I/9 (11) 
Previous chemotherapy 2/7 (28) 6/9 (66) 

Altt = acute isovolemic hemodilution; SEM = standard error of the 
mean. 
*Values in parentheses are percentages. 

Table II. Laboratory data 

AIH Non-AIH 

Preoperatave prothrombin time* 
Mean + SEM 
Median 

Postoperatave prothrombin time* 
Mean + SEM 
Median 

Preoperatave partial thromboplastin time* 
Mean + SEM 
Median 

Postoperauve partial thromboplastin time* 
Mean _+ SEM 
Median 

Preoperauve hematocrit  (%) 
Mean _+ SEM 
Median 

Postoperauve hematocrit (%) 
Mean _+ SEM 
Median 

Prenperauve total bilirubin (mg/dl) 
Mean + SEM 
Median 

1.00 + 0.00 1.04 +_ 0.01 
1.00 1.00 

1.13 + 0.05 1.14 +_ 0.05 
1.10 1.10 

0.93 _+ 0.04 0.94 _+ 0.03 
1.00 1.00 

0.94 + 0.04 1.01 + 0.10 
0.90 1.00 

40.0 + 2.0 40.5 _+ 2.1 
38.3 37.5 

30.4 _+ 2.0 32.3 _+ 1.1 
32.9 30.7 

0.7 + 0.1 0.8 _+ 0.1 
0.7 0.8 

Abbreviations as in Table I. 
*Values compared to laboratory control values. 
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mal left lobectomy; (2) type 2--right lobectomy; and 
(3) type 3--trisegmentectomy, extended lobectomy, 
and complex resection. Among the M H  patients, four 
had type 1 resections, one had a type 2 resection, and 
two had type 3 resections ('Ihble III). Patients in the 
non-MH group had similar operations: five had type 1 
resections, two had type 2 resections, and two had 
type 3 resections. Liver tumors in AIH patients were 

slightly larger, on average (9.3 cm vs. 5.8 cm), but this 
difference did not reach statistical significance. Patho- 
logic diagnoses of all patients are shown in "Ihble IV. 
Both M H  and non-MH patients had similar disease 
processes. The most common indication for hepatec- 
tomy in these groups was metastatic colorectal carci- 
noma (n -- 9) followed by hepatocellular carcinoma 
(n = 4). 

Table HI. Hepatic resections 

AIH Non-AIH 

Type 1 4 
Multiple wedge resection, 

left lobectomy 
Type 2 i 

Right lobectomy 
"I~r 3 2 

Trisegrnentectomy, ex- 
tended lobectomy, 
complex resection 

Table IV. Pathologic diagnoses 

Liver histology AIH Non-AIH 

Metastatic colorectal carcinoma 4 5 
Hepatocellular carcinoma 1 3 
Mucinous cystadenoma 1 0 
I Iepatic adenoma 1 1 

Pa t i en t  O u t c o m e  

Operative outcome and transfusion data in M H  
and non-MH patients are shown in Table V. Despite 
undergoing MH,  the M H  patients had comparable 
mean and median anesthesia times compared to the 
non-MH group (mean: AIH 6.1 _+ 0.5 hours vs. non- 
M H  5.9 _+ 0.5 hours; median: M H  5.7 hours vs. non- 
AIH 6 hours). Mean and median operative times were 
also similar in the two groups (mean: AIH 5.0 _+ 0.5 
hours vs. non-AIH 4.9 _+_ 0.4 hours; median: M H  4.3 
hours vs. non-MH 5.2 hours). None of these differ- 
ences were statistically significant. AIH patients 
tended to receive a slightly higher average volume of 
intravenous fluids than non-AIH patients (6.9 _+ 1.0 
liters vs. 6.2 _+ 1.0 liters), but this did not reach sta- 
tistical significance. Mean and median estimated 
blood losses were virtually identical in the two groups 
(mean: M H  1.2 _ 0.3 liters vs. non-MH 1.4 + 0.3 
liters; median: M H  1.2 liters vs. non-MH 1.3 liters). 
Mthough they had similar estimated blood losses, pa- 
tients managed with M H  required homologous blood 
transfusions significantly less often than non-MH pa- 
tients (14% vs. 67%, P value = 0.05). Furthermore, 

Table V. Operative outcome and transfusion data 

AIH Non-AIH P Value 

Anesthesia time (hrs) 
Mean + SEM 6.1 + 0.5 5.9 + 0.5 NS 
Median 5.7 6.0 

Operative time (hr) 
Mean _+ SEM 5.0 _+ 0.5 4.9 _ 0.4 NS 
Median 4.3 5.2 

Intraoperative intravenous fluids given (L) 
Mean _+ SEM 6.9 _+ 1.0 6.2 _+ 1.0 NS 
Median 7.0 6.0 

Estimated blood loss (L) 
Mean _+ SEM 1.2 _+ 0.3 1.4 _+ 0.3 NS  
Median 1.2 1.3 

Red cells transfused (U) 
Mean _+ SEM 0.1 _+ 0.1 1.7 _+ 0.6 P<0.05 
Median 0.0 1.0 

Patients receiving blood transfusion (%) 14 67 P = 0.05 

NS = not significant; other abbreviations as in Table I. 
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when they did need a blood transfusion, AIH patients 
required an average number of fewer units of red cells 
(0.1 _+ 0.1 units vs. 1.7 _+ 0.6 units; P <0.05). There  
were no operative deaths in either group. Among the 
AIH patients, three (43%) of seven had infection- 
related morbidity, whereas in the non-AIH group 
six (67%) of nine did. There  was no morbidity asso- 
ciated with AIH. However, there was also no direct 
transfusion-related morbidity in the non-AIH group. 

D I S C U S S I O N  

Hepatec tomy remains the mainstay of t reatment 
for patients with hepatocellular carcinoma or isolated 
liver metastases from colorectal cancer. Improved sur- 
gical techniques and anesthesia practices have dra- 
matically decreased the mortality rates of liver resec- 
tions. 1-5,12 However, morbidi ty rates, including the 
need for blood transfusions, remain high. Although 
AIH has been shown to reduce transfusion require- 
ments in cardiac, urologic, and or thopedic  proce- 
dures, 6-v there is limited experience with AIH during 
liver resection. This  series constitutes the first report 
of AIH during hepatic resection where the results in 
AIH patients are compared directly with those in 
non-AIH patients during an identical time period. In 
this study we have shown that AIH is a safe technique 
that can reduce the percentage of patients requiring 
homologous blood transfusions (67% to 14%). Fur- 
thermore, when they were given blood transfusions, 
patients with AIH often required fewer units (0.1 
units vs. 1.7 units). Al though these results are en- 
couraging, they are limited by the small number  of 
patients in both groups. In addition, our study is not 
a randomized controlled trial. AIH was performed at 
the surgeon's discretion, probably for reasons of an- 
ticipated large estimated blood loss. Thus  the patients 
with an expected greater blood loss may have been fa- 
vored for AIH, and such a bias may, in fact, have un- 
derestimated the actual reduction in transfusion re- 
quirement  attributed to AIH. In addition, patients 
with larger tumors (mean diameter 9.3 cm vs. 5.8 cm) 
underwent AIH. This bias could also have underesti- 
mated the benefit of AIH. 

Although AIH has been shown to be beneficial in 
other operations, a limited number of reports describe 
the use of AIH during major hepatic resection. In 
1984 Schaller et al. 1~ reported on eight pediatric pa- 
tients who underwent  major liver resections with 
AIH during a 7-year period. Although these authors 
showed that the technique was safe and effective in 
reducing intraoperative blood loss in children, they 
did not directly compare their results with those from 
a control group of patients. Sejourne et al., 11 in 1989, 
reported on 22 consecutive patients who received 

AIH during liver resection in an 11-month period 
compared to 22 patients who did not have AIH dur- 
ing a previous 14-month period. These authors con- 
cluded that AIH reduced the requirement for trans- 
fusion of all blood products significantly. Although 
they had more patients in both groups, Sejourne et 
al. 11 compared groups from different time periods. 
Improvements  in surgical technique and postopera- 
tive care could have contributed to their results. Find- 
ings in both of these studies, however, are consistent 
with our results. 

Morbidity from blood transfusion can be signifi- 
cant and may include infections, allergic reactions, 
and clerical errors resulting in donor-recipient mis- 
match. The  risk of transmission of pathogenic viruses 
such as hepatitis B, hepatitis C, hepatitis D, hepatitis 
non-B, non-C, and human immunodeficiency virus-1 
are not negligible. Moreover, in patients with cancer, 
blood transfusion has been associated with a de- 
creased time to recurrence, as well as a decreased sur- 
vival after resection of colorectal liver metastases.13,14 
Blood transfusion is also associated with significant 
costs including procurement by the Red Cross, pro- 
cessing, delivery, storage, and patient cross-matching 
of red cells. In addition, patient anxiety or religious 
beliefs (i.e., Jehovah's Witness) can limit the desire to 
be transfused with banked blood products. To mini- 
mize some of these risks, autologous preoperative 
blood donation is becoming the most popular method 
to reduce the need for homologous  blood transfu- 
sions. However, the cost of  this technique is often 
close to $800 per unit  of autologous blood donated. 

The  morbid events of blood transfusion are in stark 
contrast to AIH. With AIH, although the possibility 
of bacterial or gross contamination is not completely 
eliminated, there is virtually no chance of acquired vi- 
ral infections. In addition, the storage lesions (mild 
hemolysis, decreased pH,  increased Pcoz, and in- 
creased plasma K + )  and decrement in product func- 
tion that are recognized to occur in blood products 
that have been stored in a blood bank for a period of 
time are avoided. The  chances of clerical error and 
the catastrophic consequences of a major hemolytic 
transfusion reaction are reduced, as well as the clinical 
sequelae of a transfusion reaction resulting from un- 
recognized minor antigen/antibody reactions. It must 
be noted, however, that AIH does have some potential 
disadvantages. Al though equipment  costs for AIH 
may be minimal and blood bank charges may be 
avoided or reduced, there is potential for incurring 
hidden costs in the additional operating room time 
necessary to collect several units of whole blood (ap- 
proximately 30 minutes in this series). In this report, 
however, the mean and median anesthesia and opera- 
tive times were not  any longer in the AIH group. 
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Thus we estimate the total cost of AIt t  to be less than 
$75 per unit of autologous blood. Units removed dur- 
ing AIH that are not transfused will rarely be accepted 
for later use. Last, this technique may not be accept- 
able to the strictest practitioners of the Jehovah's 
Witness faith. 

C O N C L U S I O N  

AItI  during major hepatic resection is a safe and 
effective technique that reduces the need for homol- 
ogous blood transfusions in selected patients. Al- 
though this initial report is encouraging, we recog- 
nize its limitations--that is, the fact that the patient 
groups were small and nonrandomized. However, we 
have shown that AIH can be safely performed during 
major hepatic resections with an apparent benefit. 
Furthermore, we estimate that the cost of AIH is one- 
tenth that of preoperative autologous donation. Thus  
we are currently pursuing a prospective, randomized 
study with AIH in patients undergoing major hepatic 
resections for malignancy. 
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Epidermal Growth Factor and Neurotensin Induce 
Microvillus Hypertrophy Following Massive 
Enterectomy 
Charlotte K. Ryan, M.D., Jen-nie H. Miller, M.S., Anna S. Seydel, M.D., 
Karen de Mesy ffensen, M.S., Harry C. Sax, M.D., EA.C.S. 

