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1. I N T R O D U C T I O N

Percutaneous transhepatic cholangiography (PTC) and intra-

venous infusion cholangiography are well established as

methods for evaluating bile duct morphology. Both methods

have been refined during the last two decades. The fine

needle technique, developed at Chiba University in Japan

/123,124/, has reduced complications at diagnostic PTC /8,

113,124/. Application of the Seldinger technique at PTC,

allowing as it does the insertion of a catheter into the

bile ducts, has opened up therapeutic possibilities for this

method in patients with obstructive jaundice. Thus PTC is

now widely used in a number of biliary tract procedures in-

cluding drainage as a preoperative /37,62,68,72,104,117,120,

150,165/ or palliative step /8,50,77,127/ and therapy in in-

fectious cholangitis /50,66,82,122,150/.

The technique also allows collection of brush and forceps

biopsies /33,47,71,90,97,106,116/, insertion of endopros-

theses /20,28,39,78,92,115,166/ and of radiation sources in

intracavitary radiotherapy /27,53,76,111,132/.

Other transcatheter applications are extraction /26,42,128,

167/, crusning /93/ and dissolution of bile duct calculi /1,

79, 96,147/ as well as dilatation of biliary strictures /21,

58,100,1 10, 140,152,158/.

Infusion cholangiography has also been improved by the ad-

vent of better contrast media. Because of the necessity of

inserting needles, catheters and contrast media into the

human body, both methods carry a risk of complications which

must be taken into account when deciding the optimum diag-

nostic and therapeutic modality for the patient with a bili-

ary disorder.

The aime of the present investigations (I-VI) were:

To assess the incidence and type of complications at

PTC and transhepatic catheter insertion into the bile

ducts (I-III).



To evaluate the complications and diagnostic efficacy

of preoperative infusion cholangiography using iotroxa-

te (IV-V)

To study biliary strictures prior to and after percuta-

neous transhepatic balloon catheter dilatation in an

experimental model in the pig (VI).

2. C L I N I C A L M A T E R I A L S

A N D M E T H O D S

Three different patient populations subjected to PTC and

transhepatic bile duct intubation were investigated retro-

spectively. Information from radiological examinations in-

cluding angiography (I), computed tomography (II) and data

collected from the PTC examinations and medical records

(III) were analysed to assess the incidence and type of vas-

cular, parenchymatous and clinically detectable complica-

tions caused by the transhepatic procedures.

A randomised prospective clinical investigation (IV) was

performed to evaluate the diag-. tic efficacy of preoperati-

ve intravenous infusion cholangiography (PIC) with iotroxate

as compared to that of operative cholangiography (OC) and to

assess the incidence of complications (V) .

2.1. RADIOLOGICAL PROCEDURES

2.1.1. Percutaneous transhepatic fine needle cholangiography

(I, II, III, VI)

Under fluoroscopic control, with the patient supine, a 15 cm

fine needle (OD 0.9 mm) was inserted intercostally, in the

mid-axillary line, parallell to the table top, towards the

hilum of the liver. The needle was slowly withdrawn while

contrast medium was being injected. If necessary, up to 10

8



punctures were performed until contrast medium was seen in

the biliary tree. The biliary system was then filled with

contrast medium.

2.1.2. Percutaneous transhepatic biliary drainage (I, II,

III, VI)

If biliary duct obstruction was diagnosed at fine needle

PTC, percutaneous transhepatic drainage (PTD) was achieved

by performing a new puncture from the same external location

with a 20-25 cm radiopaque polyethylene sheathed stylet (OD/

ID 1.6/1.0 mm, Surgimed, Denmark). A peripheral bile duct of

the right liver loK3 was then entered under bi-plane fluoro-

scopic control. A guide-wire was introduced and a catheter

advanced towards the obstruction. Attempts were made to pass

the occlusion. The puncture catheter was then exchanged,

over a Lunderquist guide-wire, for a drainage catheter with

multiple side holes. These were positioned both above and

below the obstruction which allowed internal and external

drainage, assuming that the occlusion had been passed. When

separate drainage of the left liver lobe was required, an

anterior approach was employed. Survey radiography of the

liver was then performed daily for one week, any dislodge-

ment of the drainage catheter thereby being revealed.

2.1.3. Percutaneous transhepatic portography (II, III)

Percutaneous transhepatic catheterisation of the portal vein

(PTP) was achieved using an approach and technique similar

to that used to perform PTD and as described by HOEVELS et

coll /77/. PTP was carried out to determine whether or not a

tumour was resectable, to confirm or deny the existence of

portal hypertension, or to enable portal venous sampling.

When a radiopaque polyethylene catheter (OD/ID 1.6/1.0 mm) :

had been successfully introduced into a portal branch, cath- *(('

eterisation of the portal vein and its tributaries was

achieved using variously shaped guide-wires.



2.1.4. Preoperative intravenous infusion cholangiography

(IV, V)

The patients were subjected to routine bowel cleansing. They

also were prescribed a fluid intake in excess of 3 litres

during the 24 hours prior to examination. Radiographs were

taken after intravenous infusion of 100 ml (50 mg I/ml) meg-

lumine iotroxate (Biliscopin, Schering, Berlin) over a pe-

riod of 30 minutes. The patients were examined in the right

posterior oblique position (approximately 20 degrees) and

compression was applied over the abdomen. Great care was

exercised when centeting and collimating. Linear tomograms

were then taken (Philips* Danatom, 22 degree angle) at 0.5

cm intervals.

2.1.5. Operative cholangiography (IV)

Prior to removal of the gallbladder two anterior-posterior

radiographs were taken after injection of 2 and 4 ml of the

contrast medium through a thin plastic catheter inserted in-

to the cystic duct. One right posterior oblique and one left

posterior oblique radiograph were taken after injection of

an additional 6 and 8 ml of the contrast medium. The expo-

sures were made, after careful centering and collimation

over the biliary tree, at 80-90 kV, using a stationary grid.

Intraoperative choledochoscopy was performed in 17 out of 21

patients, subjected to choledocholithotomy or choledochoto-

my.

