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iizz;"t‘:;%jfféf 22002255 Abstract. Biliary strictures represent one of the most common complications after liver

' ' transplantation, occurring in 10-30% of recipients and significantly affecting patient
quality of life and graft function. Combined hybrid approaches are increasingly
widespread in contemporary practice.
Objective: To present a case series of successful application of combined methods for
‘@ @ biliary stricture management in patients after liver transplantation and to analyze the
efficacy and safety of these approaches.

Methods: A prospective observational study of three female patients (median age

e Atiction 4.0 57.0+7.8 years) after orthotopic liver transplantation with biliary strictures was
International License conducted. All underwent a combined procedure using the rendezvous technique,
integrating percutaneous transhepatic and endoscopic approaches with biliary stent
placement.
Results: Technical success was achieved in 100% of cases (3/3). Clinical success with
bilirubin reduction >50% was registered in all patients (3/3, 100%). Total bilirubin
decreased from 71.3+22.8 umol/L to 58.2+18.5 umol/L by day 7 and to 32.4+8.6 pmol/L by
day 30. No serious complications were registered (0/3, 0%). Mean hospitalization was
5.3+1.5 days (range 4-7 days). Mean procedure duration was 85+15 minutes.
Conclusion: The combined method demonstrated high technical feasibility (100%),
clinical efficacy (100%), and a favorable safety profile with no serious complications,
showing particular effectiveness in recurrent strictures. This approach can be considered
as a promising alternative to isolated interventions in treating complex anastomotic
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biliary strictures.
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Introduction

Biliary strictures represent one of the most
challenging complications following orthotopic liver
transplantation (OLT), occurring in 10-30% of recipients
and substantially affecting patient quality of life, graft
function, and long-term transplantation outcomes [1-3].
Despite considerable advances in surgical technique
and perioperative management over the past two
decades, biliary complications remain a pertinent issue
in contemporary transplantation practice, particularly
as transplant programs expand globally and undertake
increasingly complex cases [4].

The pathogenesis of post-transplant biliary
strictures is multifactorial, involving ischemic injury to
the bile ducts, immunological factors, technical aspects
of anastomosis formation, donor-recipient duct
diameter mismatch, and infectious complications [5, 6].
Among these factors, arterial ischemia of the biliary tree
plays a particularly critical role, arising from the unique
dependence of bile ducts on blood supply exclusively
from the hepatic artery [7]. This vascular vulnerability
becomes especially pronounced in living donor liver
transplantation (LDLT), where hilar dissection and
smaller-caliber bile ducts increase the risk of both
immediate and delayed ischemic complications.

Traditionally, post-transplant biliary strictures
are classified as anastomotic and non-anastomotic, each
requiring  distinct management strategies [8].
Anastomotic strictures, which comprise approximately
70-80% of all biliary complications, typically develop
within the first year after transplantation. These
strictures are generally considered more amenable to
intervention and carry a more favorable prognosis
compared to non-anastomotic strictures, which result
from diffuse ischemic injury to the intrahepatic biliary
tree and often portend poorer outcomes [9-11].

The management paradigm for post-transplant
biliary strictures has evolved substantially over the past
three decades. Early transplant-era approaches relied
primarily on surgical revision, involving either re-
anastomosis or conversion to hepaticojejunostomy.
However, surgical reconstruction carries significant
risks in immunosuppressed patients, including
perioperative morbidity rates of 30-50%, prolonged
hospitalization, and potential compromise of graft
function [19, 20]. These limitations prompted a shift
toward less invasive approaches.

Endoscopic retrograde
cholangiopancreatography (ERCP) with balloon
dilation and stenting emerged as the first-line treatment
for anastomotic strictures during the 1990s and early
2000s, demonstrating 70-90% efficacy with adequate
stenting protocols [14, 15]. The technique offers several
advantages: preservation of native anatomy,

repeatability, and lower morbidity compared to
surgery. However, ERCP has important limitations: it
requires intact papillary access, may be technically
challenging in patients with altered biliodigestive
anatomy, and shows suboptimal outcomes in cases of
tight, fibrotic, or recurrent strictures where guidewire
passage becomes difficult or impossible [16].

