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PREFACE 

Surgery in patients with obstructive jaundice is associated with significant 
morbidity and mortality, which has been attributed to the poor general 
condition of these patients. Apart from liver failure the main postoperative 
problems observed in patients with obstructive jaundice are: increased in
fection rate, renal failure and disturbances in wound healing and blood 
coagulation. The pathophysiology of these dysfunctions in relation to 
obstructive jaundice is still obscure. 
The surgical approach in obstructive jaundice has been contraversial for 
many years. Should primary operation be carried out in the jaundiced 
patient, or should biliary drainage be perforrned before the definitive 
operation? Proponents of biliary drainage claim impravement of the 
general condition of the patient and decreased postoperalive morbidity and 
mortality. However, acceptable low operalive mortality is possible without 
preoperalive biliary drainage, as has been reported by others. The results of 
prospective clinical studies on the effects of preoperalive biliary drainage 
using transhepatic drainage, do not show any beneficia! effects of drainage 
on postoperative mortality or morbidity. Both surgical and non-surgical 
biliary drainage (percutaneous transhepatic biliary drainage or insertion of 
endoprosthesis at the time of ERCP) carry considerable risk of septic or 
other complications. 
Investigations on liver histology and liver functions in patients and experi
mental animals with obstructive jaundice have been presenled in the 
literature. Relief of the biliary obstruction is accompanied by a rapid, but 
not always complete, recovery of changes of liver histology and liver 
functions. Results of clinical and experimental studies on the effects of 
obstructive jaundice on wound healing, infection, renal function and blood 
coagulation are conflicting. The evaluation of these effects is complicated 
by the presence of other factors that accompany obstructive jaundice, such 
as anorexia with weight loss, and cancer. 
Studies on the effects of biliary decompression on wound healing, infection 
and blood coagulation have not been reported in patients or experimental 
animals. Therefore, we do not know whether biliary drainage can restore 
these functions to a safe level before the definitive operation in the same 
time as is, for instance, required to lower theserum bilirubin to norrnallevels. 
The results of a retrospective study in 67 patients after pancreatoduoden
ectomy or total pancreatectomy in our surgical department neither con
firrned nor refuted the claims by other authors that preoperative biliary 
drainage contributes toa decreasein major postoperalive complications. 
Before biliary drainage can be accepted as a routine preoperalive measure 



to reduce operalive risk, studies in experimental animals on the effects of 
biliary obstruction and subsequent decompression are necessary. 
The aim of the present study is to investigate the effects of biliary ob
struction on wound healing, infection, renal fuction and blood coagulation 
in a controlled study in rats. The effects of biliary tract decompression on 
the same parameters were also studied by relieving the surgical obstruction 
in order to come to certain propositions on the use of preoperalive biliary 
drainage in patients with obstructive jaundice. 
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PART A 
REVIEW OF THE LITERATURE 





CHAPTER 1 
GENERALINTRODUCTION 





Later other surgeoils, who normally performed pancreatoduodenectomy in 
one stage, suggested that it is possible that some of the patients who died 
after this operation would have had a better chance of survival if a pre
liminary decompression of the biliary tract had been accomplished (Warren 
et al 1962). The two stage operation is advised in jaundiced patients with 
cancer of the head or body of the pancreas by Ross (1959). This author 
stated that simple exterior drainage of the gallbladder will rehabilitate the 
patient without disarranging the anatomy. In another retrospective study, 
postoperalive mortality was found to be higher in 196 patients who under
went an one stage pancreatoduodenal resection than in 30 patients after a 
two stage procedure. None of the patients had hepatic or renal insuffi
ciency aft er the two stage operation (Monge et al 1964 ). 
After analyzing the correlation between jaundice and operative mortality in 
both benign and malignant diseases ofthe biliary tract, a two stage operation 
was also recommended by Maki et al (1966) and Sato et al (1968). In 
malignant biliary diseases operalive mortality was significantly higher in 
jaundiced patients than in non-jaundiced patients. The mortality increased 
proportionally with the increase of preoperalive serum bilirubin. In patients 
with benign disease the overal mortality was much lower than in patients 
with a malignant tumor, but the mortality was higher in jaundiced patients. 
However, a higher mortality was also reported by the same authors for the 
two stage operation (9.3% ) than for the one stage operation (4.3%). Ac
cording to these authors this was possibly due to the fact that the highly 
jaundiced patients who underwent the two stage operation were in a 
significantly worse condition (Sato et al 1977). 
Whipple used a drainage procedure involving a cholecystogastrostomy to 
the anterior surface of the stom ach, well away from the pylorus. In order 
to avoid subsequent stenosis and cholangitis he made an anastomotic 
opening of at least 2 cm in diameter (Whipple et al 1935). Other surgical 
drainage procedures that have been used are cholecystocutaneostomy 
(Ross 1959, Maki et al 1966) and choledochostomy with the use of aT-tube 
(Wise et al 1976). 

More recently percutaneous transhepatic biliary decompression and biliary 
decompression by endoscopie sphincterotomy and insertion of endo
prostheses at the time of endoscopie retrograde cholangio-pancreatography 
have been used. These two procedures have the great advantage that lapa
rotomy is unnecessary, and hence disturbance of the anatomy can be 
avoided. 
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1.2.2 Decompression by Percutaneous Transhepatic Drainage (PTD) 

Percutaneous drainage of the obstructed biliary tract was first used in 1962 
in patients with longstanding obstructive jaundice. In these patients a 
neoplastic obstruction was diagnosed by the cholangiogram and most 
pa tienis were operaled on within a few hours of the procedure, but in one 
of the 30 patients a temporary drainage procedure was carried out for 5 
days (Gienn et al 1962). The first series of patients successfully treated by 
non-surgical biliary decompression was nol reported until 1974 (Molnar 
and Stockurn 1974). Since then many reports on this procedure have been 
published. 
In a large retrospective study (Nakayama et al 1978) operalive death rate 
was compared in a group of patients who had undergone percutaneous 
transhepatic drainage, as the first step in the treatment of malignant biliary 
obstruction, with another group of patients without preoperalive biliary 
drainage: 69 patients underwent operation 8 to 70 days aft er successful 
decompression, when theserum bilirubin level was reduced below 85 I' mol/I, 
and 148 patients underwent operation without prior biliary tract decom
pression. The operalive mortality was 28.3% withoutand 8.2% with biliary 
drainage (p < 0.05). In another retrospective study (Denning et al 1981) 
postoperalive complications occurred in 7 out of 25 patients who under
went preoperalive biliary decompression, 4 were fata!. Whereas in 32 
patients without preoperalive biliary decompression 18 patients had 
complications, including 8 fatalities. Sepsis, haemorrhage, renal failure and 
pulmonary complications were the major postoperalive complications. 
The difference in postoperalive complications between the two groups 
was statistically significant: 28% in the group with and 56% in the group 
without preoperalive biliary drainage (p < 0.05). However, no difference 
in operalive mortality was seen between these two groups (16% versus 
25% ). NorJander et al (1982) also studied the effect of percutaneous trans
hepatic drainage upon postoperalive mortality following extensive biliary 
surgery. Fifty-eight patients were treated by percutaneous transhepatic 
drainage and 65 patients were operaled on after diagnostic transhepatic 
cholangiography without drainage. The mortality in the drainage group 
was 14% and 21% inthenon-drainage group. This difference is nol sta
tistically significant. 
All these studies above were retrospective studies. The first prospective 
controlled clinical trial on the effect of preoperalive biliary drainage was 
performed by Halfield et al (1982). Twenty-nine patients had preoperalive 
biliary drainage and 28 patients had no drainage before surgery. Postopera
live complications were equal in number in both groups. Operalive morta
Jity was also nol different in the two groups, 4 patients dying in both groups. 
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1.2.2.1 Complications of PTD 

Minor complications without fatalities have been reported by Glenn et al 
(1962), Molnar and Stockurn (1974), Okuda et al (1974), Nakayama et al 
(1978), and Dooley et al (1979). In recent studies, however, serious com-
plications after percutaneous transhepatic drainage have been described. 
The complications in these studies are summarized in table 2. 

Table 2 Serious complications of PTD. 

mortality related 
to procedure 

Authors No. of patients Complications n N % 

Tylen et al. 146 Haemorrhage 4 1 0.7 

1977 Bile leakage 2 

Infection 

Moriet al. 13 Haemorrhage 2 7.7 

1977 

Hansson et al. 105 Haemorrhage 2 2 1.9 

1979 Bile leakage 3 

Infection 9 

C!ark et al. 42 Haemorrhage 1 2.4 

1981 Infection 2 

Pneumothorax 

Berquist et al. 50 Haemorrhage 4 1 2 

1981 Infection 4 

Haemalothorax 1 

Mueller et al. 188 Haemorrhage 6 3 1.6 

1982 Infection 7 

Pneumothorax 

McPherson et al. 37 Bile leakage 3 2 5.4 

1982 Infection 12 

Perforation bowel 1 

Gouma et al 114 Infection 9 3 2.6 

1983 Perforation bowel 1 

Pleura! effusion 1 
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The most frequent eomplieation was infection. Almost all patients with 
choledocholithiasis and benign biliary strietures have an infected bile, but 
only one third of patients with malignant bile duet obstruetion have 
positive bile cultures (Keighley 1982). After PTD the incidence of infected 
bile is found to be 88% (Cox et al 1978). This suggests that in many patients 
with malignant biliary obstruction the bile wil! become infeeted after PTD. 
Bleeding after multiple punctures in the liver was the second most frequent 
complication after PTD which somelimes required an emergency 
laparotomy. Other serious complications were duodenal perforation, 
biliary pleura! effusion and pneumothorax. Fata! complications in these 
series occurred in 0.7 to 7.7% of patients. 
From these reports the condusion can be drawn that PTD does carry 
significant hazards. This is eonfirrned by Zilly et al (1980) who staled that 
optimistic reports regarding percutaneous cholangiography, even when the 
skinny Chiba needie is used, should be regarded with a degree of reserve. 
Futhermore, extensive biliary or pancreatie surgery can be hazardeaus or 
even impossible following haemorrhage or septic complications caused by 
preoperalive biliary drainage. 

1.2.3 Decompression with endoscopically introduced endoprostheses 

Another non-surgical method of biliary drainage, in which the biliary 
drainage is performed at the time of endoscopie retrograde cholangio
pancreatography (ERCP), has been reported more recently. ERCP was first 
described by McCune et al (1968). The technica! suceess rate is about 
90%. Complications being described in 2- 3% and mortality in 0.1 - 0.2% 
of cases. The main cause of this mortality is septicaemia (Zimmon et al 
1975, Colton 1977). 
Preoperalive endoscopie sphincterotomy ean be perforrned in patients 
with ampullary tumors without jeopardizing the surgical resection 
(Aiderson et al 1981 ). A new endoscopie method of introducing a trans
papillary drain after papillotomy was described by Soehandra and Reynders
Frederix (1980). The drain being fixed in the bile duet at one end. The 
other end hanging freely in the duodenum. 
In a study by Riemann et al ( 1981 ), 4 patients we re treated with a so-called 
pigtail catheter in the biliary traet and 7 patients with a nasobiliary drain. 
These endoscopie procedures were carried out to accomplish permanent 
drainage in inoperable tumors or as a temporary preoperalive measure. 
Complications after these procedures were rarely observed. 
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Duodenoscopic insertion of biliary prostheses for the relief of malignant 
obstructive jaundice was also attempted in a series of 23 patients. (Cotton 
1982 ). The procedure was unsuccessful in 5 patients. Five patients developed 
scptic cholangitis within 2 weeks of the procedure, all of whom died of 
septicaemia. 
In another study a large calibre endoprosthesis was used in 45 patients. In 
only one pa tien! was it used preoperatively. Complications of cholangitis 
and fever ware seen in 11 of these patients (Huibregtse and Tytgat 1982). 
Preoperalive biliary drainage by endoscopically introduced endoprostheses 
after sphincterotomy seems very promising. However the complications, 
especially cholangitis with septicaemia, also carry significant risks. 

1.3 

1.3.1 

1.3.1.1. 

Effects of biliary obstruction on the liver, wound healing, in
fection, renal function and blood coagulation in patients and 
experimental animals 

Liver 

Histopathology 

ln the tissue sections of livers from patients with acute biliary obstruction 
there is dilatation of the centrilobular bile canaliculus, and bile thrombi 
are found within the lumen. Bile pigment granules may also be seen in !he 
adjacent hepatocytes and in the Kupffer cells. Deposition of collagen fibers 
in the periductular region is foliowed by fibrosis and scarring around the 
bile ducts and ductules. Destruction of the layer of hepatocytes around the 
portal tract is seen, with associated leucocyte inflammation (Benjamin 
1982). 
Obstruction of the common bile duet in experimental animals (rats, dogs) 
is foliowed by focal hepatocyte necrosis, progressive hyperplasia of the bile 
ducts, atrophy of liver cells and slight interlobular fibrosis (Trams and 
Symeonidis 1957, Cameron and Hasan 1958, Aronson 1961). The extent 
of the histopathological changes varies with the period of obstruction and 
with the species of animals concern ed. 
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1.3.1.2 Bilirubin 

Bilirubin is a waste product of haemoglobin. Bilirubin is conjugated in the 
liver and excreted in the bile. The normal daily excretion is approximately 
300 mg. The majority of conjugated bilirubin is ex ereled in the faeces after 
conversion to stercobilin and other degradation products. lnitially, bilirubin 
is mainly converled to urobilinogen in the intestine by bacterial action. 
Urobilinogen and bilirubin are partially absorbed from the gut and returned 
to the liver for re-excretion. This process is the so-called "enterohepatic 
circulation". 
Urobilinogen entering the systemic circulation is excreted in the urine. 
(Kune and Sali 1980). 
J aundice is the classica! physical sign in biliary tract obstruction. The 
conjugated bilirubin level may be elevated only marginally in incomplete 
and intermiltent obstruction. 
In experimental animals a progressive rise in total serum bilirubin levels 
occurs after biliary obstruction. Serum bilirubin reached maximum levels 
in 3 days in rats (Bims et al 1962) and in I or 2 weeksin dogs (Koyama et 
al 1981) and persists at a constant level thereafter if complete obstruction 
is maintained. 

1.3.1.3 Alkaline phosphatase 

Alkaline phosphatase is the most frequently used biochemica! test of bile 
duet patency. The highest levels of serum alkaline phosphatase of hepatic 
origin are found in patients with complete biliary obstruction. Minor or 
intermiltent degrees of obstruction, however, also produce significant 
elevation of alkaline phosphatase (Benjamin 1982). 
In experimental animals following complete biliary obstruction, a rapid 
increase of activity is seen. Maximum values are reached after varying 
lengths of time depending on the animal species. These values then remain 
at a constant level for some time. In more prolonged biliary stasis, the 
alkaline phosphatase activity level gradually falls, but never to normallevels 
(Aronson 1961 ). 
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1.3.1.4 Other liver enzymes 

Cross elevation of the amino-transferases indicates hepatocellular damage 
in patients, and as an isolated biochemica! finding may cast doubt upon a 
diagnosis of extrahepatic obstruction. Minor elevation of amino-transferase 
activity is common, however, in extrahepatic obstruction, and indeed the 
amino-transferase activity rises earlier than that of alkaline phosphatase in 
cases of acute obstruction. Levels fall to normal, or nearly normal, within 
several days, despite deepening jaundice. Gamma glutamyl transpeptidase 
tends to parallel alkaline phosphatase (Benjamin 1982). 

1.3.1.5 Other biochemica/ parameters 

Serum protein abnormalities are often seen in patients with liver disease. 
Depression of serum albumin is a common feature in patients with 
malignant obstruction of the biliary tract, particularly when there has been 
prolonged nutritional impairment or infection. Elevations of the globulins, 
particularly the lgG fraction, may be seen in patients with severe paren
chymal liver disease due to long-standing obstruáion (Benjamin 1982). 

1.3.2 Wound healing 

lt is generally accepted that jaundice has a negative effect on wound 
healing. J aundice results in poor accumulation of collagen for reasans that 
are still obscure (Hunt 1979). However, in some retrospective studies of 
abdominal wound healing no convincing evidence was found to sub
stantiale the concept that jaundice is involved in the pathogenesis of ab
domina! wound dehiscence (Reitamo and Möller 1972, Keill et al 1973 ). 
However ethers found that, wound dehiscence or incisional hernia occur
red more frequently in jaundiced than in non-jaundiced patients (Ellis and 
Heddle 1977, lrvin et al 1978, Armstrong et al 1984). Furthermore, it has 
been shown that prolyl hydroxylase activity, which reflects the ra te of 
collagen synthesis, is decreased in the skin of patients with abstruclive 
jaundice (Than Than et al 197 4, 1977). 
The effect of biliary abstructien on wound healing has been studied in ex
perimental rats after ligatien and division of the camman bile duet (Bayer 
and Ellis 1976, Arnaud et all981 ). Bursting strenght of abdorninal incisions 
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was lowered in these animals as compared with sham operaled controls. 
Standard gastric incisions showed histological evidence of delayed healing, 
but the bursling strength was not lowered. However, no differences in 
mechanica! strength of abdominal wounds or skin wounds were found 
between jaundiced and control rats in ether studies (Greaney et al 1979, 
Than Than et al 1979). 
A delay of migration of reticulo-endothelial cells and fibroblasts was found 
in bile duet abstrucled rats (Lee 1972). Delayed accumulation of collagen 
in wounds of jaundiced rats was found (Greaney et al 1979) and also a 
significant decrease of the prolyl hydroxylase activity (Than Than et al 
1977). 

1.3.3 Infection and immune competence 

Bacteriologie studies of the bile at the time of operatien on palients with 
obstructive jaundice have revealed the presence of a variety of micro
organisms (Nielsen and J ustesen 1976, Famell et al 1981 ). Postoperalive 
complicalions resulting from infection occur frequently (Pitt et al 1981) 
and are significantly associated with mortality (Dixon et al 1983 ). 
Whether palients with obstructive jaundice have impaired immunity or not is 
not clear. The funclion of the reticulo-endothelial system seems to be im
paired (Drivas et al 1976). In vitro the proliferalive response of T and B 
lymphocytes to milagens was reduced when bile acids are added (Gianni et 
al 1980), but the concentrations used in this study were higher than these 
found in palients with obstructivejaundice. Unconjugated bilirubin appeared 
to have an inhibitory effect on cellular immune response in man (Rola et al 
1975). However, the enzymes associated with antibacterial activity were 
increased in Jeucocytes from patients with obstruclive jaundice (Ward!e and 
Williams 1980). 
The only defensive mechanism against micro-organisms that has been 
studied in relation to abstruclive jaundice in experimental animals is the 
function of the reticu!o-endothelial system, which plays an important role 
in removing micro-organisms from the blood. This function is impaired in 
abstruclive jaundice. Circulaling bacteria and endotoxin remain in the cir
culation Jonger (Wardle and Wright 1970, Holman and Rikkers 1982). 
However, an increased aclivity of the reticulo--endothelial system in 
jaundiced rats has also been reported (Halpern et all957, Lázár 1972, Arii 
et all983). 
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1.3.4 Renal function 

Acute renal failure occurred more frequently following operatien on pa
tients who were severely jaundiced in studies by Dawson (1965) and Dixon 
et al (I 983 ). However, an other study reported no significant correlations 
between the level of serum bilirubin and renal impairment (Bai!ey 1976). 
The cause of a higher incidence of renal failure in patients with abstruclive 
jaundice remains uncertain. Possible influences are: the direct taxie effects 
of bilirubin (Dawson 1964, Baum et al 1969) and bile acids (Aoyagi and 
Lowenstein 1968), the changes in haemodynamics (Williams et al 1960, 
Dawson 1968) and the effects of endotoxin (Wi1kinson et a11976). 
The pathophysiology of rena1 function following biliary obstruction has 
been studied in many experimental models. Biliary tract obstruction caused 
a decrease in glomerular filtratien ra te (Yarger 1976) and renal plasma flow 
in rats (Yarger 1976, Better 1980). However, an increased renal plasma 
flow has also been reported in rats (Allison et all978). 
Bilirubin (Baum et al 1969) and bile acids (Aoyagi and Lowenstein 1968) 
"sensitised" renal tubular cells to ischaemia in jaundiced rats. Reduction 
in renal blood flow, caused by bleeding was more marked in jaundiced 
rabbits than in controls (Hishida et al 1980). lmpaired renal function due 
to the preserree of endotoxin in jaundiced animals has been reported 
(Hinshaw and Bradley 1957, Hinshaw et al 1961, Gillenwater et al 1963). 

1.3.5 Blood coagulation 

Haemorrhage, either from gastrointestinal or from intra-abdominal wounds, 
is one of the postoperalive hazards in patients with obstructive jaundice 
leading to a high mortality (Gilsdorf and Sparros 1973, Braasch and Gray 
1977, Pittetal 1981). After correction of prolonged prothrombin time 
with vitamin K other coagulation defects are usually not detected by the 
commonly used coagulation tests. Despite this, excessive haemorrhage does 
occur at the time of surgery (Dixon et al 1984 ). 
Few data on the origin ofthe disturbance of blood coagulation in cholestatic 
jaundice are available. Abnormal thwmbotests and thrombin and reptilase 
times were found, suggesting an inhibition of the clotting mechanism in
dependent of vitamin K deficiency (Dioguardi et al 1973 ). Episodes of 
haemorrhage in jaundiced patients have been found which were associated 
with endotoxaemia (Hunt et al 1982). 
In cats with experimentally induced obstructive jaundice, the clotting of 
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nonna! plasma with thrombin was inhibited. Bilirubin glucuronides in con
centra ti ons above 8 mg% in vitro showed antithrombic activity, but other 
bile constituents were not active (Kopeé et al 1961 ). 

1.4 

1.4.1 

1.4.1.1 

Effects of biliary tract decompression on the liver, wound 
healing, infection, renal function and blood coagulation in 
patients and experimental animals with biliary obstruction 

Liver 

Histopathology 

The changes in liver biopsy specimens in patients with obstructive jaundice 
disappear after removal of the obstruction. Needie biopsies of the liver 
taken 6 weeks after operation show regeneration of the liver. Apart from 
minimal portal fibrosis, the hepatic stroma is found to be normal (Biumgart 
1978). 
The changes in histology of the liver after relief of the biliary obstruction 
have been studied in rats and dogs. All histopathological changes in the liver 
after cholestasis, with proliferation of the bile duels and fibrosis, recovered 
in the reverse order in which they occurred, after recanalisation of the 
common bile duet or after re!ief of the biliary obstruction (Trams and 
Symeonidis 1957, Koyama et al 1981 ). 