2.2. MATERIALS AND METHODS USED

OP RADIOLOGICAL PROCEDURES

IN EVALUATING COMPLICATIONS

2.2.1. Angiography (I)

Hepatic angiography was performed after PTD in 83 patients,

aged 33 to 88 years (mean 64). All of the patients had jaun-

dice due to extrahepatic cholestasis. Vitamin Ki was admin-

10



istered. The platelet count and activated partial thrombo-

plastin time (APTT) were noted. Seventy-nine of the patients

had a malignant tumour, 3 had extrahepatic gallstones and

the remaining one had pancreatitis. Angiography was perform-

ed to assess tumour resectability in most patients. The

diagnoses were verified by percutaneous fine needle aspira-

tion biopsy and cytology, by operation or by post-mortem

examination. PTC and insertion of a drainage catheter had

been carried out one to 70 days (mean 13 days) prior to an-

giography. Coeliac angiography was performed in 31 patients

and simultaneous coeliac and superior mesenteric angiography

in the remaining 52. In addition, the hepatic artery was

examined selectively in 35 patients.

2.2.2. Computed tomography (II)

CT (Philips' Tomoscan 300) of the liver, slice thickness 12

mm at 18 mm intervals, was performed in 22 jaundiced pa-

tients aged 40 to 85 years after PTD (23 examinations) and

in 10 patients aged 33 to 69 years after PTP. The examina-

tions were done following an intravenous bolus injection of

contrast medium (100 ml Isopaque Cerebral: 280 mg I/ml) in

all but 2 cases. Two patients were examined both before and

after injection of contrast medium. CT examinations were

performed within 10 days of the transhepatic procedure in 27

cases and from 11 to 45 days after the procedure in 6 cases.

The attenuation values of the lesions were determined and

compared with those of the surrounding liver parenchyma and

the aorta.

2*2.3. Cholangiography and clinical findings

2.2.3.1. Percutaneous transhepatic cholangiography (III)

Cholangiograms and protocols from a total of 237 PTC and PTD

procedures performed on 182 jaundiced patients (98 women and

84 men; aged 22 to 95 years) were reviewed together with the

patients' clinical files. Diagnoses were confirmed by means

11



of cytology, histology or operation in 162 out of 182 pa-

tients (89 % ) . Malignancy was found in 119 out of 182 pa-

tients (65 % ) .

Examinations were performed once in 140, twice in 32, thrice

in 7 and four times in 3 patients. On 184 occasions a PTD

was established with the tip of the drainage catheter above

the obstruction in 81, below the obstruction but in the bile

duct in 15 and out in the duodenum in 86. The right and left

ducts were drained separately in 2 patients.

The transhepatic procedure was followed by fine needle (OD

0.9 mm) aspiration biopsy of an obstructing lesion in 73 pa-

tients and PTP (OD 1.6 mm) in 13 patients.

2.2.3.2. Preoperative intravenous infusion cholangiography

(IV, V)

The occurrence of the following complications was noted in a

protocol: rash, nausea, vomiting, dizziness, shortness of

breath, pain at the infusion site, anaphylactic shock and

other reactions. The systolic blood pressure immediately be-

fore and after infusion of contrast medium was also noted.

In addition, therapeutic measures necessitated by adverse

reactions were recorded.

In the study of adverse reactions to iotroxate (V) only

those 4 patients on whom infusion cholangiography was per-

formed on an emergency basis, without previous bowel and

fluid preparation, were excluded.

All clinical reports found in the literature on the toxicity

of iotroxate were reviewed. When other contrast media were

used for comparison, the complications observed were also

included in the review.

12



2.2.3.3. Operative cholangiography (IV)

Any complications deemed to be due to OC were noted in the

patient's clinical records and in the radiologist's report.

2.3. MATERIAL AND METHODS FOR EVALUATING THE DIAGNOSTIC

EFFICACY OR PREOPERATIVE INTRAVENOUS INFUSION CHOLANG-

IOGRAPHY AND OPERATIVE CHOLANGIOGRAPHY

Two hundred consecutive patients admitted for elective chol-

ecystectomy were examined with intravenous infusion cholan-

giography (PIC) on the day before scheduled operation. In-

formed consent was obtained from the patients and the study

was approved by the Hospital Ethics Committee. After PIC the

patients were randomised to form one of two groups. Thirteen

of the 200 randomised patients were excluded from the study

because of postponed operation in 7, explorative laparotomy

in 2 and emergency examination in 4 patients. Ninety-six of

the remaining patients had been randomised to group 1 and 91

to group 2. In group 1, the cholangiograms were filed and

the findings not reported to the operating surgeon. All

group 1 patients were subjected to operative cholangiography

(OC) which provided the diagnostic basis for the surgical

procedure in this group. All radiological examinations were

classified as normal, pathological or inconclusive. The

PIC's were later viewed independently by two senior radiolo-

gists and the findings compared with the findings at OC. PIC

was regarded as pathological or inconclusive unless classi-

fied as normal by both radiologists.

In group 2, the PIC's were interpreted by two or more senior

radiologists and demonstrated preoperatively to the operat-

ing surgeon. If PIC was normal, OC was not performed; other-

wise OC was carried out prior to removal of the gallbladder.

A hepatic duct or common bile duct exceeding 10 mm diameter,

as measured on the film, was regarded as pathological. In



both PIC and OC, the magnification was approximately 25 per-

cent.

T-tube cholangiography was performed during the f irst post-

operative week in 20 out of 21 patients subjected to explo-

ration of the common bile duct. All patients were offered

follow-up, including clinical examination and chemical labo-

ratory investigations, 1, 3, 12 and 60 months postoperative-

Statistical differences were determined using Student's

t - tes t .

3. R E S U L T S OF C L I N I C A L

I N V E S T I G A T I O N S

A summary of complications at PTD (I, II, III) i s presented

in Table 1.

TABLE 1. Summary of complications at PTD pro-
cedures observed using three different
radiological methods

Anglo- C T P T C
graphy

( I ) ( ID (HI)

n = 83 n = 23 n = 237X

Incidence of 33 17 21
complications
Complications
requiring 6 4 6
treatment

Mortality 2 - 1

x7TncTudes



3.1. COMPLICATIONS OF RADIOLOGICAL PROCEDURES OBSERVED

USING

3.1.1. Angiography (I)

At angiography intrahepatic vascular lesions were demon-

strated in 27 out of 83 patients. In 14 patients, an aneu-

rysm of the hepatic artery was detected, located in the

right liver lobe in 13 patients and in the left liver lobe

in one. Maximum aneurysm size was 2 x 3 cm. All aneurysms 1

cm or larger were located centrally, in the right liver lobe

in 7 patients and in the left liver lobe in one.

In 7 patients, a non-opacified subcapsular area, measuring 1

- 3 x 2 - 10 cm, was found adjacent to the PTD catheter in

the right lobe of the liver. These were regarded as haemato-

mas.

