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The aim of the study was to determine the role of biliary manometric perfusion test in evaluating the efficacy of percutaneous balloon 
cholangioplasty (balloon dilation) for biliary strictures in patients after orthotopic liver transplantation (OLT).

Materials and Methods. During the period of 1998–2016, 168 patients underwent 179 OLTs in the Russian Research Center for 
Radiology and Surgical Technologies named after Academician A.M. Granov (Saint Petersburg). Non-anastomotic biliary strictures requiring 
interventional radiological procedures occurred in 15 patients (8.4% of the total number of OLTs) within 3 to 62 months after surgery.

The study involved 6 patients who underwent 43 stricture dilations (3 to 14) with balloon catheters of 4 to 8 mm diameter after 
percutaneous transhepatic cholangiodrainage. External-internal cholangiodrainage of 8 F diameter was left in place after bilioplasty. 
Treatment procedures were repeated under intravenous anesthesia once in 2–3 months.

biliary manometric perfusion test was performed after positive X-ray control of biliary patency within 6 to 17 months from the 
beginning of bilioplasty. The drains were removed from the guidewire, introducers of 9–10 F diameter were placed in the bile duct above 
the stricture. 30% solution of Ultravist-350 was infused into the ducts in the following modes: 4 ml/min during 5 min; 8 ml/min — 5 min; 
15 ml/min — 3 min; 20 ml/min — 2 min. Fluid pressure was measured within the ducts before and after the infusion. The result of balloon 
dilation was considered successful if the pressure before and after the infusion did not exceed 200 mm WG. In these cases, external-
internal drain was removed.

Results. based on the manometry data, 9 drains were successfully removed in all 6 patients during the period of 8 to 22 months 
from the time of cholangiodrainage. The patients were followed up for 4 to 40 months without radiographic and biochemical signs of biliary 
hypertension and cholestasis.

Conclusion. biliary manometric perfusion test may serve as an effective minimally invasive method to control the efficacy of balloon 
cholangioplasty for biliary strictures in patients after orthotopic liver transplantation.
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bile duct stricture (biliary stricture) occur after 
orthotopic liver transplantation (OLT) in 10–25% of 
cases [1, 2]. With the development of anastomotic 
stricture between donor and recipient bile duct parts, 
the method of choice for its correction is endoscopic 
balloon cholangioplasty with subsequent placement of 
a temporary stent. Technical success of the procedure 
reaches 90–100%, with bile duct patency maintained for 
3 years in 70% of patients [3, 4].

High non-anastomotic strictures usually develop in the 

long term after OLT and are associated with ischemia 
of the bile ducts [5–7]. Traditional methods of surgical, 
endoscopic, or percutaneous stricture dilation lead to 
recurrence of jaundice within 6 to 8 months after drain 
removal in 20–60% of patients [8, 9]. Thus, the optimal 
timing of drainage removal is vitally important, which 
determines the significance of evaluating balloon dilation 
for strictures after OLT qualitatively.

The aim of the study was to determine the role 
of biliary manometric perfusion test in evaluating the 
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efficacy of percutaneous balloon cholangioplasty 
for biliary strictures in patients after orthotopic liver 
transplantation.

Materials and Methods. During the period of 
1998–2016, 168 patients underwent 179 OLTs in the 
Russian Research Center for Radiology and Surgical 
Technologies named after Academician A.M. Granov 
(Saint Petersburg). Non-anastomotic biliary strictures 
requiring endoscopic/percutaneous drainage occurred in 
15 patients (8.4% of the total number of OLTs) within 3 to 
62 months after surgery.

The following interventions were used to treat the 
strictures: endoscopic retrograde stenting of bile ducts — 
5; percutaneous transhepatic stenting — 4; bilateral 
percutaneous transhepatic cholangiodrainage — 3; right 
cholangiodrainage — 3.

The study involved 6 out of 15 patients who underwent 
percutaneous transhepatic cholangiodrainage. On 
day 5–14 after jaundice and cholangitis were relieved, 

43 stricture dilations (3 to 14) with balloon catheters 
(Mustang; Boston Scientific, Ireland; Powerflex; Cordis, 
USA) of 4 to 8 mm in diameter were performed under 
intravenous anesthesia to full deployment with fixation 
for 2–3 min. External-internal cholangiodrainage 
of 8 F diameter (Cook, USA) was left in place after 
cholangioplasty. The procedures were repeated once in 
2–3 months (Figure 1).

The study complies with the Declaration of Helsinki 
(the Declaration was passed in Helsinki, Finland, June 
1964 and revised in Edinburgh, Scotland, October 
2000) and was performed following approval by the 
Ethics Committee of the Russian Research Center 
for Radiology and Surgical Technologies named after 
Academician A.M. Granov. Written informed consent 
was obtained from every patient.

biliary manometric perfusion test (bMPT) [10] 
was performed after positive X-ray control of biliary 
patency 6 to 17 months after the first bilioplasty. The 
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Figure 1. Radiographs of patient B., 37 years of age; 42 months after orthotopic liver transplantation:
(a) cholangiogram after percutaneous drainage: complete blockage at the level of bifurcation of the lobar bile 
ducts; (b) right lobar duct dilation; balloon catheter fully deployed to 6 mm (arrow); (c) during left lobar duct 
dilation, “waist” is visualized on the balloon catheter at the stricture site (arrow); (d) control cholangiogram after 
balloon dilation: bilateral drains are placed through the lobar ducts and the choledoch duct in the duodenum; 
the bile ducts are collapsed, the contrast flows freely into the duodenum
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drains were removed from the guidewire, introducers 
(Cordis, USA; Terumo, Japan) of 9–10 F diameter 
(1 or 2 F more than the previously placed drain) were 
inserted in the lobar bile duct above the stricture. 
Thus, a leak-free system was created to measure the 
pressure inside the ducts and perform infusion. The 
guidewire was replaced with another one of 0.18 with 
hydrophilic coating. Cholangiography with 30% solution 
of Ultravist-350 (bayer, Germany) was carried out. 
Once good evacuation of the contrast solution in the 
duodenum, the absence of “leaks” and endoleaks were 
proved, the pressure inside the ducts was measured 
via a three-way tap using Infiniti HemoMed apparatus 
(Dräger, Germany) for monitoring invasive pressure. 
Initial pressure of less than 200 mm WG within the bile 
ducts was considered to be an indication for bMPT 
[11]. On switching the three-way tap, 30% solution of 
Ultravist-350 was infused into the ducts using Infusomat 
Space (b. braun, Germany) in the following modes: 
4 ml/min during 5 min; 8 ml/min — 5 min; 15 ml/min — 
3 min; 20 ml/min — 2 min (Figure 2).