1.4.1.2 Bilirubin 

The level of serum bilirubin after biliary drainage in patients with biliary 
obstruction has been studied in detail. The fall in serum bilirubin level does 
not only correlate with recovery of liver function, but also with improve
rneut of the general condition of the patient. 
The serum bilirubin level before the drainage procedure is very variable, 
ranging form 26 to 713 pmol/1, with an average of 349 pmol/1 in a study 
of 104 patients by Nakayama et al (1978). In another studyin 25 patients 
with extrahepatic bile duet obstruction without evidence of liver disease, 
themeanlevel of serum bilirubin was 291 pmol/1 (Hansson et all979). 
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The time required for normalization of the serum bilirubin after the various 
drainage procedures ranges from about two weeks to one month (Wiechel 
1964, Hansson et al 1979, Riemann et al 1981, Huibregtse and Tytgat 
1982). The return to normal bilirubin level is slower during the later phase 
of drainage, probably because bilirubin is then excreted mainly in the bile, 
and toa much lesser degree via the urine (Wiechel 1964). Serum bilirubin 
does not reach normal values in all drained patients (Maki et a11966, Mori et 
all977, Alderson et all981, Denning et all98!, MePhersou et a11982). 
No correlation was found between the time required for normalization of 
the serum bilirubin level and duration of the biliary obstruction (Wiechel 
1964 ). Patients with high initia! bilirubin levels reach approximately the 
same level after two weeks of drainage as do patients with low initia! 
bilirubin levels. Thus, the degree of jaundice at the start of percutaneous 
transhepatic drainage is possibly of minor importance for the rednetion ra te 
of serum bilirubin (Hansson et al 1979). 
In contrast, Nakayama et al (1978) reported that patients who had been 
jaundiced for more than two months befare receiving percutaneous trans
hepatic drainage, responded rather poor!y in terms of rednetion of serum 
bilirubin following drainage. The speed of rednetion of serum bilirubin was 
not different in patients treated with percutaneous transhepatic drainage 
or with cholecystostomy (Nakayama et al 1978). In patients whohad bile 
refeeding after percutaneous transhepatic drainage, theserum concentration 
of bilirubin was much lower than in patients without bile refeeding, three 
weeks after biliary drainage (Norlander et al 1982). This more rapid re
duction of the jaundice has nat been reported in patients with internal 
drainage using endoscopically introduced endoprostheses. 
The e!evated serum bilirubin level in rats with bile duet obstruction returned 
to normal within 3 days after remaval of the obstruction (Bims et al 1962). 
In dogs the serum bilirubin concentration returned to normal at a rate 
depending on the duration of the obstruction (Aronson 1961, Koyama et 
al 1981 ). 

1.4.1.3 Alkaline phosphatase 

Alkaline phosphatase activity in the blood is always increased during biliary 
obstruction. After remaval of the obstruction the fall of alkaline phospha
tase levels is not gradual. Fora bout 5 days enzyme activity declines rapidly, 
this is generally foliowed by an increase in which new maximum levels are 
reached after circa two weeks, foliowed by a continuons slow return to 
normal levels within a few weeks (Wiechel 1964 ). Alkaline phosphatase 
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decreased significantly during the first two weeks of transhepatic biliary 
drainage, but not thereafter in a study by NorJander et al (1982). Following 
endoscopie sphincterotomy in 5 patients elevated alkaline phophatase levels 
did not return to normal in the IJ to 36 days of decompression (Alderson 
et al 1981 ). In Riemanus study 17 patients were successfully drained 
preoperatively, with a "drama tic" decreasein levels of alkaline phosphatase 
(Riemann et al 1981 ). 
In rats alkaline phosphatase returned to normal after release of the biliary 
obstruction (Bims et al 1962). Also in dogs alkaline phosphatase decreased 
rapidly after release of the biliary obstruction, irrespective of the duration 
of the obstruction (Aronson 1961, Koyama et all981). 

1.4.1.4 Other liver enzymes 

lncreased SGOT and SGPT levels returned to normal in about half of 
patients following cholecystostomy (Maki et al 1966). The highest valnes 
of the transaminases, SGOT and SGPT, are found in the acute phase of the 
illness regardless of the nature of the disorder, whereas lower valnes have 
been o bserved in the chronic stages of the disease. Transaminase activity 
in serum usually began to return to normal after remaval of the obstruction 
(Wiechel 1964 ). In Norlanders study gamma glytamyl transferase ( y GT) 
decreased after PTD during the first week, but not thereafter and did not 
return to normallevels (Norlander et al 1982). 
After release of biliary stasis in dogs SGOT and SGPT activity returned to 
normaL The length of time in which the activity returned to normal 
depended on the valnes of SGPT and SGOT at the time of release of the 
obstruction and on the duration of the obstruction (Koyama et al 1981). 
Also 5-nucleotidase and adenosine triphosphatase valnes returned to 
normal after release of the biliary obstruction in rats (Birns et al 1962). 
However, albumin-globulin ratio and serum gamma globulin (Trams and 
Symeonides 1957), hepatic mitochondria! respiratory function and keta
genesis (Koyama et al 1981) were still abnormal after release of the biliary 
obstruction. This probably indicates that liver recovery is not complete. 

1.4.2 Wound healing, infection and immune competence, renal 
function and blood coagulation 

No reports on the effects of biliary decompression on wound healing in pa-
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tients with obstructive jaundice have been found in the available literature. 
Sepsis, haemorrhage, renal failure and pulmonary complications were the 
major postoperalive complications in a retrospective study by Denning 
etal(l981). 
These complications occurred in 7 out of 25 patients that underwent 
preoperalive biliary decompression and in 18 out of 25 patients without 
preoperalive biliary decompression (p < 0.05). In a prospective controlled 
clinical trial, postoperalive complications were equal in number in patients 
withor without preoperalive biliary drainage (Hatfield et al 1982). 
Also no reports are available in the literature consictering the effects of 
biliary decompression on disturbances in wound healing, immune com
petence or blood coagulation in experimental animals. After relief of 
obstructive jaundice, following choledochoduodenostomy, in rats plasma 
urea concentration, renal plasma flow and fiJtration fraction were not 
significantly different from control values, as was the case in jaundiced 
rats (Allison et al 197 8 ). 

l.S. Conclusions after review of the literature 

I. The necessity for preoperalive biliary drainage before major surgery 
in patients with obstructive jaundice is still debatable. 

2. Complications of non-surgical biliary drainage, both percutaneous 
transhepatic drainage and endoscopie biliary drainage are in general 
underestimated. These procedures do carry significant hazards, in
cluding mortality. 

3. Histopathological changes in the liver caused by biliary obstruction 
are largely reversible in patients and experimental animals following 
relief of the biliary obstruction. Restoration of liver functions is 
not always complete. 

4. Elevated serum bilirubin levels decrease after bi!iary drainage in 
patients and experimental animals, regardless of the duration of 
obstruction, but not always to normal levels. 

5. The effects of biliary obstruction and biliary tra ct decompression 
on wound healing, infection, renal function and blood coagulation 
need to be studied, as disturbances of these functions occur fre
quently in patients following biliary surgery. 
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PARTB 
EXPERIMENTAL STUDYIN RATS 





CHAPTER 2 
BILIARY OBSTRUCTION 
AND WOUND HEALING 



that the healing of a standard gastric incision and a parietal peritonea! defect 
was delayed when compared with controls, using histological criteria. 
The bursting strength of the abdominal incision was also lowered, but not 
that of the stomach wound. However, angiography revealed delay in 
angiogenesis in the gastric wounds of jaundiced animals. This study was 
carried out using animals who were killed on the second, fourth, sixth and 
eighth day, following operation. These results we re confirmed in a similar 
study by Arnaud et al (1981 ). In another study, jaundice was induced in 
rats 2 weeks befare a secoud operation at which standard abdominal 
incisions were made. The wounds in jaundiced and control animals showed 
no significant differences in mechanica! strength during a 21-day period of 
study, but there was a significant delay in accumulation of collagen in 
wounds of jaundiced animals. lt was suggested that the biochemica! 
changes in the wounds of jaundiced animals do not interfere with wound 
repair and these findings cast doubt on the hypothesis that jaundice has an 
ad verse effect on wound healing (Greaney et al 1979). 
Rupture strength of skin wounds in jaundiced rats and sham operaled rats 
was significantly lower than the rupture strength of skin wounds in normal 
rats. But, no difference was seen between sham operaled and bile duet 
ligaled jaundiced rats (Than Than et al 1979). 
The pathophysiology of wound healing in abstruclive jaundice was investi
gated in a study of the migration of reticulo-endothelial cells and fibroblast 
into early experimental granulomata in rats (Lee 1972). Delayed migration 
of reticulo-endothelial cells and fibroblasts during the first week of the 
development of a cotton-wool granuloma was found in the presence of 
obstructive jaundice. 
Prolyl hydroxylase activity, which reDects the rate of collagen synthesis, 
was decreased in the skin of both patients and rats with abstruclive 
jaundice (Than Than et al 1974, 1977). A significant delay of accumulation 
of collagen in wounds of jaundiced animals was also found by Greaney et 
al (1979). 
To test the hypothesis that jaundice per se impairs wound healing, the 
growth of rat fibroblasts in vitro was studied (Taube et al 1981 ). Actdition 
of bilirubin to the culture media was found to cause morphological changes 
in the fibroblasts, and impaired the growth of cells even in concentrations 
that were slightly above normaL Actdition of sera of jaundiced patients to 
the culture media also caused similar changes. 
The present ex perimental study in rats was initialed because reports in the 
literature are conflicting, as is indicated in the introduction. The aim of the 
study was firstly, to investigate the effect of biliary obstruction on wound 
healing in a controlled study in rats and secondly, to see whether de
compression of the biliary tract will normalize a possible delay in wound 
healing. 

38 



2.2 Material and methods 

2.2.1 Animals. anaesthesia and operalive techniques 

Animals 

Male random bred Wislar rats (TNO Animal breeding facilities, Zeist, 
The Netherlands), weighing between 240 and 340 grams were used 
throughout the study. They were housed in groups of 5 or singly, in cages, 
and were fed ad libitum on commercial chow (Hope Farms) and water 
(pH ± 3). 

Anaesthesia 

Rats were anaesthetized in a plastic box ventilated with ethyl ether in air. 
After induction of anaesthesia, they were placed in a supine position on an 
operating board. Anaesthesia was maintained throughout the operalive 
procedure by placing a glass beaker cantairring cotton-wool soaked in ether 
over !heir nostrils. 

Production of biliary obstruction and sham operations 

All operations were performed with clean, but not sterile instruments. The 
operations were carried out as follows: the abdomen of the rat was shaved 
and the skin was desinfected with 0,5% w/v chlorhexidine in 70% v/v 
ethanol. The abdomen was opened using a standard midline incision of 
4.5 cm. Two retractars were placed in the abdomen, holding the liver Jo bes 
in the hilar area apart. The duodenurn was then delivered through the abdo
rninal incision and the lesser omenturn was stretched by gentie traetion. 
The bile duet was then dissecled frorn the omenturn and a Haemoclip® 
(Weck 25's srnall) was placed on the bile duet. 
The use of this clip made it possible to obstruct, or desobstruet whenever 
necessary. This clip was applied with standard pressure using a special 
forceps with a tension screw and just distal to the junetion of the hepatic 
ducts. 
In a pilot study the use of this clip was investigated. lt was possible to 
rnaintain a total acelusion of the bile duet for 14 days (fig !.). Following 
this period reeanalisation of the bile duet occurred in 80% of the anirnals, 
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as has been described earlier (Trams and Symeonidis 1957). This re
canalisation could bedemonstraled by means of cholangiography (fig. 2). 
In those rats in which secondary desobstruction was nol included in the 
experiment, the bile duet was divided between two ligatures slightly distal 
to the junction of the hepatic duels. 
The duodenum was then replaced in the abdominal cavity and the abdomi
nal wall was closed with a one-layer continuons 2-0 silk suture(Ethicon EH 
784). 
Control groups of sham operaled rats underwent the same operalive pro
cedure without clippingor ligating the common bile duet. 
Relief of the biliary obstruction was achieved by removing the clip in a 
secoud operation (fig. 3). After dissecting the common bile duet free the 
clip was opened and carefully removed with the specially designed 
"Haemoclip®" clamp. 
Control rats underwent a second sham operation, in which the common 
bile duet was manipulated. Care was taken to standardize the duration of 
anaesthesia and the degree of operalive trauma in both groups. 
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Fig. 1 Cho1angiogram, 
after transhepatic 
injection of 2 cc 
barium su1phate, 
showing tota1 
acelusion of the 
common bile duet 
14 da ys aft er 
biliary obstruction 
using a haemoclip 
(arrow). 
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Fig. 2 Cholangiogram, 
showing recanalisation 
of the common bile 
duet 18 days after 
biliary obstruction 
without removal 
of the clip (arrow). 



Fig. 3 Cho1angiogram, 
showing pateney of the 
eommon bile duet 
without 1eakage 
15 minutes after 
remova1 of the clip. 
The common bi1e 
duet was obstrueted 
during 14 days. 
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Position of wounds and wounding technique 

Two weeks after ligation or sham ligation of the bile duet or one·week after 
relief or sham relief of two weeks obstruction or sham obstruction, a second 
or third !aparotomy was performed. The duodenum was divided distally at 
2 to 3 cm from the entry of the bile duet and reanastomosed in a single 
layer fashion using a 7-0 silk (Ethicon K803 H) continuons suture. The 
transverse colon was divided and reanastomosed in a single layer also using 
a 7-0 continuons suture. 
The test wounds in the abdominal wall were made from the inside in the 
right and left abdomen. A standard incision of 1.5 cm in transverse di
rection through the muscles and fascia of the abdominal wall was made 
using a no. 20 scalpel blade. The subcutaneons !ayer and the skin above 
were left intact. The test wound was closed with two 4-0 silk sutures 
(Ethicon EH 782). The midline abdominal incision was closed again in a 
single layer using continuons 2-0 silk. 

2.2.2 Autopsy 

Experimental and sham operaled rats we re randomly sacrificed at either 3, 
7 or 14 days after making the test wounds. The animal was anaesthesized 
with ether. After weighing and blood sampling the animal was sacrificed 
by bleeding. The abdomen was opened through the midline incision. The 
skin of the abdominal wall was carefully dissecled from the muscular layer 
on both sides and the muscular layers with the test wound in the middle 
were removed from the anima!. The specimens were stored for less than 
I hour in saline solution at room temperature before estimating the 
bursting pressure of abdominal wounds. 
The colon was lifted and adhesions were carefully dissected, taking care 
not to damage the anastomosis. A piece of colon measuring approximately 
5 cm long, with the anastomosis in the middle, was taken. The bursting 
pressure was measured immediately. The duodenal anastomosis was handled 
in a similar manner. 

2.2.3 Measurement of bursting pressure 

Duodenal and colonic anastomoses 
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A special apparatlis was constructed in the "Centra! Research Workshop" 
of the Erasmus University, Rotterdam to measure the bursting pressure of 
the duodenal and colonic anastomoses (fig 4.). 

Fig. 4. Diagram of the apparatus for bursting pressure measurements of 
intestinal anastomoses. 
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Pressure 
transducer 

Amplifier 

lnfusion pump drive 

x-y plotter 

The ± 5 cm long centrally anastomosed section from colon or duodenum 
was fastened tightly over two hollow tubes. One tube was conneeled to an 
infusion pump (B. Braun Melsungen AG) which infused water at a rate of 
114 ml/hour. The other tube was conneeled to a pressure-transducer 
(Statham® P23 Db) and amplifier (V A 200 Peekel) which was in turn con
neeled to an X-Y plotter (Tekman TE 200) for the purposes of graphic 
reproduction. Once set up, the whole system was flushed and calibrated 
before the pump was switch on. During the test the pressure in the system 
increased untilleakage occurred. This provided an accurate pressure-volume 
curve which could be used in the analysis of the results. 

45 



Abdominal wounds 

The technique of testing the mechanica! strength of abdominal wounds in 
vitro has been published by Van Noort et al (1978) and Greaney et al 
(1979). This technique is based on the measurements of mechanica! stress 
occuring at the time of rupture of a diaphragm of abdominal musculature 
distended by water. In the present study bursting pressure of abdominal 
wounds was used insteadof calculated "membrane rupture stress" (fig. 5). 

Fig. 5 Diagram of the apparatus for bursting pressure measurements of 
abdominal wounds. 

Syringe 

Diaphragm 
tissue 
specimen 

Water-filled 
test chamber 

Pressure 
transducer 

Amplifier 

lnfusion pump drive 

x-y plotter 

The muscular layer with central wound was placed over the test chamber as 
a diaphragm and fixed with a shoestring. The test chamber had a diameter 
of 20 cm. The test chamber was filled with water and pressurized with 
water at a constant rate by an infusion pump (570 ml/hour). This caused 
the diaphragm of tissue to distent, resulting ultimately in bursting of the 
tissue. The pressure developed in the test chamber was measured with a 
pressure-transducer and recorded on an X-Y plotter for permanent record. 
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2.2.4 Pair-feeding 

In order to estimate whether the jaundice or the reduced nutritional intake 
was the reason for poor healing, one group of 20 rats were pair-fed. The 
control animals were operated on one day after the experimental rats. The 
animals were housed individually and a control sham operated rat was 
coupled with a jaundiced rat. The amount offood eaten by the jaundiced rat 
was weighed and the same amount of food was given to the control rat. 
Weight curves were obtained by measuring the weights of jaundiced and 
sham operated rats on each day of the study. 

2.2.5 Biochemistry 

Determinations of levels of serum bilirubin, albumin, alkaline phosphatase 
activity, glutamate-oxalo-acetate transaminase (SGOT), gamma glutamyl 
transpeptidase (yGT)were carried out on a computer directed analyser 
(Gilford System 3500) by standard methods. 

2. 2. 6 Ex perimental groups 

Group I (n=30, 15 experimental animals, 15 controls) 
Two weeks after biliary obstruction or sham operation duodenal-, 
colonic anastomoses and abdominal wounds were made. 
After 3 days the bursting pressures were measured. 

Group 2 (n=20, I 0 ex perimental animals, 10 controls) 
Two weeks after biliary obstruction or sham operation duodenal-, 
colonic anastomoses and abdominal wounds were made. After 
7 days the bursting pressures were measured. 

Group 3 (n=20, 10 experimental animals, 10 controls) 
Two weeks after biliary obstruction or sham operation duo
denal-, colonic anastomoses and abdominal wounds were made. 
After 14 days the bursting pressures were measured. 
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Group 4 (n=30, 15 experimental animals, 15 controls) 
Two weeks after biliary obstruction or sham operation, the 
obstruction was relieved or sham operation was performed. 
After one week of drainage duodenal anastomoses and abdo
minal wounds were made. After 3 days the bursting pressures 
were measured. 

Group 5 (n=20, 10 experimental animals, 10 controls) 
Two weeks after biliary obstruction or sham operation, the 
obstruction was relieved or sham operation was performed. 
After one week of drainage duodenal-, colonic anastomoses and 
abdominal wounds were made. After 7 days the bursting 
pressures were measured. 

Group 6 (n=41, 21 experimental animals, 20 controls) 
Two weeks after biliary obstruction or sham operation, the 
obstruction was relieved or sham operation was performed. 
After one week of drainage duodenal-, colonic anastomoses and 
abdominal wounds were made. After 14 days the bursting 
pressures were measured. 

Group 7 (n=20, I 0 experimental animals, I 0 controls) 
Two weeks after biliary obstruction or sham operation, the 
obstruction was relieved or sham operation was performed. 
At the same time duodenal-, colonic anastomoses and abdo
minal wounds were made. After 7 days the bursting pressures 
were measured. 

Group 8 Pair-feeding group (n=20, I 0 experimental animals, 10 controls) 
The control animals were operated on one day after the ex peri
mental rats. The animals were housed individually and a control 
rat was coupled with a jaundiced rat. The amount of food eaten 
by the jaundiced rat was weighed and the same amount of food 
was given to the control sham operated rat. Two weeks after 
biliary obstruction or sham operation duodenal-, colonic 
anastomoses and abdominal wound were made. After 7 days the 
bursting pressures were measured. 

Group 9 Starvation group (n=20, 10 experimental animals, JO controls) 
The control animals were kept on a starvation diet in order to 
produce more weight loss than the jaundiced animals. Two 
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2.2. 7 

weeks after biliary obstruction or sharn operation duodenal-, 
colonic anastornoses and abdorninal wounds were made. After 
7 days the bursting pressures were rneasured. 

Statistica! analysis 

In the statistica! analysis Stuctent's t-test for unpaired data was used. When 
the term significant is used in the text this refers to statistica! significanee 
(p < 0.05 for the two sided test). Varianee of the rnean is expressedas the 
standard error of the rnean (SEM). 

2.3. Results 

Group I 

Experirnental rats (n= 15) Sharn operated rats (n=l5) 

day day 

0 !igation and division of 0 sharn ligation of cornrnon 
cornrnon bile duet bile duet 

duodenal-, colonic duodenal-, colonic 
14 anastornoses 14 anastornoses 

abdorninal wounds abdorninal wounds 

17 rneasurernents of 17 rneasurements of 
bursting pressures bursting pressures 

Morta!ity in the jaundiced animals was 33% (5/15) and in the control 
animals 20% (3/15). These rats died within a few days of the operation, 
either from the effects of the anaesthesia or from biliary peritonitis in the 
jaundiced rats. These animals were excluded from further analysis. There 
was no mortality due to leakage of intestinal anastomoses. 
Mean serum bilirubin was 161.1 ± 7.4 l'mol/1 in the experimental rats and 
1.2 ± 1.4 l'mol/1 in the sham operated rats. Alkaline phosphatase was a!so 
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increased in the experimental rats when compared with the sham operaled 
rats (962.5 ± 44.1 U/1 and 281.7 ± 41.5 U/1 respectively). 
Weights of the animals are given in fig. 6. The experimental animals lost 
significantly more weight compared to the controls (p < 0.001 ). Serum 
albumin was significantly decreased in the jaundiced rats (25 .6 ± 0. 7 g/1) as 
compared with the controls (28.1 ± 0.8 g/1, p < 0.05). 

Fig. 6 Mean body weights of jaundiced and control rats in group 1. 
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Bursting pressures tested 3 days after duodenal anastomoses and 
abdominal wounds were similar in both jaundiced and sham operaled rats 
(table 3). lt was not possible to test colonic anastomoses after 3 days, 
because these anastomoses were too weak and ruptured during dissection. 
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Table 3 Mean bursting pressures ( ± S.E.) in rnm Hg in group I (3 days 
after rnaking intestinal anastornoses and abdominal wounds). 

Bursting pressure Exp. animals Controls Stat. analysis 

duodenum 44.4 + 4.3 67.0 ± 10.0 n.s. 

colon 

abdomen right 221.5 ± 18.2 221.5 ± 20.8 n.s. 

abdomen left 235.6 ± 30.9 238.2 ± 23.4 n.s. 