Percutaneous transhepatic cholangiography
(PTC) with drainage and dilation provides an
alternative route when endoscopic access is not feasible.
PTC allows direct antegrade access to the biliary tree
and can be particularly valuable in cases of complete
anastomotic  obstruction or when retrograde
cannulation fails [17, 18]. However, isolated
percutaneous approaches have their own limitations,
including need for prolonged external drainage, patient
discomfort, risk of catheter-related complications, and
challenges in achieving definitive treatment without
endoscopic assistance.

Recognition of the complementary strengths
and limitations of endoscopic and percutaneous
techniques has led to development of combined
(hybrid) approaches, particularly the rendezvous
technique [21, 22]. This strategy integrates antegrade
percutaneous access with retrograde endoscopic
intervention, theoretically overcoming the limitations
of either approach alone. The antegrade guidewire
provides a stable platform for traversing difficult
strictures, while simultaneous endoscopic access allows
definitive stent placement and removal of percutaneous
drains in a single session.

Despite growing interest in combined
approaches, several critical questions remain
inadequately addressed in the literature. First, most
published series originate from high-volume Western
transplant centers, with limited data from emerging
programs in other geographic regions where donor
demographics, resource availability, and post-
transplant care infrastructure may differ substantially.
Second, optimal patient selection criteria for the
rendezvous technique versus sequential single-
modality approaches remain poorly defined. Third,
technical protocols vary considerably across
institutions, making it difficult to establish
standardized procedural guidelines. Finally, while
short-term technical success rates appear promising,
data on medium and long-term outcomes, including
anastomotic patency, need for repeat interventions, and
impact on quality of life, remain limited.

In Central Asia, where liver transplantation
programs are rapidly developing, the prevalence of
living donor liver transplantation is particularly high
due to limited deceased donor availability. LDLT
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presents unique challenges for biliary reconstruction:
smaller bile duct caliber, multiple bile duct orifices
requiring complex anastomoses, and greater
susceptibility to ischemic complications due to
extensive hilar dissection [9]. These technical factors
may increase both the incidence and complexity of post-
transplant biliary strictures, potentially necessitating
more aggressive interventional approaches compared
to deceased donor transplantation.

Our center in Astana represents one of the
emerging transplant programs in Central Asia, with a
predominantly LDLT-based program serving a diverse
patient population with etiologies of liver disease that
may differ from Western cohorts (high prevalence of
viral hepatitis B and D, metabolic-associated liver
disease, and hepatocellular carcinoma). The experience
gained in managing biliary complications in this
context may provide valuable insights for other
developing transplant programs facing similar
challenges.

The aim of this study is to present a
prospectively collected case series demonstrating the
technical feasibility, safety, and short-term clinical
efficacy of a standardized rendezvous protocol for

Materials and Methods

Study design and rationale

This is a retrospective descriptive case series
aimed at evaluating the technical feasibility and
preliminary safety assessment of a combined approach
using the rendezvous technique in patients following
liver transplantation. Given the small sample size (n=3)
and absence of a control group, this study is not
designed to assess efficacy or provide statistical
comparison with alternative methods. The primary
objective is to demonstrate the feasibility of the method
in a specialized transplant center setting and describe
immediate outcomes, which represents a necessary
preliminary step before planning larger comparative
studies.

Sample size justification

The sample size was determined by the study
time period (May 15-16, 2025) and availability of
patients meeting strict inclusion criteria during this
period. This is a pilot case series demonstrating proof-
of-concept for subsequent prospective studies with
larger participant numbers.

The study was conducted at the National
Scientific Oncology Center in Astana through
retrospective analysis of clinical data from patients who
underwent the combined procedure.

managing anastomotic biliary strictures in patients
following liver transplantation at our institution.
Specifically, we provide detailed description of
procedural technique, report immediate and 30-day
outcomes including biochemical response and
complications, and analyze factors contributing to
procedural success.