A hepatic artery - portal vein fistula was found close to

the drainage catheter in the right liver lobe in 6 patients.

In 3 of these patients the fistula was situated peripherally

and in the other 3 centrally. In one patient a hepatic arte-

ry - hepatic vein fistula was discovered adjacent to an ane-

urysm .

In 2 patients angiography was repeated, 6 weeks and 6

months, respectively, after the initial examination. Spon-

taneous closure of the lesions was demonstrated in both pa-

tients.

The platelet count was normal or slightly above normal in

all patients. The APTT value was slightly elevated in 2 pa-

tients with complications and in 7 patients without vascular

lesions.

Twenty-two of the 27 patients displayed no symptoms which

could be attributed to vascular lesions. One patient with a

hepatic artery - portal vein fistula developed marked haemo-



bilia and melaena. This patient was treated conservatively

with blood transfusion. Extensive arterial bleeding into the

drainage tract, in 4 patients with aneurysms located cent-

rally in the right liver lobe, was stopped by embolising the

hepatic artery with Gelfoam. Two of these patients died

within 72 hours from hepatic failure.

3.1.2. Computed tomography (II)

CT revealed peripherally located hepatic lesions adjacent to

the puncture site in 4 out of 23 examinations following PTD

and in 4 out of 10 examinations following PTP. The median

attenuation value of the lesions was 20 Hounsfield units

(HU) lower (range 10 - 70) than that of the aorta, while the

median value of the surrounding normal hepatic parenchyma

was 10 HU (range 1-13) higher than that of the aorta. The

existence of a lesion was confirmed surgically in one pa-

tient only. This patient had a large subphrenic collection

of infected bile.

3.1.3. Cholangiography and clinical findings

3.1.3.1. Percutaneous transhepatic cholangiography and

drainage (III)

Radiologically detected complications at PTC/PTD were noted

in 50/237 procedures (21 %) (Table 2).

Bile leakage was the most common complication. It was con-

sidered to have occurred when contrast medium was seen out-

side the liver. Haemobilia was seen as contrast filling de-

fects caused by blood clor.s developing in the biliary tract

during the examination. Displacement of the peripheral bile

ducts, regarded as haematoma, was the only abnormality in 2

patients but was also seen together with bile leakage in one

patient and haemobilia in another. In 2 patients the tip of

the stainless steel guide-wire broke off inside the bile

duct. No apparent harm befell the patients, however, and in

16



one the piece of guide-wire was successfully removed using

an endoscope.

TABLE 2. Radiologically detected complications follow-
ing 237 PTC/PTD procedures

Haemobilia

Haemobilia and liver haematoma

Haemobilia and peritonitis

Bile leakage

Bile leakage and liver haematoma

Liver haematoma

Broken guide-wire

18

1

2

24

1

2

2

5 0 (21 %)

According t o the p a t i e n t s ' medical records, c o m p l i c a t i o n s at

PTC/PTD occurred in 26/237 procedures (11 %):

TABLE 3 . Clinically detected complications follow-
ing 237 PTC/PTD procedures

Peritonitis

Haemobilia

Pleurisy

Subphrenic abscess

Intraabdominal bile leakage

Intraabdominal bile leakage

Intraabdominal bleeding

Sepsis

Aspiration

Myocardial ischaemia

Pneumothorax

Death

6

5

3

2

2

and bleeding 1

1

1

1

1

1

2

26 (11 %)



Two patients (1 % ) , in poor general condition, died soon

after the PTC/PTD procedure. Interventional procedures or

blood transfusions were required as treatment in 15 pa-

tients, 6 percent of the total material.

The complication rate was positively correlated to the num-

ber of punctures with the sheathed PTC needle and to the ex-

amination time. Failure to insert the drainage catheter into

the bile ducts was found to greatly increase the risk of

complications. This occurred in 5/13 patients (38 % ) . Only

one patient suffered a complication {pneumothorax) following

an exclusively diagnostic fine needle PTC.

Among those patients in whom biliary drainage could be es-

tablished, three groups were identified with respect to bil-

iary infection. The combination of right upper quadrant

pain, fever and/or leucocytosis was taken as indicating bil-

iary infection. In the first group (65/184) biliary infec-

tion was not clinically evident before the drainage catheter

was inserted. These patients remained asymptomatic after the

examination. Bacterial culture was only performed in 5, all

negative. In the second group (64/184),also initially asymp-

tomatic, the patients developed signs of biliary infection

after PTD. This was confirmed with a positive bile culture

in 44 cases. The third group (55/184) had clinical signs of

infection before the PTD procedure. Among these, clinical

signs of infection disappeared after the procedure in 26 out

of 55. However, the positive culture was obtained from all

10 bile samples taken from these 26 patients. Finally, signs

of infection remained after PTD in 29 out of 55, confirmed

with a positive culture in 12 out of 14.

The position of the tip of the drainage catheter was corre-

lated to the frequency of positive bile cultures. Infected

bile was registered in 61 percent of patients when the cath-

eter tip was positioned above the obstruction, in 85 percent

when it was positioned below and in 94 percent when it was

positioned in the duodenum. Patients with two or more cathe-
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ter adjustments exhibited an increased incidence of positive

bile culture (10/12 = 83 %) compared with those in whom the

catheter had been adjusted only once (19/46 = 41 % ) . The se-

rum bilirubin level and the interval between admission and

the PTC/PTD procedures were not found to influence the comp-

lication rate or the existence of bile infection.

3.1.3.2. Preoperative intravenous infusion cholangiography

(V)

At PIC only 2 minor (1 % ) , and no severe, reactions occur-

red. The maximum decrease in systolic blood pressure was 30

mm Hg. No patients experienced symptoms attributable to

changes in blood pressure.

3.1.3.3. Operative cholangiography (IV)

No complications were noted.

3.2. DIAGNOSTIC RESULTS OF CHOLANGIOGRAPHY (IV)

3.2.1. Preoperative intravenous infusion cholangiography

PIC was considered normal in 74/91 patients (group 2). In 17

patients PIC was classified as pathological or inconclusive.