Group 2 

Experimental rats (n=lO) Sharn operaled rats (n=lO) 

day day 

0 ligation and division of 0 . sham liga ti on of common 
common bile duet bile duet 

duodenal-, colonic duodenal-, colonic 
14 anastomoses 14 anastomoses 

abdominal wounds abdominal wounds 

21 measurernents of 21 measurements of 
bursting pressures bursting pressures 

The mortality in the jaundiced animals was 33% (3/10) and in the control 
rats 10% (1/10). Causes of death were biliary peritonitis, bleeding and in
testinal obstruction in the jaundiced rats and intestinal obstruction in the 
control rat. 
Mean serum bilirubin was 143.3 ± 3.1 ,umol/1 in the experimental rats and 
1.7 ± 1.3 umol/1 in the controls.Alkaline phosphatase was 759.8±27.3 U/1 
in the jaundiced rats and 248.3 ± 19.7 U/1 inthesham operaled rats. 
Weights of !he animals are given in fig. 7. The experimental animals lost 
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significantly more weight than the controls (p < 0.00 I). Albumin was signi
ficantly decreased in the jaundiced rats when compared with the controls 
(23.9 ± 0.6 g/1 and 28.2 ± 0.6 g/1 respectively, p < 0.001). 

Fig. 7 Mean 
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Bursting pressures tested 7 days after duodenal anastomoses and abdominal 
wounds were significantly lower in the jaundiced animals. Bursting pressures 
of colonic anastomoses were still low in bath jaundiced and control rats, 
showing no difference between the two groups (table 4 ). 

Table 4 Mean bursting pressures ( ± S.E.) in mm Hg in group 2 (7 days 
after making intestinal anastomoses and abdominal wounds). 

Bursting pressure Exp. animals Contra is Stat. analysis 

duodenum 158.6 ± 32.3 275.0± 24.1 p < 0.01 

colon 190.7 ± 17.0 238.8 ± 17.5 n.s. 

abdomen right 382.1 ± 50.7 593.9 ± 47.7 p < 0.01 

abdomen left 397.1 ± 58.5 582.8 ± 33.4 p < 0.01 
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Group 3 

day 

0 

14 

28 

Experimental rats (n=IO) 

ligatien and division of 
common bile duet 

duodenal-, colonic 
anastomoses 
abdominal wounds 

measurements of 
bursting pressures 

day 

0 

14 

28 

Sham operaled rats (n= I 0) 

sham ligatien of common 
bile duet 

duodenal-, colonic 
anastomoses 
abdominal wounds 

measurements of 
bursting pressures 

A mortality rate of 10%(1/10) was found in both the jaundiced and the 
sham operaled rats. These rats died from biliary peritonitis and from the 
effects of anaesthesia. 
Mean serum bilirubin was 170.9 ± 7.3 l'mol/1 in the experimental rats and 
1.9 ± 1.2 "mol/I in the sham operaled rats. Alkaline phosphatase was also 
increased in the experimental rats when compared with the sham operaled 
rats (795.5 ± 26.8 U /1 and 310.9 ± 19.2 U /I respectively). 
The weights of the animals are given in fig. 8. The ex perimental animals lost 
significantly more weiglit than the controls (p < 0.00 I). Albumin was signi
ficantly decreased in the jaundiced rats (25.4 ± 0.8 g/1) when compared 
with the controls (32.9 ± 1.0 g/1, p< 0.001). 

Fig. 8 Mean body weights of jaundiced and control rats in group 3. 
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Bursting pressures tested 14 days after duodena1-, co1onic anastomoses and 
abdomina1 wounds were all significant1y 1ower in the jaundiced rats than in 
the sham operated rats (tab1e 5). 

Tab1e 5 Mean bursting pressures ( ± S.E.) in mm Hg in group 3 (14 days 
after making intestinal anastomoses and abdominal wounds). 

Bursting pressure Exp. animals Controls Stat. analysis 

duodenum 211.9 ± 19.4 357.8 ± 18.5 p < 0.001 

colon 208.8 ± 14.6 270.6 ± 10.2 p < 0.01 

abdomen right 282.5 ± 22.4 624.4 ± 46.4 p<0.001 

abdomen left 316.9 ± 27.2 611.7 ± 39.4 p < 0.001 

Summary of group 1, 2 and 3 

The changes in serum bilirubin and alkaline phosphatase in jaundiced rats 
are show in fig. 9 and fig. I 0. 

Fig. 9 Changes in serum bilirubin in rats after biliary obstruction. 
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Fig. 1 0 Changes in alkaline phosphatase in rats after biliary obstruction. 
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The results of measurements of bursting pressures of enteral anastomoses 
and abdominal wounds in jaundiced and non-jaundiced rats at different 
times after opera !ion are summarized in fig. 11, 12, 13 and 14. 
Bursting pressures are lower in jaundiced rats than in non-jaundiced sham 
operaled rats, indicating that wound healing is impaired in jaundiced rats. 
The difference is most striking in the bursting pressures of abdominal 
wounds (fig. 13 and 14 ). especially 14 days aft er incision. 
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Fig. !I 

Fig. 12 

56 

Mean bursting pressures of duodenum 3, 7 and 14 days after 
duodenal anastomoses (group I, 2 and 3). 
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Mean bursting pressures of colon 7 and 14 days after colonic 
anastomoses (group 2 and 3 ). 

mmHg 

300 

200 

100 

0 

____. jaundice 
~ control 

p<O. 01 

mean ± S.E. 

7 

postoperative day 

14 



Fig. 13 Mean bursting pressures 
of right abdomen 3, 7 and 14 days 
after abdominal wounds 
(group I, 2 and 3 ). 
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Fig. 14 Mean bursting pressures 
of leftabdomen 3, 7 and 14 days 
after abdominal wounds 
(group I, 2 and 3 ). 
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Group 4 

Experimental rats (n=l5) Sham operaled rats (n=15) 

day day 

0 clip common bile duet 0 sham operation 

14 removal of clip 14 sham operation 

duodenal duodenal 
21 anastomoses 21 anastomoses 

abdominal wounds abdominal wounds 

24 measurements of 24 measurements of 
bursting pressures bursting pressures 

Mortality in the experimental animals was 53% (8/15) and in the control 
animals 7%(1/15). The high mortality in the experimental animals was 
caused by rupture of the enormously dilated common bile duet just above 
the clip, resulting in biliary peritonitis. One of the control animals died 
from leakage of the duodenal anastomosis. 
Mean serum bilirubin 14 days after biliary obstruction was 183.1 ± 10.8 
,umol/1 in the experimental rats and 2.1 ± 1.9 pmol/1 in the sham operaled 
rats. Alkaline phosphatase was also increased in the experimental rats when 
compared with the sham operaled rats (882.0 ± 68.7 U/1 and 367.3 ± 11.5 
U/1 respectively). 
The weights of the animals are given in fig. 15. During the 14 days of 
biliary obstruction the experimental animals lost significantly more weight 
than the controls (p < 0.001). Serumalbuminwas significantly decreased in 
the jaundiced rats (28.4 ± 1.1 g/1) when compared with the controls (32.0 ± 
0.5 g/1, p < 0.01). 
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Fig. 15 Mean body weights of ex perimental and control rats in group 4. 
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After relief of the biliary obstruction continuing until the end of the study 
(10 days) weight curves more or less paralled. Serum albumin was still 
significantly decreased in the experimental rats (27.6 ± 1.1 g/1) when com
pared with the sham operated animals (29.6 ± 0.4 g/1, p < 0.01). 
Serum bilirubin returned to normal values after relief of the biliary ob
struction in the experimental rats (2.4. ± 3.2 ,umol/1), but serum alkaline 
phosphatase was still significantly increased in the experimental animals 
(335.0 ± 25.2 U/I) when compared with the sham operated animals (274.4 
± 12.2 U/1, p < 0.05). 
Three days after the duodenal anastomoses and the making of the abdo
minal wounds, bursting pressures were only lowered in the duodenal 
anastomoses in rats which underwent relief of their biliary obstruction, 
when compared with control animals (table 6). 
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Table 6 Mean bursting pressures ( ± S.E.) in mm Hg in group 4 (3 days 
after making intestinal anastomoses and abdominal wounds 
following one week of biliary drainage). 

Bursting pressure Exp. animals Controls Stat. analysis 

duodenum 59.2 ± 10.8 85.4± 6.8 p < 0.05 

colon 

abdomen right 207.1 ± 18.5 190.7 ± 19.8 n.s. 

abdomen left 273.6 ± 35.0 253.9 ± 15.5 n.s. 

Group 5 

Experimental rats (n= 1 0) Sham operated rats (n=lO) 

day day 

0 clip common bile duet 0 sham operation 

14 removal of clip 14 sham operation 

duodenal-, colonic duodenal-, colonic 
21 anastomoses 21 anastomoses 

abdominal wounds abdominal wounds 

28 measurements of 28 measurements of 
bursting pressures bursting pressures 

Two of the 10 ex perimental animals died from biliary peritonitis after re
moval of the biliary obstruction. All control animals survived. 
Mean serum bilirubin 14 days after biliary obstruction was 180.8 ± 8.4 
/Imol/1 in the experimental animals and 2.2 ± 1.7 pmol/1 in the sham 
operated rats. Serum alkaline phosphatase was increased in the experi-
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mental rats when compared with the sham operated rats (871.8 ± 63.9 U/1 
and 410.8 ± 18.3 U/1 respectively). 
The weights of the animals are shown in fig. 16. During the 14 days of 
biliary obstruction the experimental animals lost significantly more weight 
than the controls (p < 0.01). Serum albumin values were similar in the two 
groups (31.8 ± 0.9 g/1 in the ex perimental rats and 31.2 ± 0.5 g/1 in the 
sham operated rats). 

Fig. 16 Mean body weights of ex perimental and control rats in group 5. 
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After relief of the biliary obstruction until the end of the study (14 days) 
the weight curves were parallel. Serum albumin, however, was significantly 
lower at the end of the studyin the ex perimental rats (26.9 ± 0.4 g/1) when 
compared with the sham operated animals (29.1 ± 0.4 g/1, p < 0.01). 
Serum bilirubin returned to normal values after relief of the biliary ob
struction (2.5 ± 3.3 f<mol/1), and the serum alkaline phosphatase was no 
Jonger significantly different in the experimental rats (399.8 ± 83.4 U/1) 
and controls (271.4 ± 12.1 U/1). 
Bursting pressures 7 days after enteral anastomoses and abdominal wounds 
were the same in the experimental and control groups after re!ief of the 
biliary obstruction (table 7). 
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Table 7 Mean bursting pressures ( ± S.E.) in mm Hg in group 5 (7 days 
after making intestinal anastomoses and abdominal wounds 
following one week of biliary drainage). 

Bursting pressure Exp. animals Controls Stat. analysis 

duodenum 266.9 ± 30.6 256.0 ± 33.9 n.s. 

colon 240.0 ± 18.1 253.0 ± 17.0 n.s. 

abdomen right 530.0 ± 33.9 562.0 ± 37.4 n.s. 

abdomen left 613.7 ± 28.7 565.0 ± 41.8 n.s. 

Group 6 

Ex perimental rats (n=21) Sham operated rats (n=20) 

day day 

0 clip common bile duet 0 sham operation 

14 removal of clip 14 sham operation 

duodenal-, colonic duodenal-, colonic 
21 anastomoses 21 anastomoses 

abdominal wounds abdominal wounds 

35 measurements of 35 measurements of 
bursting pressures bursting pressures 

A mortality ra te of 48% (I 0/21) was found in the ex perimental animals and 
20% ( 4/20) in the control animals. Mortality resulted from biliary peritoni
tis, effects of anaesthesia and bleeding. 
Mean serum bilirubin 14 days after biliary obstruction was 195.9 ± 6.8 
pmol/1 in the experimental animals and 2.6 ± 2.1 pmol/1 in the sham 
operaled rats. 
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Serum alkaline phosphatase was increased in the jaundiced rats when 
compared with the sham operaled rats (908.1 ± 46.3 U/1 and 334.2 ± 16.4 
U /1 respectively). 
The weights of the animals are given in fig. 17. During the 14 days of 
biliary obstruction, weiglit loss of the jaundiced rats was significantly 
higher than weiglit loss in the control animals (p < 0.0 l ). Serum albumin 
was significantly decreased in jaundiced rats (28.8 ± 0.8 g/1) when com
pared with controls (33.0 ± 0.9 g/1, p < 0.01). 

Fig. 17 Mean body weights in experimental and control rats in group 6. 
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After relief of the biliary abstructien continuing until the end of the study 
(21 days) there was an increase of weights in the experimental animals 
(17.3 ± 6.4 grams). 
At !he end of the study serum albumin was no langer decreased in the 
experimenta1 rats (32.7 ± 2.0 g/1) as compared with the sham operated 
rats (33.4 ± 1.1 g/1). 
Serum bilirubin returned to normal values after relief of the biliary ob
struction (1.9 ± 0.8 pmol/l) and serum alkaline phosphatase was not 
significantly different in the experimental rats (386.3 ± 40.2 U/1) in com
parison to the controls (370.2 ± 16.4 U/1). 
After relief of the biliary abstructien bursting pressures of enteral ana
stomoses and right abdominal wounds 14 days after operatien were not 
different in the ex perimental and the control animals. The bursting pressures 
of the left abdominal wounds were lower in the experimental rats when 
compared with the sham operaled rats (p < 0.05, table 8). 
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Table 8 Mean bursting pressures ( ± S.E.) in mm Hg in group 6 (14 days 
after making intestinal anastomoses and abdominal wounds 
following one week of biliary drainage). 

Bursting pressure Exp. animals Controls Stat. analysis 

duodenum 293.0 ± 13.9 298.3 ± 15.2 n.s. 

colon 246.8 ± 16.0 275.3 ± 12.7 n.s. 

abdomen right 459.1 ± 28.0 545.6 ± 33.8 n.s. 

abdomen left 452.3 ± 36.0 558.0 ± 26.9 p < 0.05 

Summary of group 4, 5 and 6. 

The changes in serum bilirubin and alkaline phosphatase in the experimental 
rats are shown in fig. 18 and 19. Af ter remaval of the biliary obstruction 
serum bilirubin returned to normal levels within 3 to 4 days. Alkaline 
phosphatase also decreased to normal levels, but at a slower ra te. 

Fig. 18 
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Changes in serum biliru bin in rats after biliary o bstruction 
foliowed by remaval of the biliary obstruction. 
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Fig. 19 
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The results of rneasurernents of bursting pressures of duodenal-. colonic 
anastornoses and abdorninal wounds in both the ex perimental and the sharn 
operated rats at different tirnes after operation are surnrnarized in fig. 20, 
21, 22 and 23. No significant differences, apart frorn the bursting pressures 
of the duodenal anastornoses 3 days after operation and of the left abdorni
nal wounds 14 days after operation were found between the two groups, 
indicating that wound healing returns to normal after relief of the biliary 
obstruction. 
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Fig. 20 

Fig. 21 
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Mean bursting pressures of duodenum 3, 7 and 14 days after 
duodenal anastomoses following one week of biliary drainage 
(group 4, 5 and 6). 
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Mean bursting pressures of colon 7 and 14 days after colonic 
anastomoses following one week ofbiliary drainage (group 5 and 6). 
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Fig. 22 

Fig. 23 

Mean bursting pressures of right abdomen 3, 7 and 14 days after 
abdominal wounds following one week of bi!iary drainage 
(group 4, 5 and 6). 
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Mean bursting pressures of left abdomen 3, 7 and 14 days after 
abdominal wounds following one week of biliary drainage 
(group 4, 5 and 6). 
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Group 7 

Ex perimental rats (n; I 0) Sham operaled rats (n;IO) 

day day 

0 clip common bile duet 0 sham operation 

removal of clip sham operation 
duodenal-, colonic duodenal-, colonic 

14 anastomoses 14 anastomoses 
abdominal wounds abdominal wounds 

21 measurements of 21 measurements of 
bursting pressures bursting pressures 

In this group three of 10 ex perimental animals died and aJJ control rats 
survived. The mortality was caused in aJJ cases by biliary peritonitis after 
removal of the clip. 
Mean serum bilirubin ·14 days after biliary obstruction was 188.2 ± 8.3 
11mol/l in the experimental rats and 2.4 ± 1.4 ,umol/1 in the sham operaled 
rats. Alkaline phosphatase was also increased in the ex perimental rats when 
compared with the sham operaled rats (890.4 ± 37.3 U/1 and 461.6 ± 27.5 
U/1 respectively ). 
Weights of the animals are shown in fig. 24. In the 14 days of biliary ob
struction weight Joss of the jaundiced rats was significantly higher than in 
the sham operaled rats (p < 0.001). Serum albumin values were not signi
ficantly different between the two groups (27.7 ± 0.7 g/1 in thejaundiced 
rats and 29.8 ± 0.8 g/1 in the control rats). 
After relief of the biliary obstruction weight curves were paraHel until the 
end of the study (7 days). 
Serum albuminwas 28.6 ± 0.6 g/1 in the experimentairals and 30.5 ± 0.7 g/1 
inthesham operaled rats at the end of the study. 
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Fig. 24 Mean body weights of jaundiced and control rats in group 7. 
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Serurn bilirubin returned to normal values after relief of the biliary ob
struction (2. 7 ± 1.8 pmol/1) and serum alkaline phosphatase was also not 
significantly different in the ex perimental animals ( 4 70.6 ± 92.1 U/1) and 
the control animals (322.5 ± 22.6 U/1) at the end of the study. 
Bursting pressures tested 7 days after duodenal anastomoses and abdominal 
wounds, made at the same operation in which the clip was removed, were 
significantly lowered in the experirnental group when compared with the 
control group. There was no difference between the bursting pressures of 
the colonic anastomosesin the two groups (table 9). 

Table 9 Mean bursting pressures ( ± S.E.) in mm Hg in group 7 (7 days 
after remaval of the biliary obstruction and at the sarne ope
ration made intestinal anastomoses and abdominal wounds). 

Bursting pressure Exp. animals Controls Stat. analysis 

duodenum 248.6 ± 6.1 286.3 ± 10.1 p < 0.01 

colon 224.3 ± 20.4 242.3 ± 10.6 n.s. 

abdomen right 495.7 ± 30.0 610.0± 37.1 p < 0.05 

abdomen left 507.1 ± 33.2 598.0 ± 26.0 p < 0.05 
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Group 8 (Pair-feeding group) 

Experimenta1 rats (n= 1 0) Sham operated rats (n= 1 0) 

day day 

0 ligation and division 0 sham ligation of common 
of common bi1e duet bi1e duet 

duodenal-, colonic duodenal-, colonic 
14 anastomoses 14 anastomoses 

abdominal wounds abdominal wounds 

21 measurements of 21 measurements of 
bursting pressures bursting pressures 

One of I 0 jaundiced animals and 2 of I 0 control rats di ed. The reasous for 
these deaths were not C!ear. 
Mean serum bilirubin was 162.1 ± 9.1 ,umol/1 in the jaundiced rats and 
2.1 ± 0.2 ,umol/1 in the sham operated rats. Alkaline phosphatase was 
913.2 ± 68.2lf/l in thejaundiced rats and 344.4 ± 49.6 U/1 in the control 
rats. Both SGOT and y GT were significantly increased in the jaundiced 
rats (263.7 ± 19.5 U/1 and 50.9 ± 8.5 U/1 respectively) when compared with 
the sham operated rats (97.7 ± 15.9 U/1 and 4.9 ± 1.5 U/1 respectively). 
The weights of the animals are given in fig. 25. The mean weights of the 
jaundiced and the control rats were not statistically different throughout 
the entire study. Weight loss during the 2!-day study was not statistically 
different in the jaundiced and the pair-fed control rats. However, serum 
a1bumin was significantly decreased (p < 0.00 I) in the jaundiced rats (23.1 
± 0.9 g/1) as compared with the control rats (30.1 ± 1.0 g/1). 
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Fig 25. Mean body weights of jaundiced and pair-fed control rats in 
group 8. 
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Bursting pressures tested 7 days after making the àbdominal wounds were 
significantly lower in the jaundiced rats when compared with the sham ope
raled rats. Enteral anastomoses, however, showed no significant difference 
in bursting pressure between either groups (table 1 0). 

Table 10 Mean bursting pressures ( ± S.E.) in mm Hg in group 8 (7 days 
after making intestinal anastomoses and abdominal wounds 
in jaundiced and pair-fed sham operaled rats). 

B ursting pressure Exp. animals Controls Stat. analysis 

duodenum 231.4 ± 24.4 287.5 ± 12.7 n.s. 

colon 203.6 ± 10.1 220.7 ± 19.0 n.s. 

abdomen right 385.6 ± 23.0 614.3 ± 28.3 p< 0.001 

abdomen left 400.0 ± 30.4 648.6 ± 29.3 p< 0.001 
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Group 9 ( starvation group) 

day 

OI 

14! 

21 

J aundiced rats (n= 1 0) 

ligation and division 
of common bile duet 

duodenal-, colonic 
anastomoses 
abdominal wounds 

measurements of 
bursting pressures 

day 

0 

14 

21 

Starvation rats (n=lO) 

sham ligation of 
common bile duet 

duodenal-, colonic 
anastomoses 
abdominal wounds 

measurements of 
bursting pressures 

Three of 10 jaundiced animals died, all the starved rats survived, Causes of 
death were leakage of·the colon anastomosis, effects of anaesthesia and in 
one instance, unknown. 
Mean serum bilirubin was 171.5 ± 10.3 l"mol/1 in the jaundiced rats and 
2.1. ± 0.3 l"mol/1 in the sham operated rats. Alkaline phosphatase was 
872.9 ± 68.0 U/1 injaundiced rats and 204.9 ± 10.9 U/1 in the control rats. 
The mean body weights of the animals are shown in fig. 26. The sham 
operated animals, who were kept on a starvation diet, lost significantly 
more weight than the jaundiced animals (p < 0.01 ). However, serum album in 
was significantly decreased in the jaundiced rats (23.2 ± 0.8 g/1) when 
compared with the sham operated animals (33.3 ± 0.9 g/1, p < 0.001). 

72 



Fig. 26 Mean body weights of jaundiced and starved sharn operaled rats 
in group 9. 

gram 

320 

300 

280 

260 

240 

220 

200 

0 
t 

lst eperation 

e jaundice ( n= 7) 
A starvation (n=TO) 

mean ± S.E. 
*P < 0.01 

* 

7 14 21 

t 
2nd operatien 

postoperative 
day 

Bursting pressures tested 7 days after abdorninal wounds were signitïcantly 
lowered in the jaundiced rats when cornpared with the animals which had 
been starved. Bursting pressures of enteral anastornoses were not different 
in the two groups (table 11 ). 