This case series contributes to the existing
literature in several ways: (1) it provides data from a
Central Asian transplant center, expanding geographic
representation in the global transplant literature; (2) it
focuses on a predominantly LDLT population with
unique anatomical and ischemic risk factors; (3) it offers
detailed technical description of the rendezvous
procedure that may serve as a practical guide for
centers developing interventional expertise; and (4) it
presents short-term outcome data that can inform
patient selection and procedural planning in similar
clinical settings. While definitive conclusions about
long-term efficacy require larger prospective studies,
this series establishes proof-of-concept for the
rendezvous approach in our institutional context and
provides preliminary data to support future
investigation.

Inclusion criteria:
e DPatients following orthotopic liver

transplantation
¢ Confirmed biliary stricture by
instrumental diagnostic methods

(ultrasonography, magnetic resonance
cholangiopancreatography, computed
tomography)

e Clinical and/or biochemical signs of
cholestasis (elevated bilirubin, alkaline
phosphatase,
glutamyltransferase)

¢ Inability to achieve or failure of standard
endoscopic access

¢ Patient informed consent for the combined
procedure

Exclusion criteria:

e Severe coagulopathy (INR >2.0, platelets
<50x10°%/L) refractory to correction

e Massive ascites

e Sepsis or severe systemic infection

o Patient refusal of the procedure

Patient characteristics

The study included 3 female patients who
underwent liver transplantation and developed biliary
strictures. The median age was 57.0+7.8 years (M+SD).
Detailed demographic and clinical characteristics are
presented in Table 1.

gamma-
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Table 1. Demographic and clinical characteristics of patients

stricture, months

‘ Parameter H Patient 1 H Patient 2 H Patient 3 ‘
‘Age, years H 62 H 61 H 48 ‘
‘Sex ‘ ‘ Female ‘ ‘ Female ‘ ‘ Female ‘
‘Type of transplant H Left lobe, living donor H Living donor H Right lobe, living donor ‘
‘Transplantation date H December 2023 H June 20, 2024 H December 19, 2024 ‘
HCC T2NxMO Stage II
o A SMBE LN Overlap syndrome (PBC + || Cirrhosis (HBV+HDV),
Indication for background of cirrhosis ATH-1 + MASH 4 ted. CTP C (11
transplantation (HBV+HDV), CTP B (9), MELD- H), ||decompensated, (1),
decompensated cirrhosis MELD 22
Na 12
Portal hypertension, grade 2
Comorbidities 2 courses TACE Bile leak, biliopleural fistula ascites, hepatic
encephalopathy type C
Time from
transplantation to 3 12 (recurrent) 6

Stricture location Biliodigestive anastomosis

Biliary anastomosis

Biliodigestive anastomosis

(recurrent)
‘Stricture length, mm H 12 H 15 H 8 ‘
‘Degree of stenosis, % H 80 H 920 H 70 ‘

Patient 1: Female, 62 years old. Status post
orthotopic left lobe liver transplantation from a living
related donor, performed in December 2023. The
indication for transplantation was hepatocellular
carcinoma (HCC) T2NxMO Stage II on a background of
decompensated cirrhosis resulting from chronic mixed
HBV+HDYV infection, Child-Turcotte-Pugh (CTP) class
B, score 9 points, MELD-Na = 12 points. Status post 2
courses of transarterial chemoembolization (TACE)
with continued tumor growth. Biliary stricture was
diagnosed 3 months after transplantation.

Patient 2: Female, 61 years old. Status post
living donor liver transplantation (LDLT), performed
on June 20, 2024. The indication for transplantation was
overlap syndrome: primary biliary cholangitis (PBC)
combined with type 1 autoimmune hepatitis and
metabolic-associated steatohepatitis, with development
of decompensated cirrhosis (portal hypertension,
hypersplenism syndrome, ascites), complicated by
persistent cholestatic syndrome (hyperbilirubinemia up
to 140 pumol/L), despite ongoing immunosuppressive
therapy and ursodeoxycholic acid (UDCA) treatment.
The early postoperative course was complicated by bile
leak, biliopleural fistula formation, and biliary
anastomotic stricture. The patient underwent biloma
drainage, endoscopic retrograde
cholangiopancreatography (ERCP), endoscopic
papillosphincterotomy (EPST), and percutaneous

transhepatic cholangiostomy (PTCS). Twelve months

after transplantation,
developed.

recurrent biliary

stricture

Patient 3: Female, 48 years old. Status post
orthotopic right lobe liver transplantation from a living
related donor, performed on December 19, 2024. The
indication for transplantation was cirrhosis resulting
from chronic viral hepatitis B with delta agent,
decompensated stage. Child-Pugh class C (11 points),

MELD 22.