The compensatory hypertrophy that develops after massive enterectomy is rarely adequate to prevent 
the development of short bowel syndrome. Trophic hormones such as epidermal growth factor (EGF) and 
neurotensin (NT) may be useful in improving and accelerating this adaptive response. This study delin- 
eates the effects of NT and EGF on remnant small bowel at the microvillus cellular level, which is the 
prime determinant of surface area. New Zealand white rabbits (2 kg) underwent midgut transection 
(sham) or 70% jejunoileal resection. Alzet pumps containing saline solution (control), EGF (1.5 
Ixg/kg/hr), or NT (900 Ixg/kg/day) were implanted in resected animals after which they underwent 1 
week of infusion. A second group of EGF animals was killed 2 weeks after infusion completion to assess 
delayed effects (EGF-delayed). Proximal jejunum was fixed for light and electron microscopy; villus and 
microvillus parameters were read in a blinded fashion. EGF (2.17 + 0.05 ~m), EGF-delayed (2.26 + 1.5 
lxm, and NT (1.96 _+ 0.02 t~m) animals had significantly increased microvillus heights compared to the 
control group (1.49 + 0.04 Ixm). Calculated brush-border surface areas were increased in a similar fash- 
ion. EGF and NT failed to elicit increases in jejunal gross villus heights. EGF and NT induce enterocyte 
microvillus hypertrophy and increase absorptive surface area in remnant bowel after massive enterec- 
tomy. In addition, the trophic effects of EGF persist after cessation of infusion. These peptides may be 
useful in accelerating small bowel adaption and preventing the development of short gut syndrome. (J 
GASTROINTEST SURG 1997;1:467-473.) 

Following massive enterectomy, the remaining 
bowel must undergo both morphologic and physio- 
logic adaption and upregulation to prevent the devel- 
opment  of  short gut syndrome. Morphologically it 
has been shown that the remnant intestine undergoes 
both hypertrophy and hyperplasia I with possible trig- 
gering mechanisms being humoral factors, pancreati- 
cobiliary secretions, and luminal nutrients. This com- 
pensation, however, is rarely adequate. Enhancement 
of this natural adaptation would possibly reduce the 
significant morbidity and expense of prolonged total 
parenteral nutrition (TPN). The aim of this investi- 
gation was to examine means of facilitating and accel- 
erating morphologic adaption by increasing the ab- 
sorptive surface area of the intestinal mucosa. 

Exogenous infusion of gastrointestinal trophic hor- 
mones may potentially be the most useful way to 
achieve accelerated hypertrophy or hyperplasia. Can- 
didate factors include epidermal growth factor (EGF), 
human growth factor, neurotensin (NT), bombesin, 
and plerocercoid growth factor. We chose two of 
these hormones for our investigative work, namely, 
EGF and NT. EGF, a 53-amino acid polypeptide with 
receptors along the entire length of small bowel, pro- 
motes DNA synthesis and the transcription of RNA, 
stimulates enterocyte proliferation, mediates repair of 
mucosal injury, and regulates crypt cell growth. 2 Di- 
rect mucosal application of  EGF to jejunal mucosa 
upregulates glucose-coupled Na + absorption and mi- 
crovillus surface area within 30 minutes. 3 Studies of 
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oral and parenteral EGF  did not  show mucosal hy- 
perplasia or increased mucosal mass following resec- 
lion. 4-6 Our laboratory has shown that EGF upregu- 
lates nutrient transport after 70% enterectomy. 6 EGF, 
however, in spite of enhancing nutrient uptake, does 
not increase villus height. Nutrient uptake may be de- 
pendent on the available absorptive surface area of the 
bowel mucosa. Although villus height is a factor in as- 
sessing mucosal surface area, the major determinants 
are microvillus height and cell density. 7 (Microvilli are 
the numerous parallel cylindrical processes that com- 
prise the brush border of intestinal villi; they are vis- 
ible only with electron microscopy.) Therefore  a 
study of microvilli may actually be more pertinent in 
evaluating the trophic effects of peptides than merely 
gross villus heights. 

N T  is a 13-amino acid peptide that is mainly lo- 
calized within the gut in the endocrine N cells of the 
ileum but is also found in the duodenum, jejunum and 
colon, s Like EGF, neurotensin has numerous secre- 
tory and motility effects on the gastrointestinal tract 
with the plasma levels of both hormones increasing 
following food uptake. 9 N T  has been shown to pre- 
vent mucosal hypoplasia in rats fed an elemental diet 1~ 
and to stimulate mucosal growth in rats fed normal 
laboratory chow.ll Exogenous administration of N T  
in experimental animals after small bowel resection 
has resulted in increased jejunal villus height in some 
laboratories.l 1,12 The  effect of N T  on nutr ient  ab- 
sorption is unknown.  Because both N T  and EGF  
possess trophic properties, we tested the effects of 
both peptides in short gut animals on microvitlus 
height (rather than merely gross villus height) and in- 
testinal absorptive surface area. 

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

Male New Zealand white rabbits (Hazelton Re- 
search Products, Inc., Denver, Pa.) weighing 2 kg (N 
= 20) were housed in individual cages in light/dark- 
cycled, temperature-controlled rooms in accordance 
with institutional guidelines and the "Guidelines for 
the Care and Use of Laboratory Animals" (Depart- 
ment  of Health and Human Services, National Insti- 
tutes of Health). Animals were divided into five 
groups of four rabbits each and were fasted for 18 
hours preoperatively and allowed access to 5% glu- 
cose water. Under  ketamine (30 to 50 mg/kg) and xy- 
lazine (25 to 30 mg/kg) anesthesia, the rabbits under- 
went  midjejunal transection (without removal of 
bowel) and reanastomosis (sham) or 70% midjejuno- 
ileal resection and anastomosis (all other groups) us- 
ing 5-0 Vlcryl sutures. Gentamycin (4 mg/kg) was ad- 
ministered intramuscularly immediately before 

surgery and on postoperative day 1. Banamine (i.0 
mg/kg) was given intravenously immediately after 
surgery and on postoperative day 1. For the first 48 
hours postoperatively, the rabbits were given 5 % glu- 
cose water. Water and standard rabbit chow (Purina 
Mills, Inc., St. Louis, Mo.) were provided ad libitum, 
at a rate previously noted, to allow consumption of all 
food throughout  the experiment. After 1 week, Alzet 
pumps (Alza Corp., Palo Alto, Calif.) were placed sub- 
cutaneously in the midscapular region using Innovar- 
vet IM (0.25 ml/animal) for sedation and 1% lido- 
caine for local anesthesia. Rabbits were randomized 
to receive through pumps either EGF (Austral Bio- 
logicals, San Ramon, Calif.) at a rate of 1.5 ~g/kg/hr, 
N T  (Bachem Bioscience, Philadelphia, Pa.) at a rate 
of 900 ~g/kg/day, or saline solution (controls). The  
infusions were stopped after 1 week, and rabbits in all 
study groups were weighed and killed with the excep- 
tion of the EGF-delayed rabbits. These animals were 
killed 2 weeks after pump removal to assess whether 
possible stimulatory effects of EGF  were more than 
transient. 

Microscopy 
The  small bowel was rapidly removed and the first 

1 cm of proximal jejunum was fixed in 10% buffered 
formalin, dehydrated, and embedded in paraffin for 
histologic sectioning. Additionally, a 10 cm segment 
of proximal je junum was suspended from a 10 gm 
weight and weighed. Sections were stained with 
hematoxylin and eosin for morphometric  analysis us- 
ing an Olympus microscope (Olympus America, Inc., 
Lake Success, N.Y.) and micrometer to determine vil- 
lus height. The  10 longest and most properly oriented 
villi per sample were measured from the base of the 
crypt to the villus tip, and the mean was calculated in 
a blind manner to prevent observer bias. 

Transmission electron microscopy was employed 
to assess microvillus height, density, and width. A vil- 
lus from the paraffin block was chosen based on per- 
fect longitudinal orientation of the enterocytes. A 
bone marrow biopsy needle was used to core out a 
section of this villus. This core specimen was then de- 
paraffinized, osmicated in 1.0% osmium tetroxide, 
dehydrated, and infiltrated with Spurr's epoxy resin 
(].B. EM Services, Dorval, Canada). The  tissue blocks 
were embedded in plastic molds and polymerized at 
70 ~ C. Two and one-half microsections were cut on a 
JB-4 type microtome, stained with basic fuchsin and 
methylene blue, and examined by light microscopy to 
select an optimally oriented midvillus focus for elec- 
tron microscopic examination. Tissue was "popped 
off' according to a previously published method 13 and 
then sectioned. The  thin sections were stained with 
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uranyl acetate and lead citrate and examined under a 
Hitachi 7100 electron microscope (Hitachi Denshi 
America, Ltd., Woodbury, N.Y.) Only well-oriented 
longitudinal microvilli from midvillus regions were 
assessed. The  microvillus brush-border surface area 
was computed as previously described 14 employing 
the variable parameters of microvillus height, density, 
and width. The  following formula was used: A = 
(N/2)  2 (2~vrl + avr2), where N = number of microvilli 
along 2 I~m of cell surface, r = mean radius of N mi- 
crovilli, and 1 = mean length (height) o f N  microvilli. 
"Fen duplicate measurements from each specimen 
were taken by a blinded observer and the mean was 
calculated. 

Statistical Analysis 

All results are reported as mean values + standard 
error of the mean with significance determined as 
P <0.05 by Student's t test or analysis of variance (with 
SNK post hoc) where appropriate. 

R E S U L T S  
Body Weights 

There was a 4% to 7% increase in body weight in 
all groups of rabbits that had undergone small bowel 
resection. There was no statistical differences among 
NT, EGF, or control groups. Sham animals had in- 
creased their weight by 12%. Ten centimeter proxi- 
mal jejunal weights were recorded as follows: sham 
(1.716 _+ 0.174 g), control (2.212 _+ 0.242 g), N T  
(3.240 _+ 1.294 g), EGF (2.576 _+ 0.230 g), and EGF- 
delayed (2.54 _+ 0.747 g). The  weights were all in- 
creased over the sham animals at the time of sacrifice 
with no statistical differences among N~I, EGF, or 
control rabbits. By 4 weel~s EGF-delayed animals had 
increased their body weight by 33 %. 

Gross Villus Heights 

There were no statistical increases in the length of 
jejunal villi as determined by light microscopy in con- 
trol (8.92 +_ 0.74 mm • 0.1), sham (8.63 -+ 0.55 mm 
• 0.1), N T  (8.87 _+ 0.73 mm • 0.1), EGF (9.40 _+ 
0.40 m m •  0.1), or EGF-delayed (8.34 -+ 0.87 mm 
• 0.1) groups (Fig. 1). The morphologic appearance 
of all sections was normal with unaltered architecture 
and no evidence of enterocyte damage. 

Brush-Border (Microvilli) Heights 

Representative electron micrographs of brush bor- 
ders in control, NT, and EGF animals from the jeju- 
nal midvillus regions are shown in Fig. 2. EGF and 
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Fig. 1. Jejunal gross villus heights determined by light mi- 
croscopy and measured from the base of the crypt to the villus 
tip in the following study groups: midgut transection (sham); 
saline (control), neurotensin (NT), epidermal growth factor 
(EGF), and EGF-delayed animals. Data are represented as 
mean + standard error of the mean (SEM) (n = 4). There are 
no significant differences among the groups. 

N T  treatment elicited significant increases in height 
in comparison to control animals. Aside from changes 
in height, ultrastructure remains similar with no dis- 
tortion, loss, damage, or other abnormalities noted in 
microvillus architecture. Figure 3 shows the actual 
microvilli heights for all experimental groups. EGF 
(2.17 _+ 0.05 ~m) and EGF-delayed conditions (2.26 
_+ 1.5 ~zm) produced significantly increased microvil- 
lus height in comparison to sham (1.63 _+ 0.03 ~m) 
and control (1.49 _+ 0.04 I~m) groups. The NT" group 
also had significantly increased microvillus height in 
comparison to the control group (1.96 _+ 0.02 ~tm). 