Table 11 Mean bursting pressures ( ± S.E.) in rnrn Hg in group 9 (7 days 
after rnaking intestinal anastornoses and abdorninal wounds in 
jaundiced and starved sharn operaled rats). 

Bursting pressure J aundiced rats Starvation rats Stat. analysis 

duodenurn 224.0 ± 17.4 273.8 ± 20.6 n.s. 

colon 190.0 ± 13.7 209.4 ± 21.7 n.s. 

abdomen right 318.3 ± 26.0 421.0 ± 21.7 p < 0.01 

abdomen left 385.0 ± 21.6 479.0 ± 30.1 p < 0.01 
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2.4 Discussion 

The evaluation of the effect of biliary obstruction on wound healing iu man 
is complicated by the presence of factors such as malignancy or anorexia 
with malnutrition (lrvin et al 1978. Armstrong et al 1984). In order to 
separate the effects of different factors it is necessary to use animal models. 
In the present study we used the male random bred Wistar rat to investi
gate the effect of biliary obstruction on wound healing. 
Trams and Symeonidis (1957) showed that after simple ligation of the 
common bile duet in rats recanalisation can occur after 14 to 28 days by 
invagination of the distal into the proximal stump of the common bile duet. 
This recanalisation, however, does not occur in all rats after bile duet 
ligation. In our opinion this model is not suitable for investigation of the 
effect of biliary drainage because the time of recanalisation can not be 
predicted. Another method to relieve a previously made biliary obstruction 
has been described in dogs by Aronson (1961) and in rats by Bims et al 
(1962). In these models a short plastic tube was used that was slit length
wise. The tube was clamped around the common bile duet and fixed with a 
ligature. The biliary obstruction was relieved by cutting the ligature. This 
method has been used to cause biliary obstruction for maximally 3 days in 
rats, but its use after-Jonger periods of obstruction has not been studied 
(Bims et al 1962). 
Ryan et al (1977) performed choledochoduodenostomy in rats 2 weeks 
after ligation and division of the common bile duet, using a teflon splint. 
This procedure is technically difficult, time consuming and the risk of 
leakage of the anastomosis leading to biliary peritonitis is considerable. 
For the present study we decided to use a Haemoclip®. This Haemoclip® is 
easy to put on the common bile duet after dissecting free the duet. A similar 
Haemoclip® has also been used in our laboratory to make a reversible ob
struction of the ureters in rats (Provoost and Molenaar 1981 ). In a pilot 
study total obstruction of the rats common bile duet was achieved with 
this HaemocJip®. Approximately 14 days after clipping the common bile 
duet, recanalisation - the same process of invagination as described by Trams 
and Symeonidis (1957)- occurred in 80% of the rats. The obstruction and 
recanalisation we re visualized by cholangiography (fig. 1, 2 ). 
After removal of the clip with a special forceps the serum bilirubin level 
decreases to normal in 3 to 4 days. Alkaline phosphatase also decreases to 
normal levels, but more slowly. Histopathological changes of the liver will 
disappear inthereverse order to which they occur (Trams and Symeonidis 
1957, Bims et all962, Ryan et all977). !'heuse of this clip was associated 
with a high mortality (10-50% ) 
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insome of the ex perimental groups, death being mainly due to biliary peri
tonitis. The mortality ra te after ligation and division of the common bile 
duet, as described by Lee (1972) was somewhat lower (I 0-33% ). The mor
tality ra te of the sham opera !ion was I 0% and was mainly caused by the 
effects of anaesthesia. The mortality due to Ieakage of the intestinal anas
tomoses was neg]igible. 
In pilot studies done by our group the effect of biliary obstruction on the 
healing of laparotomy wounds in rats was evident, since all rats with a 
permanent obstruction Jonger than 8 weeks developed an incisional hernia. 
The deveiopment of incisional hernias in jaundiced rats has also been found 
in other strains of rats (Brown Norway and Wag/Ry rats) used in our 
Iaboratory. To our knowiedge, this ob servation has not previousiy been 
published, except for a remark on jaundiced rats with a high percentage of 
burst abdomen and incisional hernia by Ellis (1977). Such a high frequency 
of incisional hernia is not reported with other factors known to influence 
wound healing, for instanee extreme malnutrition or corticosteroides. 
The healing of duodenal anastomoses was investigated in the present study 
because small intestinal anastomoses are frequently used in biliary surgery. 
The healing of colonic anastomoses was studied to compare the effect of 
biliary obstruction on the healing of coionic anastomoses with the effects 
of other factors such as tumor growth (De Graaf I 98 I), malnutrition 
(Daly et al I972, lrvin I978, Ward et al I982) and uremia (Shindo and 
Kosaki I982), which have been studied in detail. 
The intestinal anastomoses were performed with non-resorbable sutures 
and these sutures were not removed before measuring the bursting pressures 
to prevent damage to the anastomoses. The abdominal wounds were made 
from the inside without cutting the subcutis and skin. The process of wound 
healing couid nol, therefore, be influenced by external factors as infection 
due to licking or gnawing of the wounds by the rats. 
The bursting pressures of both intestinai anastomoses and abdominal 
wounds were significantly Iower in the jaundiced rats 14 days after the 
wounds were made, compared with the sham operaled rats. Seven days after 
making the wounds the duodenal anastomoses and abdominai wounds had 
significantly lower bursting pressures, whereas after 3 days there were no 
differences between the two groups. 
The delayed wound healing in obstructive jaundice found in this study is 
in accordance with the reports of Bayer and Ellis (1976) and Arnaud et al 
(I 981 ), but in contrast to findingsof Greaney et al (I 979). The latter used 
!he same technique to measure the bursting pressures of abdominal wounds 
as in our study. The length of !he abdominal wounds in Greaney's study 
was I cm, while in our study the length was 1.5 cm. lt is possible that a 
length of I cm is too small to reach significant differences in bursting 

75 



pressures in wounds of jaundiced and control rats_ Langer laparotomy 
wounds were used for measuring the bursting pressures in the other studies 
(Bayer and Ellis 1976, Arnaud et al 1981 )_ 
In the present study we found that jaundiced rats lost significantly more 
weight when compared to sham operaled rats. This loss of weight of jaun
diced rats was nat reported in studies of Bayer and Ellis (1976), Ryan et al 
(1977), Greaney et al (1979), Arnaud et al (1981 ). However, significant 
weight loss was reported in a study by Holman and Rikkers (1982) on 
abstruclive jaundice and host defence failure and in a study by Yarger 
(1976) on abstruclive jaundice and kidney function. Since weight loss 
itself can influence wound healing adversely (Daly et al 1972, Ward et al 
1982) we studied wound healing in jaundiced and pair-fed sham operaled 
rats, who had similar weight losses. From this study we found that weight 
loss in jaundiced rats is the result of anorexia rather than of malabsorption, 
since jaundiced rats eat much less food than control rats and the weight 
curves of pair-fed rats we re paralleL J aundiced rats eat practically nothing 
in the first days after obstruction of the camman bile duet, during the 
period in which the serum bilirubin level rises. After this period jaundiced 
rats regain some appetite, but they still eat less than sham operaled rats. 
The anorexia disappears after relief of the biliary obstruction. The weight 
curves of the experimental rats were parallel to those of the control rats. 
In these two groups with similar weight loss due to pair feeding we found 
that the bursting pressures of the abdominal wounds were significantly 
lower in jaundiced rats, as compared with sham operaled rats. The bursting 
pressures of the intestinal anastomoses were similar in the two groups. 
Hyperbilirubinaemia thus seems to be of greater irnportance to the healing 
of abdominal wounds than to the healing of intestinal anastomoses. 
Reports on the effect of malnutrition on the processof wound healing are 
unanimous. A delayed healing of a colon anastomosis was found in rats 
with weight loss of 2% of body weight as compared with control rats that 
gained 8% of body weight in a study by Daly et al (1972). Lower bursting 
pressures of colon anastomoses were reported in rats with 12.5% loss of 
body weight (Ward et al 1982). In another study a significantly delayed 
healing of intestinal anastomoses was only found in rats with weight loss 
of more than one third of body weight (lrvin 1978). 
The fact that hyperbilirubinaemia plays an important role in the healing of 
abdominal wounds can be concluded from our study (group 9) in which 
jaundiced rats had significantly less weight loss than sham operaled rats, 
who were put on a starvation diet. Even then lower bursting pressures of 
the abdominal wounds were found in jaundiced rats in comparison to sham 
operaled rats, who had a tata! weight loss of 28.5% of the initia! weights. 
A different response to weight loss of parietal and visceral tissues has been 
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suggested by Harknesset al (1958) and Caback et al (1963). These authors 
found that visceral collagen was maintained in larger amounts after mal
nutrition than collagen in skin. Collagen is of great importance for the 
strength of a wound (Cronin et al 1968, Gottrup 1981 a and b) and 
collagen is produced by fibroblasts. lt has been shown that bilirubin has a 
toxic effect on growing fibroblastsin vitro (Taube et all981). It is possible 
that a larger increase of fibroblasts in parietal tissue is the cause of the 
greater sensitivity for the toxic effect of bilirubin of abdominal wounds 
than intestinal anastomoses. 
The poorer nutritional state of jaundiced rats was also evident from the 
significant decrease of the serum albumin levels. This decreased albumin 
level was probably nol only caused by the lower food intake, but also by 
a reduced synthesis due to the disturbances in liver function. This can be 
concluded from the starvation and pair-feeding study in which jaundiced 
rats had a significant lower serum albumin thansham operaled rats. 
The effect of biliary tract drainage on wound healing has nol been previously 
studied. In the present study delayed wound healing in jaundiced rats 
improved quick!y after biliary drainage. Almost no differences in bursting 
pressures of intestinal anastomoses and abdominal wounds measured after 
3. 7 and 14 days were found in the experimental and sham operaled rats 
after biliary tract decompression. All rats had normal bilirubin levels after 
biliary drainage. 
The impravement of wound healing after biliary drainage takes some time. 
When the intestinal anastomoses and abdominal wounds were made sirnulta
neously with the relief of the biliary obstruction, a delayed healing of 
duoderral anastomoses and abdominal wounds is still found. 
After biliary drainage the nutritional state of the rats improved, because the 
weight curves of the rats after drainage were parallelor even rising and the 
serum albumin level was increasing. 
These findings clearly show the beneficia! effect of biliary drainage on the 
processof wound healing in rats with biliary obstruction. 
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CHAPTER 3 
BILIARY OBSTRUCTION 

AND INFECTION 





3.1 Introduetion 

Cultures of bile at the time of eperation on patients with obstructive 
jaundice frequently reveal a wide variety of micro-organisms. Passants of the 
smal! intestine, E.Coli, Streptococcus faecalis and Klebsiella, are the most 
common (Nielsen and Justesen 1976, Farnell et al 198 I). 
An overall incidence of positive bile cultures of 33% in 870 patients was 
reported in elective biliary surgery by Cox et al (1978). The reported 
incidence of bacteria in the bile is extremely variabie in other studies 
ranging from 8 to 42% and depending on the type of patients being studied 
and the use of antibictics preoperatively (Anderson and Priestly 1951, 
Flemma et al 1967, Engström et al 1971, Maddocks et al 1973). The 
incidence of positive cultures is much higher in patients with partial ob
struction than in patients with total cbstructien (Kune and Schutz 1974, 
Nielsen and Justesen !976, Dye et al 1978, Cox et al 1978, Keighley 1982). 
After biliary tract decompression,however, 88% of the patients had posi
live cultures in the study described by Cox et al (1978). 
Micro-organisms that cause postoperalive cholangitis and septicaemia are 
usually the same as these are cultured from the bile at the time of the 
eperation (Keighley 1977, Cox et al 1978 ). 
The pathogenesis of bacteria in the bile is incompletely understood. Four 
different routes of invasion have been proposed (Scott and Khan I 967, 
Kuneet al 1974): 
I. The entero-hepatic route. 

Colonic organisms travel via the portal blood to the liver, are excreted in 
in the bile, and proliferate in the stagnant bile of a diseased biliary tree. 

2. The ascending route. 
Organisms appear in the duodenum, traverse Valer's papilla, and aseend 
the biliary tree. 

3. The haematogenous route. 
Blood-borne organisms are carried to the diseased biliary tree, where 
proliferation occurs. 

4. The lymphatic route. 
Organisms from the gut are transporled into the lymphatics of the liver 
and biliary tract. 

None of these theories can completely explain all observations made 
regarding bile cultures in the various diseases affecting the biliary tree. 
Wound infection after biliary surgery occurred by direct spread of the 
bacteria rather than by haematogenous dissemination in patients studied by 
Gallagher et al (1982). 
Postoperalive septic complications occur frequently in patients with ob-
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structive jaundice (Pitt et al 1981) and are associated with a significant 
mortality (Dixon et al 1983 ). After pancreatoduodenectomy septic 
complications are a major problem. Anastomotic breakdown, especially 
from the pancreatojejunostomy, leading to septicaemia carries a high mor
tality (Gilsdorf and Sparros 1972, Warren et al 1975, Braasch and Gray 
1977 ). 
Although the high frequency of postoperalive septic complications in 
paticnts with abstruclive jaundice is explained by the preserree of infected 
bi ie. cspecially after manipulation of the biliary tract, it is not clear whether 
patients with abstruclive jaundice have impaired defensive mechanisms 
against infection. 
1t has been shown in vitro that the proliferative response of Tand B lympho
cytes to mitogens is reduced by actdition of bile acids (in concentrations 
higher than found in patients with abstruclive jaundice, Gianni et al 1981 ). 
Unconjugated bilirubin appears to have an inhibitory effect on cellular 
immune responses in man (Rola et al 1975). On the other hand enzymes 
associated with antibacterial activity are increased in ieucocytes from 
patients with abstruclive jaundice (Wardle 1980). 
The phagocytic capacity of the reticulo-endothelial system which plays an 
important role in removing micro-organisms from the blood (Saba 1970, 
J acob et al 1977) is impaired in patients with cholestasis (Drivas et all976 ). 
The phagocytic function of the reticulo-endothelial system has been 
studiedinrats by means of colloidal carbon injection 3, 7, 14 and 21 days 
after ligation and division of the common bile duet. (Holman and Rikkers 
1982). The corrected plasma disappearance rate (a·value) was significantly 
depressed 21 days after biliary obstruction as compared with control rats, 
but not after 3, 7 and 14 days. Mortality following i.v. injection of E.Coli 
endotoxin was increased in 21 days abstrucled rats when compared to 
controls, suggesting a low phagocytic activity of !he reticulo-endothelial 
system. 
The reticulo-endothelial clearance of microaggregated albumin and 51 Cr 
labelled endotoxin was significantly reduced in rats with abstruclive 
jaundice 3 days after ligation of the common bile duet just befare its entry 
into the duodenum. Mortality after i.v. injection of E.Coli endotoxin was 
18 out of 20 jaundiced animals and 2 out of 10 control animals (Wardle 
and Wright 1970). 
On the other hand the phagocytic capacity (k-value) in rats was increased in 
5 to 3 8 days jaundiced rats as compared with control rats. Phagocytic capa
city was measured with carbon particles in this study (Halpern et al 1957). 
In a more recent study the phagocytic capacity was also found to be signi
ficantly increased in jaundiced rats aft er injection of 51 Cr endotoxin as 
compared with controls (Arii et all983). 
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The present experimental study in rats was initialed because the reports in 
the literature are conflictiong, especially with regard to phagocytic funtion 
of the reticulo-endothelial system in animals with biliary obstruction. 
The aim of the study was: 

I. to study the effect of biliary obstruction on mortality by induced 
bacteriaemia and endotoxaemia in a controlled studyin rats; 

2. to investigate the effect of relief of the biliary obstruction on this 
mortality induced by bacteriaemia; 

3. to study the capacity of the reticulo-endothelial system, and some 
aspects of the cellular and humoral immunity in jaundiced rats. 

3.2 Materialand methods 

3.2.1 Animals, anaesthesia and operalive techniques 

Animals 

Male inbred Wag/Ry rats (W.R.) weighing between 220 and 340 grams and 
male inbred Brown Norway rats (B.N.) weighing between 220 and 360 
grams were used throughout the study (TNO animal breeding facilities, 
Zeist, The Netherlands). They were housed in groups of 5, in cages, and 
were fed ad libitum on commercial chow (Hope Farms) and water (pH± 3). 

Anaesthesia 

Rats were anaesthetized with ether as described in chapter 2. In the carbon 
clearance test and in the endotoxin clearance test anaesthetic Nembutal® 
(0.1 mg/1 00 gram body weiglit i.p.) was used after induction of anaesthesia 
with ether. 

Production of biliary obstruction and sham operations 

Porpermanent biliary obstruction division ofthe camman bile duet between 
two ligatures was perfonned. In rats to be subjeeled to relief of the ob
struction the camman duet was clipped. Sham operaled control rats were 
also obtained (see chapter 2). 
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3.2.2 Mortality studies after injection of bacteria or endotoxin 

Klebsiella pneurnoniae serotype 4B, cultured for 20 hours at 37° in Todd 
Hewitt broth was used. Inocula of 105, 106, 107 and 108 K1ebsiella 
pneurnoniae were adrninistered intraperitoneally in 4 groups of 3 non
operaled rats. Mortality was exarnined after 24, 48 and 72 hours (tab1e 12). 

Table 12 Mortality after i.p. injection of 105, 106, 107 and 108 
Klebsiella pneurnoniae. 

Cumuialive rnortality 

Inoculurn No. of rats < 24h <48 h 

105 3 0 0 

106 3 0 0 

107 3 0 2 

108 3 3 0 

<72 h 

0 

0 

3 

0 

Inocula of 10 7 Klebsiella pneurnoniae were used for the further rnortality 
studies. Blood cultures were taken after death. In one group bacteria were 
counted in the peripheral blood 30 hours after intraperitoneal injection of 
Klebsiella pneurnoniae. 
Escherichia Coli endotoxin 0.127 B8 (Difco) was also used in the rnortality 
studies. The LD50 dose was deterrnined in a pilotstudy (table 13) and this 
dose (3 rng/100 gram bodyweight) was injected intravenously via the penile 
vein in a singel bolus. 
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Table l3 Mortality after i.v. injection of 5 mg, 4 mg and 3 mg/100 gram 
body weight endotoxin. 

Cumu!ative mortality 

Do se No. of rats <24 h <48 h <72h 

5 mg 6 6 0 0 

4mg 4 3 3 4 

3 mg 4 0 2 2 

3.2.3 Carbon clearance test 

This test is based on the work of Biozzi, Halpern, Stiffel and Benacerraf (in 
Mononuclear phagocytes,ed. R. van Furth, 1970). 
Colloidal carbon particles, which are stabie in the bloodstrearn and uniform 
in size (Talens ink, KoninklijkeTalens B.V. The Netherlands), were injected 
intravenously via the penile vein (Stuart et al 1973). The carbon particles 
are removed by the sessile intravasculair phagocytes in the liver and spleen. 
The Kupffer cells of the liver take up approximately 90% and the splenic 
macrophages l 0% . Provided the do se is standardized, the ra te of remaval is 
a measure of reticu!o-endothelial activity. Very smal! doses of colloid are a 
measure ofhepatic blood flow rather than phagocytic function. Ifthe blood 
concentration of carbon is plotted against time, the remaval follows an 
exponential function for doses of carbon above the so-called critica! dose. 
Above this critica! concentration, the rate of phagocytosis depends on the 
initia! concentration, and is proportional to the con centration in the blood, 
and inversely proportional to the amount of carbon already phagocytosed. 
The logarithm of blood con centration against time gives a straight line, the 
slope of which, the constant k, measures the ra te of phagocytosis. 
Within a given species, the same dose of colloid gives similar valnes of k. 
For each species, variations in k have been shown to be related to 
differences in weight of the liver and spleen. A corrected phagocytic index 
is a constant obtained from the following formula: 

W (W = bodyweight) 
3,/r----

"'=VK WLS (WLS = weight of liver and spleen) 
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Carbon doses of 20 mgf I 00 gram bodyweight in W .R. rats and 40 mgf I 00 
gram bodyweight in B.N. rats in a volume of lee saline solution(NaCI 0.9%) 
were administered via the penile vein. Blood samples (10 pi) were obtained 
befare and 2, 5, 10, 15 and 20 minutes. after injection from a tail cut and 
mixed with 20 mi of a 0.1% salution of acetic acid. The optica! density of 
each sample was determined in a spectrophotometer (Gilford 240) at 635 
nm and compared to standards (blood density befare injection of colloid) 
to determine blood concentration of colloidal carbon. 
After the clearance test the animals were sacrificed and liver and spleen 
were removed. Liver and spleen were weighed individually and the phago
cytic index (k-value) and the corrected phagocytic index ( a -value) were 
calculated. 

3.2.4 Endotoxin clearance test 

Escherichia Coli endotoxin 0127 .B8 (Difco) was labelled with 51 Cr. The 
methad of preparatien was based on the study of Braude et al (1955). 
100 115lci CrCJ3 (spec. act: 350 mCi/mg Cr) in 0.9% w/v NaCI was added 
to 5 mg endotoxin and suspended in 5 mi buffer containing 5 mmoi/I Na
Phosphate and 0.9% w/v NaC! (pH 7.0). After incubation for 24-36 hours 
at room temperature the endotoxin was precipitated by adding ethanol to 
a concentration of 80% by volume and separated by centrifugation at 
2000 x for 15. minutes. Aft er remaval of the supernatant, the precipitate 
was dissolved again in 2 ml phosphate buffer (10 mM, pH 7.0). The sample 
was precipitated and dissolved at least 4 times with ethanol and buffer 
respectively until radioactivity in the supernatant was less than 0.1% of 
the radioactivity in the endotoxin precipitate. Labelled endotoxin was 
finally dissolved in 0.9% w/v NaCI containing 5 mM phosphate (pH 7.0). 
Specific activity was 15 p Ci/mg endotoxin. 
Approximately 0.3 mg of endotoxin in I mi was used in each experiment 
and was administered via the penile vein. Blood samples (50 pi) were 
obtained from a tail cut befare and 2, 4, 6, I 0 and 15 minutes after injection 
of the preparation. Radioactivity (counts/10 minutes) was measured by a 
gamma counter (Searle, model 1195R) in each blood sample. From these 
data the phagocytic index (k-value) was calculated in the same manner as 
in the carbon clearance test. 
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3.2.5 Serum biochemistry and haemato/ogy 

Detenninations of serurn bilirubin were carried out in all experirnental 
animals on a computer directed analyser by standard methods. Leucocytes 
and lyrnphocytes were counted with a Toa Electric cel! counting systern. 

3.2.6 Cel/u/ar and humoral immunity tests 

3.2.6.1 Leucocyte counts in peripheral blood 

The nurnber of lyrnphocytes and granulocytes were calcultated frorn the 
total and differential counts. 