These patients were then subjected to OC. In 9 patients OC

confirmed calculi revealed at PIC. In another 2 patients,

with no contrast medium visible at the preoperative examina-

tion, and thus classified as inconclusive, calculi were found

at OC. In all these 11 patients, calculi were confirmed at

subsequent exploration of the common bile duct. Of the re-

maining 6 patients calculi were excluded at OC in 5. In one

patient OC supported the impression gained at PIC of a com-

mon bile duct calculus. The calculus was not found at chole-

dochoscopy which, however, was performed after instrumental

exploration of the common bile duct.
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In one patient in group 2 PIC suggested distal fusion of the

dorsocaudal branch of the right hepatic duct to the common

hepatic duct. This finding was confirmed at OC.

3.2.2. Operative cholangiography

OC (group 1) failed in 2 patients due to difficulties in

catheterising a very narrow cystic duct. The examination was

considered to be normal in 82/94 patients and pathol^gical

in the remaining 12. In 9 of these 12 patients exploration

of the common bile duct confirmed calculi in 7. In the other

2 patients OC suggested bile duct calculi but this could not

be confirmed at choledochoscopy. The existence of a calculus

could not be excluded in one of these patients - fibrinous

sludge was found in a 13 mm wide common bile duct at chole-

dochoscopy and PIC also indicated a common bile duct calcu-

lus. Of the remaining 3 patients one had a 15 mm wide common

bile duct without calculi. In the other 2 patients OC indi-

cated common bile duct calculus. However, in all these 3 pa-

tients, the gallbladder contained a solitary calculus and

the cystic duct was very narrow. The operating surgeon did

not consider the radiological findings to be compatible with

calculi and the common bile duct was not explored.

An additional 13 OC's were carried out in group 2 because of

findings at operation in 5 patients and due to surgeons not

adhering to the protocol in another 8. Thus the diagnostic

yield of OC and PIC could be compared in 124 patients (94

group 1 and 30 group 2) examined with both methods. In 110/

124 patients (89 %) the radiopacity of the contrast medium

in the bile ducts at PIC was considered to be sufficient for

diagnosis- In 14 patients the PIC was considered inconclusi-

ve. A diagnostic accordance was obtained in 97 patients and

discordance in 27. Discordant results are shown in Table 4.



TABLE 4. Discordant diagnostic results in 27/124 patients examined with
both PIC and OC. Evaluation based on radiographic comparison,
operative findings and choledochoscopy

Patients
No.

14

8

2

1

1

1

P I C

Inconclusive

Susp. calculus

Normal

Normal

Normal

Calculus cystic
duct

O C

Normal

Normal

Calculus

Calculus

Calculus

Calculus
common duct

Final judgement

Normal

Normal

Normal (solitary stone
in gallbladder, narrow
cystic duct, no explo-
ration)

Normal (exploration
neg: performed before
scopy)

Calculus (chip fragmer

Calculus (displaced
from cystic duct to cor
mon duct in between
examinations)

4. E X P E R I M E N T A L I N V E S T I G A T I O N

As mentioned earlier, the percutaneous transhepatic route

allows balloon catheter dilatation of bile duct strictures.

Since little is known about the microscopic changes in the

bile ducts caused by this procedure, an experimental model

was set up to study the morphology of surgically created

stenotic bile duct anastomoses in the pig, befor-s and after

transhepatic balloon catheter dilatation (IV).

4.1. MATERIAL AND METHODS

4.1.1. Creation of bile duct strictures

Under general anaesthesia, the common bile duct was exposed

and divided transversely in 13 standard Swedish domestic
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pigs. Triangular-shaped excisions were made from each free

end of the divided duct. The defects were sutured and the

ends anastomosed end-to-end over a catheter (OD 1.6 mm) with

single, interrupted 4/0 chromic catgut sutures. The cathe-

ter, with its tip proximal to the anastomosis, was put

through the right liver lobe and pulled subcutaneously to

the back of the animal where it was attached to a drainage

bag.

4.1.2. Transhepatic cholangiography

The anastomoses were examined, using contrast medium inject-

ed through the drainage catheter, immediately postoperative-

ly and again within 2 weeks of operation. Before balloon

catheter dilatation and prior to sacrifice of the animals,

radiological evaluations of the anastomoses were made using

PTC.

4.1.3. Balloon catheter dilatation

After PTC, the puncture catheter was exchanged over a guide-

wire for a 7F 6 x 20 mm balloon dilatation catheter in 2

animals and for a 6F 6 x 40 mm balloon dilatation catheter

in 3 animals. Dilatation was accomplished, under fluoroscop-

ic control, by manual inflation of the balloon using a 5 ml

syringe for periods of 5 x 2 minutes and 3 - 5 x 1/2 minute,

respectively.

4.1.4. Histology

The common bile duct, duodenum and porta hepatis were remov-

ed and immersion-fixed in 10 percent formaldehyde solution.

Several 4 micron sections were stained with haematoxylin-

erythrosin and according to van Gieson.
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4.2. RESULTS

4.2.1. Strictures not dilated by balloon catheters

One pig died one day postoperatively for unknown reasons and

another pig died of multiple abscesses 2 weeks postoperativ-

ely. Six animals were sacrificed without previous balloon

catheter dilatation 5 to 25 weeks after surgical creation of

a bile duct stenosis. There was a remaining stenosis in all

the animals at PTC before they were put to death. Microscop-

ic examination of the stricture showed slight to moderate

fibrosis of the bile duct wall which appeared to become more

pronounced with time.

4.2.2. Strictures dilated by balloon catheters

Percutaneous transhepatic balloon catheter dilatation of the

strictures was performed in 5 animals, 4 - 10 weeks post-

operatively. An increase in stricture diameter of 2 - 3 mm

(50- 100 % ) , as measured on the films, was achieved by the

procedure. In no animal was the stricture completely elimi-

nated. Two animals died within 5 days of dilatation. One pig

died of bile leakage from the puncture site in the liver.

The other pig developed a large right-sided bile pleurisy.

Microscopy, in these animals, revealed necrosis of the bile

duct mucosa. In one animal, a fresh tear into the bile duct

wall was also noted as well as fresh thrombi in small peri-

biliary veins, necrotising pancreatitis and haemorrhagic li-

ver necrosis. In the remaining 3 animals PTC, performed 4

6 weeks after dilatation and prior to sacrifice, revealed

partial re-stenosis with reduction in the diameter of the

stricture. Microscopic examination showed inflammatory reac-

tion and fibrotic healing.
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5. D I S C U S S I O N

5.1. COMPLICATIONS OF PERCUTANEOUS TRANSHEPATIC PROCEDURES

5.1.1. Vascular lesions

The aetiology of hepatic arteriovenous fistulae and aneu-

rysms may be congenital or acquired i.e. arteriosclerotic,

traumatic or inflammatory /14,18,25,67,83/ as well as neo-

plastic /74.134/. The vascular lesions observed in this in-

vestigation (I), were caused by the percutaneous transhepa-

tic procedure since they were all situated near the drainage

catheter.