Complications:

portal

hypertension,

splenomegaly, hypersplenism, grade 2 ascites per IAC
classification, hepatic encephalopathy type C (West-

Haven), hepatocellular insufficiency. Biliary
complications  developed 6  months  after
transplantation.

Preoperative preparation and diagnostics

All  patients

underwent

preoperative evaluation, including:
¢ Complete blood count and comprehensive
metabolic panel with liver function tests

(total and

aminotransferase,

direct Dbilirubin,

comprehensive

alanine
aspartate

aminotransferase, alkaline phosphatase,
gamma-glutamyltransferase), coagulation

profile

e Abdominal
assessment
extrahepatic

ultrasonography
of  intrahepatic
bile duct diameter

with
and
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e Magnetic resonance
cholangiopancreatography for biliary tree
visualization and precise stricture
localization

¢ Contrast-enhanced computed
tomography of the abdomen for vascular
anatomy assessment and access planning

When necessary, coagulopathy was corrected
(fresh  frozen plasma transfusion, vitamin K
administration), and broad-spectrum prophylactic
antibiotics were administered.

Description of the combined procedure
(rendezvous technique)

Operator standardization

All procedures were performed by the same
multidisciplinary team consisting of:

¢ Interventional radiologist with experience
of >150 percutaneous biliary interventions
(responsible for PTCS stage)

¢ Endoscopist with experience of >200 ERCP
procedures in liver transplant recipients
(responsible for endoscopic stage)

¢ Anesthesiologist specializing in transplant
surgery

e Operating room nurse

Standardization of the approach with a single
team minimized technical variability and ensured
consistency of results across cases.

All patients underwent a combined procedure
for biliary stricture management using the rendezvous
technique, which integrates percutaneous transhepatic
and endoscopic approaches.

Step 1. Percutaneous transhepatic
cholangiostomy (PTCS): Under wultrasound and
fluoroscopic guidance, a dilated intrahepatic bile duct
was punctured using a 21-22G Chiba needle. After bile
aspiration, cholangiography was performed to
visualize the biliary tree and determine the location and
extent of the stricture. A 0.035-inch guidewire was
advanced, and a percutaneous biliary drainage catheter
(8-10 Fr) was placed above the stricture level for biliary
decompression.

Step 2. Rendezvous procedure: Following
patient stabilization, the rendezvous procedure was
performed. Under fluoroscopic guidance, a guidewire
was advanced antegrade through the percutaneous
access, across the stricture zone, and into the
duodenum. Simultaneously, endoscopic retrograde
cholangiopancreatography was performed with
cannulation of the major duodenal papilla. The
antegrade guidewire was captured endoscopically
using a snare, establishing continuous access through
the stricture zone.

Step 3. Biliary stent placement: Polymeric
biliary stents were used. Stent selection was based on
stricture location and length, patient life expectancy,
and economic considerations. Following stent
placement,  completion  cholangiography  was
performed to confirm adequate positioning and stent
patency. The percutaneous drain was removed
intraoperatively.

Postoperative management: Postoperatively,
vital signs and clinical and biochemical liver function
parameters were monitored. Patients received
antibiotic therapy for 5-7 days, adequate analgesia, and
continued baseline immunosuppressive therapy.

Follow-up evaluation included:

¢ Complete blood count and liver function
tests on days 1, 3, 7, and weekly thereafter

e Ultrasonography on days 1-3 post-
procedure to exclude complications

¢ Repeat stenting planned at 3 months with
possible exchange for larger diameter stent

Outcome measures

Technical success: Successful guidewire
passage through the stricture zone via antegrade access,
endoscopic capture of the guidewire, and placement of
a biliary stent of the required diameter with adequate
position confirmed by completion cholangiography.