3.2.6.2 · Number of lymphoid cells in various /ymphoid organs 

Rats were sacrificed and the spleens, thyrni, mesentene lyrnph nodes and 
left fernurs were removed and placed in HBSS (Hank's balanced salt solution). 
The spleens, thyrni and rnesenteric lymph nodes were cut into smal! pieces 
with a pair of scissors and the fragrnents were pressed through a sieve 
consisting of nylon gauze. 
Bone rnarrow cells were obtained by flushing the fernurs with HBBS. A 
bent needie was inserted into the distal end of the shaft and rnoved slightly 
up and down to break the smal! bone spicules. Bone fragrnents were re
rnoved by filtering the cells throught a nylon sieve. 
The number of lymphoid cells was counted. 

3.2.6.3 Haemagglutination assay (HA) 

After one week of biliary obstruction rats were irnrnunized with 108 sheep 
red blood cells (SRBC) intraperitoneally. The anti-SRBC titers were 
detennined one week later using the haernagg!utination assay according to 
Mitchell et al (1969). 
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3.2.6.4 PHA stimulation 

PHA-P (Pharmacia) in concentration of 0.1, 0.2, 0.4, 0.8 and 1.6 flgr/ml 
were used. 0.02 fll ofeachconcentrationwasadded to cultures. RPMI 1640 
supplemented with L-glutamine, antibiotics, I o-5 M 2-mercaptoethanol and 
I 0% foetal calf serum was used. I Y, .I oS spleen cells in a total volume of 
200 ,ui medium and PHA-P we re incubated at 3 7° and 5% C02 in a humi
dified atmosphere. 
Cells were harvestedon day 4. 0.8 ,uCi of methyl-3H-Thymidine was added 
to each culture 14-16 hours before harvesting. Harvesting was performed on 
an automatic cell harvester (Dynatech) and 3H-uptake was measured on a 
B-counter. 
The results were expressedas counts per minute. 

3.2. 7 Experimental groups 

Group 10 (n=29, 15 experimental animals, 14 controls) 
Two weeks after biliary obstruction or sham operation in 
W .R. rats inocula of I 0 7 Klebsiella pneumoniae were injected 
intraperitoneally. Mortality was examined af ter 24, 48 and 
72 hours. 

Group IJ (n=25,15 experimental animals, JO controls) 
Two weeks after biliary obstruction or sham operation in 
W.R. rats the obstruction was relieved or sham operation was 
performed. One week later inocula of I 0 7 Klebsiella pneumo
niae were injected intraperitoneally. Mortality was examined 
after 24, 48 and 72 hours. 

Group 12 (n=8, 5 experimental animals, 3 non-operated controls) 
The number of bacteria in the peripheral blood was counted 
30 hours after intraperitoneally injection of 107 Klebsiella 
pneumoniae in jaundiced W .R. rats 14 and 28 days aft er 
biliary obstruction and in control W.R. rats. 

Group 13 (n=J7, 9 experimental animals, 8 non-operated controls) 
Carbon clearance was measured in jaundiced W.R. rats 5, 11 
and 18 days after biliary obstruction and in control W.R. rats. 
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Group 14 (n=30, 17 experimental animals, 13 controls) 
Carbon clearance was measured in jaundiced and control B.N. 
rats 2, 7, 14, 21 and 28 days aft er biliary obstruction or sham 
operation. After sacrificing the rats, livers and spieens were 
weighed and the corrected phagocytic index ( er -valuc) was 
also calculated. 

Group 15 (n= 19, 9 experimental animals, I 0 controls) 
Two weeks after biliary obstruetion or sham uperaliun in 
W.R. rats endotoxin (3 mg/100 gram body weight) was in
jected intravenously. Mortality was examined aller 24 hours. 

Group 16 (n=17, 9 experimental animals, 8 controls) 
Endotoxin clearance was measured in jaundiced and control 
W.R. rats 7 and 14 days after biliary obstruction or sham 
operation. After sacrificing the uptake of thc radioactivity 
was measured I hourafter the injection of 51 Cr cndotoxin in 
the liver, spleen, kidneys, hart, thymus, lungs and left femur. 

Group 17 (n=IO, 5 experimental animals, 5 controls) 
lmmunological studies were performed in W.R. rats following 
2 weeks ofbiliary obstruction or 2 weeks aftersham opera !ion. 
One week after the biliary obstruction or sham operation the 
rats were inoculated with I Q8 SRBC. 

3.2.8 Statistica/ analysis 

Variances of the mean is expressedas the standard error of the mean (SEM). 
Differences in mean were analyzed with Stuctent's !-test, and mortality data 
were tested by the Fisher test. The Fisher test was applied to compare two 
independent proportions, where the asymmetry of the nul! distribution was 
taken into account in the computation of the two-sided tail-probability P2· 

3.3 Results 

Group 10 Mortality study after injection of Klebsiella pneumoniae 
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Experimental rats (n~l5) Sham operatea rats (n~ 14) 

day day 

0 I ligation and division of 
common bile duet 

14 i.p. injection of inocu!um 

0 I sham operation 

14 i.p. injection of inocu!um 

lnocu!um: 107 Klebsiella pneumoniae 

There was no operative mortality in the experimental or sham operated 
group. 
The body weights of the animals are given in fig. 27. During the study 
(14 days) the sham operated animals gained significantly more weight than 
the jaundiced animals (p < 0.01 ). 

Fig. 27 Mean body w·eights of jaundiced and control rats in the mortality 
study (group l 0). 
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Mean serum bi!irJbin in the jaundiced rats 14 days after biliary obstruction 
was 153.1 ± 11.0 pmol/1. 
A significant higher mortality was found in the jaundiced rats 24 and 48 
hours after i.p. injection of J07 Klebsiella pneumoniae when compared 
with the sham operated rats (table 14). All dead animals had positive 
blood cultures for Klebsiella pneumoniae. 

Table 14 Mortality after i.p. injection of J07 Klebsiella pneumoniae 
two weeks after biliary obstruction or sham operation. 

Cumulative mortality 

N < 24 h <48 h <72 h 

J aundiced rats 15 7* 12* 12 

Sham operated 
rats 14 0 3 8 

* p < 0.01 

Group 11 Mortality study after injection of Klebsiella pneumoniae 
following biliary drainage. 

Experimental rats (n= 15) Sham operated rats (n=lO) 

day day 

0 clip common bile duet 0 sham operation 

14 removal of clip 14 sham operation 

21 i.p. injection of inoculum 21 i.p. injection of inoculum 

Inoculum: 107 Klebsiella pneumoniae 
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Mortality in the experimental animals was 27% (4/15) and in the sham 
operated animals 10% (1/10). 
The weights of the animals are shown in fig. 28. In the 14 days of biliary 
obstruction the experimental animals lost significantly more weight than 
the controls (p < 0.001). After relief of the biliary obstruction until the 
end of the study (7 days) weight curves more or Jess paralleled. 

Fig. 28 Mean body weights of experimental and control rats in the 
mortality study (group IJ). 
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Four-teen days after biliary obstruction mean serum bilirubin was 162.2 
± 21.9 ,umol/1. After relief of the obstruction serum bilirubin level returned 
to normalvalues within 7 days. 
Mortality after injection of I o7 Klebsiella pneumoniae was not significantly 
different in the experimental and the control group after relief of the ob
struction (tab ie 15). All dead animals had positive blood cultures for Kleb
siella pneumoniae. 
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Table 15 Morta!ity after i.p. injection of J07 Klebsiella pneumoniae one 
week after relief of the biliary obstruction. 

Cumulative mortality 

N <24 h <48 h <72 h 

Experimental rats !I 1 2 3 

Sham operated 
rats 9 0 2 

Group 12 Bacteria counts in peripheral blood 

In this study the number of bacteria in I mi peripheral blood 30 hours after 
injection of I o7 Klebsiella pneumoniae was counted 2 and 4 weeks after 
biliary obstruction. 
Bacteria counts in the jaundiced rats were nat found to be significantly 
higher than in the control rats (table 16). 

Table 16 Number of bacteria in I mi peripheral blood 30 hours after 
injection of I o7 Klebsiella pneumoniae. 

N rat 1 rat 2 rat 3 

Jaundice of 2 weeks duration 3 0 10 2.6x103 

J aundice of 4 weeks duration 2 0 8.lx!05 

Controls 3 0 75 1.2x!05 

Group 13 Carbon clearance test in W.R. rats 

Clearance of carbon particles by the reticulo-endothelial system was 
measured at day 5, 11, 18 aft er biliary obstruction and compared with the 
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clearance in non-operaled controls. It was found that the phagocytic index 
(k-value) was significantly increased in the jaundiced rats (tab ie 17). 

Table 17 Carbon clearance test in W.R. rats. 

Duration of Phagocytic index Statistica! 

obstruction N (k-value) analysis 

0 days (controls) 8 0.02 ± 0.004 

5 days 3 0.07± 0.006 p < 0.001 

IJ days 3 0.08 ± 0.012 p< 0.05 

18 days 3 0.06 ± 0.0 p < 0.05 

Group 14 Carbon clearance test in B.N. rats 

Ex perimental rats (n= 17) Sham operaled rats (n= 13) 

day day 

0 ligatien and division of 0 sham operatien 
common bile duet 

2 carbon clearance test 2 carbon clearance test 

7 carbon clearance test 7 carbon clearance test 

14 carbon clearance test 14 carbon clearance test 

21 carbon clearance test 21 carbon clearance test 

28 carbon clearance test 28 carbon clearance test 

Mortality in the jaundiced animals was 24% ( 4/ 17) and in the sham operaled 
animals 0% . Carbon clearance was lesled at day 2, 7, 14, 21 and 28 after 
ligatien and division of the common bile duet and after sham ligation. 

94 



Phagocytic index (k-value) in jaundiced rats was significantly increased 
after 7, 14, 21 and 28 days of biliary obstruction (fig. 29). Spleen weights 
(fig. 30) and liver weights (fig. 31) were significantly increased in 14, 21 
and 28 days jaundiced rats as cornpared with controls. The corrected 
phagocytic index ( a -value) ofthe jaundiced rats was significantly decreased 
after 14 and 21 days of biliary obstruction as cornpared with the sham 
operated rats (fig. 32). 

Fig. 29 

Fig. 30 

Phagocytic index (k-value) in rats rneasured 2, 7, 14, 21 and 28 
days after biliary obstruction or sham operation (group 14). 
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Fig. 31 

Fig. 32 
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A summary of the results of this study is given in table 18. 

Table 18 Carbon clearance test in B.N. rats. 

Experimental animals 

duration no. of weight liver spleen phagocytic corrected 
of ob- jaundiced loss weight weight index phagocytic 
struction rats (grams) (grams) (grams) (k-va1ue) index 

( a -va1ue) 

2 days 3 15.3±3.2 9.0± 0.2 0.5± 0.0 0.02±0.0 6.5±0.3 

* 
7 days 3 9.5±0.5 9.8± 0.3 0.7±0.03 0.05±0.01 7.4±0.6 

** * 
14 days 3 44.3±6.2 15.0±0.7 l.l±0.1 0.08±0.003 8.5±0.4 

* * 
21 days 2 27.0±3.0 19.2± 1.1 1.4± 0.1 0.08± 0.02 6.9± 1.2 

* 
28 days 2 4.5±3.5 20.8± 1.8 1.5± 0.05 0.14± 0.03 6.5±0.06 

Sham operated animals 

days no. of phagocytic corrected 
aft er sham weight liver spleen index phagocytic 
sham operated loss weight weight (k-va1ue) index 
operatien rats ( a -va1ue) 

2 days 2 3.5± 1.5 8.5 ±0.6 0.6±0.1 0.02± 0.005 6.4±0.8 

7 days 3 +2.3± 5.2 7.5 ±0.4 0.5 ±0.03 0.01 ~ 0.003 6.9± 0.4 

14 days 3 15.3 ± 7.9 8.7±0.1 0.7±0.03 0.02± 0.0 9.9±0.04 

21 days 2 34.0 ± 10.1 9.1 ±0.2 0.8±0.02 0.02±0.0 9.6±0.2 

28 days 3 +2.3± 3.8 7.5±0.1 0.7± 0.0 0.02± 0.009 9.6± 1.0 

* p < 0.05 **p < 0.01 mean ± S.E. 
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Group 15 Mortality study after injection of endotoxin 

day 

] 

Experimental rats (n=9) 

ligation and division of 
common bile duet 

i.v. injection of endotoxin 

Sham operated rats (n= 10) 

day 

0 I sharn operation 

14 i.v. injection of endotoxin 

E.Coli endotoxin (3 mg/ I 00 gram body weight) 

There was no operati';e mortality in either group. Mean serum bilirubin 
14 days after biliary obstruction was 152.4 ± 16.8 f'mol/1. 
A significantly higher mortality was found in the jaundiced rats 24 hours 
after injection of E.Coli endotoxin (3 mg/100 gram body weight) than in 
the sham operated rats (table 19). 

Table 19 Mortality 24 hours after i.v. injection of E.Coli endotoxin two 
weeks after biliary obstruction or sham operation. 

Jaundiced rats 

Sham operated 
rats 

* p < 0.001 
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Group 16 Endotoxin clearance test in W.R. rats 

Experimental rats (n=9) Sham operaled rats (n=8) 

day day 

0 ligation and division of 0 sham operation 
common bile duet 

7 endotoxin clearance test 7 endotoxin clearance test 

14 endotoxin clearance test 14 endotoxin clearance test 

Clearance of E.Coli endotoxin by the reticulo-endothelial system was 
measured at day 7 and 14 after biliary obstruction and compared with the 
clearance of the sham operated rats. 
Phagocytic index (k-value) was significantly increased in the jaundiced rats 7 
and 14 days after biliary obstruction as compared with the sham operated 
controls (table 20). 
The uptake of radioactivity after injection of Sier endotoxin was decreased 
in the spieens and the femurs of the jaundiced rats (table 21 ). 

Table 20 Endotoxin clearance test in W. R. rats. 

Ex perimental animals 

duration of 
obstruction 

7 days 

14 days 

no. of jaundiced 
rats 

5 

4 

phagocytic index 
(k-value) 

0.08 ± 0.007* 

0.15 ± 0.009** 
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Sham operated animals 

days after no. of sham 
sham operatien 

7 days 

14 days 

* p < 0.05 

rats 
4 

4 

**p<O.OOl 

0.06 ± 0.006 

0.09 ± 0.005 

mean ± S.E. 

Table 21 Uptake of radioactivity aft er injection of 51 Cr endotoxin in 
various organs 

J aundiced rats Sham operated rats 
(n=4) (n=4) 

Liver 81.7 ± 3.1 % 82.8 ± 0.3 % 
Spleen 6.3 ± 0.7 % ** 11.7 ± 0.4 % 
Lungs 11.2 ± 2.9 % 4.9 ± 0.2 % 
Kidneys 0.3 ± 0.03% 0.2 ± 0.02% 
Hart 0.3 ± 0.3 % 0.07 ± 0.03% 
Thymus 0.08 ± 0.04% 0.03 ± 0.01% 
Femur left 0.07 ± 0.02% * 0.2 ± 0.03% 

* p < 0.01 ** p < 0.001 mean ± S.E. 

Group 17 lmmunological studies 

Experimental rats (n=5) Sham operated rats (n=5) 
day day 

0 ligatien and division of 0 sham operatien 
camman bile duet 

7 inoculation with 108 SRBC 7 inoculation with 108 SRBC 

14 immunological studies 14 immunological studies 

Jaundiced rats, after an abstructien period of 14 days, had significant in
creases in peripheral blood leucocytes, number of lymphocytes in the 
spleen, lymphocytes in the mesenteric lymph nodes (table 22) and an in
crease in lymphocytes PHA-stimulation of the tata! spleen (table 23). 
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Table 22 Immunological studies in jaundiced rats and control rats 14 days 
alter biliary obstruction or sham operation. 

Leucocyte counts jaundiced rats control rats stat. anal. 

totalleucocytes 30.6 ± 2.2.1 o6jml 9.2 ±, 0.2.106/ml p < 0.001 
lymphocytes 20.9 ± 2.0 " 8.4 ± 0.2 " p < 0.001 
granulocytes 10.4 ± 1.9 " 0.7 ± 0.1 " p < 0.01 

Lymphoid cells in various organs 

spleen 59.4 ± 9.6.106/m1 28.5 ± 2.0.106/m1 p < 0.05 
thymus 537.5 ±45.6 " 506.3 ±39.5 " n.s. 
mesentene 
lymph nodes 9.4 ± 0.8 " 5.8 ± 0.5 " p < 0.05 
left femur 9.4 ± 3.6 " 10.4 ± 1.3 " n.s. 

Haemagglutination assay 

mean titers 17 ± 5.7 16 ± 11.3 n.s. 

mean ± S.E. 

Table 23 PHA-stimulation injaundiced and control rats 14 days after 
biliary o bstruction or sham opera ti on. 

Stimulation per 150.000 cells 

concentrations pgr/m1 jaundiced rats 

0.1 2.942 ± 355 cpm 
0.2 8.924 ± 1.284 " 
0.4 104.206 ± 11.305 " 
0.8 83.289 ± 14.447 " 
1.6 25.929 ± 2.866 " 

sham operated rats 

19.337 ± 3.579 cpm 
51.418 ± 8.145 " 
93.948 ± 11.096 " 

112.712 ± 8.596 " 
130.234 ± 18.853 " 
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Total spleen 

concentration ,ugr/ml jaundiced rats 

0.1 1.2 ±0.3.107 cpm 
0.2 3.6 ± 0.8 " " 
0.4 39.5 ± 4.0 " " 
0.8 34.5 ± 9.0 " " 
1.6 10.8 ± 2.7 " " 

* p < 0.001 mean ± S.E. 
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sham operated rats 

3.6 ± 0.6.10 7 cpm 
9.7 ± 1.6 " " 

17.8 ± 2.2 " " 
21.6 ± 2.8 " " 
24.7 ± 3.9 " " * 



3.4 Disc'.lssion 

Infection after biliary surgery is still an important cause of morbidity and 
mortality, despite the progress in prevention and treatment of microbial 
diseases. In obstructive jaundice infection may occur from operating in an 
infected area. In actdition the performance of anastomoses carries the risk 
of intra-abdominal leakage leading to peritonitis. lt is nol clear from !he 
literature whether patients with abstruclive jaundice have an impaired 
resistance against infections. 
In the present study an animal model is used to study the resistance against 
infection in abstruclive jaundice. In this model jaundiced rats were intra
peritoneally injected with Klebsiella pneumoniae, as these bacteria are 
frequently cultured in the infected biliary tra ct in man. lnocula of 10 7 
Klebsiella pneumoniae were used, because in a pilot study this dose was 
found to be the most useful one. 
The mortality after i.p. injection of 107 Klebsiella pneumoniae was signi
ficantly higher in jaundiced rats 2 weeks after biliary obstruction than in 
sham operaled rats. The mortality was thought to be caused by septicaemia 
with Klebsiella pneumoniae, because Klebsiella pneumoniae was cultured 
from the blood of all rats that di ed. After a biliary obstruction of 2 weeks, 
followed by a biliary drainage during 1 week the mortality after i.p. injection 
of 10 7 Klebsiella pneumoniae was not different in the experimental and 
sham operaled rats. 
Endotoxin may play an important role in the pathophysiology of infections. 
In experimental studies in jaundiced rats an increased mortality was found 
after injection of a single dose of E.Coli endotoxin (Wardle and Wright 
1970, Holman and Rikkers 1982). The increased mortality after injection 
of E.Coli endotoxin was confirmed in this study since 100% of the jaun
diced rats died within 24 hours, whereas only I of I 0 sham operaled rats 
(10% ) died. 
Endotoxin is a component of the cel! wal! of gram negative bacteria and is 
liberated during autolysis of these bacteria. However, endotoxin may also 
be liberated by multiplying bacteria (Jorgensen and Smith 1974, Munford 
1978 ). 
Bacteria and endotoxin are for a great deal removed from the blood by the 
reticulo-endothelial system (Freedman 1960, Saba 1970). Kupffer cells 
constitute about 80 to 90% of fixed macrophages of the reticulo-endo
thelial system. Kupffer cells have the capacity to endocytose by pinocytosis 
and phagocytosis. Endotoxin is cleared in the liver by pinocytosis, whereas 
bacteria are cleared by phagocytosis (Jon es and Summerfield 1982). 
A decreased phagocytosJs in patients with obstructive jaundice has been 
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suggested in a study of Drivas et al (1976). Nine of the 20 patients in this 
study had a decreased phagocytosis. However, 5 of these patients had a 
malignancy or liver metastases which may themselves cause a decreased 
phagocytosis (Oid et al 1960). Patients with malignancy mayalso have loss 
of weight, which can cause a decreased phagocytosis (Juhlin 1958). 
In this experimental study, in volving 2 strains of rats, a significant increase 
of the clearance of carbon particles was found. These results are in 
accordance with the results of Halperu et al (1957) and Lázár (1972). 
However, a decreased clearance of carbon particles was reported by Holman 
and Rikkers (1982). These authors used the corrected phagocytic index. 
This index is used to compare the phagocytosis in different species of 
animals, because of the differences in liver and spleen weight in pro
portion to the total body weight (Stiffel et al 1970). 
It was shown in the present study that the liver and spleen weights in
creased in jaundiced rats, whereas the total body weights decreased. Thus 
the eerreeled phagocytic index (a-value) may drop, whereas the total 
capacity (k-value) can be increased. This drop in a -value was also found in 
OUT study. 
The amount of bacteria in the peripheral blood 30 hours after intraperito
neal injection of 10 7 Klebsiella pneumoniae was nol increased in jaundiced 
rats 2 and 4 weeks after biliary obstruction as compared with control rats. 
This indicates a normal phagocytosis of bacteria from the blood. 
Endotoxin is also mainly cleared by the Kupffer cells. The spleen does nol 
seem to play an important role in the detoxification of endotoxin since 
after splenectomy no increased mortality was found in rats after injection 
of endotoxin as compared with sham operaled rats (Farrar and Corwin 
1966, Holman and Rikkers 1982). 
It has been shown that due to the absence of bile acids there is an increased 
absorption of endotoxin from the intestine (Kocsáretall969, Bailey 1976). 
The increased mortality in jaundiced rats may be explained by both an 
increased absorption of endotoxin from the intestine and a decreased 
clearance of endotoxin by the liver (Wardle and Wright 1970). However, in 
this study an increased clearance of 51 Cr labelled endotoxin was found in 
jaundiced rats 7 and 14 days after biliary obstruction as compared with 
sham operaled rats. So the increased mortality does nol seem to be caused 
by a decreased pinocytosis by the Kupffer cells. 
lt is more likely that the detoxification of endotoxin after pinocytosis is 
impaired or that liberation of toxic intermediary products, that arise after 
contact of endotoxin with the Kupffer cells (Nolan 1981 ), is the cause of 
the increased mortality. Examples of these intermediary produels are 
prostaglandins and thromboxane. A rise of the level of prostaglandins in 
endotoxin shock has been reported insheep (Cefalo et al 1980) and in rats 

104 



(Cook et al i 980). 
Anti-prostaglarJdins, such as aspirin, indomethacin a11d 13-azaprostanoic 
acid, can deercase the mortality after injection of endotoxin in experimen
tal animals (Fietcher et al 1977, Cook et al 1980). lnjaundiced rats endo
toxaemia was associated with significant elevations of thromboxane and 
prostaglandins in a study by Fletcher et al (1982). Pretreatment with 
indomethacin or prostacyclin produced significant impravement in the 
survival of jaundiced rats following endotoxin administration. 
An other possibility is a reduction of intracellolar killing of the phago
cytosed bacteria caused by unknown factors. Katz et al (1984) found a 
significant deercase in the trapping of bacteria (E.Coli) in the liver and a 
significant increase in bacterial trapping in the lungs of jaundiced rats as 
compared with sham operated rats. These authors suggest that biliary 
obstruction deercases hepatic phagocytosis and increases pulmonary loca
lization of viabie E.Coli. However, a decreased up take of 51 Cr labelled 
E.Coli endotoxin in the liver of jaundiced rats could not be demonstraled 
in the present study. 
In order to get more insight into the immunological state of jaundiced 
rats some immunological studies were performed. No indications were 
found for a decreased resistance to infection, in fact the immunological 
system of jaundiced rats seemed to be stimulated: granulocytes and 
lymphocytes counts were increased in the peripheral blood. Lymphocytes 
in mesentcric lymph nodes and spleen were also increased in number. The 
PHA stimulation of the total spleen was raised in jaundiced rats. 
In patients with obstructive jaundice increased function of polymorph 
leucocytes has been found (Wardle and Williams 1980) which also suggests 
a stimulation of the immunological system. 
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CHAPTER4 
BILIARY OBSTRUCTION 
AND RENAL FUNCTION 





4.1 Introduetion 

Acute rcnal failure is believed to occur more frequently after operations on 
decply jaundiced patients than after operations of camparabie magnitude 
on patients who are not jaundiced (Williams et al 1960. Dawson 1%5. 
Bailey 1976. Allison et al 1979 ). This postoperalive complication after 
biliary surgery is significantly associated with mortality ( Blamey et al 1983. 
Di x on et al 1983). 
The exact mechanism of postoperalive renal failure in patients or experi
mcntal animals with abstruclive jaundicc remains to be identified. but 
three factors may play a ro!e: 
l. The toxic effects of bilirubin or bile acids. 
1 Changes in haemodynamics. both systemic and renal. 
3. The effects of endotoxin. 

l. The toxic effects of bilirubin or bile acids. 