Brush-Border Surface Areas 

EGF (48.10 +_ 2.57 0,m 2) and EGF-delayed con- 
ditions (65.63 _+ 8.40 ~ m  2) resulted in significantly 
increased surface areas compared to the sham (36.32 
_+0.96 ~ m  2) and control (39.21 _+ 1.24 ~ m  2) groups. 
Referring to Fig. 4, it is also noted that the N T  group 
(47.78 _+ 2.71 ~tm 2) has a significantly greater surface 
area than the sham group. In general, the greater sur- 
face areas were directly proportional to the increases 
in microvillus height in the treated animals. The  
width of the villi remained constant at 0.08 ~m un- 
der all experimental conditions. There appeared to be 
an increase in cell density in the EGF-delayed group 
(21.60 microvilli per 2 ~m of cell surface) compared 
to the EGF (18.89), N T  (19.64), control (20.50), and 
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Fig. 2. Representative electron micrographs ofmidjejunal mi- 
crovillus brush borders showing that a 1-week infusion of EGF 
(A) or N T  (B) elicits an increase in height when compared to 
control animals (C). Aside from changes in height, ultrastruc- 
ture remains similar with no distortion, damage, or other ab- 
normalities noted in the microvillus architecture. (• 30,000.) 
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" Fig. 3. Jejunal brush-border heights as determined by electron 
microscopy from midvillus region in sham, control, NT, EGF, 
and EGF-delayed study groups. Data are represented as mean 
+__ SEN[ (n = 4). EGF and EGF-delayed groups have signifi- 
candy higher microvillus height compared to sham and con- 
trol (**) groups. The N T  group has a significantly increased 
microvillus height compared to the control (*) group. 
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Fig. 4. Brush-border surface areas as determined by electron 
microscopy from midvillus regions of sham, control, NT, EGF, 
and EGF-delayed groups expressed in square micrometers. 
Data are represented as mean -+ SEN[ (n = 4). EGF and EGF- 
delayed groups have significantly greater surface area com- 
pared to sham and control (**) groups. The N T  group has a 
significandy greater surface area than the sham (*) group. The 
difference between the EGF-delayed and N T  or EGF groups 
is not significant at the P = 0.05 level. 
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sham (18.75) groups; since this value is squared in the 
surface area formula, it contributed to the rather high 
value for the EGF-delayed group. However, this ap- 
parent difference was not found to be statistically sig- 
nificant at the P = 0.05 level. 

D I S C U S S I O N  

Massive small bowel resection results in short 
bowel syndrome, a devastating medical condition with 
inherent physiologic ramifications that necessitate a 
lifelong dependence on TPN.  Moreover, T P N  itself, 
with its often concomitant complications of hepato- 
biliary dysfunction, sepsis, and vascular thrombosis, is 
a scenario best avoided if at all possible. To date, small 
bowel transplantation is not a viable option for most 
patients. Since bowel does attempt to adapt to mas- 
sive resection, a major therapeutic goal would be to 
stimulate these responses in hopes of reducing T P N  
dependency and being able to initiate enteral nutri- 
tion. Compensatory villus hypertrophy 15-17 and bowel 
lengthening occurs after resection, but it is often an 
inadequate response. Several groups have attempted 
to surgically increase lost surface area but this has not 
yet proved to be efficacious. 18 The  use of various gut 
peptides with their numerous trophic, secretory, and 
motility effects to achieve an adaptive response is a 
most attractive idea; the most advantageous hormone, 
however, along with its mode and timing of adminis- 
tration, still needs to be determined. 

In this study we have investigated two gut peptides, 
EGF and NT, and found them both to be effective 
when administered parenterally in inducing increases 
in microvillus height and absorptive surface area. 
EGF seemed to elicit a slightly greater response than 
N T  with significandy higher values than both sham 
and control animals in microvillus height and surface 
area. These trophic effects, however, caused no in- 
crease in gross villus height. We did see evidence of a 
generalized hypertrophy since segmental intestinal 
mass had increased in all groups including controls 
when compared to sham rabbits. There were no dif- 
ferences among experimental groups, and this com- 
pensatory hypertrophy is to be expected from the en- 
terectomy alone, even in the absence of exogenous 
trophic hormones. 

Studies in the literature reporting the effects of 
peptides in short gut animals on microvillus and villus 
heights are limited. Hardin et al. 3 infused rabbit jeju- 
nal loops with EGF and noted significant increments 
in brush-border surface area at both 30 and 120 min- 
utes after infusion, which were directly related to in- 
creases in microvillus height. Our data showing in- 
creased microvillus heights and surface areas support 
these results, and although we administered EGF for 

a longer period of time (1 week), the intestinal mu- 
cosa was sampled immediately after cessation of infu- 
sion. We likewise elicited no change in gross villus pa- 
rameters. There have been additional studies relating 
EGF to villus heights, but these are somewhat pe- 
ripheral since the short gut model was not employed. 
Instead, small bowel mucosa in rats was either ren- 
dered atrophic by an elemental diet 19 or damaged by 
methotrexate 2~ to determine whether EGF could re- 
verse these insults. One week of EGF achieved an in- 
crease in gross villus parameters in the elemental diet 
mucosa but not in mucosa exposed to methotrexate. 
There  have been, however, two reports specifically 
dealing with massive small bowel resection and N~F. 
In 80% resected rats, 14 days of subcutaneous N~[" in- 
creased gross villus heights and mucosal DNA with a 
greater response in jejunum than ileum. 12 Izukura et 
al., 21 likewise in rats, reported similar results after 7 
days of N T  with increases in mucosal weights, pro- 
tein, and RNA content. We demonstrated evidence of 
augmented microvillus height and surface area with 
N T  (as in EGF) but no evidence of amplified gross 
parameters, namely, villus length or intestinal mass. 
In part, some of these discrepancies in our own data 
may be attributed to differences in animal models and 
dosages. However, perhaps gross villus heights may 
be variable and too dependent on a multitude of con- 
ditions; changes in microvillus heights after peptide 
infusions may be more consistent markers of absorp- 
tive surface area. 

EGF may acutely exert its influence on brush-bor- 
der surface area by affecting the actin cytoskeleton of 
the microvillus. There  is evidence that EGF recep- 
tors are associated with actin filaments, and these fil- 
aments can polymerize after EGF stimulation. 22 
Moreover, the gain in brush-border surface area in- 
duced by mucosally administered EGF is not depen- 
dent on de nov() protein synthesis3,23; membrane lipid 
composition and physical properties also do not 
change. These findings suggest that the increase in 
surface area is due to redistribution of existing mi- 
crovillus plasma membrane from an intracellular 
source. 3 Whether  these mechanisms can be applied to 
N T  or other gastrointestinal hormones remains to be 
established. 

Our results suggest that changes in the brush bor- 
der, which are only visible by electron microscopy, oc- 
cur soon after peptide administration and before less 
subtle parameters of mucosal hyperplasia such as 
changes in villus height, total wall thickness, or in- 
testinal mass. Our microvilli determinations were per- 
formed on tissue taken immediately after termination 
of 1-week of infusion (except in EGF-delayed ani- 
mals). It is quite possible, however, that increases in 
microvillus height occur even before 1 week's time. 
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Indeed, topical application of EGF to rabbit jejunal 
loops disclosed an increase in microvillus height after 
just 30 minutes, 3 and it was concluded that EGF  
acutely upregulated surface area in the absence of 
DNA replication or protein transcription. Hence it is 
not surprising that we saw no gain in gross villus pa- 
rameters in spite of changes in microvillus height. 
These observations are consistent with the hypothesis 
that EGF and possibly N T  and other peptides aug- 
ment brush-border surface area by redistributing pre- 
formed enterocyte plasma membrane.  Increases in 
gross villus height and intestinal mass connote archi- 
tectural changes and DNA replication and may in- 
w)lve mechanisms other than surface membrane 
changes in individual cells. 

After perceiving such a rapid effect of EGF and 
N T  on microvillus histology, we did not expect our 
data to also reveal a persistent stimulation by EGF af- 
ter a 2-week discontinuance of therapy. Two other 
laboratories, however, have reported delayed effects 
after an initial dose of EGF in massively resected rab- 
bits. One group found that EGF markedly increased 
mucosal weight, glutamine uptake, and enzyme ca- 
pacity of maltase and aminooligopeptidase up to 6 
weeks after drug cessation. 24 Another study showed 
stimulation of maltase activity and upregnlated glu- 
cose absorption beyond infusion completion, s This  
persistent effect may be due to enhanced transporter 
affinity, and induction of greater numbers of trans- 
porters per enterocTte or alterations in the geographic 
distribution of glucose-transporting enterocytes on 
the villus. 2s However, since cnterocytes may travel up 
the villus and be sloughed within 2 to 4 days along 
with their newly acquired receptors or induced plasma 
membrane changes, perhaps it is the basal stem cells 
that are most significantly affected by EGE An alter- 
nate explanation is that EGF induces a t rophic  hor- 
monal factor that continues to be secreted after being 
initiated by EGE There  is some evidence that N T  
promotes mucosal growth indirectly by a stimulation 
of pancreaticobiliary secretions. 26 Moreover, signifi- 
cant increases in plasma enteroglucagon (a gut hor- 
mone) have been observed in resected rats treated 
with NT, suggesting that N T  brings about the release 
of entcroglucagon. 1_" 

C O N C L U S I O N  

Both N T  and EGF, by increasing microvillus 
height and absorptive surface area, augment the com- 
pensatory hyperplasia that occurs in remaining small 
bowel after massive enterectomy. In addition, the 
trophic effects of EGF persist after cessation of ther- 
apy. Administration of these peptides may be thera- 
peutically useful to ameliorate short bowel syndrome 

and enhance small bowel adaptation, especially dur- 
ing the early stages after massive resection. 
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Management of Advanced Duodenal Polyposis in 
Familial Adenomatous Polyposis 
Claudio Soravia, M.D., Terri Berk, M.S.S.A., Gregory Haber, M.D., Zane Cohen, M.D., 
Steven Gallinger, M.D., M.Sc. 

Patients with familial adenomatous polyposis (FAP) are at increased risk for the development of peri- 
ampullary cancer. The aim of this study was to evaluate the roles of endoscopic and surgical therapy in the 
management of advanced duodenal polyposis in FAP. From 1990 to 1995, seventy-four FAP patients 
were enrolled in a prospective endoscopic surveillance protocol. Among these, 11 (14.8%) developed ad- 
vanced duodenal polyposis and one had duodenal adenocarcinoma. Six patients underwent endoscopic re- 
scction of duodenal (n = 5) or ampullary adenomas (n -- 1). The following operations were performed in 
the remaining six patients: ampullectomy in four, open polypectomy in one, and a Whipple procedure in 
one. There was one patient who died of acute pancreatitis following endoscopic ampullectomy. The pa- 
tient with invasive duodenal cancer died of local recurrence. Small polyps were observed at the site of pre- 
vious resection in all (9 of 9) patients undergoing repeat endoscopy during a mean follow-up of 18 months 
(range 4 to 34 months). An endoscopic and local surgical resectional approach to advanced duodenal 
polyposis in FAP is fraught with high recurrence rates, although recurrent polyps are small and may be 
amenable to retreatment in the future. Long-term follow-up is necessary to prove that deaths from duo- 
denal or ampullary cancer are prevented with this strategy. (J GASTROINTEST SURG 1997;1:474-478.) 

Duodenal polyposis develops in up to 90% of pa- 
tients with familial adenomatous polyposis (FAP). 1 
With  the widespread acceptance of  prophylactic 
colectomy for patients with FAP, these persons remain 
at increased risk for developing gastrointestinal cancer 
in the retained rectum 2 and in the duodenum. 3-7 Al- 
though the natural history of duodenal polyposis in 
FAP is not fully understood, a mean of approximately 
22 years has been observed between the diagnosis of 
FAP and the development of duodenal or ampullary 
cancer. 8 However, there are no accurate predictive 
factors, either clinical, genetic, endoscopic, or histo- 
logic, to clearly identify patients who are prone to de- 
velop duodenal or ampullary cancer. 

At present, our policy is to screen FAP patients 
regularly by means of repeated upper gastrointestinal 
(UGI) endoscopic examinations. Selective surgical or 
endoscopic treatment is advised for patients with ad- 
vanced or progressive duodenal polyposis. This report 
presents our experience in 12 consecutive patients 
who had advanced duodenal polyposis along with a 
review of the literature. 