Vascular complications following needle biopsy of the liver

have been described in a number of reports /3,35,94,131,156,

160/. Vascular lesions following PTC have also been report-

ed. As one might expect, the frequency of vascular compli-

cations is dependent on technical factors such as needle

thickness. OKUDA et coll /125/ found 2 arterioportal fis-

tulae (2.5 %) and one fistula between the hepatic artery and

hepatic vein (1.3 %) in 79 patients examined with angiogra-

phy within one month after PTC using a fine needle (OD 0.7

mm). In one patient, who had been subjected to both biopsy

and fine needle PTC, an aneurysm was demonstrated.

Vascular complications are more common using a crude needle.

TYLEN et coll /157/ found arterioportal fistulae in 3/22 (14

%) patients following PTC, without biliary drainage, when

using a catheter-sheathed needle (OD 1.6 mm) with a cutting

edge. Somewhat fewer vascular complications were observed by

MARIONS and WIECHEL /98/ in patients examined with angiogra-

phy within 2 weeks following the transhepatic procedure.

They found arterioportal fistulae in 6/89 (7 %) and spurious

aneurysms in 3/89 (3 %) when using a slightly thinner cathe- é

ter-sheathed mandrine (OD 1.45 mm) with a 60 degree bevell-

ed, conic, non-cutting tip.



Following crude needle PTC and the introduction of a tempo-

rary or permanent draining catheter (OD 2.2 mm) into the

bile ducts, TYLEN et coll /157/ noted arterioportal shunts

in 3/43 (7 %) and small extravasations or false aneurysms in

another 2/43 (4.7 % ) . MONDEN et coll /112/ at angiography

2-41 days following inception of biliary drainage, reported

4/47 (8.5 %) arterioportal shunts and pseudoaneurysms in

2/47 (4.3 %) when using a slightly thicker drainage catheter

(OD 2.39 mm). The frequency of arterioportal shunts in our

investigation (I) is in agreement with these findings. The

reason for the higher frequency of false aneurysms in our

study (14/83 = 17 %) is not clear. A possible explanation is

that the investigation was initiated as a result of the

occurrence of several haemorrhagic complications. The dispa-

rity in frequency of vascular complications could also be

explained by differences in time lapse before angiography

was performed. HELLEKANT and OLIN /75/ detected vascular in-

juries in 50 percent of punctured rabbit livers when angio-

graphy was performed immediately after puncture. In a cli-

nical study, HELLEKANT /74/ noted that 11/18 (61 %) abnorma-

lities due to puncture of the liver were demonstrated at an-

giography performed within one week and in only 3/27 (11 %)

patients when angiography was performed later. These find-

ings indicated rapid healing of the injuries. On the other

hand, OKUDA et coll /125/, in a series of 26 patients cathe-

terised for bile duct decompression or PTP with catheters up

to 2.36 mm OD, observed arterioportal shunts in 19 percent

and hepatic artery to hepatic vein fistulae in another 8

percent, at angiography performed 7-30 days after the proce-

dure.

Mycotic arteritis secondary to chronic biliary infection is

also a potential cause of pseudoaneurysm formation. In a

study by MITCHELL et coll /109/ of haemobilia due to pseudo-

aneurysms and arterioportal shunts, in 17 patients with M

biliary drainage, 8 had cholangitis or sepsis.



In the present investigation (I), the large size of the

aneurysms, and also their central location, is remarkable.

It is reasonable to expect that a vessel punctured centrally

in the liver is more likely to develop complications than a

vessel in the periphery, if only because of its larger dia-

meter and higher vascular pressure. To reduce the risk of

vascular complications, and to allow for a long intraductal

track, insertion of the drainage catheter in a peripheral

bile duct has been suggested 111,112,125/.

A wide arterioportal shunt may cause portal hypertension

/57/. A persistent fistula between the hepatic artery and

the hepatic vein may result in cardiac failure /160/. How-

ever, puncture-induced arteriovenous fistulae tend to close

spontaneously. This has been shown in the kidney /46/ and in

the liver /65,74/. Spontaneous closure of arteriovenous fis-

tulae in our investigation was observed in the only 2 pa-

tients examined with follow-up angiography (I).

A correlation could not be found in our investigation be-

tween the coagulation factors registered and the occurrence

of vascular lesions (I). A similar lack of correlation has

been reported by others /22,65,112,157/.

Haemobilia was the second most common complication (9 %;

III) and occurred more frequently after insertion of the

drainage catheter - the side holes allow blood to enter the

biliary tract at insertion. Usually this is of little clini-

cal significance, the bleeding ceasing spontaneously - pro-

bably because of the decreased size of the liver after bili-

ary decompression /22/. To prevent catheter dislodgement and

malfunction careful surveillance is essential.

Massive bleeding into the drainage tract, diagnosed at an-

giography, occurred in 5 patients (I). One patient, with an

arterioportal shunt, was treated with transfusion only. The

other 4 patients, who had aneurysms measuring 1.5 to 3 cm,

adjacent to the drainage tract, were subjected to embolisa-



tion of the hepatic artery using Gelfoam. Unfortunately, se-

lective occlusion of the damaged vessel failed with the re-

sult that almost the entire hepatic arterial supply was cut

off. Two of the patients died from liver failure within 72

hours but the treatment was successful in ths other 2. Based

on results obtained from experimental studies in the monkey,

DOPPMAN et coll /40/ have drawn attention to the risk fol-

lowing embolisation of the hepatic artery in the presence of

obstructive jaundice. They found that embolisation caused

massive hepatic necrosis probably as a result of the de-

creased portal venous inflow which is a feature of biliary

obstruction.

Transcatheter arterial embolic control of haemobilia follow-

ing liver biopsy has been reported by WALTER et coll /162/

and PERLBERGER /129/. Hepatic artery embolotherapy for seve-

re haemobilia associated with percutaneous catheters has

been reported by others /44,81,101,137/. To control bleed-

ing, different material such as bucrylate, Gelfoam and coils

have been used. MITCHELL et coll /109/ preferred detachable

balloons because of their ability to exclude the injuried

portion of the artery from inadvertent distal embolisation

and risk of recanalisation. They used this technique suc-

cessfully in 12/13 patients with haemobilia. Embolotherapy

of an hepatic artery pseudoaneurysm via the transhepatic

tract has been described in one patient /137/.