In case of bursting pain in the epigastrium, nausea, 
vomiting, chills, the test was considered negative and 
the procedure was stopped. In the absence of clinical 
complaints before and after each infusion, fluid pressure 
inside the ducts was measured by switching the three-
way tap without separating the leak-free system. The 
result of balloon dilation was considered successful if 
pressure gradient before and after the infusion did not 
exceed 150 mm WG. In these cases, external-internal 
drain was finally removed. In three cases of bilateral 
drainage, bMPT was performed alternately in one 
procedure.

Results. based on positive manometry data, 6 
drainages were successfully removed in 4 patients within 
8 to 22 months (median, 15) after the first BMPT.

Despite the excellent results in the control 
cholangiography within 6 and 16 months, the pressure 
in the ducts of two patients after repeated balloon 
dilation measured more than 200 mm WG when 30% 
solution of Ultravist-350 was infused into the ducts at 8 
ml/min speed for 5 min. In this connection, bMPT result 
was found negative. Repeated balloon dilation was 
performed, the drains in place. Repeated cholangioplasty 
and bMPT were carried out with a positive results after 2 
and 3 months, the drains being removed.

So far, all 6 patients have been followed up for 4 
to 40 months since the drains were removed without 
clinical, radiographic and biochemical signs of biliary 
hypertension and cholestasis (Figure 3).

Discussion. Today, percutaneous balloon dilation 
with subsequent drainage plays the leading role in 
management of high non-anastomotic benign biliary 
strictures after OLT [5, 8]. Despite the advances in 
methods of radiation imaging (multi-slice spiral CT, MRI 
with cholangiopancreatography, endoscopic ultrasound), 
it seems impossible to clearly determine the timescales 
of scar tissue formation and reliably confirm functional 
patency of the bile ducts [3, 12]. In recent years, the 
drains have been removed after 24 months in case of a 
good X-ray picture of contrast material evacuation and/
or after positive biochemical test (no increase in blood 
alkaline phosphatase and bilirubin within 3, 5, and 7 days 
when drains migrate above the stricture). both methods 
have certain drawbacks: the first method requires 
regular changing the drains during 24 months, the 
second suggests the risk of control drainage migrating 
from the liver parenchyma. Notably, the frequency of 

Figure 2. Cholangiography during biliary manometric 
perfusion test:
The introducer is placed in the entrance of the right lobar duct 
above the stricture (arrow); the guidewire is in the duodenum; 
30% solution of Ultravist-350 is infused through the introducer

Figure 3. Magnetic resonance cholangiography 18 months 
after drain removal; no signs of biliary hypertension
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stricture recurrence after drain removal ranges from 9 to 
33% in the first five years, according to biochemical test 
results [10].

In 1998, Savader et al. [10] proposed to use bMPT 
for assessment of bile duct patency after surgical/
percutaneous biliary drain placement. The test was 
considered successful if the pressure inside the bile 
ducts before and after perfusion of 50% contrast 
agent did not exceed 200 mm WG. The authors made 
Kaplan–Meier curves to predict bile duct patency in 
two randomized groups of patients: after bMPT and 
biochemical test. The final positive outcome of repeated 
treatment procedures (balloon dilation) during 4 years 
was observed in 80 and 88% of patients in groups after 
bMPT and biochemical test, respectively (p>0.05). The 
authors believe that using BMPT may reveal bile outflow 
abnormalities in the early stages of treatment which 
makes it a promising method to estimate long-term bile 
duct patency [9, 10].

We have performed percutaneous balloon dilations 
of benign bile duct strictures in patients without OLT 
since 1996. As a rule, the drains were removed 24 
months after positive biochemical test. Recurrence 
of biliary hypertension was acceptable (11%), but 
required reintervention. However, in patients after liver 
transplantation, this approach is inappropriate: long-
term percutaneous drainage can lead to life-threatening 
infectious complications and graft dysfunction [1, 3]. 
Therefore, we decided to use bMPT in this category of 
patients as early as possible: immediately after obtaining 
a good X-ray picture of contrast agent evacuation. based 
on Galperin’s early studies on manometric and flow 
measurement evaluations of bile ducts [11], we have 
found that bMPT should be carried out only if the initial 
pressure inside the bile ducts does not exceed 200 mm 
WG. In the process of 50% contrast agent infusion, there 
were no clinical complaints from our patients. However, 
when the outflow was increased in two patients, the 
pressure in the bile ducts exceeded 200 mm WG, which 
was the reason to continue balloon dilation procedures. 
In control examination, bMPT was considered to be a 
success and the drains were removed. Today, all the 
patients have been followed up, there are no indications 
for reintervention.

Conclusion. biliary manometric perfusion test 
is considered to be an effective minimally invasive 
method to control the efficacy of balloon cholangioplasty 
for biliary strictures in patients after orthotopic liver 
transplantation.
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