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

Between January 1990 and December 1995, a total 
of 74 FAP patients were prospectively enrolled in an 
UGI  endoscopic surveillance protocol. Our method 
for staging duodenal polyposis, as well as our surveil- 
lance schedule and treatment recommendations, are 
outlined in Table I. All endoscopic examinations are 
performed with a side-viewing endoscope, and multi- 
ple biopsy specimens are taken from the gastric and 
duodenal mucosa, from the ampulla of Vater, and 
from visible lesions. Surgical or endoscopic resection 
is advised according to the resectability of the ade- 
noma and the location in the duodenum. If cancer is 
diagnosed, radical surgery is advised. Among the en- 
tire group of 74 screened FAP patients, 11 (14.8%) 
developed advanced duodenal polyposis, and another 
patient developed duodenal cancer shortly after his 
first endoscopy at the age of 58 years. There were 
nine men and three women whose mean age was 47.4 
years (range 33 to 62 years). Age at prophylactic col- 
orectal surgery, duodenal therapy, and clinical out- 
come were reviewed. 

From the Department of Surgery, and Steve Atanas Stavro Familial Gastrointestinal Cancer Registry, Mount Sinai Hospital, and the 
Department of Medicine (G.H.), Wellesley Hospital, University of Toronto, "Ibronto, Ontario, Canada. 
Reprint requests: Steven Gallinger, M.D., Department of Surgery, Suite 1225, Mount Sinai Ilospital, 600 University Ave., Toronto, 
Ontario, M5G 1X5, Canada. 
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Table I. Criteria for grading duodenal polyposis severity in FAP 

Grade Endoscopic morphology Histology Recommendation 

1 Normal Normal 
2 Normal or polyp 1-2 mm Adenoma 
3 Polyp 2.1-10 mm Adenoma 
4 Polyp >I0 mm Adenoma 
5 Any polyp or mass Adenocarcinoma 

EGD every 5 years 
EGD every 3 years 
EGD every 6 months 
Endoscopic/surgical resection 
Radical surgery 

EGD = esophagogastroduodenoscopy. 

R E S U L T S  

The  mean age at the time of the colorectal proce- 
dure was 29.3 years (range 18 to 47 years), and the 
mean elapsed time from colorectal surgery to treat- 
ment  of duodenal polyps was 18.5 years (range 2 to 
44 years). Mean time from advanced duodenal poly- 
posis diagnosis to duodenal adenoma resection was 
3.2 years (3 months to 9 years). Table II summarizes 
the demographic data of these 12 patients. According 
to our staging system, grade 4 or benign duodenal 
polyposis was observed in 11 patients and grade 5 or 
malignancy in one. 

In the endoscopically treated group, one patient 
died following resection of an ampullary adenoma. 
This patient presented 2 hours after endoscopic am- 
pullectomy with severe abdominal pain due to hem- 
orrhagic pancreatitis. She died 3 days later of acute 
respiratory distress syndrome and multiple organ 
failure. The  patient with invasive duodenal carcinoma 
underwent  a local duodenal  resection, as radical 
surgery was contraindicated because of his concomi- 
tant severe coronary artery disease. The  only postop- 
erative complication was a transient low-output duo- 
denal fistula following open polypectomy. 

Patient 8 was advised to have a Whipple operation 
because of the presence of numerous areas of flat but 
severely dysplastic mucosa throughout the duodenum. 

Mean follow-up after the duodenal procedure was 
18 months  (range 4 to 34 years). Patient 6 died 19 
months after duodenal tumor resection of peritoneal 
carcinomatosis. In the remaining patients who are still 
alive, side-viewing endoscopic surveillance has been 
ongoing beginning within 1 year following endo- 
scopic or surgical resection. Patient  8, who had a 
Whipple  operation, has not  yet undergone  endo- 
scopic evaluation of his afferent loop but this is 
planned. Overall, polyp recurrence was observed in 
all nine of the surviving patients at the site of previous 
endoscopic polypectomy or surgical resection. Recur- 
rent polyps are small (<2 mm) and to date are only 
mildly dysplastic. 

D I S C U S S I O N  

The  principal findings from this study are as fol- 
lows: (1) 11 (15%) of 74 FAP patients prospectively 
enrolled in an UGI  endoscopic surveillance protocol 
developed advanced duodenal polyposis; (2) selective 
endoscopic or surgical resection has proved feasible 
in removing large polyps, although recurrence rates 
are high; and (3) endoscopic ampullectomy resulted 
in a postprocedure death from hemorrhagic pancre- 
atitis and we therefore do not support its use for re- 
moving ampullary adenomas. 

Epidemiologic studies have demonstrated a gen- 
eral populat ion incidence for duodenal /ampullary 
adenocarcinoma of 1%,9 whereas in FAP registries an 
incidence of 4.5% is reported. 80fferhaus et al. 4 esti- 
mated that the risk of periampullary cancer in FAP 
patients is 100 to 300 times that of a control popula- 
tion. Recently, familial segregation has been demon- 
strated with respect to the severity of periampullary 
tumors in FAP kindreds, t~ These findings underscore 
the need for endoscopic surveillance, especially in 
high-risk families. 11-14 Side-viewing endoscopy to- 
gether with multiple biopsies of normal and adeno- 
matous mucosa is important to properly evaluate the 
duodenum.  6 At present, our  recommendat ions  in- 
clude endoscopic examination every 3 to 5 years for 
patients with stages I and II disease; UGI  endoscopic 
surveillance every 6 months  for stage III duodenal  
polyposis, and endoscopic or surgical resection of 
stage IV duodenal adenomas. 

Histologic studies support the hypothesis that an 
adenoma-to-carcinoma sequence occurs during the 
development of duodenal and ampullary cancer in pa- 
tients with FAP. 5,15-18 Yet the natural history of peri- 
ampullary malignancy in FAP is unclear. It is also con- 
troversial whether  the adenoma-to-carcinoma se- 
quence in the duodenum is similar to that in the colon 
and the rectum, since both similarities and differences 
exist in somatic molecular genetic alterations in neo- 
plasms from the two sites. 19 The  location of the ade- 
nomas in the ampullary and periampullary region 
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suggests that bile might be partly responsible for the 
malignant transformation of the periampullary mu- 
cosa. 2~ Jagehnan et al. ~ estimated an average time of 
22 years for the development of duodenal or am- 
pullary malignancy following colectomy in FAP pa- 
tients. In our series a mean elapsed period of 18.5 
years was observed between prophylactic colorectal 
surgery and the duodenal procedure. There  are dif- 
ferences between Japanese and Western FAP series 
with regard to location of UGI adenomas. ~ ~-23 Japan- 
ese series have reported more gastric than duodenal 
adenomas in FAP patients and more gastric than duo- 
denal cancers, s These differences may be explained by 
the variable phenotypic expression of FAP, and envi- 
ronmental factors such as diet may also play an im- 
portant role. 

Surgery is still our preferred method for removal 
of large adenomas (>3 cm), especially those located in 
the immediate ampullary region. Local surgery (am- 
pullectomy) is probably appropriate in cases of non- 
malignant adenoma, whereas radical surgery is neces- 
sary for duodenal or ampullary carcinoma. 24,25 Be- 
cause extensive polypectomy carries a high recurrence 
rate, 2(' radical surgery for benign adenoma might be 
contemplated if rapid growth is observed, in cases of 
large adenomas (>4 cm) located at the ampulla or in 
the periampullary region, or if the adenoma has a vil- 
lous architecture and/or severe dysplasia, s,27,2~ When- 
ever invasive carcinoma is diagnosed, a Whipple pro- 
cedure is advised. 2')32 Following more conservative sur- 
gical procedures, the recurrence rate for duodenal ade- 
noma is high and ranges from 33% to 100% 24,26.~o,~2 
(Table HI). Endoscopic resection of adenomas is an 
attractive approach but requires considerable exper- 
tise 33 since complications from endoscopic resection 
can be disastrous. 34-3(' 

At least two conflicting conclusions may be drawn 
from this report. From a negative perspective, all pa- 
tients in our series have developed recurrent polyps 
at previous sites of local resection. On the basis of the 
high recurrence rate alone, it can be suggested that 
our approach to duodenal polyposis in FAP is inap- 
propriate and more radical surgery (perhaps a pro- 
phylactic classical Whipple operation or pylorus-pre- 
serving duodenopancreatectomy) is justified for these 
patients (Parc R, personal communication). However, 
a contrasting argument can be presented since, to 
date, recurrent polyps are very small and only mildly 
dysplastic. Given the unclear natural history of duo- 
denal polyps in FAP, it seems reasonable to suggest 
that many years will pass before recurrent polyps 
progress to large, severely dysplastic lesions. More- 
over, close endoscopic surveillance will be maintained 
for all these patients. Mthough morbidity and mor- 
tality rates for the Whipple operation are now ac- 

ceptably low, little is known about the long-term ef- 
fects of radical pancreaticoduodenectomy for young 
patients such as those in our FAP population. Fur- 
thermore, it is likely that recurrent polyps would de- 
velop in the afferent loop following the Whipple op- 
eration. 

It is obvious that novel pharmacologic approaches 
are needed to prevent recurrence following resection, 
since drugs such as sulindac appear to have only mi- 
nor efficacy in the UGI tract of patients with FAP. 37 

The  outcome of patient 6 deserves special com- 
ment. Despite yearly UGI surveillance over a 5-year 
period, he was found to have invasive duodenal ade- 
nocarcinoma. It is important, however, to mention 
that he entered the UGI endoscopic surveillance pro- 
tocol at a later age in comparison to the other pa- 
tients. This may explain why, despite surveillance, he 
was found to have invasive duodenal carcinoma. We 
currently recommend initiating UGI endoscopic sur- 
veillance in FAP patients at 25 to 30 years of age. 

This series demonstrates that a selective endo- 
scopic or surgical approach to FAP patients with ad- 
vanced duodenal polyposis may be worthwhile, al- 
though longer follow-up is needed to prove that 
deaths from cancer have been prevented. In the sur- 
gical group there were no procedure-related deaths, 
and morbidity was acceptable. In addition, the death 
of the patient who underwent postendoscopic ampul- 
lectomy indicates that this form of treatment is not 
advisable. 

C O N C L U S I O N  

Although no uniform consensus exists among lAP 
registries for the management of advanced duodenal 
polyposis in patients with FAP, we believe that a tai- 
lored endoscopic or surgical resectional approach is 
feasible. However, prospective multicenter studies are 
needed to develop management protocols that are not 
only standardized but also cost-effective. 
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Helicobacter pylori May Cause 
After Gastrectomy 

"Reflux" Gastritis 

Yoshi Nagahata, M.D., Yasutomo Azumi, M.D., Norihisa Numata, M.D., Masafumi Yano, M.D., 
Teruyuki Akimoto, M.D., Yoichi Saitoh, M.D., EA.C.S. 

Patients with "reflux" gastritis after gastrectomy suffer from a variety of symptoms, and this type of gas- 
tritis may sometimes compromise the quality of life of these patients. Since Helicobacterpylori is consid- 
ered to be one of the most important pathogenetic factors in gastritis, the association between H. pylori 
and reflux gastritis was investigated in this study. A total of 145 patients with gastrectomy were entered 
into the study. Five biopsy specimens from the gastric remnant were taken at upper gastrointestinal en- 
doscopy. One specimen was examined pathohistologically, and the remaining four were examined for H. 
py/or/infection. Fifty-two patients (36%) demonstrated H. py/ori infection. The prevalence ofH. py/orT" was 
significantly higher in patients who had a partial gastrectomy, and it was significantly lower in patients 
who had undergone gastrectomy more than 4 years previously. The histologic gastritis score in patients 
with H. pylori infection was significantly higher. Furthermore, H. py/ori was eradicated in patients with 
some symptoms of gastritis and no bile reflux to the residual stomach at endoscopy; in these patients the 
symptoms were relieved and the histologic gastritis score decreased significantly. In conclusion, possible 
involvement of H. pylori is suspected in the pathogenesis of "nonreflux" gastritis after gastrectomy. 
(J (~,ASTROINrrEST SURG 1997; 1:479-486.) 