5.1.2. Parenchymatous lesions

Hepatic lesions were demonstrated with CT in 4 patients fol-

lowing 23 PTD procedures (II). All the lesions were located

peripherally, adjacent to the puncture site, and all were

discovered within 5 to 10 days of the transhepatic procedu-

re. The attenuation values were lower than that of the sur-

rounding liver parenchyma but the nature of the lesions was £'

not determined conclusively except in one patient who proved

to have an extrahepatic collection of infected bile at sur-



gery. This was also the only patient with symptoms referable

to the transhepatic procedure.

The incidence of parenchymatous hepatic lesions, observed

radiologically, was 17 percent at CT (II), 8 percent at an-

giography (I) and only 2 percent at cholangiography (III),

indicating the superiority of CT in detecting avascular pa-

renchymal lesions. Other diagnostic modalities such as nu-

clear scanning /133/ and ultrasonography /56/ have been used

to detect hepatic lesions following liver biopsy. Occasional

liver haematomas have been discovered at ultrasonography

following fine needle PTC /70/.

5.1.3. Clinical complications

When non-invasive methods were still not available for eva-

luation of intrahepatic lesions, most complications at PTC

were revealed at subsequent laparotomy. Leakage of bile or

blood into the peritoneal cavity was thus observed by SEL-

DINGER /143/ in 15/96 (15.6 %) patients and 4/96 (4.2 %)

patients, respectively. The corresponding figures from GÖTH-

LIN and TRANBERG /65/ were 4/47 (8.5 %) and 4/47 (8.5 % ) ,

respectively. All patients but 2 (SELDINGER's material) had

dilated bile ducts. All the procedures were performed with

crude needles and without drainage.

Following fine needle PTC, intraperitoneal bile leakage was

noted at surgery in 1.45 percent of patients with dilated

bile ducts /70/. In one third of these patients leakage of

small amounts of bile caused no symptoms and was an inciden-

tal finding at laparotomy. Although the onset of generalised

bile peritonitis is usually sudden, the cause may be indo-

lent and the patient may present with progressive ascites

/136/. In our investigation (III), accumulation of contrast

medium outside the liver, following PTC and drainage, was

taken as evidence of bile leakage. This was seen in 24 cases

at cholangiography but symptoms of bile leakage was clini-

cally registered in only 8.



Leakage of bile or blood is very frequent when the radio-

logist fails to introduce a drainage catheter into dilated

bile ducts (III). Stepwise withdrawal of the needle /98/ or

injection of occlusive material into the puncture tract /77/

has been suggested to reduce the risk of leakage of bile or

blood to the abdominal cavity.

Puncture related complications may be reduced using fine

needle coaxial catheter introductory instruments /5, 30,

Infection is a common finding in the biliary tract /52,85/.

According to KEIGHLEY et coll /85/, and KEIGHLEY /84/, in-

fected bile, collected at operation, occurs in 71 to 90 per-

cent of patients with common bile duct calculi and 25 to 36

percent of patients with tumour obstruction. The most common

organisms were E-coli and Klebsiella. Similar results were

obtained at percutaneous transhepatic biliary sampling by

SUZUKI et coll /149/ who also found a high frequency of the

same organisms in the duodenum. These findings favour the

hypothesis of an ascending infection. Haematogeneous /38,

141/ and lymphgeneous /170/ transport have also been sug-

gested, but the exact route is not certain /151/. Most au-

thors recommend prophylactic use of antibiotics before di-

rect cholangiographic procedures /16,52,70,103/. In biliary

obstruction, the level of antibiotics in the bile is low

and, to reduce septic complications, adequate serum levels

of an effective antimicrobial is more important than an an-

tibiotic which is excreted almost entirely into the bile

/86/. The use of prophylactic antibiotics does not prevent

the often fatal but rare event of endotoxic shock /70/.

In our investigation (III) one third of the patients showed

no clinical signs of infection before or after insertion of

a drainage catheter. One third of the patients developed

clinical signs of biliary infection following the drainage

procedure and one third of the patients had clinical eviden-

ce of biliary tract infection before PTC. In this last

group, signs of infection persisted or disappeared in an



equal number of patients. Only one septic (fever, hypoten-

sion, positive blood culture, chills and prostration) comp-

lication was noted.

Several authors consider infection a major problem in trans-

hepatic drainage /23,51,69,103/. At least to some degree the

infections are exogenous in origin /103,114/ and could be

reduced with a closed drainage system /15,16,1O3/. Connect-

ing the catheter to a subcutaneously positioned reservoir

has also been used in an attempt to decrease the risk of

exogenous infection /45,159/.

On the other hand, in patients with sepsis due to cholangi-

tis and biliary obstruction, drainage through an indwelling

catheter often has a dramatic effect on the patient's clini-

cal condition /50,66,82,117/ and should be the treatment of

choice.

The catheter tip positioned in the distal common bile duct

rather than in the duodenum seems to reduce bile infections

/103/. This is supported by our findings (III) - patients

with a transampullary drainage catheter produced a positive

bile culture in 94 percent whereas patients with the cathe-

ter placed proximal to the sphincter or above the obstruc-

tion produced a positive bile culture in 85 percent and 61

percent, respectively. The validity of these findings was

not statistically confirmed.

Rare complications at PTC and drainage are bile emboli /ll/,

drainage tract metastases /36,77,87,126,146/, duodenal per-

foration /36/ and rib erosion /144/.

One case of pneumothorax and 3 cases of pleurisy could pro-

bably have been avoided if the liver had been punctured be-

low the 10th rib /ll8,119/.

