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1. Introduction 

 

Liver transplantation is the only, widely accepted successful 

treatment of end stage liver disease. During the 40 years history of liver 

transplantation the results have been continuously improved due to the 

refinements in surgical techniques and development of immunosuppressive 

drugs. Scarcity of the available livers from deceased donors results in 

prolonged waiting time in the liver transplantation waiting lists. Preserving the 

function of the transplanted organ is of utmost importance. One of the usual 

therapy of several serious complications is retransplantation, but,  besides the 

lack of availability of donor organs, one should take into account the 

increased postoperative mortality and morbidity of liver retransplantation.  

Despite of the unequivocal evolution of the surgical procedure of 

liver transplantation complications can not be eliminated totally. These 

complications present a serious risk to the life of the patient and survival of 

the graft liver.  

Traditional treatment of complications is surgery, and at last 

retransplantation. Besides surgical methods minimally invasive treatment 

modalities are gaining wider acceptance. The technical refinements of 

catheters, guidewires and stents made this possible. One major advantage of 

minimally invasive treatments is being more tolerable for the patients 

compared with surgery. Another important issue is that these interventions 

might be repeated several times, and in case of a suboptimal result, surgery 

usually remains as a still performable option.  

Conservative medical therapy is applicable for immunological 

reactions, such as acute and chronic rejection, viral bacterial and mycotic 

infections. Minimally invasive, interventional radiological treatments are used 



to treat complications related to the surgical techniques, or consequences of 

infections or prolonged ischemia.  

As in other fields of medicine, two major group of interventional 

radiological treatments developed: vascular and non-vascular. The same is 

true according to the field of liver transplantation. In vascular complications 

only endovascular, catheter-driven methods may be applied from the 

minimally invasive treatment group, while in the non-vascular group 

interventional endoscopy has an important role. Biliary complications may be 

treated by means of endoscopy, interventional radiology, or surgery, even 

combination of these therapies could be possible.  

Interventional radiological methods have been available from the 

birth of the Hungarian Liver Transplantation Program. During the last 14 

years interventional radiology went through its largest and most influential 

development by means of the quality of devices, such as catheters, stents, 

drains, and imaging equipments. Nowadays, treatment of vascular and non-

vascular complications is based on interventional radiology, little place is 

being left for endoscopy. Surgery is involved only when minimally invasive 

treatments proved to be unsuccessful.  

These days a basically new concept is being shaped concerning 

interventional radiological treatments of complications after liver 

transplantation. The question is, are these methods of value preserving liver 

function, can they prolong the lifetime of the donated organ? Is it possible to 

prevent the development of serious damage of parenchyma and bile ducts, 

could we avoid retransplantation? According to this issue, the most important 

types of postoperative complications are the early arterial and venous 

disturbances and intrahepatic biliary strictures, otherwise possible to treat 

exclusively with retransplantation. In this study I focused on the results of the 



interventional radiological therapy of the abovementioned complications, 

concentrating on the necessity of liver retransplantation. 

 

2. The aim of the study 

  

1. Is it possible to restore or maintain the hepatic arterial flow in early 

strictures or thrombosis after liver transplantation? Surgical or 

interventional methods can be applied better concerning tolerability 

of the treatments, survival of the donor liver and the patient? 

2. Is it safe and feasible to treat early postoperative portal vein stricture 

with percutaneous transhepatic portal vein catheterization and 

metallic stent placement. Is it possible to avoid reoperation or 

retransplantation?  

3. Is it safe and feasible to treat early postoperative inferior caval vein 

stricture with percutaneous catheterization, balloon dilatation and 

metallic stent placement. Is it possible to avoid retransplantation? 

4. Are self expanding metallic stents of value in treatment of 

intrahepatic, non-anastomotic biliary strictures? Can symptoms 

caused by biliary obstruction successfully relieved with this therapy? 

Is it possible to avoid an otherwise indicated retransplantation?  

5. According to my results is it possible to elaborate useful diagnostic 

and therapeutic algorithms concerning the main complication-types?  

 

 

 

 

 

 



3. Methods 

 

3.1. Therapeutic possibilities of early postoperative arterial complications 

after liver transplantation 

 

The analysis of the treatment of early postoperative arterial 

complications was based on the 365 liver transplantation performed in our 

department between 1995 and 2008. Early postoperative period was 

determined being between the first and 30th days. I found 25 patients (7%) 

having the diagnosis of early arterial complication. Adult whole liver 

transplantations were performed in 24 cases from deceased donors, while in 

one case adult-to-adult right lobe living donation was applied. Pure hepatic 

arterial thrombosis (HAT) was diagnosed in 12 cases, in 8 occasions hepatic 

arterial stricture (HAS) was found, while hepatic arterial thrombosis and 

stricture (HAT+HAS) existed  together in 5 patients. 