"Reflux" gastritis, which occasionally occurs after 
gastrectomy, is associated with various symptoms such 
as abdominal pain, nausea, emesis, and loss of  ap- 
petite? This gastritis may eventually compromise the 
patient's quality of life? Reflux of intestinal fluid con- 
taining bile juice to the residual stomach has been 
considered a primary pathogenetic factor in this type 
of gastritis. 3 Medical treatment has been directed to- 
ward dietary manipulation, improved gastric empty- 
ing, reduction of hydrochloric acid secretion, and bile 
salt binding by cholestyramine. However, these mea- 
sures have often been unsuccessful. 2,4,5 Surgery is 
sometimes performed to divert intestinal fluids away 
from the residual stomach. However, prevention of 
reflux by surgical means does not always bring relief 
from the gastritis symptoms. In fact, there may be 
pathogenetic factors other than the reflux that cause 
the gastritis. 

Helicobacterpylori is considered one of the most im- 
portant pathogenetic factors in gastritis and gastro- 
duodenal ulcers and may be associated with nonulcer 
dyspepsia. 6-8 Eradication of tl. pylori has been shown 

to improve gastritis and gastroduodenal ulcers. 9,1~ 
The  presence of H. pylori is closely associated with 
histologic gastritis, and the number of bacteria pres- 
ent is related to the severity of the gastritis.ll Thus it 
is possible that H. pylori may cause reflux gastritis af- 
ter gastrectomy. The association between H. pylori in- 
fection and this reflux gastritis was investigated in the 
present study. 

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

A total of 145 patients who underwent gastrectomy 
between May 1993 and March 1996 were enrolled in 
this study. Some patients, however, were excluded 
from participation for the following reasons: total gas- 
trectomy, recurrence of gastric cancer, presence of  
stomal ulcers, and administration of drugs such as an- 
tibiotics, corticosteroids, nonsteroidal anti-inflamma- 
tory drugs, antacids, H 2 receptor antagonists, antise- 
cretory agents, or sucralfate. Informed consent was 
obtained from all patients participating in the study. 

From the First Department of Surgery, Kobe University School of Medicine, Kobe, Japan. 
Presented at the Thirty-Seventh Annual Meeting of The Society for Surgery of the Alimentary Tract, San Francisco, Calif., May 19-22, 1996. 
Reprint requests: Yoshi Nagahata, M.D., First Department of Surgery, Kobe University School of Medicine, 7-5-2 Kusunoki-cho, Chuo- 
ku, Kobe 650,Japan. 
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Operative resection procedures were classified as ei- 
ther partial gastrectomy or subtotal gastectomy, ac- 
cording to whether the procedure involved cutting of 
the short gastric arteries at the greater curvature. Re- 
section without this procedure was considered partial 
gastrectomy. The  resectioned amount  was approxi- 
mately two thirds of the stomach in the partial gas- 
trectomy and more than four fifths of the stomach in 
the subtotal gastrectomy. 

S tudy  Protocol 

Upper gastrointestinal endoscopy was performed 
after an overnight fast. Five mucosal biopsy specimens 
were taken from the residual stomach using sterilized 
biopsy forceps. Endoscopes were cleansed, disin- 
fected, and rinsed. Gastric biopsy specimens were 
taken from the lesser and greater curvature, within 2 
cm from the gastroduodenostomy or gastrojejunos- 
tomy. Two of the five specimens were then sent for 
bacteriologic examination and two specimens were 
exanfined by the urease test. The  remaining specimen 
was prepared for histologic examination. Since ery- 
thema without edema is often observed in the gastric 
mucosa after gastrectomy, endoscopic gastritis was di- 
agnosed according to the Sydney system': at a dis- 
tance of 2 cm or more from the anastomosis by the 
presence of two or more of the following conditions: 
edema, erythema, friability, exudate, erosion, hyper- 
plasia, atrophy, visibility of the vascular pattern, in- 
tramural bleeding spots, or nodularity. 

Bacteriologic Assessment 

Two biopsy specimens were immediately trans- 
ported to the laboratory and processed within 30 min- 
utes of collection. The  specimens were cultured us- 
ing Skirrow plates made of blood agar and a Campy- 
lobacter-selective supplement. These plates were in- 
cubated at 37 ~ C in a microaerophilic environment 
(5% oxygen) for 5 days. The  remaining two biopsy 
specimens were immediately placed into the urea- 
containing well of the stat urease test (Asuka; PML 
Microbiologicals, Portland, Ore.). 

Histologic Assessment 

A formalin-fixed biopsy specimen was embedded 
in paraffin and sections were stained with hematoxylin 
and eosin. The  degree of gastritis was best determined 
by the gastritis score devised by Rauws et al) 3 (Rauws' 
score), which consisted of the following four parame- 
ters: density of the inflammatory infiltrate in the lam- 
ina propria (0 to 2); density of polymorphonuclear  
leukocytes in the lamina propria (0 to 3); presence of 
intraepithelial polymorphonuclear leukocytes (0 to 3); 
and superficial erosion (0 to 2). 

Table I. Patients 

H. py/or/ H. py/or/ 
(+) ( - )  "lbtal 

No. of patients 52 (36%) 93 (66%) 145 
Sex (M:F) 39:13 61:32 100:45 
Primary disease 

Gastric cancer 42 (39%) 65 (61%) 107 
Gastroduodenal 9 (30%) 21 (70%) 30 

ulcers 
Others I (13%) 7 (87%) 8 

Eradication Assessment 

Eighteen patients with H. priori infection who had 
severe symptoms of gastritis and showed no obvious 
bile reflux on endoscopic examination were treated 
with amoxicillin, 1500 mg three times daily for 5 days; 
omeprazole, 20 mg once daily; and sofalcone, 300 mg 
three times daily for 4 weeks. Endoscopy was per- 
formed more than 3 months after the end of treat- 
ment, at which time bacteriologic and histologic as- 
sessments were also performed. 

Gastric Acid Output, Pepsinogen, and 
Digestive Hormone Determination 

Preoperative and postoperative gastric acid output 
was determined as basal acid output (BAO) and max- 
imal acid output (MAO) using tetragastrin at a dosage 
of 4 mg/kg. Serum pepsinogen I and II, gastrin and 
secretin, and plasma somatostatin levels were also de- 
termined. 

Statistical Methods 

Values were expressed as mean + standard devia- 
tion. Statistical analyses were performed by means of 
Student's t test, Fisher's exact test, and chi-square 
analysis. A P value <0.05 was considered significant. 

R E S U L T S  
Patients 

Fifty-two (36%) of the 145 patients demonstrated 
H. pylo~q infection. Hpylori prevalence was 39% in pa- 
tients with gastric cancer and 30% in patients with 
gastroduodenal ulcers (Table I). The  surgical proce- 
dures performed were subtotal gastrectomy in 45 and 
partial gastrectomy in 100 patients, respectively. H. 
priori prevalence in patients with partial gastrectomy 
(42 %) was significantly (P <0.05) higher than in those 
with subtotal gastrectomy (22%). Reconstruction 
procedures were gastroduodenostomy in 82 and gas- 
trojejunostomy in 63 patients, respectively. H. pylori 
prevalence was 37% in patients with gastroduodenos- 
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Table II. Operative procedures 

14. pylori (+) H. trylori ( - )  Total 

Resection 
Subtotal gastrectomy 10 (22%) 35 (78%) 45 
Partial gastrectomy 42 (42%) 58 (58%) 100" 

Reconstruction 
Gastroduodenostomy 30 (37%) 52 (63%) 82 
Gastrojejunostomy 22 (35%) 41 (65%) 63 

*P <0.05 vs. subtotal gastrectomy. 

Table III. Gastric acid output 

Before operation After operation 
(mEq/hr) (mEq/hr) % Decrease 

Subtotal gastrectomy (n = 2 3) 
BAO 2.5 _+ 2.6 0.3 + 0.4 88 
MAO 8.9 +_ 4.5 0.9 + 0.7* 90 

Partial gastrectomy (n = 39) 
BAO 2.7 + 2.6 0.6 + 0.5 78 
MAO 8.6 _+ 4.4 2.3 _+ 2.0 73 

BAO = basal acid output; MAO = maximal acid output (tetragastrin, 4 ixg/kg). 
*P <0.01 vs. partial gastxectomy. 

Table IV. Association between endoscopic gastritis 
and H. pylori infection 

H. py/or/(+) /4. py/or/ ( - )  Total 

Gastritis (+)  26 (38%) 43 (62%) 69 
Gastritis ( - )  26 (34%) 50 (66%) 76 

tomy and 35% in patients with gastrojejunostomy, 
which was not significantly different (Table II). 

H. pylori prevalence was considerably higher in pa- 
tients in their fifties or younger. However, the preva- 
lence decreased with age and was only 20% in pa- 
tients in their seventies and 17% in those in their 
eighties (Fig. 1). When considering time elapsed since 
gastrectomy, H. pylori prevalence was 54% when it 
had been less than a year since surgery, 43 % between 
1 and 3 years, 29% between 4 and 10 years, and 17% 
when more than 10 years had passed since gastrec- 
tomy. The  prevalence decreased significantly (P 
<0.05) with time elapsed since gastrectomy (Fig. 2). 

Gastric Acid Output, Pepsinogen, and 
Diges t ive  Hormones  

As shown in Table III, the MAO value in subtotal 
gastrectomy was significantly (P <0.01) lower than in 

partial gastrectomy. There  was no significant differ- 
ence, however, in the BAO value between the two op- 
erative procedures after gastrectomy (Table III). Val- 
ues for serum pepsinogen I and II after partial gas- 
trectomy are shown in Fig. 3. There  was no signifi- 
cant difference in serum pepsinogen I and II levels 
and in the pepsinogen UII ratio between patients with 
and without H. pylori infection (see Fig. 3). Serum 
gastrin, secretin, and plasma somatostatin levels after 
partial gastrectomy were determined and were shown 
not to be significantly different between patients with 
and without H. pylori infection (Fig. 4). 

H. pylori Infection and Endoscopic Gastr i t is  

Twenty-six (38%) of 69 patients with endoscopic 
gastritis were infected with H. pylori, whereas 26 (34%) 
of 76 patients without endoscopic gastritis were in- 
fected with H. pylori. There was no significant differ- 
ence in the rate ofH. pylori infection between patients 
with and without endoscopic gastritis (Table IV). 

Rauws' Score 

Rauws' scores in patients with H. pylori infection 
(6.7 _+ 1.6) were significantly (P <0.01) higher than 
in those without H. pylori infection (2.3 +_ 1.5). For 
each parameter the score was significantly (P <0.01) 
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Fig. 1. Relationship between tL pylori prevalence 
and age. The  prevalence decreased in patients in 
their seventies or older. 

Fig. 2. Relationship between H. pylori preva- 
lence and time since gastrectomy. The  preva- 
lence decreased significantly with time elapsed 
since gastrectomy (P <0.05). 
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UII raft() (right) in patients with partial gas- 
trectorny. Patients with subtotal gastrec- 
tomy were excluded. 
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Fig. 4. Serum gastrin, secretin, and plasma somatostatin levels in patients with partial gastrectomy. 
Patients with subtotal gastrectomy were excluded. 

Tab le  V. Rauws' score 

Pararae ter  H. gy/or/(+) H. py/or/(-) 

Inflammatory infiltrate 1.6 + 0.5* 1.0 + 0.7 
in the lamina propria 

Polymorphonuclear leukocytes 2.4 _+ 0.7* 0.7 _+ 0.8 
in the lamina propria 

Intraepithelial polymorphonuclear 1.9 _+ 0.8* 0.3 _+ 0.4 
leukocytes 

Superficial erosion 0.8 + 0.7* 0.3 + 0.5 
TOTAl. SCORE 6.7 + 1.6" 2.3 + 1.5 

*P <0.01 vs. H. py/ori (-). 