PTC and drainage is a widely accepted efficient method of

reducing elevated bilirubin levels in obstructive jaundice

/77,117,127,166/. Considerable controversy still remains as



to whether or not preoperative decompression of the ob-

structed bile ducts reduces operative mortality (all deaths

within 30 days postoperatively). TAKADA et coll /150/ and

NAKAYAMA et coll /117/ reported a decrease in operative mor-

tality from 28 percent to 7 percent and from 24 percent to 8

percent, respectively, in two retrospective studies where

patients with preoperative transhepatic drainage were com-

pared with historic controls. Similar results were obtained

by GOBIEN et coll /62/ and GUNDRY et coll /68/. DENNING et

coll /37/ found a significant reduction in operative morbi-

dity and a decreased, but not statistically significantly

decreased, operative mortality. On the other hand, in ran-

domised studies, HATFIELD et coll /72/ found no difference

and McPHERSON et coll /104/ and PITT et coll /130/ found in-

creased operative mortality in patients with preoperative

transhepatic drainage as compared to in non-drained pa-

tients. These data are difficult to evaluate. In HATFIELD et

coil's study, one death in the transhepatic drainage/surgery

group occurred following technical failure of the drainage

catheter, while 2 deaths occurred following unjustified sur-

gery. In the surgery alone group, 2 deaths actually occurred

prior to surgery and one patient, in spite of the fact that

he was assigned to this group, also underwent drainage. In

McPHERSON et coil's study /104/, 5 patients allocated to the

preoperative drainage group died before operation. A point

of interest in the Japanese studies /117,15O/ is the comment

on re-feeding of bile. This was also pointed out by NORLAN-

DER et coll /120/ who found a reduction in the operative

mortality in the preoperatively drained group when patients

with inefficient drainage were excluded. They reported that

bilirubin levels did not return to normal unless bile was

re-fed to the intestine. The impairment of renal function

which occurs with obstructive jaundice is ascribed to the

inability of the liver to detoxify endotoxin which has gain-

ed access to the portal circulation from the gut /2,169/. This

process is normally inhibited by the presence of bile salts

in the intestinal lumen /10,68,130/. KOYAMA et coll /89/

have demonstrated severe depression of hepatic function,



especially mitochondria1 energy production, one to 2 weeks

after total obstruction. They also found that these process-

es may take 6 weeks or more to improve following relief of

obstruction. Other investigators /130/ have documented de-

pressed cell-mediated immunity, impaired hepatic reticuloen-

dothelial function and altered lymphocyte transformation in

patients with obstructive jaundice. These data strongly sug-

gest the desirability of a prompt atraumatic restoration of

the passage of bile to the intestine for a period of time

long enough for the liver to recuperate before surgery.

Most patients with malignant biliary obstruction, however,

will never be candidates for attempts at curative surgery

since resectability can only be expected in 7 to 14 percent

/4,127/.

Transhepatic or endoscopic insertion of endoprostheses as

well as operative biliary diversion are alternatives to

catheter drainage in palliation of patients with malignant

biliary obstruction.

Insertion of an endoprosthesis, via the PTC tract, for pall-

iative internal drainage in patients with incurable biliary

obstruction was practised by WIECHEL /166/ and was widely in

use at the end of the 70's and beginning of the 80's /19,2O,

28,78/. Leakage, migration, incrustation and infections are

the most frequent complications. Early complications are re-

ported to occur in from 5.5 percent /19/ to 17 percent /115/

and late complications in from 5.7 percent /19/ to 31 per-

cent /115/. In a review of the literature on the results of

biliary drainage, using endoprostheses in 552 patients and

catheters in 360, LAMMER /91/ found a complication rate of

13 percent, a procedure mortality of 1.3 percent and an ope-

rative mortality of 24 percent at endoprosthetic drainage.

The corresponding figures at catheter drainage were 11 per-

cent, 1.6 percent and 15 percent. The use of endoprostheses

has been shown to correlate positively with short-term sur-

vival rate up to 6 months, but not thereafter, when compared

with drainage catheters /127/. On the other hand, some auth-

ors find drawbacks of endoprostheses too numerous and have
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suggested the method be abandoned /107/. Endoprosthesis is,

despite its drawbacks, an alternative for patients who can-

not tolerate an external catheter /29/.

In recent years endoscopic biliary drainage has become an

alternative to the transhepatic route /24,31,80,99,148/. In-

sertion of a bilio-nasal drain or a bilio-duodenal endopros-

thesis are successful in 95 percent and 87 percent, respec-

tively /24/. Cholangitis is the most frequent complication

and in large series the total complication rate varies be-

tween 5 percent and 26 percent and the mortality rate varies

between 0.7 and 8 percent, depending on the technique used

and on the experience of the operator /24,135/.

The complication rate of transhepatic or endoscopic biliary

drainage should be compared to a reported mortality of 16 to

40 percent /55,161,49/. Ultimately, in patients with malig-

nant obstruction of the biliary tract with a median life ex-

pectancy of only 3 months /127/, much attention should be

paid to quality of life.

5.2. PREOPERATIVE INTRAVENOUS INFUSION CHOLANGIOGRAPHY AND

OPERATIVE CHOLANGIOGRAPHY

5.2.1. Diagnostic efficacy

Since MIRIZZI introduced OC in 1932 /108/ its value has been

extensively explored /9,32,43,95,121/. The benefits of rou-

tine OC are widely recognised and the procedure is performed

routinely in 96 percent of the surgical units in Sweden

/13/. The drawbacks of the method are delay in obtaining

diagnostic information and the occasionally time consuming

radiographic procedure leading to an increase in operating

time. The advantages of OC are the reported low incidence of

diagnostic misinterpretations. In a large retrospective se- •ju-

ries LINDSKOG /95/ found calculi to be overdiagnosed in 0.4

percent and underdiagnosed in 0.026 percent. In the endo-



scopic era a retained calculus does not constitute the pre-

dicament it used to, since transpapillary stone extraction

is now an alternative to re-operation. The endoscopic proce-

dure, however, is not harmless and complication rates from

7.0 percent to 8.7 percent /59,139/ and mortality rates from

1.02 percent to 1.4 percent /59,139,142/ have been reported.

Overdiagnosing a bile uuct calculus, leading as it does to

an unnecessary choledochotomy, causes a mortality rate from

1.8 percent to 3.5 percent /60,105/.

PIC gives preoperative information which allows planning of

tactics to be employed during operation. This is not possib-

le with OC, as pointed out by WIECHEL and MARIONS /168/. In

fact the biliary system seems to be one of the few systems

on which surgeons are willing to operate without having any

preoperative morphological information. PIC is also positi-

vely correlated to a significant reduction in operating

time, as noted in our investigation (IV). The image quality

of PIC is lower than that of OC. This is due to technical

factors and to dependence on hepatic function. The intrahe-

patic ducts in particular are not very well delineated. This

could lead to an increased risk of underdiagnosing bile duct

calculi and bile duct anomalies. In our investigation (IV)

one case of low fusion of the dorsocaudal branch of the

right hepatic duct to the common hepatic duct was noted at

PIC. This finding was confirmed at OC. No operative bile

duct injuries were disclosed in our series.