 

Two groups of patients were divided according to the primary 

treatment modality.  

 

The Interventional Group consisted of 10 patients, treated primarily 

endovascularly with balloon dilatation (PTA), metallic stent placement and/or 

thrombolysis. 

The Surgical Group consisted of 15 patients with primary surgical 

therapies, such as reoperation, revision of arterial anastomosis or 

retransplantation.  

 



The main imaging modalities to diagnose arterial complications were color 

Doppler ultrasound (CDUS), computed tomography (CT) and angiography 

(DSA). All the patients had CDUS examinations routinely.  

In the Interventional Group endovascular therapy was started after 

CDUS only in 6 cases, using DSA as an invasive imaging tool as well. CT-

angiography was performed in 4 cases preceding interventional radiological 

treatments. 

In the Surgical Group 3 patients were treated immediately after the 

diagnosis made by CDUS alone. CT-angiography was performed after 

suggestion of arterial complication by CDUS in 8 patients, and DSA was 

utilized to secure the correct diagnosis in 5 occasions.  

 

All the PTA-s were performed on a 0,018 “(inch) or 0,014” system. 

The latter as developed primarily for percutaneous transluminal coronary 

angioplasty (PTCA). Two balloon expandable metallic stents were implanted. 

One of them was 4mm diameter 12 mm long Palmaz stent over an 0,018” 

guidewire, and the second one was a 3,5mm diameter, 12mm long coronary 

stent over a 0,014” guidewire. In the third patient an 8mm diameter, 60mm 

long self-expanding  nitinol metallic stent was implanted into the obstructed 

arteria iliaca interpositum graft. In cases, when thrombolysis was required 

recombinant tissue plasminogen activator was used intra-arterially in an 

amount of 15-30 mg utilizing small dosages repeatedly.  Fourteen 

interventions were performed in the 10 patients of the Interventional Group. 

Balloon dilatation was applied in 6 cases, 3 stents were implanted and in 5 

occasions thrombolysis were performed. 

 

In the Surgical Group all the therapeutic interventions were 

performed by our transplant surgeons. Surgical revision of the anastomosis, 



which included the necessary mechanical thrombectomy was applied in 9 

cases. Iliac artery interpositum graft harvested form the donor was used as an 

aorto-hepatic graft in 4 patients. Two patients went through retransplantation 

as a primary treatment option. In the 15 patients, consisting the Surgical 

Group 15 surgical treatments were performed.  

 

3.2. Therapeutic possibilities of early postoperative portal vein strictures after 

liver transplantation  

 

 The analysis of the treatment of early postoperative portal vein 

anastomotic strictures was based on the 365 liver transplantation performed in 

our department between 1995 and 2008. Early postoperative period was 

determined being between the first and 30th days. I found 3 patients (0,07%, 

Nr. 1.: 49 years old female patient, Nr. 2.: 29 years old female patient, Nr.3.: 

47 years old male patient) having the diagnosis of early portal vein stenosis. 

All the three liver transplantation were performed using livers from deceased 

donors. The mean age of the donors was 31 years.   

 The stenosis was caused by torsion of the anastomosis in all cases. 

Therapeutic intervention was started with an ultrasound guided fine needle 

(21-22G) percutaneous transhepatic punction of thw portal vein, followed by 

insertion of a coaxial dilator system 6F in size, using Seldinger technique.  To 

negotiate the stenosed part of the portal vein hydrophilic guidewires and side-

branch catheters were used. Percutaneous balloon dilatation of the stenosed 

portal vein was considered too risky, being in the early postoperative period, 

so self-expanding metallic stents were implanted primarily. In 2 patients 

nitinol stents (10 mm in diameter, 40mm in length), and in one case stainless 

steel-vanadium stent (11 mm in diameter, 38mm in length was applied.  All 

the three stents expanded immediately.   



 

3.3. Therapeutic possibilities of early postoperative inferior caval vein 

strictures after liver transplantation  

 

The analysis of the treatment of early postoperative inferior caval vein 

(IVC) strictures was based on the 365 liver transplantation performed in our 

department between 1995 and 2008. Early postoperative period was 

determined being between the first and 30th days. Eleven patients with 12 

IVC strictures were identified during this period (3%).  One of these 12 

patients had to undergo retransplantation (ReTx) for symptomatic retrohepatic 

IVC narrowing, but symptoms developed again with the new liver graft. 