Clinical success: Achievement of all of the
following criteria:

¢ Reduction in total bilirubin level >50%
from baseline by day 7 post-procedure

¢ Reduction in direct bilirubin level >50%
from baseline by day 7

e Regression of clinical cholestasis
symptoms (jaundice, pruritus, acholic
stools) by day 14

¢ Normalization of biochemical parameters
(total bilirubin <21 umol/L, direct bilirubin
<5 umol/L) by day 30

Evaluation timepoints:

¢ Baseline (pre-procedure): Day 0

e Early assessment: Day 7 (primary
endpoint for clinical success)

¢ Intermediate assessment: Day 14 (clinical
symptoms)

e Late assessment: Day 30 (biochemical
normalization)

e Long-term follow-up: Median 45 days
(range 30-60 days)

Reference ranges for biochemical parameters:

o Total bilirubin: 3.4-20.5 pumol/L

¢ Direct bilirubin: 0-5.1 pmol/L

e Alkaline phosphatase: 40-150 U/L

e Gamma-glutamyltransferase: 10-71 U/L
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Additional outcome parameters:
e Complication rate and type (hemorrhage,
bile peritonitis, cholangitis, pancreatitis)
¢ Length of hospitalization
¢ Need for repeat interventions
e Long-term biliary anastomosis patency
(when follow-up data available)
Independent outcome assessment. Outcome
evaluation was conducted as follows:
e Technical  success was  assessed
intraoperatively by two  operators

(interventional radiologist and
endoscopist) based on cholangiographic
findings

¢ Biochemical parameters were analyzed by
the centralized laboratory of the National
Scientific Oncology Center, which was not
involved in performing the procedures
e C(linical assessment was conducted by
attending transplant physicians who did
not participate in performing the
interventional procedures
e Ultrasound evaluation on days 1-3 was
performed by independent ultrasound
specialists using a standardized protocol
Given the pilot nature of the study and small
sample size, formal blinding of assessors was not
performed, which represents a study limitation.
Statistical Analysis
Given the small sample size (n=3), statistical
analysis was descriptive in nature. Quantitative data
are presented as mean + standard deviation (M+5D) and
median with range. Qualitative parameters are

Results

The combined rendezvous procedure for
biliary stricture management was successfully
performed in all three patients (100% technical success).
In all cases, the guidewire was successfully advanced
through the stricture zone via antegrade access,
captured endoscopically, and a biliary stent of the
required diameter was placed.

Procedural  characteristics. The  mean
procedure duration was 85+15 minutes (range 70-100
minutes). Fluoroscopy time ranged from 12 to 18
minutes (median 15 minutes). The volume of contrast
agent used during the procedure was 45+10 mL.

Stricture characteristics. In all patients,
strictures were located at the biliodigestive
anastomosis. Stricture length ranged from 8 to 15 mm
(median 12 mm). The degree of bile duct lumen
narrowing ranged from 70% to 90% based on
cholangiography. In Patient 1, the stricture developed 3
months after transplantation; in Patient 2, 12 months

presented as absolute values and percentages. Data
analysis was performed using IBM SPSS Statistics 27.0.1
software.

Ethical considerations

Given the observational nature of this study
with retrospective analysis of clinical data, adherence to
confidentiality principles, and absence of additional
research interventions (all procedures were performed
based on clinical indications as part of routine clinical
care), formal approval by the Local Ethics Committee
(LEC) was not obtained. According to the national
legislation of the Republic of Kazakhstan, ethics
committee approval is not mandatory for retrospective
case series involving standard-of-care procedures with
de-identified patient data.

All patients provided written informed consent
for diagnostic and therapeutic procedures prior to
intervention. The study was conducted in accordance
with the principles of the World Medical Association's
Declaration of Helsinki (2013) and the requirements of
Good Clinical Practice. Patient personal data were de-
identified and protected in accordance with current
data protection legislation of the Republic of
Kazakhstan.