PIC's were classified as diagnostic in 89 percent which is

in agreement with the results obtained in other studies us-

ing iotroxate /41,154/. The high diagnostic yield in our in-

vestigation is in accordance with a recent retrospective

study /64/. The low diagnostic yield reported by others /63,

48/ could be explained by the fact that these studies in-

cluded un3elected patients with elevated bilirubin values

and liver enzyme abnormalities, whereas in our investigation

all patients apart from 3 had normal bilirubin values. Our

investigation was performed with a modern cholangiographic



contrast medium giving higher contrast medium concentration

in the bile ducts.

The administration of a sphincter relaxing drug, e.g. gluca-

gon, would probably have eased the task of differentiating

between spasm of the sphincter of Oddi and a calculus in the

distal part of the duct in some OC's /17/. Likewise more

PIC's would have been diagnostic had disturbing motion of

the duodenum been inhibited by an anticholinergic drug.

In the follow-up study, now close to 5 years, no residual

stones have been detected.

5.2.2. Complications

The mortality at intravenous cholangiography varies in the

literature from 1/5000 /6/ to 1/50 000 /155/. There is also

a disparity in the incidence of adverse reactions at intra-

venous cholangiography in different reports. It is generally

agreed, however, that intravenous cholangiography is more

toxic than urography /6,7,145,155/. In a recent prospective

investigation of adverse reactions to contrast media in more

than 300 000 cases /145/, the rate of reactions was almost

twice as high at intravenous cholangiography as it was at

urography - 8.0 percent and 4.8 percent, respectively. That

investigation was an international multicentre study, not

specifying the type and dose of contrast media used or the

mode of administration. In our investigation (v) the inci-

dence of adverse reactions to infusion cholangiography with

iotroxate was low. Only two minor (1 %) an no severe reac-

tions were noted. In the review of the clinical literature

on adverse reactions to iotroxate in 2492 patients (includ-

ing those in our own investigation), the average complica-

tion rate at infusion was 3.5 percent (3.0 % minor, 0.3 mod-

erate and 0.2 % severe reactions). This compared favourably

with the 5 percent complication rate (4 % minor, 0.5 % mode-

rate and 0.5 % severe reactions) at infusion of iodoxamate

and the 9 percent complication rate (5 % minor, 1 % moderate



and 3 % severe reactions) at infusion of ioglycamide revea-

led in the same review. Irrespective of the contrast medium

used, the frequency of adverse reactions at infusion was

found to be 3 times lower than when equal amounts of the

same medium were injected. This concurs with the findings in

several previous reports that infusion is an important fac-

tor in reducing adverse reactions to intravenous cholangio-

graphy /34,41,102/. In our invest: nation the patients were

selected and well hydrated which probably contributed to the

low complication rate.

A fatal reaction to ioglycamide in a patient with Walden-

ström' s monoclonal IgM paraproteinaemia /12/ has been re-

ported and one fatal and one severe reaction to ioglycamide

have been observed in patients with lymphoproliferative dis-

orders /88/. Although no definite conclusions can be drawn

about the use of iotroxate in these conditions, these dis-

orders should be regarded as an absolute contraindication to

intravenous cholangiography.

Complications to OC is reportedly low. LINDSKOG /95/, in a

review of 4685 patients subjected to cholecystectomy pre-

ceeded by operative cholangiography, could not find any

complications directly referable to the radiographic proce-

dure. WHITE and HART /164/, however, in a series of 18 pa-

tients with bile duct injuries, found these to be caused by

a.tempts to perform an operative cholangiography in 8 pa-

tients, all of whom had bile ducts 3 mm in diameter or less

and a tiny cystic duct.

Diagnostic and other benefits can be expected from digital

technology applied to operative fluorocholangiography /54/

and intravenous cholangiography /153/.

5.3. EXPERIMENTAL BILE DUCT STRICTURES

Benign strictures of the biliary tract are reported to recur

in 25 to 35 percent following reconstructive surgery /61,



163/. Promising clinical results have been achieved with

transhepatic balloon catheter dilatation of biliary stric-

tures /58,140,152,158/• Although the long-term results using

this technique are not known it has the advantage over sur-

gery that a re-dilatation is easily performed. An experimen-

tal model was set up in the pig to study the immediate and

short-term morphological changes in surgically created fib-

rous stenotic anastomoses before and after tr=n shepatic bal-

loon catheter dilatation. Those anastomoses which were not

subjected to balloon dilatation displayed a persistent

stricture at cholangiography and slight to moderate fibrosis

at microscopy during 25 weeks postoperative follow-up (VI).

Balloon catheter dilatation caused a lesion in the bile duct

wall which was followed by fibrous healing, in the short-

term follow-up a relative re-stenosis was noted. The techni-

que is not harmless, which is illustrated by serious compli-

cations in 2 pigs. Both died within 5 days of balloon dila-

tation, probably due to bile leakage from the puncture site.

A number of procedure related questions, e.g. optimal dura-

tion of dilatation and stenting, remain to be answered. The

pig, due to its rapid growth, is not the ideal animal for

this purpose. The technical problems of gaining access to

the bile ducts, which could be expected in a smaller spe-

cies, could be overcome by performing the dilatation through

a stomatised jejunal limb according to RUSSELL /138/.

6. C O N C L U S I O N S

Vascular, parenchymatous and infectious complications

at PTC and drainage of the bile ducts were frequent

findings in three retrospective investigations using

angiography, CT and PTC as well as clinical evaluation.

The number of complications, requiring treatment, was

acceptably low and comparable to the number of compli-

cations at endoscopic and operative drainage as report-

ed in the literature.
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Preoperative intravenous infusion cholangiography with

iotroxate, before elective cholecystectomy, resulted in

a high diagnostic yield and a low incidence of adverse

reactions. Preoperative intravenous infusion cholangio-

graphy with iotroxate, supplemented with operative

cholangiography in inconclusive cases, is an alternati-

ve to routine operative cholangiography and was found

to reduce operating time significantly.

Results from the present investigation and a review of

the literature showed a low average incidence of comp-

lications to intravenous infusion cholangiography with

iotroxate, not exceeding the complication rate reported

with ionic urographic contrast media.

Surgically created fibrous stenoses in common bile duct

anastomoses in the pig persisted during a follow-up

period of 25 weeks. Percutaneous transhepatic balloon

catheter dilatation of the stenotic area caused a bile

duct wall lesion which resulted in fibrous healing

which was almost complete after 4 weeks. An initial in-

crease of the stricture diameter was followed by par-

tial re-stenosis in the short-term follow-up.
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