The usual sigs and symptoms caused by IVC strictures are: increasing, 

or not decreasing amount of free abdominal fluid, hydrothorax, body and leg 

edema, liver and kidney function disturbances. Objective measurements, such 

as an increased pressure gradient between the IVC and superior caval vein 

(SVC) should reinforce the suspicion of an IVC stricture.  

 For treatment 8 balloon dilatations were performed in 6 patients, while 

6 patients received metallic stents. Knowing the fact that early IVC strictures 

are caused mainly by torsion of the vein at the anastomosis sites, and fibrotic 

strictures can be definitely excluded, large balloon catheters (10-25mm in 

diameter, 40mm length) and large stents (12-24mm in diameter, 38-70mm 

length) had to be applied. 

In one occasion a large balloon expandable metallic stent (Palmaz) was 

used, in the remaining cases 5 self expandig metallic stents (Wallstent) were 

implated. During all interventions control SVC-IVC pressure gradient 

measurements were performed.  

 



3.4. Therapeutic possibilities of non-anastomotic itrahepatic strictures after 

liver transplantation  

 

 The analysis of the treatment of non-anastomotic intrahepatic biliary 

strictures was based on the 365 liver transplantation performed in our 

department between 1995 and 2008. Early postoperative period was 

determined being between the first and 30th days. Twenty patients with such 

strictures were identified during this period (5%).  In all the 20 cases 

minimally invasive treatment of the strictures were attempted. 

 Percutaneous biliary drainage and balloon dilatation of the strictures 

were the first line therapeutic option. For dilatation 5-8mm diameter, 20-

40mm long high pressure (6-20 Atm rated burst pressure) balloon catheters 

were used. Altogether 58 dilatations were performed in 16 patients ( a mean 

3,6 dilatations per patient, maximum number of dilatation sessions: 6/patient). 

Following the dilatations an external or internal-external drain remained in the 

bile ducts for further control, and access. Control cholangiography were 

usually performed after 7-14 days, and, according to the findings, repeated 

dilatations or stent placements were decided. In 2 cases metallic stent insertion 

were performed after the first control cholangiography. In 14 cases further 

dilatations were decided and performed, but in 11 patients after the repeated 

control cholangiographies, due to the elastic recoiling of the strictures, 

metallic stent insertion became necessary. Altogether 20 self expanding 

metallic stents (14 nitinol, 6 Wallstent) implantations were performed. One of 

the patients received 3 stents, 5 patients had 2 stents and 7 patients undergone 

implantation of one stent. External biliary drainage was applied after stent 

implantations for 2-10 days. The external drains were removed after control 

cholangiographies with satisfactory results and in cases of stable clinical state. 

In 2 patients an external drain had to be left in non-communicating bile ducts 



to treat the symptoms consisting of fever and icterus. In 8 patients 

concomitant arterial complications, in one patient a portal vein complication 

was present.  

 

3.5. Satistical analysis 

 

 SPSS for Windows Software Pack was applied for the statistical 

analysis of the examined group of patients. Descriptive statistical analysis, 

Fisher’s Exact test, t-test linear regression analysis, ANOVA test and chi-

square test helped in the analysis of the data. The p<0,05 was determined as 

the level of significance. A meticulous search of the literature was performed 

to compare the results of several treatment methods and the therapeutic 

choices of different centres. In the examined complication types (except the 

very rare portal vein strictures) the following databases were interrogated: 

PubMed, Scopus, Ovid Medline and the Cochrane databases. In the portal 

vein strictures, having just 3 patients, only descriptive statistical analysis was 

performed.  

 

4. Results 

 

4.1. Result of treatment in early hepatic artery complications 

 

 Of the 25 patients with hepatic artery thrombosis or stenosis treated 

by means of surgery or interventional radiology 12 (5 of the 10 patients in the 

Interventional Group, 7 of the 15 in the Surgical Group) remained 

symptomless during the follow-up time. In 7 cases biliary strictures of 

ischaemic origin developed, 4 of them could be successfully treated 

percutaneously (3 of 10 in the Interventional Group, 1 of 15 in the Surgical 



Group).  Comparing the results of the two groups, 10% (1 of 10 patients) was 

lost in the Interventional Group, in contrast to the Surgical Group, where 33% 

(5 of the 15 patients) died after surgical treatments. 