Tab le  VI.  Change in Rauws' score after eradication 

Before  Af ter  
eradicat ion  erad ica t ion  

Rauws' score 6.3 + 1.6 1.2 + 1.0" 

*P <0.01 vs. before eradication. 

h igher  in pa t ien ts  with 1t. pylori infect ion than  in 
those wi thout  H. pylori infection (Table V). 

E r a d i c a t i o n  

Sixteen (89%) of  the 18 patients with H. pylori in- 
fection had their infections successfully eradicated, af- 

ter which their  symptoms  improved.  Rauws'  scores in 
these 16 patients decreased remarkably  after eradica- 
tion o f H .  pylori. T h e  average Rauws'  score after erad- 
ication (1.2 + 1.0) was significantly (P <0.01) lower 
than before eradication (6.3 _+ 1.6; Table VI). 

D I S C U S S I O N  

T h e  rate o f  H. pylori infection was repor ted  to be 
60% to 80% in patients with gastric cancer and 70% 
to 90% in patients with gas t roduodenal  ulcers. 9,14-18 
T h e  rate in patients with gastrectomy, however, was 
reported to be 40% to 56% 19-21 compared  to the 36% 
in the p resen t  study. H. pylori preva lence  was con-  
s iderably  lower  af ter  gas t rec tomy.  W i t h  regard  to 
the p r i m a r y  disease tha t  necess i ta ted  gas t rec tomy,  
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H. pylori prevalence was 39% in patients with gastric 
cancer and 30% in patients with gastroduodenal ul- 
cers. H. pylori prevalence was twofold greater in pa- 
tients with partial gastrectomy compared to subtotal 
gastrectomy. The incidence ofH. pylori infection was 
reported to be higher at the antrum pyloricum than 
at the corpus gastricum and showed a highly signifi- 
cant positive correlation with acid output of the stom- 
ach. 22 The decrease in the gastric acid output after 
gastrectomy was greater in the patients with subtotal 
gastrectomy compared to those with partial gastrec- 
tomy, as shown in Table III. These results are possible 
reasons for the decrease in the prevalence ofH. pylo~4 
in the patients with subtotal gastrectomy. H. pylori 
prevalence was 54% when assessed less than a year af- 
ter gastrectomy. The prevalence was 43 % when 1 to 3 
years had passed since gastrectomy, the rate dropped 
to 29% between 4 and 10 years, and reached the very 
low rate of 17% more than 10 years after surgery. 
This result may imply that H. pylori prevalence after 
gastrectomy decreases gradually with age in the pre- 
sent study, although the prevalence was reported to 
increase with age up to the seventies in patients with 
a whole s t o m a c h .  23-25 

Why then did the prevalence of H. pylori infection 
decrease after gastrectomy? The intragastric condi- 
tions changed after gastrectomy. These changes in- 
volved many factors such as the amount of gastric mu- 
cosa remaining, the distribution of H. pylon" within the 
stomach, the intragastric pH, aggravation of mucosal 
atrophy, augmentation of intestinal metaplasia, and 
bile reflux to the residual stomach. Acid output corre- 
lated well with the occurrence of H. pylori. The preva- 
lence of It. pylori was 10% in achlorhydria and rose 
to 100% in cases where acid output was greater than 
30 mmol/hr. 22 The decrease in the H. pylori preva- 
lence was accompanied by aggravation of the gastric 
mucosal atrophy and augmentation of intestinal meta- 
plasia, which increased after g a s t r e c t o m y .  26,27 The ex- 
act reason for the decline in the rate of H. pylori in- 
fection in patients with gastrectomy is still unknown; 
however, reflux of bile juice is a prime suspect because 
bile inhibits H. pylori growth. 28 Thus H. pylori could 
barely survive in the residual stomach. It may then be 
postulated that H. pylori can inhabit the stomach be- 
fore gastrectomy, remain alive for some time after the 
surgery, and gradually decrease in the gastric remnant 
year by year. An exact conclusion has not been 
reached since H. pylori infection was not investigated 
in all patients before gastrectomy in this study. It is 
generally accepted that after gastrectomy some symp- 
toms gradually abate after sufficient time has passed 
since the operation, and this phenomenon is known 

as postoperative adaptation. The  decreasing preva- 
lence of H. pylori more than 4 years after surgery may 
be a potential cause of this phenomenon. 

Serum pepsinogen I and II levels and the H I  ratio 
are considered markers of the degree of atrophic gas- 
tritis, which is associated with H. pylori infection. 
Slightly higher levels of pepsinogen I and I/II ratio 
were seen in patients with H. pylori infection com- 
pared to patients without H. py/ori infection; however, 
no significant differences were shown in the present 
study. 11. pylori infection is believed to increase the 
serum gastrin level 2~ and to affect the plasma somato- 
statin level. 3~ However, there were no significant dif- 
ferences in serum gastrin, plasma somatostatin, and 
serum secretin levels between patients with and with- 
out H. pylori infection. In the present study, serum 
pepsinogen, serum gastrin, plasma somatostatin, and 
serum secretin were determined in approximately one 
third of the patients in total. The results in this study 
may reflect the selection bias of the patients or our 
sample may have been too small. Further investiga- 
tions should continue with regard to these issues. 

Only 38% of patients with endoscopic gastritis had 
H. pylori infection, although 34% of patients without 
endoscopic gastritis had H. pylori infection. These re- 
sults may cause errors in the endoscopic diagnosis of 
gastritis. It was not possible to reliably predict the 
presence of histologic gastritis based on endoscopic 
appearance 31,32 so the Rauws' score, which is more ac- 
curate in determining the degree of gastritis, 13 was 
adopted. Rauws et al. 13 obtained four specimens ran- 
domly at upper gastrointestinal endoscopy; however, 
they did not discuss any significant differences in the 
gastritis scores among the four specimens. We ob- 
tained one biopsy specimen for histologic evaluation 
in-this study, and there may be some limitations to 
gteneralizing gastric histologic findings based on a sin- 
gle specimen. Initially we obtained three biopsy spec- 
imens for histologic evaluation from the residual 
stomach at random, within 2 cm from the anastomo- 
sis, and determined the Rauws' score for each speci- 
men in a preliminary study of 10 patients. An actual 
difference in Rauws' scores within each specimen 
from the same residual stomach at the same time was 
less than two in eight cases and was two in two cases. 
In no case was there a difference of more than two in 
Rauws' scores. From these preliminary results we 
took only one biopsy specimen at random within 2 cm 
from the anastomosis. Although gastritis may occur 
in any part of the residual stomach, this site seemed to 
adequately represent the gastritis. Rauws' scores in 
the patients with H. priori infection were significantly 
higher compared to those without tl. pylori infection. 
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The etiology of this gastritis, which was histologically 
proved, possibly involved H. pylori infection unless 
bile reflex to the residual stomach was seen. Although 
bile reflux is an important factor in the pathogenesis 
of  gastritis, H. pylori infection also seems to be a 
pathogenetic factor inasmuch as prevention of the re- 
flux cannot always cure the gastritis. 33 Further inves- 
tigation of  the consistent perioperative period, in- 
cluding preoperative investigation of  H. pylori infec- 
tion, should further clarify this issue. 

Eighteen patients who complained of severe gas- 
tritis symptoms without bile reflux at endoscopy were 
treated for H. pylori eradication. In 16 of these pa- 
tients the symptoms improved and the Rauws' score 
decreased with successful eradication. There are var- 
ious regimens for H. pylori eradication 8,9,34 that pro- 
duce successful eradication rates of 60% to 80%. Be- 
cause bismuth salt had various adverse effects on ei- 
ther the gastrointestinal tract or the central and pe- 
ripheral nervous system, our regimen consisted of a 
combination of  amoxicillin, omeprazole, and sofal- 
cone (2'-carboxymethoxy-4,4'bis [3-methyl-2-buten- 
yloxy] chalcone), ~ which is effective in the treatment 
of gastric ulcers. The minimum inhibitory concentra- 
tion of this drug was as low as that of bismuth salt, 36 
and it also produced no severe adverse effects. 34 
Amoxicillin and omeprazole are recognized as useful 
in eradicating H. pylori. A considerably high eradica- 
tion rate of 89% was achieved in the present study. 
Reflux of bile juice usually occurs in patients with gas- 
trectomy and the bile juice inhibited the growth of H. 
pylori. 2~ Decreased acid output after gastrectomy may 
aid in the eradication of H. pylori since many antibi- 
otics are effective and stable at middle pH. 3~,37 The 
postoperative decrease in acid output itself may con- 
tribute to the high eradication rate. Furthermore, the 
maximal gastric acid output after subtotal gastrectomy 
was significantly lower than that after partial gastrec- 
tomy, and H. pylori prevalence in patients with subto- 
tal gastrectomy was lower than in those with partial 
gastrectomy. This confirms the relationship between 
H. pylori infection and gastric acid output. ~Vith a low 
acid output H. pylori has difficulty surviving in the 
residual stomach. On these grounds a high eradication 
rate was achieved in the patients with gastrectomy. 

Consequently the Rauws' scores in patients with H. 
pylori infection were significantly higher than in those 
without H. pylo~q infection, and eradication of H. pylori 
was associated not only with improvement in the 
symptoms of gastritis but also with a decrease in the 
Rauws' score, tI. pylori is possibly involved in the 
pathogenesis of  "nonreflux" gastritis after gastrec- 
t o m y .  

REFERENCES 

1. Van Heerden JA, Phillips SE Adson MA, Mcllrath DC. Post- 
operative reflux gastritis. AmJ Surg 1975;129:82-88. 

2. Nath BJ, Warshaw AL. Alkaline reflux gastritis and esophagi- 
tis. Ann Rev Med 1984;35:383-396. 

3. Ritchie WP. Alkaline reflux gastritis: A critical reappraisal. Gut 
1984;25:975-987. 

4. Burden WR, tlodges RP, Hsu M, O'IJearyJP. Alkaline reflux 
gastritis. Surg Clin North Am 1991;71:33-44. 

5. Roberts JW, Hardin WJ. Postoperative bile gastritis. Surg 
Clin North Am 1979;59:781-786. 

6. Warren JR, Marshall BJ. Unidentified curved bacilli on gas- 
tric epithelium in active chronic gastritis. Lancet 1083; 1 : 1273- 
1275. 

7. Marshall BJ, Warren JR. Unidentified curved bacilli in the 
stomach of patients with gastritis and peptic ulceration. I,ancet 
1984;1:1311-1315. 

8. Cutler AF, Schubert "IT. Long-term I lelicobacter pylori re- 
currence after successful eradication with triple therapy. Am J 
Gastroenterol 1993 ;88:1359-1361. 

9. Bell GD, Powell KU. Eradication of Helicobacter pylori and 
its effect in peptic ulcer disease. Scand J Gastroenterol 
1993;28:7-11. 

10. Lanza FI,, Skoglund ML, Rack MF, YardleyJH. The effect of 
bismuth subsalicylate on the histologic gastritis seen with 
Campylobacter pylori: A placebo-controlled, randomized 
study. Am J Gastroenterol 1989;84:1060-1064. 

11. McNulty CAM, Watson DM. Spiral bacteria of the gastric 
antrum. Lancet 1984;1:1068-1069. 

12. Tytgat GNJ. The Sydney system: Endoscopic division. Fndo- 
scopic appearances in gastritis/duodenitis. J Gastroenterol 
Hepatol 1991;6:223-234. 

13. Rauws EA, Langenberg %u Houthnff HJ, Zanen HC, Tytgat 
GNJ. Campylobacter pyloridis-associated chronic active gas- 
tritis: A prospective study of its prevalence and the effects of 
antibacterial and antiulcer treatment. Gastroenterology 
1988;94:33-40. 

14. Andreica u Suciu A, Dumitrascu I), Draghici A, Pascu O, Su- 
ciu M, Ban A. Biochemical changes induced by Campylobac- 
ter pylori in the gastric juice. Rev Roum Med Int 1990; 
28:145-152. 