In Wist ar rats 60 minutesof renal ischaemia. following a seven-day acelusion 
of the camman bile duet. was found to produce a very severe renallesion. 
which was fata! in 60% of the animals (Dawson 1964). This could not be 
rcproduced by others I Baum et al 1969 Jin similar experiments using Gunn 
rats. that have a congenital absence of the enzyme g1ucurony1 transferase 
I Carbone and Grodsky 1957) and thus have an unconjugated hyperbili
rubinaemia which remains unaffected by bile duet ligation. 
ft thercfore seems likely that bilirubin diglucuronide. and not bile salts. 
unconjugated bilirubin or retained bile products are the cause of an in
creased sensitivity of thc renal tubules to ischaemia. 
Histological changes in dog kidneys have been reported after choledocho
caval shunts in a study by Masumoto and Masuoka I 1980). A marked depo
sition of bilc pigment and exfoliation of epithelial cells was found in 
addition to swclling of epithelial cells in the proximal tubules. The proto
p!asm of proximal tubular epithe!ial cells protruded into the tubular lumen. 
causing a narrowing of the lumen. The authors conclude that these changes 
make it likely that bile pigment or accompanying elements were responsible 
for thc disruption of renal parenchyma. 

In another study in rats renal insufficiency that lasted for 4 days developed 
aftcr infusion of sodium cholate and sodium taurocholate. foliowed by a 
30 minute pcriod of rcnal ischaemia. Rats tl1at reeeived bile acid infusions 
without renal ischacmia. and rats that received renal ischaemia without bile 
acid infusions dicl not devclop renal insufficiency. Furthermore. rats that 
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received infusions of bilirubin before the period of renal ischaemia did not 
develop renal insufficiency ( Aoyagi and Lowenstein 19681. 
Bomzom et al (1979 I studied the effects of bile acids on renal blood flow 
in babaons by infusing sodium taurocholate into the renal artery. The dose 
was equal to the blood concentra !ion of bile acids occurring in abstruclive 
jaundice. The intrarenat infusion of sodium tauroehola te did not cause any 
significant changes in mean ren al blood tlow. cortical blood tlow. or the 
percentage distri bution of radioactivity to the cortex when compared with 
control va]ues. 

2. Changes in hacmodynamics in obstructive jaundice. 

The renal damage se en in postoperalive renal failurc in obstructive jaundicc 
is acute tubLllar necrosis similar to that which complicates circulatory 
failure ( Dawson 1968 ). General anaesthesia and surgical procedures are 
known to alter renal perfusion. Liga ti on of the common bile duet in labora
tory animals may cause hypolension or an increased propensity to hypo
lension aft er minor bleeding ( Cattel and Birnstingl 196 7. Williams et al 
1960. Aarseth et al 1979 ). 
Shashe et al ( l 97 6) found a significant rise in mean cardiac index and a 
significant fall in mean total peripheral resistance 5 weeks after bile duet 
ligation in dogs. A significant deercase in cardiac output was also reported 
in rabbits after bile duet liga ti on. Renal blood flow and glomcrular filtration 
ra te were also reduced. J aundiced rabbits had more marked reduction in 
mean blood pressure and mean renal blood flow after bleeding than sham 
operaled rabbits rHishida et al 1980). 

3. Effects of endotoxin 

lmpaired renal function due to endotoxin has been reported in man (Wil
kinson 1974. Bailey 1976 I and ex perimental animals rHinshaw et al 1961. 
Gillenwater et al 1963 ). This impairment is attributed to renal vasocon
striction that leads to a decreased renal perfusion. 
The vasoconstriction is possibly due to both a direct loc al action of endo
toxin on the renal vascular bed and to a secondary systemic release of 
vasoconstrictor agcnts during the systemic hypotension. 
In an attcmpt to separate the haemadynamie from a possible nephrotoxic 
action of endotoxin the local effect of Salmonella thyphosa endotoxin was 
studied in a dog kidney perfused at a constant blood tlow. In the k1dney 
with constant blood tlow no alterations in renal function after systemic or 
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local endotoxin injection were found, indicating that the main effect of 
endotoxin on the kidney is secondary to haemadynamie changes (Gillen
water et al 1963 ). 
In patients with abstruclive jaundice renal failure was associated with a 
positive limulus lysate assay, indicating endotoxaemia (Wilkinson et al 
1976, Wardie 1975, Bailey 1976). 
Endotoxin is probably cleared by the reticulo-endothelial cells after ab
sorption from the gastro-intestinal tract (Greene et al 1961, Mori et al 
1973 ). Bile salts that can prevent endotoxin absorption from the gut are 
absent in abstruclive jaundice (Kocsár et al 1969, Bailey 1976 ). lncreased 
a bsorpiion of endotoxin, logether with impaired hepatic clearance (Wardle 
and Wright 1970, Drivas et al 1976) may therefore account for the endo
toxaemia in abstruclive jaundice. 
The effect of preoperalive bile salt administration on postoperalive renal 
function in patients with abstruclive jaundice was studied by Evans et al 
(1982) and Cahill (1983 ). A statistically significant deercase in renal failure 
was found in patients treated with bile salts befare the operation. The 
incidence of endotoxaemia in untreated jaundiced pa tienis was significantly 
higher than in non-jaundiced patients. 
The difference disappeared after prophylactic oral administration of bile 
sa! ts. 

ln the present study the effects of biliary obstruction on renal function 
wcre studied in rats by using a methad to measure kidney functions re
peatedly in the same anima!. 

4.2 Materialand methods 

4.:3.1 Animals. anaesthesia. opcrative tcchniques 

Animals 

Male random bred Wislar rats (TNO Animal breeding facilities. Zeist. The 
Netherlands) wcighing 360 to 460 grams were used throughout the study. 
They were housed in groups of 5. in cages. and were fed ad libitum on 
commercial chow (Hope Farms) and water (pH± 3 ). 
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Anaesthesia 

Rats were anaesthesized with ether as described in chapter 2. In the deler
mination of the renal clearance anaesthetic Nembutal® (0.1 mg/l 00 gram 
body weight i.p.) was used after induction of anaesthesia with ether. 

Production of biliary obstruction and sham operations 

For permanent biliary obstruction the common bile duet was divided 
between two ligatures. Sham operaled rats served as controls 
(see chapter 2). 

4.2.2 Kidney function test 

The variables of kidney function examined included serum creatinine, 
blood urea nitrogen and renal clearance. Both the glomerular fiJtration ra te 
(GFR) and the effective renal plasma flow (ERPF) were determined simulta
neously (Layzell and Mil! er 197 5, Provoost et al 1983) The GFR was 
measured using an intravenons injection of SI Cr EDT A and a single timed 
blood sample taken 60 minutes after the injection. 
The ERPF was determined by an identical technique, carried out simulta
neously with the GFR measurement, using a intravenons injection of 125I
iodohippurate ( 125!-IOH). The clearances were then calculated from the 
formula: 

c 

where C is the clearance of 51 Cr EDTA (GFR) or l25I-IOH (ERPF) (ml/ 
min). V is the distri bution volume of each substance (ml). Pt is the amount 
of radioactivity (cpm/ml) in the plasma sample taken at t = 60 min, and 
P0 is I/V, in which I is the injected amount ofradioactivity (cpm). 

4.2.3 Serum biochemistry 

Determinations of levels of serum bilirubin, albumin, alkaline phosphatase 
activity, glutamate-oxalo-acetate transaminase (SGOT), gamma glutamyl 
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transpeptidase ( y GT), creatinine, blood urea nitrogen were carried out on 
a computer directed analyzer ( Gilford System 3500) by standard methods. 
The clcctrolytes, sodium and potassium. were determined by flame photo
metry ( Klina Flame. Beckman). 

4.2. 4 L\pcrimnua/ lf.rl!up 

c;roup 18 (n=30. 23 experimental animals. 7 controls) 

Serum creatinine, blood urea nitrogen, sodium, potassium, GFR and ERPF 
wc re cstimated preoperatively and one and two weeks after bile duet division 
or sham operation. Bilirubin. alkaline phosphatase, SGOT. )J GT and 
album in were determined one and two weeks after the operation. 

4.2.5 Srarisrical analvsis 

Varianee of thc mean is expressedas the standard error of the mean (SEM). 
Differences in means were analyzed with Stuctent's t-test for unpaired data. 

4.3. Results 

Group !8 

day 
7 

0 

7 

14 

Jaundiced rats (n=23) 

measurements of kidney 
functions 

ligation and division of 
common bile duet 

measurcments of kidney 
functions 

measurements of kidney 
functions 

day 
-7 

0 

7 

14 

Sham operaled rats (n=7) 

measurements of kidney 
functions 

sharn operatien 

rneasurements of kidney 
functions 

measurernents of kidney 
functions 
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Mortality in the jaundiced animals was 35% (8/23) and 0% in the sham 
operaled group. These eight rats died within a few days either from the 
effects of anaesthesia or from biliary peritonitis and have been excluded 
from further analysis. 
The mean body weights of the animals are given in fig. 33. During the study 
(21 days) the experimental animals lost significantly more weight than the 
sham operaled animals (p < 0.05 ). 

Fig. 33 Mean body weights of jaundiced and control rats in group 18. 
grams 

3SO 

300 

postoperative day 

rnean :': S.E. 

o-----e jaundice (n=15) 

.11.-------.t. control (n~ 7) 

The results of the kidney function tests and the electrolytes are given in 
table 24 and the liverfunctions in table 25. 
Preoperatively and one week after biliary obstruction or after sham ope
ration the kidney functions and electrolytes did not differ in the two groups. 
Serum bilirubin, alkaline phosphatase, SGOT and y GT were significantly 
increased one week after biliary obstruction. Serum albumin did not differ 
in the two groups. 
Two weeks after biliary obstruction or sham operation the GFR was signi
ficantly decreased by 34% in the jaundiced animals as compared with the 
control animals (p < 0.00 I, fig. 34 ). The GFR per I 00 gram body weight 
was decreased by 29% in the jaundiced animals (p < 0.01 ). ERPF was 
decreased by 20% in the jaundiced animals (p < 0.05. fig 35) and the 
fiJtration fraction (FF) was also decreased by 20% in the jaundiced animals 
as compared with the sham operaled animals (p < 0.0 I). 
However, serum creatinine, blood urea uitragen and electrolytes were not 
different. Serum bilirubin, alkaline phosphatase and y GT were increased 
in the jaundiced animals, but serum albumin was not different in both 
groups. 
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Tab1e 24 Kidney functions and e1ectro1ytes (group 18 ). 

Preoperalive 1 wièek postop.:ratin: 2 \Vl'eks postopnaliv~· 

np_ in= I .:'iJ ~il:.J+ll (n""7 J L'Xp. In= 1 5 J sham (n=7 J L':<.jl. ( Il"' 1 5 I ~11:1111 in=71 

* * '! 
CJ-'R ml/rnin 2.119- Ü.Üh .:'..Cd . 007 2.20 0 OK 2.34 + 0.10 1.711 0.15 2.h 7 . 0.13 

w·•· 

Cl K/IOOg/ 0.73 0.02 0.72 " 0.03 0.65 t 0.02 Q_(l7 t 0.02 0.55 j 0.05 0.77 t 0.()2 

mi/min 

I RPF ml,/min 5.09 + 0.07 4.92+0.12 5.09 • 0.10 5.05 ' 0.15 4.30 0.27 5.J9 ' 0.23 

I-RPI !lOOg! ] .J7 I O.üJ 1.33 0.04 1.5 I + 0.05 145 ' Q_Q(l US' 0.10 1 '5 (J -t 0.05 
mi/min 

IT 0.53 -Q.Ol 0.53 I_ 0.01 0.43+ 0.01 0.46-+.0.01 0.40 j 0.02 0.50. 0.01 

Creat 1 IJillOL'lJ 46.0 4.4 56.1\ + 6.9 45_(1 ' 6.5 (1].9. 3.3 (10.3 ' 7.0 

Lreuml nmol/11 6.0 + 0.6 R.l + 0.8 7 I ·- 0.6 H.5 +J.1 R 0 1.5 

1\a I u mol/IJ 146.0 + 3.0 146.7 .' 0.9 147.3 0.11 146.9 f- 1.4 14S.9 1_.2 

KI umol/11 4.8 + 0.2 4.8 ~- 0. I 4 g • 0.1 4.8 ·o.J 4.5 ' 0.2 

* p ' 0.05 ** ]l 0.0 I * * ~· p ., 0.001 lllL'<.il1 ' S.J. 

Ta bie 25 Liverfunctions in group 18. 

I week postoperalive 2 weeks postoperativc 

exp. (n=!5) sham (n=7) exp. ln=15) sham I n=7) 

llilirubin 108.8 ± 19.2 2.6 ± 1.3 75.5 16.8 16.0 6.2 

Alk. phospha- 602.6±33.0 220.8 ±12.4 599.7 145.8 317.1 '30.4 
tase 

SCOT I U /1) 227.3 ±28.7 75.1 ±18.6 209.6 t 22.4 89.2 . 12.6 

yC;T IU/1) 13.4 ± 2.1 3.6 ± 0.7 19.3 I 2. 7 8.0 1.9 

Albumin (g/1) 28.9 ± 0.5 26.6 ± 0.8 26.4 " 1.3 25.5 ' 0.8 

mean ' S.E. 
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Fig. 34 

Fig. 35 
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Mean glomerular fiJtration rate in jaundiced and control rats. 

ml/min 

2. 5 

1.5 

0 

p<0.001 

) 

7 1 4 

postoperative day 

mean :!: S. E. 

5---------e jaundice (no15) 

......__.........". control ( n-- 7) 

Mean effective renal plasma flow in jaundiced and control rats. 

mi/min 

5. 5 

5 

4.5 

0 

p<O. OS 

7 

postoperative day 

mean ~ S.E. 

........_____. jaundice ( n=l 5) 

......._..._._. control ( n::- 7) 
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4.4 Discussion 

In carlicr studles significant rcn<J.l failurc in expcrimcntal animals with 
bîliäry obstruction was fotmd aft er induction of ''extra factors". Examples 
of these "extra factors'' are re na! ischacmiu ( Dawson 1964 ). systcmic 
hypolension tWilliams l'1 al 1960, Catteil and llirnstingl 19h71 or infusion 
of cndotoxin (CiltcnwatL:r ct al 19(d I. 
In ex perimental studies in rats, in wllîch only an obstruction of the blîiary 
tract is introduccd. thc rcsults of kidncy functîon tests Jrc not unanimous. 
Thc rcsults of thc chungcs in glomcrular fiJtration rate ((;!;Rl. {cffcctivc) 

rcnal plasma tlow IIFiRPFI and fiJtration fracticm (!Tl in rats with ob
structivc jaundÎCC \VÎthOUt "extra ractOrs" COll1j1ä.fCd with sham Opcratèd 
rats. from 5 different studies. Jn.' summurizcU in tahlc 26. 

Tablc 26 Rcsults of kîdncy lunetion tests Jn 5 studies. 

c\uthor duration of mcthod c;FR IElRPF FF 
jaundice 

llank and 10-14 days inuline./PAH urine 
•\yncdjian I 19751 clearance 

Yar~cr 119761 4-14days jJ 
Allison ct al 21-2ödays f' JJ 
I 197~ I :! 

!letter ct al ~-iOdays ~ il 11n01 

Present stud~/ 14 dc1y.s 51 Cr EDT ~ 1251-1011 

The advantagc of the present study is th3t thc GFR and ERPF can bc 
dctcrmincd scvcr-;.Jl times in thc samc anima!. So the changes of kidney 

functions at different times after biliary obstruction can be studied and 2 

comparison can bc made \\'ith tllc preoperative va]ues. A disadv'antage of 
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this study is that for the calculation of the GFR and ERPF a plasma 
clearance is used and nol the standard inulin/PAH urine clearance. F or the 
determinalion of the latter radical measures in the experimental animals are 
necessary, such as the introduetion of an ureter catheter and intra-arterial 
catheters. These measures can influence the resl{lts of the kidney function 
tests because of haemadynamie changes. 
In the present study decreased GFR and ERPF werc found in rats with 
biliary obstruclion of 2 weeks duration. However, this deercase of kidney 
functions was too smal! to influence the serum creatinine values. The 
decreasein GFR and ERPF was partly caused by the greater weight lossof 
jaundiced rats. since GRF and ERPF per 100 gram body weight were less 
decreased in jaundiced rats as compared with sham operaled rats. 
From this study the condusion can be drawn that no serious renal failure 
developes in rats with only a biliary obstruclion, without introduetion of 
"extra factors". However. an increased sensitivity of the kidneys to damage 
in abstruclive jaundice, as suggested by others ( Dawson 1964. Aoyagi and 
Lowenstein 1968. Baum et al 1969, Yarger 1976, Bailey 1976, Allisonet 
al 1979, Aarseth et al 1979, Better 1983) is also confirmed by our study. 
Haemadynamie changes associated with decreased renal perfusion may be 
the cause of a further worsening of kidney functions, leading to manifest 
renal failure. These haemadynamie changes do nol seem to be caused by 
the toxic effects of endotoxin, since the clearance of endotoxin by the 
reliculo-endothelial system is increased in abstruclive jaundice as has been 
shown in chapter 3. In a study by Fletcher et al ( 1982) it has been 
suggested that endotoxin induced thromboxane A2 production can cause 
renal fibrin deposilion in abstruclive jaundice and thus contribute to the 
pathogenesis of renal impairment. 
From previous studies it is not clear whether an increased level of bile acids 
in the blood make the renal parenchyma more sensitive ( Bomzom et al 
1979). 
The high incidence of renal failure in the past (Williams et al 1960. Dawson 
I965), leading to mortality, may have been caused by a less intensive 
haemadynamie monitoring of jaundiced patients both during the operation 
and in the postoperalive period. 
Bilirubin itself is a powerful vasodilator and can lead to an obligatory loss 
of salt and water in the preoperalive period. 
Blood volume deficits of 1500 mi have been recorded in patients with 
biliary obstruction (Wardle 1975). More infusions of rnannitol are needed 
in jaundiced patients in order to maintain urine flow rate, as compared 
with non-jaundiced patients after operalions of similar magnitude ( Allison 
et al 1979). Renal failure due to dehydration in patients with obstructive 
jaundice is also suggested by McPherson et al(! 984 ). 
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In recent studies a decreased frequency of postoperalive renal failure is 
reported (Blamey et al 1983 ). A lso in the study in our own hospita! of 6 7 
patients. undergoing pancreatoduodenectomy or total pancreatectomy. 
only one patient was treated by temporary haemodialysis for renal fai!ure 
(Snellen et al 1984 ). This probably indicates a more successful haemady
namie control of operaled patients in genera!. 
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CHAPTER 5 
BILIARY OBSTRUCTION 

AND BLOOD COAGULATION 





5.1 Introduetion 

Haemorrhage, either from the gastr-ointcstînal tract or from intra-ab<.lomi
nal wounds. is one of thc hazards in postoperalive patients with abstruclive 
jaundice leading toa high morta!ity. Postoperalive bleeding was reported in 
18% of 88 patients undergoing pancrcatoduodenectomy Jcading to mortalîty 
in 56% of !he bleeding paticnts I c; ilsdorf and Span os 1972 ). Blecding from 
the gastrointestinal tract and wound haemorrhage was found in 13.6% of 
279 patients after pancreatoduodcncctomy. with a mortality of 58% in 
a study by Braasch and Gray ( 1977 ). Pittetal ( 1981 1 report cd up per gastro
intestinal haemorrhage in 5.8% of 155 patients after biliary surgery. The 
mortality in !heir series was 33.3%. 1n a statistica! analysis of preoperalive 
risk factors affecting mortality and morbidity in biliary tract surgcry in 373 
patients. by Di x on et al ( 1983 ). gastrointestinal bleeding was a postoperalive 
comp1ication significantly associated with mortality. 
In our own study we found postoperalive haemorrhage in 15% of 6 7 pa
tients undergoing pancreatoduodenectomy or total pancrcatectomy. with 
no mortality (Snellen et al 1984). Postoperalive haemorrhage was seen in 
21% of the jaundiced and 4% of the non-jaundiced patients (serum biliru
bin above 50 pmol/1). 
This finding is in accordance with the reports that the incidcncc of 
haemorrhage is increased in patients with serum bilirubin levels abovc 
342 ,wnol/1 (Braasch and Gray 1977) or above 100 l'mol/l (Biamcy et al 
1983 ). 
After correction of the prolonged prothrombin time in patients with ob
structive jaundice. by administration of vitamin K. other coagulation 
defects can usually nol be detected. Still. in the presence of normal coagu
lation as lesled with standard coagulation tests. excessive haemorrhage may 
occur during surgery and in the postoperalive period. 
Liltie is known about the origin of coagulation disorders in cholcstatic 
jaundice. Jedrychowski et al ( 1973) studied the fibrinolytic system in 
patients with primary biliary cirrhosis and large bile duet obstruction. 
They found that the plasma fibrinolytic activity I plasminogen activator 
activity) was decreased and that fibrinogen was increascd more markedly in 
patients with large bile duet obstruction. It therefore was concluded tl1at in 
paticnts undergoing surgery for large bile duet obstruction thcrc may he an 
incrcased risk of thrombosis. 
These findings of decreased fibrinolytic activity and high levels of clotting 
factors (fibrinogen. factor Vllli were confirmed by Dioguardi et al (1973 I. 
However. these authors also found an abnormal thrombotest, and pro-
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longed thrombin and reptilase times, suggesting the presence of some 
degree of inhibition of the clotting meGhanisms independent of vitamin K 
deficiency. ln accordance with our own experience, bleeding is a greater 
problem than thrombo-embolism in the postoperalive period in these 
patients. The incidence of deep vein thrombosis after biliary surgery is not 
higher than after surgical operations of camparabie severity (Williams 1971, 
Kakkar et al 1972, Nicolaides et al 1972). 
Others have found increased fibrinogen catabolism and a reduced fibrine
lysis in patients with abstruclive jaundice. lt is suggested that endotoxae
mia plays an important role in the intravascular coagulation of liver disease 
(Wardle 1974). In a study by Hunt et al (1982) the relation between endo
toxaemia and disturbances of coagulation was investigated in patients with 
abstruclive jaundice and in control patients. A positive endotoxin assay was 
as common in control patients as in jaundiced patients, but in the latter 
positive endotoxin assay was significantly associated with increased fibrin 
degradation product levels and soluble fibrin. lt was suggested that it is the 
combination of jaundice and endotoxin which is associated with a higher 
incidence of gastrointestinal bleeding and not the endotoxin alone. 
In experimental animals a decrease in the coagulability of blood was 
associated with fibrin deposition in the liver and the lung after two or three 
spaeed injections of endotoxin (Kunz et al 1977). The influence of different 
bile constituents on the clotting of plasma or fibrinogen with thrombin was 
examined in patients with pronounced jaundice as wel! as in cats with ex
perimental abstruclive jaundice. Bilirubin glucuronides in concentratien 
above 8 mg % showed antithrombic activity but other substances, such as 
free bilirubin, glucuronic acid and bile acid salts were inactive (Kopeé et al 
1961 ). 