Retransplantation became necessary in 10% (1 of the 10 patients) in 

the Interventional Group, an in 20% (3 of the 15 patients in the Surgical 

Group).  Biliary complication was more frequent in the  Interventional Group 

(40%, 4 of 10 patients) than  in the Surgical Group (20%, 3 of 15 patients). 

These complications were successfully treated in 3 and 2 patients accordingly. 

During the follow-up period 8 of the 10 (80%) hepatic arteries in the 

Interventional Group, and 9 of the 15 (60%) hepatic arteries in the Surgical 

Group are patent.  I compared the therapeutic results in the Interventional and 

Surgical Groups using the chi-square test and didn't find any significant 

differences (p=0,865).  

1. image: Survival results of surgical and interventional treatments. 

The survival benefit for the interventional (endovascular) therapies are the 

consequence of the mortality in the first 28 days (mean time, 12-48 days).  
 



I censored the follow-up time at a maximum of 3 years and compared 

the survival curves in the two groups of patients, and found an obvious 

survival benefit for the interventional therapies. The main reason of this can 

be derived form the fact, that we lost  all the 5 patients in the Surgical Group 

during the first 28 days (mean, 12-48 days) (1.image). I prepared a diagnostic 

and therapeutic algorithm after analyzing the results of this study (2.image). 
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2.image: Diagnostic and therapeutic algorithm in cases of suspected arterial 

complication after liver transplantation.  

 
4.2. Result of treatment in early postoperative portal vein complications  

 

 During the early postoperative period 3 patients were identified with 

significant anastomotic stenosis of the portal vein. These complications were 

treated with interventional radiological methods. All the 3 interventions were 

successful, and were performed 29, 28 and 22 days after liver transplantation. 



The stents expanded immediately after implantation and free flow of the 

contrast material could be observed. We measured the pressure gradient in one 

occasions and found a 12 Hgmm ( from 15 to 3 Hgmm) decrease after the 

stent implantation. We couldn't diagnose any complications during the 

treatments. After a 10 months and 39 months of follow-up 2 patients are well 

and symptomless. The 3rd patients had multiorgan failure 1 month after stent 

placement, and died despite of the multidisciplinary therapeutic efforts. 

I prepared a diagnostic and therapeutic algorithm for patients of suspected 

portal vein stenosis after liver transplantation (3.image): 

 Intraoperative CDUS 

Slow, alternating or retrograde flow, or no 
flow. Searchfor strictures, torsion, large 

collaterals

Normal flow with at least  15 
m/sec velocity.  

Signs of portal hypertension, 
deteriorating liver functions  

Normalised liver functions,. no signs of 
portal hypertension: routine follow-up 

High portal flow, "relative" small 
for size  

CDUS: prove of portal vein stenosis 
+/- 3D CTA 

+/- hypersplenism. Splenic artery 
embolisation 

Percutaneous stent implantation, 
PTA, thrombolysis 

3. image: Diagnostic and therapeutic algorithm in cases of suspected portal 

vein strictures.  

 
4.3. Result of treatment in early postoperative inferior caval vein 

complications  



 

 The treatment of strictures of the inferior caval veins (IVC) was 

started 25 days (mean time, 2-64 days) after liver transplantation.  Either 

percutaneous balloon dilatations and stent implantations could be successfully 

performed in all cases. Kidney function was stable only in one patient. Six of 

the remaining 11 patients had reversible  renal failure. We encountered 5 

irreversible renal failure in 4 patients. One of this 4 patients had 

retransplantation developing the same symptoms of retrohepatic IVC stricture. 

This patient redeveloped renal failure and died later due to multiorgan failure.  

Among the patients with deteriorating kidney functions 2 died due to septic 

complications.   

 

Concerning the treatment results I divided the patients into 2 groups: 

symptom-free (pleural fluids, ascites not requiring targeted treatment, 

reversible renal failure) and with symptoms. I compared the results of the 2 

groups with t-test according to the time-gap between the diagnosis and 

treatment: Syptom-free / With symptoms: 22,0±24,7 days / 28,6±22,8 days, 

p=0,645. The result is not significant.  

 Closer, but still not coherence can be demonstrated with t-test 

between the renal function impairments and the time-gap from diagnosis to 

proper treatment, even with the small number of patients: reversible or not 

affected kidney function/ irreversible or chronic renal failure:  17,7±21,7 days 

/ 37,2±21,1 days. p=0,151. 

We performed invasive pressure gradient measurements prior and after 

treatment between the SVC an IVC and found an average decrease of 6 

Hgmm (14 Hgmm, 9-18 Hgmm to 8 Hgmm, 3-14 Hgmm).  A significant 

decrease of the pressure gradient was found in favor of the stent placements 

comparing to the PTA (p=0,019) (1.table). 