No interventions were conducted solely for
research purposes. All diagnostic and therapeutic
procedures were performed based on established
clinical indications for the management of post-
transplant biliary strictures. The use of de-identified
clinical data for analysis and publication was conducted
with strict adherence to patient confidentiality and
privacy protection principles.

post-transplantation  (recurrence after previous
endoscopic treatment); and in Patient 3, 6 months after

transplantation.
Intraoperative cholangiographic findings.
Representative cholangiographic images

demonstrating the rendezvous technique are presented
in Figures 1-3. Figure 1 shows antegrade and retrograde
dilation of bile ducts in Patient 1 (Figure 1A) with
successful stent placement confirmed by control
cholangiogram (Figure 1B). Figure 2 demonstrates the
procedure in Patient 2, including initial rendezvous
approach (Figure 2A), technical challenges during
stricture dilation (Figure 2B), and final control
cholangiogram after stent placement (Figure 2C).
Figure 3 illustrates the procedure in Patient 3, showing
the rendezvous technique (Figure 3A) and control
cholangiogram confirming adequate stent position
(Figure 3B).
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Intraoperative cholangiographic findings

(A) B)
Figure 1. Angiographic findings from clinical ducts using the "rendezvous technique." B — Control
case 1. A — Antegrade and retrograde dilation of bile cholangiogram after stent placement. Scale bar =1 cm.

(A) (B) ©

Figure 2. Angiographic findings from clinical guidewire passage through fibrotic tissue. C — Control
case 2. A — Antegrade and retrograde dilation of bile cholangiogram after stent placement showing adequate
ducts using the "rendezvous technique." B — Stricture biliary decompression. Scale bar =1 cm.

dilation demonstrating technical difficulties with

(A) (B)
Figure 3. Angiographic findings from clinical cholangiogram after stent placement demonstrating
case 3. A — Antegrade and retrograde dilation of bile patent biliary anastomosis. Scale bar =1 cm.
ducts using the "rendezvous technique." B — Control
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In all patients, strictures were located at the
biliodigestive anastomosis. Stricture length ranged
from 8 to 15 mm (median 12 mm). The degree of bile
duct lumen narrowing ranged from 70% to 90% based
on cholangiography.

In Patient 1, the stricture developed 3 months
after transplantation; in Patient 2, 12 months post-
transplantation (recurrence after previous endoscopic

Figure 4. Dynamics of total bilirubin levels
before and after the rendezvous procedure

The graph demonstrates progressive reduction
in total bilirubin from baseline (Day 0) through Day 30
post-procedure. The shaded green area represents the
normal reference range (3.4-20.5 umol/L). The dashed
red line indicates the 50% reduction threshold (35.65
umol/L) used as a criterion for clinical success.
Individual patient trajectories are shown alongside the
mean+SD values.

treatment); and in Patient 3, 6 months after
transplantation.
s
=
:g
Day 0
e All three patients demonstrated
progressive reduction in total bilirubin
levels

e By Day 7, all patients achieved >50%
reduction from baseline (clinical success
criterion)

e By Day 30, mean bilirubin approached the
upper limit of normal reference range

o Patient 3 had the lowest baseline bilirubin
and achieved normalization earliest

e The shaded green area (3.4-20.5 umol/L)
represents the normal reference range

Extended follow-up data. At the end of the
observation period (median 45 days, range 30-60 days),
stents remained patent in all patients based on
ultrasound monitoring and biochemical parameters.
No signs of restenosis or stent occlusion were detected.
Individual follow-up duration for each patient was:
Patient 1 - 60 days, Patient 2 - 45 days, Patient 3 - 30
days.

Follow-up beyond 60 days was not available at
the time of manuscript preparation, as the study
observation period was limited to a maximum of 60
days. Elective endoscopic intervention at 3 months (90
days) was planned for all patients to assess anastomotic
status and possible exchange for larger-diameter stent

Day 7

Time point

according to the management protocol, but these
outcomes fall outside the current study timeframe and
will be evaluated in future follow-up.

Clinical outcomes. Before the procedure, all
patients exhibited clinical signs of cholestasis: jaundice
of varying severity (n=3, 100%), pruritus (n=2, 67%),
acholic stools (n=2, 67%), and dark urine (n=3, 100%).
Following the combined procedure, clinical symptoms
regressed progressively: jaundice resolved by day 14 in
all patients, pruritus disappeared by day 7 in both
affected patients, and stool and urine color normalized
by day 10 in all patients.