15. Blaser MJ. Helicobacter pylori and the pathogenesis of gas- 
troduodenal inflammation.J Infect Dis 1990;161:626-633. 

16. t tansson LE, Engstrand L, Nyren O, Fvans I)J, Lindgren A, 
Bergstrom R, Andersson B, Athlin L, Bendsten O, Tracz E He- 
licobacter pylori infection: Independent risk indicator of gastric 
adencxzarcinoma. Gastroenterology 1993; 105:1098-1103. 

17. Sipponen p, Seppala K. Gastric carcinoma: Failed adaptation 
to Helicobacter pylori. Scand J Gastroenterol 1992;27:33-38. 

18. Nomura A, Stemmermann GN. Helicobacter pylori and gas- 
tric cancer. J Gastroenterol Hepatol 1993;8:294-303. 

19. Wlodarczyk A, Bielecki K, "Falalaj M, Marcinowska- 
Suchowierska E, Zawadzki J, Ciok M, Gajda A, Brzozowski R. 
Long-term consequences of surgical treatment of peptic ul- 
cer. Mater Med Pol 1994;26:13-16. 

20. Lotterer E, Lutdtke FE, Tegeler R, I,epsien G, Bauer FE. The 
~C-urea breath test--Detection of Helicobacter pylori infec- 
tion in patients with partial gastrectomy. Z Gastroenterol 
1993;31:115-119. 

21. Wirth liP, Scheiwiller A, Flury R, Casanova C, Muller A, 
Hoffmann R, Ammann R, AltorferJ. Helicobacter pylnri col- 
onization of the gastric remnant following partial resection. 
Schweiz Med V~rochenschr 1992;122:1015-1018. 



Journal of 
486 Nagahata et al. Gastrointestinal Surgery. 

22. Siurala M, Sipponen P, Kekki M. Campylobacter pylori in a 
sample of Finnish population: Relations to morphology and 
functions of the gastric mucosa. Gut 1988;29:909-915. 

23. Mossi S, Meyer-Wyss B, Renner EL, Merki HS, Gamboni G, 
Beglinger C. Influence of Helicobacter pylori, sex, and age on 
serum gastrin and pepsinogen concentrations in subjects with- 
out symptoms and patients with duodenal ulcers. Gut 
1993;34:752-756. 

24. Graham DY, Malaty HM, Evans DG, Evans DJ, Klein PD, 
Adam E. Epidemiology of Helicobacter pylori in an asymp- 
tomatic population in the United States. Gastroenterology 
1991;100:1495-1501. 

25. Asaka M, Kimura T, Kudo M, Takeda H, Mitani S, Miyazaki 
"I, Miki K, Graham DY. Relationship of Helicobacter pylori 
to serum pepsinogens in an asymptomatic Japanese popula- 
tion. Gastroenterology 1992;102:760-766. 

26. Mortensen NJM, Thomas WEG, Jones SM, Savage A. En- 
doscopic screening fi)r premalignant changes 25 years after 
gastrectomy: Results of a five-year prospective study. Br J Surg 
1984;71:363-367. 

27. Savage A, Jones S. I listological appearances of the gastric mu- 
cosa 15-27 years after partial gastrectomy. J Clin Pathol 
1979;32:179-186. 

28. O'Connor HJ, Dixon MF, ~Vyatt JI, Axon ATR, Ward DC, 
Dewar EP, Johnston D. Effect of duodenal ulcer surgery and 
enterogastric reflux on Campylobacter pyloridis. Lancet 
1986;2:1178-1181. 

29. Moss S, Calam J. Helicobacter pylori and peptic ulcers: The 
present position. Gut 1992;33:289-292. 

30. Moss S, Legon S, Bishop AE, Calam J. Effect of Helicobacter 
pylori on gastric somatostatin in duodenal ulcer disease. 
I,ancet 1992;340:930-932. 

3 I. Fung WP, Papadimitriou JM, Matz LR. Endoscopic, histo- 
logical and ultrastructural correlations in chronic gastritis. Am 
J Gastroenterol 1979;71:269-279. 

32. ~)ukan AU, Kamal MF, Amr SS, Arnaout MA, Abu-Romiyeh 
AS. Gastroduodenal inflammation in patients with nonulcer 
dyspepsia: A controlled endoscopic and morphometric study. 
Dig Dis Sci 1985;30:313-320. 

33. Lawson HH. The reversibility of postgastrectomy alkaline re- 
flux gastritis by a Roux-en-Y loop. Br J Surg 1972 ;59:13-15. 

34. Chiba N, Rao BV, Rademaker JW, tIunt RH. Meta-analysis of 
the efficacy of antibiotic therapy in eradicating Helicobacter 
pylori. Am J Gastroenterol 1992;87:1716-1727. 

35. Sunairi M, Watanabe K, Suzuki T, Takana N, Kuwatama t |, 
Nakajima M. Effects of anti-ulcer agents on antibiotic activity 
against Helicobacter pylori. Eur J Gastroenterol |Iepatol 
1994;6(Suppl I):S 121-S 124. 

36. McNulty CAM. Bacteriological and pharmacological basis for 
the treatment of Campylobacter pylori infection. In Rothbone 
BJ, Heatly RV,, eds. Campylobacter Pylori and Gastroduode- 
nal Disease. Oxford: Blackwell Scientific Publications, 1989, 
pp 2O9-216. 

37. McNulty CAM, GeartyJC, Crump B, Davis M, Donovan IA, 
Melikian V, Lister DM, Wise R. Campylobacter pyloridis and 
associated gastritis: Investigator blind, placebo controlled trial 
of bismuth salicylate and erythromycin ethylsuccinate. Br Med 
J 1986;293:645-649. 



Endorectal Mucosal Advancement Flap: 
The Preferred Method for Complex 
Cryptoglandular Fistula-in-Ano 
Richard W. Golub, M.D., William E. Wise, Jr., M.D., Bruce A. Kerner, M.D., 
Karamjit S. Kbanduja, M.D., Pedro S. Aguilar, M.D. 

Cryptoglandular fistula-in-ano is a common affliction that usually responds well to conventional surgical 
procedures such as fistulectomy, fistulotomy, and seton placement. These procedures, however, can be as- 
sociated with varying degrees of fecal incontinence. Endorectal mucosal advancement flap has been ad- 
vocated as an alternative procedure that avoids this problem. This study was undertaken to determine the 
risks and benefits associated with endorectal mucosal advancement flap in the treatment of complex fis- 
tula-in-ano. One hundred sixty-four patients underwent 167 endorectal mucosal advancement flap pro- 
cedures for complex cryptoglandular fistula-in-ano between January 1982 and December 1990. There 
were 126 men and 38 women whose mean age was 42.1 years (range 20 to 79 years). The majority of the 
patients (70%) had complex fistulas (transsphincteric, suprasphincteric, or extrasphincteric). Fifteen pa- 
tients (9%) had an intersphincteric fistula. All patients were available for short-term follow-up (6 weeks). 
Postoperative morbidity was minimal and included urinary retention in 13 patients (7.8%) and bleeding 
in one patient. Healing time averaged 6 weeks. Long-term follow-up, ranging from 19 to 135 months, 
was carried out in 61 patients. There were two recurrences (3.28%). Nine patients (15%) complained of 
varying degrees of fecal incontinence. Six patients complained of incontinence to flatus and three pa- 
tients complained of incontinence to liquid stool. No patient was incontinent of solid stool. Sixty pa- 
tients (98%) rated their functional result as excellent or good. Endorectal mucosal advancement flap is a 
safe and effective technique for the treatment of complex cryptoglandular fistula-in-ano. It can be per- 
formed with minimal morbidity, no mortality, an acceptable recurrence rate, and little alteration in 
anorectal continence. (J GASTROINTEST SURf_; 1997; 1:487-491 .) 

Cryptoglandular  fistula-in-ano is a common  afflic- 
don  that usually responds well to conventional oper-  
ative procedures such as fistulectomy, fistulotomy, and 
seton placement. These  procedures,  however, can be 
associated with varying degrees of  fecal incontinence 
ranging from 6% to 4 5 % )  -3 Th e  risk of  fecal inconti- 
nence is part icularly high with complex fistulas 
(transsphincteric, suprasphincteric, and extrasphinc- 
teric), and therefore these fistulas require careful pre- 
operat ive evaluation and of ten  alternative surgical 
techniques. One such technique is the endorectal mu- 
cosal advancement  flap. First proposed by Noble  4 in 
1902 for repair of  a rectovaginal  fistula, and later 
modified by Elting 5 and Laird, 6 this technique em- 
ploys a broad-based flap of  rectal wall to obliterate the 

origin of  the fistula. In 1985 Aguilar et al. 7 proposed 
the use of  an endorectal mucosal advancement flap to 
treat complex cryptoglandular fistula-in-ano. This  re- 
port  is a continuation of that series. 

S U R G I C A L  T E C H N I Q U E  

Most  of the patients undergoing an endorectal mu- 
cosal advancement flap procedure for cryptoglandular 
f istula-in-ano received a standard anorectal  bowel 
preparation consisting of  a clear liquid diet and a Fleet 
enema (C.B. Fleet Company  Inc., Lynchburg,  Va.) on 
the evening before and the morning of  surgery. Intra- 
venous antibiotics were employed only for endocardi- 
tis or prosthetic joint prophylaxis when indicated. 
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Reprint requests: Richard W. Gx)lub, M.D_, EA.C.S., State University of New York Health Science Center at BrooHyn, 450 Clarkson Ave., 
Box 40, Brooklyn NY 11203. 
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The  technique of endorectal mucosal advancement 
flap has been described extensively elsewhere and is 
essentially a modification of the techniques originally 
developed by Noble 4 and Elting. 5 General, regional, 
or local anesthesia with intravenous sedation can be 
used. Intraoperative fluids are limited. Most patients 
are placed in the prone jackknife position with the 
buttocks taped apart, although the lithotomy position 
can be advantageous for posterior fistulas. Illumina- 
tion with a headlamp can be helpful. The  perineum 
and anal canal are prepared and irrigated with povi- 
done-iodine solution. Anesthesia is supplemented 
with a perianal field block consisting of bupivacaine 
0.25%, lidocaine 0.5% with 1/200,000 epinephrine, 
and 150 units of hyaluronidase (Wydase, Wyeth-Ay- 
erst Laboratories, Philadelphia, Pa.). A Hill-Ferguson 
retractor is placed in the anal canal and a thorough 
anorectal evaluation is undertaken. Associated patho- 
logic conditions are noted. Internal and external 
openings are located, and the course of the fistulous 
tract is carefully assessed by palpation and gentle 
probing. 

The  fistulous tract is removed subcutaneously from 
the external opening to the level of the external 
sphincter muscle. The  residual tract and any granu- 
lation tissue is removed by curettage. Secondary tracts 
are noted and treated in a similar fashion. The  peri- 
anal skin is widely saucerized. Using sharp scissors 
dissection, a flap consisting of anoderm, mucosa, and 
submucosa is raised from the intersphincteric groove 
to a point approximately 3 to 4 cm proximal to the in- 
ternal opening. The  configuration of the flap is trape- 
zoidal with the base wider than the apex to ensure an 
adequate distal blood supply. Meticulous electro- 
cautery hemostasis is maintained th roughout  the 
course of the dissection. 

The  opening in the internal anal sphincter is closed 
with interrupted 3-0 chromic sutures. The  flap is ad- 
vanced distally, without tension, to cover the defect in 
the internal sphincter and the excess mucosa (includ- 
ing the internal opening) is amputated. T h e  distal 
edge is sutured to the internal anal sphincter at the 
level of the intersphincteric groove, and the lateral as- 
pects are reapproximated to adjacent rectal mucosa 
using 2-0 or 3-0 chromic catgut sutures. Sterile dress- 
ings are applied to the wound. Packing, topical an- 
tibiotics, and suction catheters are not routinely used. 
Fecal diversion is avoided. 