 

1.table: Comparison of PTA and stent implantation results according to the 

decrease of pressure gradients 

Therapy Mean 
Nr. of 

patients St.deviation 
PTA 4,3333 6 1,21106 
Stent 6,8333 6 1,83485 
All 5,5833 12 1,97523 

p: 0,019   

I prepared a diagnostic and therapeutic algorithm for patients of suspected 

IVC stenosis after liver transplantation (4.image): 
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4.image: Diagnostic and therapeutic algorithm for patients with suspected 

IVC complications 

 



4.4. Results of treatments in non-anastomotic intrahepatic biliary strictures 

after liver transplantation  

 

 We had 13 patrients with implanted metallic stents. Eleven 

of the 13 patients have patent metallic stents, but in 5 cases reintervention 

with percutaneous drainage and balloon dilatation had to be performed due to 

in-stent restenosis. In one patient an external drain had to be left in the 

occluded peripheral bile ducts despite of a patent stent to maintain an 

acceptable serum Bilirubin level. 

I followed 14 symptom-free patients (no, or minimal signs of biliary 

obstruction) of whom 12 patients went through stent implantation. Two of 

these patients had to undergo retransplantation. Two more patients were 

retransplanted, one after balloon dilatation and one after external drainage. All 

the patients are alive after metallic stent implantation.  The main follow-up 

time after the last intervention was 35 months. The longest follow up time was 

151 months (approximately 13 years).  

 I compared the different stent-types concerning the decrease of the 

serum Bilirubin levels, the necessities for reintervention and didn't find any 

statistically significant difference. In average 70 μmol/L constant decrease of 

serum Bilirubin level could be achieved, and reinterventions were performed 

in every second patients. The average number of reinterventions were 1,33 per 

patient.  

I prepared a diagnostic and therapeutic algorithm for patients of suspected 

biliary complications after liver transplantation (5.image): 
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5.image: Diagnostic and therapeutic algorithm for patients with suspected 

biliary complications 

 
5. Conclusions 

 

1. Based on my experience and analysis of the collected data I could 

show that in cases of early hepatic artery complications the 

effectiveness of interventional radiological treatment modalities not 

differs significantly from the effectiveness of the surgical methods. 

However, it is obvious that the interventional radiological treatment 

modalities are more tolerable. The interventional radiological 

therapeutic options represent a real alternative to the surgical 

methods.  The successful balloon dilatation, thrombolysis and stent 

implantation can restore the arterial inflow of the liver even in the 

early postoperative period. With these techniques the late 

complications of arterial inflow can be avoided, the function of the 

transplanted liver can be maintained, leaving possible the surgical 

methods in cases of any therapeutic failure. 



2. I could conclude based on the results of the 3 successfully treated 

patients that the percutaneous transhepatic portal vein puncture and 

stent implantation in the cases of the rare early portal vein stricture is 

feasible and safe. This treatment can replace successfully surgical 

revision of the anastomosis and should be the first line treatment 

choice. Early diagnosis based on the CDUS findings and clinical 

signs should be established as soon as possible, and prompt treatment 

according to the adequate diagnosis have to be started.    

3. Strictures of the inferior caval vein (IVC) are rare. Based on my 

results I concluded that early invasive pressure gradient 

measurements, morphological prove of strictures with diagnostic 

imaging. Having the right diagnosis treatment should be promptly 

started to avoid congestion of the renal a hepatic veins causing renal 

failure and liver function disturbances. In cases of early IVC 

strictures metallic stent implantation has a real benefit over balloon 

dilatation, therefore its use is recommended as a first choice from the 

treatment options, so retransplantation can be avoided. 

4. Intrahepatic non-anastomotic bile duct strictures are usually treated 

with retransplantation. Surgical resection, endoscopic stent 

implantation is rarely a real therapeutic option, so percutaneous 

transhepatic drainage is the first line treatment modality in these 

cases.  Application of metallic stents are controversial in any benign 

biliary stricture, because of the need for frequent reintervention. 

However, my results are promising in this indication, having long 

term symptom-free survival, and avoided liver retransplantation. 

Further investigations are needed to decide which patient benefits 

from stent implantation without long term patency problems and 

what is the reason for the frequent need for reintervention.  



5. The diagnostic and therapeutic algorithms I prepared can serve as a 

valuable base for further workout taking into account further 

scientific innovations. This work should be done in our center by the 

liver transplantation team, including the interventional radiologist. 
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