The present experimental study in rats was initialed to examine the effect 
of biliary obstruction on coagulation in a controlled model, in order to 
clarify some of the questions on the presence of clotting disorders in jaun
diced patients. 

5.2 Materialand methods 

5.2.1 Animals, anaesthesia and operalive techniques 

Animals 

Male random bred Wislar rats (TNO Animal breeding facilities, Zeist, The 
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Netherlands) weighing between 300 and 400 grams were used throughout 
the study. They were housed in groups of 5, in cages, or separately (rats 
used for thromboelastrography) and were fed ad libitum on commercial 
chow (Hope Farms) and water (pH± 3). 

Anaesthcsia 

Rats were anaesthetized with ether as described in chapter 2. In the tail 
bleeding test Nembutal® (0.1 mg/1 00 gram body weight i.p.) was used 
after induction of anaesthesia with ether. 

Production of biliary obstruction and sham operations 

For permanent biliary obstruction ligation and division of the common bile 
duet was performed in experimental animals. Sham operaled control rats 
werc also obtained (see chapter 2). 

5. 2. 2 Coagu/a ti on analysis 

Thc following analyses were carried out: 
Level of haemoglobin. number of platelets (Toa Electric cell counting 
system). Fibrinogen (Claus 1957), Thrombotest (Owren 1959). Normotest 
(Owren 1969 ). and Activaled Partial Thromboplastin Time (APTT) was 
estimated with activaled cephaloplastin reagent (Williams et al 1972). 
Bleeding time was measured with the tail bleeding test as described by 
Dejana et al (1979) and Van Lanschot et al (1984). The rats were placed 
into a cage of a constant temperature (26 ± I oe) with the tail in a vertical 
hanging position. After I 0 minutes the tail was transsecled at a diameter of 
2 mm. The blecding tail-tip was placed in 20 cc of water of same tempera
ture for I 0 minutes. Haemoglobin concentrations were measured by grating 
spcctrophotometry ( Beekman DB-6) and the amount of haemoglobin lost 
per tai! was ca!cu!ated. 
To study the who!e coagulation process under conditions that are constant 
and reproducable. thromboelastography was used (V reeken 1957, De 
Nicola 1957 ). Blood obtained form a tail-cut was directly dripped into a 
cylindrica! euvel. Within 2 minutes the euvel was placed in the trombo
elastograph (Heilige. Germany). The piston was immediately lowered into 
the euvel and 3 drops of paraffin oil were floated over the top, protecting 
the surface of the liquid from evaporation and air. The thromboelastogram 
was measured during 3 hours. Reaction time (r) in minutes, k-value (point 
were the curves of the thromboelastogram are 20 mm apart) in minutes, 
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maximal amplitude (ma) in mm and fibrinolytic activity (point were the 
curves reaches the half of the maximal amplitude) in minutes were 
measured (fig. 36). 
Serum bilirubin was measured by standard methods on a computer directed 
analyzer (Gilford System 2500). 

Fig. 36 

r k 

5.2.3 

Group 19 

Group 20 
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Scheme of thromboelastogram, 
reaction time (r), k-value (k), maximal amplitude (ma). 

fibrinolytic activity 
--- .... _ -----------

ma 

Experimental groups 

(n~ 19, 10 experimental animals, 9 controls) 
Two weeks after biliary obstruction or aftersham operation the 
tail bleeding test was performed. After this test the animals 
were sacrificed by exsanguination. The blood w2s used for 
determinations of haemoglobin, platelets. throm botest. 
normotest, fibrinogen, APTT and serurn bilirubin. 

(n~27, 19 experimental animals, 8 controls) 
After 7 to 21 days of biliary obstruction or sham operation 
blood was colleeled for thromboelastography and serum 
bilirubin determination. 
ln four "7 day jaundiced rats" epsilon amino capron acid 
(EACA, 0.8 mg/gram body weight) was injected intraperito
neally 2 hours after the first thromboelastogram. One hour 
later blood was takenfora second thromboelastogram. 
Fibrinolytic activity was considered to be abnormal if this 
activity was short er than 120 minutes. 



5.2.4 Statistica/ ana/ysis 

Varianee of the mcan is cxpressed as the standard error of thc mean I SEM 1. 
Differences in mean were analyzed with Stuctent's t-test and fibrinolytic 
activity data were lesled by the Fisher test. The results of the tail bleeding 
test were analysed with the Wilcox on test. 

5.3. Results 

Group !9 Coagula ti on analyses 

day 

] 

J aundiced rats ( n= I 0 I 

ligation and division of 
common bile duet 

coagulation analyses 

Sham operaled rats (n=9) 

day 

0 I sham opera!Ion 

14 coaguiatJon analyses 

There was no operalive mortality in either group. Thc jaundiccd rats lost 
significantly more weight than the sham operaled rats (p < 0.05 ). Thc 
jaundiccd rats were found to have significantly incrcased thrombocytcs and 
significantly decreased haemoglobin and fibrinogen levels. Tail blceding was 
significantly increased in the jaundiced rats (Wilcoxon test was used ). 
Thrombotest. normotest, and APTT were not significantly different in both 
groups (table 27). 
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Table 27 Coagulation analyses and serum bilirubin. 

jaundiced rats sham rats stat. anal. 
(n =1 0) (n=9) 

Tail bleeding test 5.7± 2.0 mgHb/1 2.7± 0.7 p < 0.05 

Haemoglobin 8.5 ± 0.2 mmol/1 9.3± 0.2 p < 0.05 

Throm bocytes 1181.5±49.5.109/l 946.3 ± 42.1 p < 0.05 

Fibrinogen 2.1 ± 0.2 g/1 3.2± 0.3 p < 0.01 

Throm botest 23.6± 0.9 sec 23.0± 0.8 n.s. 

Normotest 45.6± 1.3 sec 42.3± 2.4 n.s. 

APTT 21.0± 0.9 sec 21.1 ± 0.7 n.s. 

Bilirubin 159.6±15.8 pmol/1 1.2± 0.4 p < 0.001 

Group 20 Thromboelastography 

In the jaundiced animals the fibrinolytic activity, measured as the Iength of 
time within which the curves reached 50% of the maximal amplitude, was 
significantly increased. The other parameters, reaction time, k-value and 
maximal amplitude, did not differ in the two groups (table 28). 

Table 28 Results of thromboelastography. 

jaundiced rats sham rats statistica! 
(n=I9) (n=8) analysis 

reaction time (r) 3.6 ± 0.2 min 4.4 ± 0.5 min n.s. 

k-value 1.7± 0.2 min 1.7 ± 0.2 min n.s. 

maximal amplitude 67 ± 2.6 mm 72 ± 1.9 mm n.s. 
(ma) 

fibrino1ytic activity ~ 13/19 1/8 p < 0.05 
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In 3 of tbc 4 jaundiced rats given EACA i.p. the fibrinolytic activity was no 
Jonger a bnormal. 

5.4 Discussion 

According to the literature. patients with obstructive jaundice probably 
have an incrcased bleeding tendency (Gilsdorf and Spanos 1972. Braasch 
and Cray 1979. Pitt ct al 1981. Dixon et al 1984). However, in the usual 
coagulation tests no abnormalities are found indicating an increased bleeding 
tendency. Abnormalities are reported indicating an increased risk of tbrom
basis in patients with abstruclive jaundice (Jedrychowsky et al 1973, 
Wardie 1974) 
In order to cxamine the mechanism of haemaslasis in obstructive jaundice, 
different factors were studied in jaundiced and sham operaled rats. The 
bleeding time was determined with the tail bleeding test as described by 
Dejana et al ( 1979) and Van Lanschot et al (1984). Other possible methods 
to delermine bleeding time in rats are the muscle bleeding test (Meu1eman 
et al 1982). the determination of the bleeding time after transsection of the 
mesentcric vessels under the microscope and the determination of the 
bleeding time aftera standard liver resection (Zoucas et al 1982). A tech
nica! problem in all these methods is that a standardized performance is 
almast impossible. In the present study the tail bleeding test was used 
because thc performance of this test is the least difficult to standardize. 
ln our study. blceding time also showed large differences per group. 
However. if the Wilcoxon test was used on these results, a statistically 
prolongend bleeding time was found in jaundiced rats as compared to 
sham operated rats. 
Thc ad van tage of using this tail bleeding test is that all mechanisms that 
play a role in haemaslasis are studied. namely. the vascular reaction. the 
function of thrombocytes. blood coagulation and fibrinolysis. In studies 
of haemostasis using only the usual coagulation tests. certain parts of the 
coagulation mecbanism are examined and nol the entire process of hae
mostasis. 
Another metbod that is used in order to study the entire coagulation 
mccbanism is thromboelastography. This metbod has proved to be very 
useful and the variables of the thromboelastogram correlate very well 
witb the usual laboratory tests. Besides it gives additional information 
about thc process of baemostasis (Zuckerman et al 1981 ). Disadvantages of 
throm boclastography for clinical u se are the long duration of tbe deler
mination (minima! 3 hours) and the necessity to place the blood sample 
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into the apparatus within 2 minutes. 
In the present study no indications were found for a decreased clot forma
tion time and for disturbances in the proportions and structure of the clots 
in jaundiced rats. This can be deduced from the r, k and ma values, which 
do nat differ in the experimental and control groups. 
Also a normal APTT was found in jaundiced rats. The tbrambotest and 
the normotest were nat prolonged in jaundiced rats. so that a deficiency 
of vitamin K can be ruled out. 
Jaundiced rats had a decreased fibrinogen. but there were no indications of 
an increased consumption of fibrinegen due to diffuse intravascular coagu
lation. In this disorder a decreased number of throm bocytes should be 
found. The appearance of diffuse intravascular coagulation with decrease of 
fibrinegen and thrombocytopenia was reported in rats after injection of 
endotoxin (Kunz et al 1977 ). 
Diminished synthesis of fibrinegen secondary to liver function disorders 
is also unlikely, since vitamin K dependent coagulation factors with a 
shorter half-life eliminatien value were synthesized normally (nonna! 
tbrambotest and normotest were found). 
A decreased haemoglobin has been reported previously (Powell et al 1968 ). 
possibly as a result of increased haemolysis in abstruclive jaundice. 
However, this cannot explain the prolonged bleeding time. 
In our study an increased fibrinolytic activity was found using throm bo
elastography in jaundiced rats as compared with sham operaled rats. Fibri
nolytic activity was considered to be abnormal if a 50% deercase of the 
maximal amplitude was reached within the periact of 120 minutes. The 
accelerated narrowing of the amplitude of the tromboelastogram can also 
result from an increased number of thrombocytes (Vreeken 1957). We 
indeed found an increased number of thrombocytes in jaundiced rats. but 
this increase in platelet can be ruled au t as the cause. because the fibrino
lytic activity was nonnalized after administration of epsilon amino capron 
acid. EACA is a synthetic opponent of fibrinolytic activity and does nat 
influence thrombocytes (Boks. personal communication). The cause of 
this increased fibrinolytic activity is still obscure and neects further imesti
gation. 
From this study we can conclude that biliary obstruction in rats gives rise 
to a prolonged bleeding time and an increased destructien of the formed 
clot. However, the fannation of the clot is nat delayed. The increased 
destructien of the fonned clot may possibly be the cause of the increased 
bleeding tendency in jaundiced patients. 
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CHAPTER 6 
GENERAL DISCUSSION 

AND CONCLUSIONS 





Malignant tumors of the extrahepatic biliary tract and the pancreas are 
aften diagnosedat a late stage of the disease. Jaundice caused by the biliary 
obstruction in one of the first symptoms (Walsh et al 1982, Warren et al 
1983. Alexander et al I 984 ). The tumor is found to be irresectable in a bout 
85% of these patients (Brooks 1983) and consequently the prognosis is 
poor ( Nakase et al I 977, Obertop et al 1983, Warren et al 1983 ). 
Consictering this poor prognosis and the technically difficult resection 
foliowed by a high operalive mortality some authors have advocated a con
servalive approach (Crile 1970, Shapiro !975 ). However, in the treatment 
of malignant tumors of the biliary tract and the pancreas the only chance 
of cure is resection of the tumor. 
Reduction of the operalive mortality is one way of improving the prognosis 
aft er these operation. Retrospective analyses of potenhal risk factors in pa
ticnts undergoing major biliary and pancreatie surgery have shown that 
increased serum bilirubin levels have a significant association with postope
ralive morbidity and mortality (Gilsdorf and Spanos 1973. Pittetal 1981, 
Di x on et al 1983. Blamey et al 1983) 
A staged surgical approach with a preliminary bilio-digestive bypass in order 
to lower the serum bilirubin level and so to decrease the operalive risk was 
first proposcd by Whipple et al (1935) and later advocated by others (Ross 
1959, Maki et al 1966. Sato et al 1968). 
More recently non-surgical biliary decompression has been recommended 
during the preparation of jaundiced patients for surgery. The use of pre
operalive percutaneous biliary drainage befare the definitive resection in 
jaundiccd patients has been reported to lower the operalive mortality 
(Nakayama et al 1978, Andrén-Sandberg and Ihse 1983) and postoperalive 
morbidity (l)enning et al 1981, Gundry et al 1984 ). 
Preoperalive biliary drainage by endoscopically introduced endoprostheses 
aft er sphincterotomy has also been shown to be succesful in lowering serum 
bilirubin levels (Riemann et al 1981, Catton 1982, Huibregtse and Tytgat 
1982). The series of patients treated by the latter technique are still small 
and no data are available on the effect on postoperalive morbidity and 
mortality. 
Prospective studies on the effect of preoperalive biliary drainage on post
operalive mortality following extensive biliary and pancreatie surgery have 
not, to date. shown any beneficia! effect (Norlander er al 1981, Halfield et 
al 1982). McPherson et al ( 1984) in a controlled prospective trial even 
found that operalive mortality after biliary and pancreatie surgery was in
creased in patient who underwent preoperalive transhepatic biliary drainage. 
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Studies on the correlation of biliary obstruction with postoperalive com
plications after biliary surgery are complicated because many factors might 
be involved in these patienls. J'he general condition of jaundiced patients is 
often poor and the postoperalive problems that arise in malignant ob
structive jaundice may be caused by the presence of a tumor, liver failure, 
increased bilirubin levelor weight loss. 
This weight loss can be caused by anorexia or by malabsorption due to the 
absence of bile acids in the small intestine. Anorexia may be caused by 
hyperbilirubinaemia, as has been shown in rats in the present study, but the 
presence of a malignant tumor may also play an important role in the origin 
of anorexia (Krause 1980, Wesdorp et al 1983 ). 
To examine these factors separately, studies in experimental animals are ne
cessary. However, other factors still remain that cannot be examined 
separately, for instance, hyperbilirubinaemia and failure of other liver 
functions. 
Experiments in vitro can further elucidate the effects of different factors, 
such as the suppressive effect of bilirubin on growing fibroblasts (Taube et 
al 1981) and the stimulating effect of bilirubin on anti-bacterial activity in 
leucocytes (Wardle 1980). In these in vitro studies, however, non-physiolo
gical concentra ti ons of bilirubin are often used. 
In studies on the effects of hyperbilirubinaemia in vivo, both in man and in 
experimental animals, we have to take into account a combination of dif
ferent factors and be careful with the interpretation of the results of these 
studies. 
The present study in rats with biliary obstruction has been focused on these 
processes outside the liver that are involved most frequently in patients with 
obstructive jaundice: wound healing, infection, renal function and blood 
coagulation. 
lmpaired wound healing has been reported in jaundiced patients (Than Than 
et al 1974, Ellis and Heddle 1977, lrvin et al 1978, Armstrong et all984) 
and experimental animals with biliary obstruction (Bayer and Ellis 1976, 
Arnaud et al 1981 ). In the present study it was also clearly shown that rats 
with biliary obstruction have impaired wound healing. 
It has been suggested that in patients with obstructivejaundice the impaired 
wound healing is due to the associated malnutrition and the presence of a 
malignancy and not to the raised serum bilirubin per se (lrvin et al 1978, 
Armstrong et al 1984 ). However, in the present ex perimental study im
paired wound healing of abdominal wounds was not seen in pair-fed rats 
with equal weight lossas jaundiced rats, indicating that hyperbilirubinaemia 
impairs wound healing. The cause seems to be a toxic effect of bilirubin 
on growing fibroblasts (Taube et al 1981 ). 
The effect of biliary obstruction was more pronounced on the abdominal 
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wounds than the intestinal wounds of the jaundiced rats. In all rats with 
prolonged jaundice an incisional hernia of the laparotomy was found. 
The effect of biliary decompresion on wound healing has not been reported 
in patients or experimental animals before. In our study it was shown that 
after remaval of the biliary obstruction bilirubin levels returned to normal 
within 4 days and further weight loss stopped. The healing of abdominal 
and intestinal wounds became normal after biliary decompression. 
These results in dieale that in patients with abstruclive jaundice and extreme 
weight loss a biliary drainage befare the definitive eperation wil! probably 
have a beneficia! effect on wound healing. In jaundiced patients in good 
general condition and without extreme weight loss it is probably justifiable 
not to perfarm a biliary drainage. Furthermore. at the time of the definitive 
operatien the obstruction wil! be removed or bypassed and from that 
moment on theserum bilirubin level wil! fa!!. 
Infection is a major cause of morbidity and mortality in patients with 
malignant biliary obstruction (Nakase et al 1977. Braasch and Gray 1977. 
Pitt et al 1981. Blamey et al I 983. Armstrong et al 1984 ). This high in
fection rate is partly the result of eperating in an area with infected bile 
(Nielsen and Justesen 1976. Keighley 1977. Cox et al 1978. Farnell et al 
1981 ). lt has also been suggested that the increased frequency of postope
ralive septicaemia might be due to an impairment of the defence meeha
nisrus of patients with abstruclive jaundice (Rola et al 1975. Drivas et al 
1976). 
In the present study jaundiced rats were found to have an increased mor
tality after induction of infection or following endotoxin challenge. The 
cause of the decreased resistance against infection is still obscure. The 
explanations of other investigators that in abstruclive jaundice endotoxin 
which is absorbed in greater amounts from the smal! intestine (Kocsár et al 
1969, Bailey 1976 ). is phagocytosed insufficiently by the Kupffer cells 
(Wardle and Wright 1970, Holman and Rikkers 1982). doesnotseem to be 
justified following our fmding that there is an increased phagocytosis of 
both carbon particles and 51 Cr labelled endotoxin by the liver. 
In rats with biliary obstruction an increased pu!monary localisation of 
injected viabie E.Coli has been reported and it has been suggested that this 
may be followed by a re-emergence of bacteria into the bloodstream and 
thus may be a potential mechanism predisposing to septicaemia (Katz 
et al 1984 ). Ho wever. in the present study we did nol find an increased 
localisation of 51 Cr labelled endotoxin in the lung and the amount of 
bacteria in the peripheral blood was not found to be increased. 
There are indications that intermediary produels are released during phago
cytosis of endotoxin. such as prostaglandins and thromboxane (Nolan 
1981 ). Elevated levels of these intermediary produels have been reported in 
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rats with cbstruclive jaundice and pretreatment with prostaglandin synthe
tase inhibitors or prostacyclin produced significant impravement in survival 
in jaundiced rats after endotoxin challenge (Fletcher et al 1982). These 
intermediary produels may produce the toxic effects now ascribed to 
endotoxin. 
After removal of the biliary obstruction in jaundiced rats and after 1 week 
of biliary drainage, we found that the mortality after induction of infection 
was no Jonger increased. 
In patients with obstructive jaundice a biliary drainage procedure before 
the definitive operation seems indicated to increase resistance against 
infection. 
Renal failure in patients with obstructive jaundice is another frequently 
reported complication associated with an increased mortality after biliary 
surgery (Dawson 1975, Wardie 1975, Blumgart 1978, Blamey et al 1983, 
Dixon et al 1983 ). 
Preoperalive percutaneous transhepatic biliary drainage of the obstructed 
biliary tree has been advocated, in order to improve the impaired renal 
function before surgery (Dooley et al 1979, Denning et al 198 I). 
The possible causes of renal failure in patients and experimental animals 
with biliary obstruction has been discussed in chapter 4. An increased 
"sensitivity" of the kidneys to damage in obstructive jaundice, as suggested 
in many studies (Dawson 1964, Aoyagi and Lowenstein 1968, Baum et al 
1969, Yarger 1976, Bailey 1976, Allisonet al 1979, Aarsethet a11979, 
Better et al 1980, Bomzom and Kew 1983) was confirmed in our study, 
since we found a decrease in glomeru!ar fiJtration rate and effective renal 
plasma flow in rats 2 weeks after biliary obstruction. 
lt has also been recommended to treat patients with obstructive jaundice 
with bile salts before surgery, in order to improve renal function (Evans et 
al 1982, Cahill 1983). 
In patients with obstructive jaundice it seems indicated to perform a biliary 
drainage procedure before the definitive operation to proteet renal function. 
On the other hand, it has been suggested that the improvements in renal 
function observed during preoperalive transhepatic biliary drainage are 
largerly due to rehydration of the patient and nol to the beneficia! effect of 
the drainage (McPherson et al 1984 ). 
Postoperalive gastro-intestinal haemorrhage is a significant cause of mor
bidity and mortality after surgery to relieve bile duet obstruction (Gilsdorf 
and Span os 197 4, Braasch and Gray 1977, Pilt et all981, Dixon et al 1984 ). 
The cause of this increased bleeding tendency in patients with obstructive 
jaundice remains obscure; only abnormalities in blood coagulation indica
ting an increased risk of thrombosis in patients with obstructive jaundice 
have been reported (Jedrychowsky et all973, Wardie 1974). 
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In the present study we found an increased bleeding time in 2 weeks jaun
diced rats. Furthermore, we had indications of an increased lysis of clots in 
rats with biliary obstruction using thromboelastography, whereas the 
formation of the clots was not found to be delayed. So abstruclive jaundice 
may increase the risk of postoperalive haemorrhage. 
After a review of the literature we come to the condusion that patients 
with abstruclive jaundice have an increased morbidity and possibly an in
creased mortality after extensive biliary and pancreatie surgery. However, 
we cannot conclude that postoperalive mortality and morbidity will de
crease with the u se of biliary drainage. 
In patients with abstruclive jaundice histological abnormalities of the liver 
are restored quickly after biliary drainage (Blumgart 1978). Liver functions 
also return to normaL or nearly normal, after an average of 2 to 3 weeks 
(Wiechel 1964, Nakayama et al 1978, NorJander et al 1982). This capacity 
of the liver to reeover is also found in ex perimental animals with abstruclive 
jaundice, following relief of the biliary obstruction (Aronson 1961, Birns 
et al 1962, Koyama et all981). 
After biliary drainage the general condition of the patient can imprave due 
to the restoration of liver functions, returning appetite and disappearance 
of malabsorption. if bile is refed to the patient in external drainage or 
reaches the bowel via internal drainage. ltching will disappear after de
compression of the biliary tract, and wound healing and resistance to 
infection will return to normal. Renal function will notdeercase further and 
the chance of postoperalive haemorrhage may be red u eed. 
The disadvantages of biliary drainage must also be considered: the defini
tive operation must be postponed. but this deiay of 2 to 3 weeks can be 
used for other diagnostic procedures in order to estimate resectability. The 
drainage procedure itself has complications that have been described in de
tail in the general introduction. lt must be emphasized that these compli
cations can be very serious, and even be fata!. Complications are more often 
seen after percutaneous transhepatic drainage than after endoscopie drainage. 
If technically possible, endoscopie biliary drainage is the procedure of 
choice. The choice also depends on the local experience with eithermethod. 
A possible complication is that the definitive operation cannot be carried 
out due to cholangitis after contamination of the biliary tract by the 
drainage procedure. ln patients with total obstruction of the biliary tract 
the bile is in feeled in a bout 33% of the patients (Keighly 1982), whereas 
aft er biliary drainage infected bile is found in almost 90% of the patients 
(Cox et al I 978). Septic complications of percutaneous transhepatic biliary 
drainage can be reduced by the use of closed drainage systems (Bienkharn 
etall984). 
After consictering the advantages and disadvantages of preoperalive biliary 
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drainage the condusion can be drawn that preoperalive drainage is indi
cated in patients with a poor general condition. These patients are often 
older than 70 years and already have an increased mortality-risk because of 
their age (Obertop et al 1982, Andrén-Sandberg and lhse 1983). And soit 
is essential that the condition of these patients is improved before a 
definitive operatien can be performed. For this irnprovement preoperalive 
biliary drainage seems to be necessary. 
In younger patients in good general condition, regardless of the depth 
of jaundice, preoperalive biliary drainage is nol necessary and the definitive 
eperation should be performed as soon as possible. However. when a diag
nostic PTC or ERCP is performed, the bile duels should be drained if this 
is possible without additional hazards, to prevent further biliary stasis and 
lower the bilirubin level. 
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SUMMARY 