Repair of the external voluntary sphincter was not 
undertaken in this series of patients. However, in pa- 
tients presenting with anteriorly placed fistulas, per- 
ineal body reconstruction and/or simple reefing of the 
anterior sphincter musculature can be added to the 
procedure if preoperative history suggests inconti- 

nence or physical examination demonstrates lax mus- 
culature or an attenuated perineal body. 

Postoperatively the patient is started on a regular 
diet supplemented with bulk fiber agents and stool 
softeners. Oral analgesics, diazepam, and warm sitz 
baths are employed to promote local hygiene and to 
control  pain and muscle spasms. Patients are dis- 
charged home when they are able to void without dif- 
ficulty. Follow-up is conducted every 2 to 3 weeks un- 
til all wounds are healed. 

R E S U L T S  

One hundred sixty-four patients underwent  167 
endorectal mucosal advancement flap procedures for 
cryptoglandular fistula-in-ano from January 1982 
through December  1990. Fistulas secondary to in- 
f lammatory bowel disease, actinomycosis, foreign 
bodies, and malignancy were excluded from this 
study, as were rectovaginal and rectourethral fistulas. 
There  were 126 men and 38 women whose mean age 
was 42.1 years (range 20 to 79 years). Sixty-two per- 
cent of patients had undergone prior anorectal 
surgery, including 18 patients (11%) who had previ- 
ous fistula surgery. Perirectal pain and drainage were 
the most common presenting sTmptoms with a pre- 
operative duration of 1 to 3 months.  Five patients 
(3 %) presented with an acute fistulous abscess. All pa- 
tients underwent an endorectal mucosal advancement 
flap as their definitive surgical procedure. 

One hundred fifteen patients (70%) were classified 
as having complex fistula-in-ano (transsphincteric, 
suprasphincteric, or extrasphincteric), whereas 15 pa- 
tients (9%) had intersphincteric fistula. The  majority 
of these 15 patients had anteriorly placed fistulas and 
were deemed at risk for incontinence with conven- 
tional surgical technique. The  type of fistula was not 
recorded in 34 patients (Fig. 1). An internal opening 
was located in the posterior midline in 87 patients 
(53%). All 164 patients were available for short-term 
follow-up. Complications and healing rates are based 
on this group of patients. Healing time averaged 6 
weeks for all patients. Ten patients (5.98%) experi- 
enced prolonged healing. All of these patients devel- 
oped either small subcutaneous (7 patients) or super- 
ficial fistulas in the early postoperative period. Six pa- 
tients were treated with incision and drainage, three 
patients had an in-office fistulotomy, and one patient 
required a repeat mucosal advancement flap. Postop- 
erative morbidity also included urinary retention (13 
patients) and bleeding (1 patient) (Table I). There  
were no operative deaths. 

Long-term follow-up was carried out by office visit 
or telephone questionnaire in 61 patients (37%) and 
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Suprasphincteric 
(1%) 

Unclassified ~ / Intersphincteric 
(20%) \ ~ (9%) 

Table I. Summary of early complications (N = 167) 

Complication No. of patients % 

Urinary retention 13 7.78 
Bleeding 1 0.6 
Abscess 7 4.2 
Fistula 3 1.8 

Transsphincteric 
(70%) 

Fig. 1. Summary of fistula classifications. 

Table II. Summary of late complications (N = 61) 

Complication No. of patients % 

Fistula 2 3.28 
Incontinence 

Flatus 6 9.8 
Liquid 3 4.9 

Ectropion i 0.6 
Anal stenosis 1 0.6 

ranged from 19 to 135 months (mean 71.2 months). 
Long- te rm results regarding incontinence,  recur- 
rence, and functional outcome are based on this 
group of 61 patients. Ninety-eight percent of patients 
questioned (60 of 61) rated their outcome as either 
good or excellent. Two patients (3.28%) developed a 
fistula-in-ano at a site remote from their index fistula, 
requiring a second mucosal advancement flap for de- 
finitive treatment. These recurrences were at 33 and 
47 months, respectively. One patient developed anal 
stenosis and one developed a mucosal ectropion. Nine 
patients (15 %) complained of varying degrees of in- 
continence following repair. Six patients complained 
of incontinence to flatus, whereas three patients com- 
plained of incontinence to liquid stool. No  patient 
was disabled by his or her incontinence and no patient 
complained of incontinence to solid stool ('Ihble II). 
All complications developed in patients with either 
complex or unclassified fistulas. 

D I S C U S S I O N  

Cryptoglandular fistulas-in-ano originate from an 
anal crypt at the dentate line and traverse varying 
amounts of the anal sphincter mechanism. Tradition- 
ally, simple fistulas (superficial, intersphincteric, and 
low transsphincteric) have been treated by fistulotomy 
with a low recurrence rate and minimal clinical alter- 
ation in continence. There  is, however, a diminution 
in anal canal resting pressure, s and varying degrees of 
fecal incontinence have been reported.l-3 More corn- 

plex fistulas (high transsphincteric, suprasphincteric, 
and extrasphincteric) have been treated with seton 
placement and staged fistulotomy with similar alter- 
ation in continence. 9,1~ Recently there has been re- 
newed interest in the endorectal mucosai advance- 
ment  flap because of continuing concerns regarding 
sphincter damage and incontinence following "con- 
ventional" fistula surgery. Presumed advantages of 
this procedure include less alteration in anatomic in- 
tegrity, preservation of the sphincter mechanism, 
rapid healing, reduced pain, and avoidance of a di- 
verting stoma. Additionally, the technique has the ad- 
vantage that recurrence does not preclude a repeat ad- 
vancement flap or a "traditional" surgical approach. 

Evaluation of the surgical treatment of fistula-in- 
ano includes assessment of healing time, recurrence, 
and fecal incontinence. Healing time averaged 6 
weeks in our series with 10 patients (5.98%) experi- 
encing delayed healing of their surgical wounds. The  
majority of these patients had external wounds that 
either closed prematurely or developed subcutaneous 
fistula as a result of bridging at the site of the external 
wound. These patients all required reopening of the 
external wound or superficial fistulotomy. One patient 
required a repeat mucosal advancement flap proce- 
dure. The  delayed healing in our series compares fa- 
vorably with the 8.75% of patients whose wounds 
took longer than 26 weeks to heal in the report  by 
Vasilevsky and Gordon." 

Recurrence rates range from 3.7% 11 to 40.6% 1_, in 
the literature. Complex fistula, previous history of 
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anorectal abscess, and failure to identify all of the 
tracts at the index operation have all been implicated 
in the development of a recurrent abscess or fistula. 
The initial series from this institution reported a re- 
currence rate of 1.5%. 7 The recurrence rate of 3.28% 
in this series compares very favorably with all pub- 
lished reports. The  two patients with recurrent ab- 
scess and fistula presented at 33 and 47 months post- 
operatively, and both had abscesses and fistulas re- 
mote from the index abscess. These may actually rep- 
resent new fistulous tracts rather than recurrent dis- 
ease. 

Fecal incontinence is reported in almost any series 
published on the surgical treatment of fistula-in-ano. 
Comparison of various studies is difficult because of a 
lack of standard reporting techniques for patients with 
altered continence. In this series, six patients available 
for long-term follow-up complained of incontinence 
to flatus and three complained of incontinence to liq- 
uid stool. The mean follow-up in this group of 61 pa- 
tients was 71.2 months. No patient complained of 
gross incontinence, and no patient was disabled by his 
or her incontinence. Reports in the literature demon- 
strate rates of incontinence ranging from 0.00% 13 to 
30%. 14 These reports all rely on "conventional" sur- 
gical therapy with either fistulotomy or seton place- 
ment. Our incontinence rate in 61 patients followed 
for a mean of six years compares favorably with the 
rates quoted in the literature. 

The  endorectal advancement flap was originally 
used in the treatment of rectovaginal fistula, but there 
are now several reports documenting the success of 
this technique in the repair of complex cryptoglandu- 
lar fistula-in-ano and rectourethral fistulas. 15,16 In the 
original series from this institution, Aguilar et al. 7 re- 
ported on 189 patients who underwent advancement 
flap for fistula-in-ano. An 80% follow-up, ranging 
from 8 months to 7 years, revealed a 90% asympto- 
matic group and a 10% group who had minor symp- 
toms. Eight percent of the symptomatic patients had 
minor soiling; 7% were incontinent of gas and 6% 
were incontinent of loose stool. No patient was in- 
continent of solid feces. Three patients (1.5%) devel- 
oped recurrent fistula-in-ano. Two of them had a sec- 
ond mucosal advancement flap performed with good 
results and the other patient declined further therapy. 
Similarly, in a study of 15 patients with high recur- 
rent anal fistula, Oh 17 described satisfactory healing 
in 87% and Wedell et al. 18 reported complete healing 
in 29 of 30 patients. 

Although it is generally accepted that anorectal 
surgery should be avoided in patients with Crohn's 
disease, some authors have recently begun using en- 
dorectal mucosal advancement flaps in selected 
Crohn's patients with encouraging results. In a retro- 

spective study from the Cleveland Clinic, Ozuner et 
al.  19 reported on 101 patients undergoing advance- 
ment flap procedures including 47 with Crohn's dis- 
ease. Overall recurrence was seen in 29 patients 
(29%); however, the etiology of the fistula did not sta- 
tistically affect outcome. Failure was only influenced 
by previous number of repairs. In a smaller study of 
eight patients, six of whom had Crohn's disease, heal- 
ing was achieved in six. Early recurrence occurred in 
one patient with acute Crohn's proctitis and in one 
patient with an idiopathic horseshoe track. 2~ 

In a larger series Kodner et al. 21 reported on 107 
patients undergoing endorectal advancement flap 
over a 10-year period. The causes were obstetric in- 
jury in 48, cryptoglandular abscess fistula in 31, 
Crohn's disease in 24, and trauma in four. Complete 
primary healing was achieved in 90 patients (84%). 
However, of the 17 patients with persistent fistula, 
nine underwent successful secondary surgical correc- 
tion (superficial fistulotomy or repeat advancement 
flap) for a final success rate of 94%. As with the pre- 
vious reports, this technique worked well in patients 
with Crohn's disease. Seventeen (71%) of 24 patients 
healed after initial repair and 22 (92%) of 24 patients 
healed after more than one procedure. 

Recently anorectal manometry was introduced in 
the evaluation of these patients in an attempt to de- 
termine the physiologic consequences of this proce- 
dure. Manometric evaluation in 10 patients both pre- 
and postoperatively found patients with cryptoglan- 
dular fistula-in-ano to have normal physiologic para- 
meters and, most important, endorectal mucosal ad- 
vancement did not statistically alter anorectal motor 
or sensory function in the postoperative period. 2" 
Other studies have reported similar results. In a series 
of 11 patients undergoing endorectal advancement 
flap for idiopathic, infralevator, transsphincteric fistu- 
las, Finan 23 recorded successful healing in 10. One pa- 
tient developed an abscess under the flap and the fis- 
tula was laid open in the standard manner. All patients 
remained continent. Additionally, pre- and postoper- 
ative manometric testing revealed no change in anal 
sensation, median maximal resting pressure, or the 
resting pressure profile of the anal canal. 

C O N C L U S I O N  

Endorectal mucosal advancement flap is a safe, ef- 
fective, and easily learned technique for the treatment 
of complex cryptoglandular fistula-in-ano. The ad- 
vantages of this procedure include preservation of 
normal anorectal anatomy, avoidance of large perineal 
wounds, preservation of the anal sphincter mecha- 
nism, and avoidance of a diverting stoma. It can be 
performed with minimal morbidity, no deaths, and a 
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low r e c u r r e n c e  ra te .  W e  be l i eve  tha t  e n d o r e c t a l  m u -  
cosa l  a d v a n c e m e n t  f lap  s h o u l d  be  c o n s i d e r e d  t h e  
t r e a t m e n t  o f  cho ice  for  c o m p l e x  c r y p t o g l a n d u l a r  fis- 
t u l a - i n - a n o .  
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