The purpose of the study reported in this thesis, was to investigate the 
effects of biliary obstruction on wound healing, resistance to infection, 
renal function and blood coagulation. Disturbances in these processes are 
aften reported in patients with obstructive jaundice, and may lead to post
operalive complications and mortality. However, in a retrospective study of 
6 7 patients undergoing pancreatoduodenectomy or total pancreatectomy in 
our own surgical department morbidity and mortality was not higher in 
patients with increased serum bilirubin levels (serum bilirubin > 50 ,u mol/I) 
than in non-jaundiced patients. 
Preoperalive biliary drainage has been advocated in an attempt to reduce 
these postoperalive complications and to lower the mortality rate. These 
drainage procedures, however, may cause considerable complications and 
even death. To which extent biliary drainage can restare the disturbances 
in wound healing, resistance to infection, renal function and blood coagu
Iation is nol clear form the literature (chapter I). 

We studied the effect of biliary obstruction on wound healing in rats. This 
study is decribed in chapter 2. Aftera common bile duet obstruction for 14 
days. duodenal- and colonic anastomoses and wounds in the right and left 
side of the abdomen were made. Bursting pressures of intestinal anastomo 
ses and abdominal wounds were lesled at day 3, 7 and 14. These were 
compared with bursting pressures of intestinal anastomoses and abdominal 
wounds of non-jaundiced rats after a sham operation. In jaundiced rats 
Iower bursting pressures we re found 7 days (p < 0.0 I) and 14 days 
(p < 0.001) after duodenal anastomoses, 14 days (p < 0.05) after colonic 
anastomoses and 7 days (p < 0.0 I) and !4 days (p < 0.00 I) aft er abdominal 
wounds. 
To examine the effect of drainage of the biliary tract on wound healing, the 
common bile duet was abstrucled with a clip. The clip was removed after 2 
weeks of obstruction, following which the serum bilirubin decreased to 
normal level within 3 to 4 days. Intestinal anastomoses and abdominal 
wounds, made 7 days after removal of the clip, were tested at day 3, 7 and 
14. Lower bursting pressures of the duodenum were only found after 3 
days (p ± 0.05). In all other groups the difference in bursting pressures 
between jaundiced and sham operaled rats disappeared. 
Because all the jaundiced rats lost significantly more weight than the sham 
operaled rats. two groups were subsequently studied with identical weight 
Joss due to pair-feeding. Bursting pressures of intestinal and abdominal 
wounds were tested at day 7. Abdominal wounds still showed delayed healing 
in jaundiced rats (p < 0.00 I), whereas the intestinal wound healing was 
identical in both groups. 
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From this study we conclude that rats with a biliary obstruction have 
delayed healing of wounds in the abdomen and the intestine. This effect 
disappears after drainage of the biliary tract. The delayed healing of intesti
nal wounds may be the result of the weight loss which accompanies ob
structive jaundice, whereas the healing of abdominal wounds can be im
paired by the jaundice itself. 

In chapter 3 the effect of biliary obstruction on resistance to infection 
is described. In a study in rats mortality was examined af ter injection of a 
gram negative bacteria, Klebsiella pneumoniae, following a common bile 
duet obstruction for 14 days. The mortality was compared with the mor
tality of rats that were injected with Klebsiella pneumoniae 14 days aftera 
sham operation. Mortality in jaundiced rats was significantly higher than in 
sham operaled rats (p < 0.001 ). Mortality of jaundiced rats with a biliary 
obstruction for 14 days was also studied after injection of E.Coli endotoxin 
and compared with the mortality of sham operaled rats. The mortality was 
significantly higher in jaundiced rats (p < 0.00 I). 
To study the effect of drainage of the biliary tract on the resistance to in
fection in rats, the common bile duet was obstructed with a clip that was 
removed 14 days later. After removal of the clip the bile could flow freely 
to the duodenum. After 7 days of biliary drainage Klebsiella pneumoniae 
was injected. The mortality was not significantly different from that of 
sham operaled rats. 
lt is known that Kupffer cells in the liver play an important role in the 
resistance against micro-organisms. In this study the clearance of carbon 
particles from the blood by the Kupffer cells was investigated. In a series 
of rats the common bile duet was obstructed during 2, 7, 14. 21 and 28 
days, whereas another series of rats underwent sham operations. The 
clearance was significantly increased in jaundiced rats after 7. 14, 21 and 
28 days obstruction compared with the clearance in sham operaled rats. 
The clearance of 51 Cr labelled endotoxin of E.Coli was also studied aft er 
an obstruction of the common bile duet for 7 and 14 days. The clearance 
of endotoxin was significantly increased in jaundiced rats (p < 0.05) when 
compared with the clearanceinsham operaled rats. 
After an obstruction of the common bile duet for 14 days, jaundiced rats 
had a significantly increased number of leucocytes in the peripheral blood 
(p < 0.00 I), an increased number of lymphocytes in the spleen (p < 0.05) 
and in the mesentcric lymph nodes (p < 0.05) and an increased PHA-stimu
lation of the total spleen (p< 0.05 ). 
From this study we conclude that rats with a biliary obstruction have a 
higher mortality after induction of infection. After biliary drainage the 
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mortality is no langer increased. Obstructivc jaundicc is accompanied hy an 
increased clearance of both carbon particles and endotoxin hy K uptïer cel Is. 
and with an increase in blood leucocytes and Iympbocytcs. Tbc incrcascd 
sensitivity to infection is therefore not explaincd by !"ai! ure of tbcSL' dcfen
sivc systems. 

In chapter 4 the effect of biliary ohstruction on rcnal l"unctions in tbc ral 
is described. Ren al functions werc determined heforc. and 7 and 14 days 
after obstruction of the common bilc duet. After onc week no ditlerences 
were found in renal functions between jaundiccd and sham operared rats. 
Two weeks after biliary obstruction or sham operation a lowcr ~lomerular 
filtration ra te was found in jaundiced rats when comparcd with sham opera
red rats (p < 0.001). At the sametime a decreased effcctive renal plasma 
flow was found in jaundiced rats (p < 0.05). Howevcr. when these data 
were corrected for body weigilt only a decreased glomcrular fiJtration ra te 
was found. No significant differences were found in serum creatinine valucs 
of jaundiced and sham operaled rats. 
From this study we conclude that biliary obstruction alone. without intro
duetion of other detrimental factors. causes only a minor deercase of 
certain renal functions in rats. 

In chapter 5 the effect of biliary obstruction on blood coagulation in rats 
was dcscribed. Coagulation analyses were performcd in rats with a commcm 
bik duet obstruction during 14 days and comparcd with coagulation ana
lyses of sham operaled rats. J aundiced rats had a prolonged tail bleeding 
time lp< 0.05). an increascd number of thromhocytes lp < 0.051 and a 
dccreased fibrinogen (p < 0.01 I when comparcd with sham opcratcd rats. 
Tbromboelastography was performed in jaundiced rats after a biliary tract 
~)hc;truction during 7 to 21 days and in ratsaftera sham opcration. Tilere 
\VLTC inJications that the fibrinolytic activity was increased. whcrcas thc 
I i me nccded for thc formation of the clot wasnotdifferent in jaundiccd or 
-"ll~Jlll opcrated rats. 
\Vl· cnnclude that these disorders in thc mcchanism of haemostasîs might hL' 

t hl.' c:Jusc of the increased bleedîng tendency in p<Jtients with ohstructîvc 

l.tundicc. 

In ,-lldptn h thc conclusions drawn from this stud) ;JfC discusscd in rclation 
tt\ tlJL' litcraturc. Finally wc recommcnd that a bi!iary drainage proccdurL' 

111\ISt only bc performed in jaundiced patients withapoor general conUit ion. 
lkL:ilt!sc endoscopie bîliary drainage causcs less complications than pcrcu
Lllll'ous transhcpatic bilîary drainage this proccdure îs thc trcatmcnt of 

l·ltoicc. 
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SAMENVATTING 





Het doel van het in dit proefschrift beschreven onderzoek was het bestu
deren van de effecten van een galwegobstructie op wondgenezing. weer
stand tegen infectie. nierfunctie en bloedstolling. Stoornissen in deze pro
cessen worden dikwijls gevonden bij patienten met een obstructie icterus. 
en kunnen leiden tot postoperatieve complicaties en mortaliteit. In een 
retrospectief onderzoek bij 67 patienten die een Whipple operatie of een 
totale pancreatectomie ondergingen in onze eigen chirurgische kliniek werd 
echter géén verhoogde morbiditeit en mortaliteit gevonden bij de icterische 
pa tienten in vergelijking met de niet-icterische pa tien ten. 
Preoperatieve galwegdrainage wordt door sommige auteurs aangeraden en 
toegepast met als doel deze postoperatieve complicaties te verminderen en 
de mortaliteit te verlagen. Galwegdrainage procedures kunnen echter zelf 
ook tot aanzienlijk complicaties en mortaliteit leiden. In hoeverre galweg
decompressie inderdaad leidt tot herstel van stoornissen in bovengenoemde 
processen is nog niet onderzocht (hoofdstuk 1). 

ln een experimenteel onderzoek bij ratten werd het effect van een galweg
obstructie op wondgenezing bestudeerd. Dit onderzoek is beschreven in 
hoofdstuk 2. Na een ductus choledochus obstructie gedurende 14 dagen 
werden een duodenum- en colonanastomose en wonden in de rechter en 
linker kant van de buik gemaakt. De treksterkten van de darmnaden en 
buikwonden werden na 3. 7 en 14 dagen gemeten. Deze werden vergeleken 
met de treksterkten van darmnaden en buikwonden van niet-icterische rat
ten na een schijn operatie. Bij de icterische ratten was de duodenumnaad 
zwakker na 7 dagen (p < 0.0 I) en na I 4 dagen ( p < 0.00 I ). De colonnaad 
was zwakker na 14 dagen (p < 0.05) en de buikwonden na 7 dagen 
(p < 0.01) en na 14 dagen (p < 0.001 ). 
Om het effect van een galwegdrainage op wondgenezing te bestuderen. werd 
in een andere groep ratten de ductus choledochus geobstrueerd met een 
clip. Na 14 dagen werd deze clip verwijderd. waarna het serum bilirubine 
gehalte in 3 à 4 dagen daalde naar normale waarden. Zeven dagen na het 
verwijderen van de clip werden de duodenum- en colonnaden en buikwon
den gemaakt en na 3, 7 en 14 dagen werden de treksterkten gemeten. Na 3 
dagen werd alleen een verminderde treksterkte van het duodenum gemeten 
bij ex perimentel ratten (p < 0.05 ). In alle andere gevallen waren de verschil
len in treksterkten tussen de groepen experimentele en schijn geopereerde 
ratten verdwenen. 
Omdat icterisehe ratten een significant groter gewichtsverlies hadden dan 
ratten na de schijn operatie. werden twee groepen bestudeerd die een gelijk 
gewichtsverlies hadden door middel van gepaarde voeding. Zeven dagen na 
het maken van de darmnaden en buikwonden in beide groepen werden de 
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treksterkten gemeten. Alleen de buikwonden van de icterische ratten waren 
zwakker (p < 0.00 I). 
Uit dit onderzoek werd geconcludeerd dat de wondgenezing bij ratten met 
een galwegobstructie verminderd is bij zowel buikwonden als bij darmnaden. 
Na een galwegdrainage wordt de wondgenezing weer normaal. De gestoorde 
genezing van darmnaden is mogelijk het resultaat van gewichtsverlies dat 
gepaard gaat met obstructie icterus, terwijl de genezing van buikwonden 
gestoord kan zijn door de icterus zelf. 

In hoofdstuk 3 wordt het effect van een galwegobstructie op de weerstand 
tegen infectie beschreven. In een onderzoek werd de mortaliteit bestudeerd 
bij ratten, waarvan de ductus choledochus gedurende 14 dagen was geob
strueerd en waarna gram negatieve bacteriën, Klebsiella pneumoniae, 
werden ingespoten. De mortaliteit van icterische ratten was significant hoger 
dan die van schijn geopereerde ratten (p < 0.001 ). Ook werd de mortaliteit 
van ratten met een voorafgaande galwegobstructie gedurende 14 dagen be
studeerd na het inspuiten van endotoxinen van E.Coli en vergeleken met de 
mortaliteit van schijn geopereerde ratten. De mortaliteit was eveneen signi
ficant hoger bij icterische ratten (p < 0.00 I). 
Om het effect van een galwegdrainage op de weerstand tegen infectie te 
bestuderen werd bij een groep ratten de ductus choledochus afgesloten met 
een clip die 14 dagen later werd verwijderd. Hierna kon de gal vrij afvloeien 
naar het duodenum. Na 7 dagen van galdrainage werd Klebsiella pneumo
niae ingespoten. De mortaliteit werd bestudeerd en vergeleken met de mor
taliteit van ratten die schijn operaties hadden ondergaan. De mortaliteit was 
niet significant verschillend in de twee groepen. 
Het is bekend dat de Kupffer cellen in de lever een belangrijke rol spelen in 
het afweerproces tegen micro-organismen. In dit onderzoek werd de kla
ringssnelheid van carbon partikels uit het bloed door de Kupffer cellen 
bestudeerd bij ratten. Bij een serie ratten werd de ductus choledochus af
gesloten gedurende 2, 7, 14, 21 en 28 dagen, terwijl een andere serie ratten 
een schijn operatie ondergingen. De klaringssnelheid was significant ver
hoogd bij icterische ratten na 7, 14, 21 en 28 dagen obstructie, vergeleken 
met de klaringssnelheid van schijn geopereerde ratten. Tevens werd op dezelf
de wijze de klaringssnelheid van Sier-gelabelde endotoxinen van E.Coli 
bestudeerd na een obstructie van de ductus choledochus gedurende 7 en 14 
dagen. De klaringssnelheid van endotoxinen was significant verhoogd bij 
icterische ratten (p < 0.05) vergeleken met de klaringssnelheid van schijn 
geopereerde ratten. 
Voorts hadden icterische ratten na een obstructie van de ductus chole
dochus gedurende 14 dagen een significant verhoogd aantal leucocyten in 
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het perifere bloed (p < 0.00 I). een verhoogd aantal lymfocyten in de milt 
(p < 0.05) en in de mesenteriale lymfeklieren p < 0.05) en een verhoogde 
PHA-stimulatie van de totale milt (p < 0.05). 
Uit dit onderzoek werd geconcludeerd dat bij ratten met een obstructie 
icterus de mortaliteit na infectie verhoogd is. Na een galwegdrainage is de 
mortaliteit niet langer verhoogd. Obstructie icterus gaat gepaard met een 
vcrhoogde klaringssnelheid van carbon partikels en endotoxinen door de 
Kupffer cellen en met een toename van leucocyten en lymfocyten. De 
vcrhoogde gevoeligheid voor infectie kan derhalve niet verklaard worden 
door falen van deze afweermechanismen. 

In hoofdstuk 4 wordt het effect van een galwegobstructie op de nierfuncties 
van de rat beschreven. De nierfuncties werden bepaald vóór. en 7 en 14 da
gen na obstructie van de ductus choledochus. Na één week werden géén ver
schillen gevonden in de nierfuncties van icterische en schijn geopereerde 
ratten. Twee weken na de galwegobstructie of schijn operatie werd een 
lagere glomcrulaire filtratiesnelheid gevonden bij icterische ratten ten op
zichte van schijn geopereerde ratten (p < 0.001 ). Tevens werd na twee 
weken een verminderde effectieve renale plasma flow gevonden bij icterische 
ratten (p < 0.05). Wanneer echter deze nierfuncties werden gecorrigeerd 
naar het gewichtsverlies dan werd nog slechts een verminderde glomerulaire 
filtratiesnelheid gevonden. Er werden géén significante verschillen gevonden 
în kreatinine waarden van icterische en schijn geopereerde ratten. 
Uit dit onderzoek werd geconcludeerd dat galwegobstructie alleen. zonder 
introductie van andere schadelijke factoren. slechts een geringe vermindering 
van bepaalde nierfuncties veroorzaakt bij ratten. 

In hoofdstuk 5 wordt het effect van een galwegobstructie op de bloedstol
ling van de rat beschreven. Stollingsanalyses werden uitgevoerd bij ratten 
waarvan de ductus choledochus gedurende 14 dagen werd geobstrueerd en 
vergeleken met de stollingsanalyses van schijn geopereerde ratten. lcterische 
ratten hadden een verlengde staartbloedingstijd (p < 0.05 ). een verhoogd 
aantal thrombocyten (p < 0.05) en een verlaagd fibrinogeen gehalte 
1 p < 0.0 I ) vergeleken met schijn geopereerde ratten. Throm boelastographie 
werd verricht bij icteriscl1e ratten na een galwegobstructie gedurende 7 tot 
21 dagen en bij ratten na een schijn operatie. Er werden aanwijzingen ge
vonden voor een vcrhoogde fibrinolytische activiteit. terwijl de voor de vor
ming van het bloedstolsel benodigde tijd niet verschillend was bij de icterische 
en schijn geopereerde ratten. 
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Er werd geconcludeerd dat deze afwijkingen in het stollingsmechanisme 
mogelijk de oorzaak zijn van de verhoogde bloedingsneiging bij patienten 
met een obstructie icterus. 

In hoofdstuk 6 worden de conclusies die uit dit onderzoek zijn getrokken 
besproken en gerelateerd aan de bestaande literatuur. 
Tot slot wordt een aanbeveling gedaan om alleen bij icterische patienten 
die in een slechte algemene conditie verkeren een preoperatieve galweg
drainage procedure te verrichten. 
Omdat bij de endoscopische galwegdrainage minder complicaties optreden 
dan bij de percutane transhepatische galwegdrainage verdient deze hierbij 
de voorkeur. 
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