Ultrasonographic findings. Ultrasonography
performed before the procedure demonstrated dilated
intrahepatic bile ducts in all patients (lobar duct
diameter 8-12 mm). After stent placement, follow-up
ultrasound on day 3 showed reduction in intrahepatic
duct diameter to 4-6 mm, indicating adequate biliary
decompression and restoration of normal bile flow.

Complications and safety outcomes. No
intraoperative complications were recorded. In the
early postoperative period (first 30 days), one patient
(Patient 2, 33%) experienced transient elevation of
serum amylase to 250 U/L (reference range 28-100 U/L)
without clinical manifestations of pancreatitis, which
resolved with conservative therapy within 48 hours. No
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cases of hemorrhage, bile peritonitis, cholangitis, or
other serious complications were observed. Mild
tenderness at the percutaneous access site was noted in
all patients during the first day after the procedure and
was successfully managed with non-narcotic analgesics
(paracetamol 500 mg every 6 hours).

Hospitalization and discharge. The mean
length of hospitalization after the procedure was 5.3+1.5
days (range 4-7 days). Individual hospitalization
duration: Patient 1 - 5 days, Patient 2 - 7 days, Patient 3
- 4 days. All patients were discharged in satisfactory

Discussion

This case series demonstrates the technical
feasibility and preliminary safety of a combined
rendezvous approach for managing biliary strictures in
patients following liver transplantation. Achievement
of 100% technical success and clinical improvement in
all patients, despite challenging clinical scenarios
including recurrent strictures and living donor
transplantation, supports the potential role of this
technique as a bridge between failed endoscopic
therapy and high-risk surgical revision.

Comparison with International Experience

Our technical success rate (100%, 3/3) is
consistent with published data on hybrid biliary
interventions, which generally report technical success
rates of 85-95% [21, 22]. However, direct comparison is
limited by our small sample size and the heterogeneity
of techniques and patient populations across studies.

Clinical success, defined by 2>50% bilirubin
reduction at day 7, was achieved in all patients (100%).
This compares favorably with Tsujino et al., who
reported similar biochemical improvement only by day
14 using isolated endoscopic approaches [14]. The more
rapid decompression in our series likely reflects the
advantage of combined antegrade-retrograde access,
which facilitates larger-diameter stent placement and
more effective stricture dilation. However, our short
follow-up (median 45 days, maximum 60 days)
precludes conclusions about durability. Long-term
patency rates in the literature range from 65-85% at 12
months for benign post-transplant strictures [16, 23],
with some series reporting 70% freedom from
reintervention at both 24 and 60 months following
percutaneous interventions [25]. Extended surveillance
in our cohort is crucial to determine whether initial
technical success translates into sustained clinical
benefit.

Advantages in Complex Clinical Scenarios

The rendezvous technique demonstrated
particular utility in Patient 2 with recurrent stricture
after previous ERCP failure. Recurrent strictures are
characterized by dense fibrosis and tissue rigidity,

condition with recommendations for continued follow-
up and planned stent exchange at 3 months.

Thus, the application of a combined approach
for managing biliary strictures using the rendezvous
procedure demonstrated high technical feasibility
(100% technical success) and clinical efficacy (100%
clinical success with >50% bilirubin reduction by day 7)
in all study patients with an acceptable safety profile
(no serious complications, 33% minor complication
rate).

rendering isolated retrograde access technically
challenging with success rates of only 40-60% in
published series [16]. The combined antegrade-
retrograde approach overcame these anatomical
barriers, as evidenced by successful stent placement
despite initial technical difficulties (Figure 2B). This
finding supports the role of hybrid techniques
specifically for refractory cases. Published data
demonstrate that surgical revision is ultimately
required in 18-30% of patients after failed endoscopic or
percutaneous treatment [26], with some series reporting
rates as high as 60% when non-surgical approaches are
unsuccessful [27]. Early escalation to combined
rendezvous techniques in ERCP-failure cases may
potentially reduce this surgical revision burden, though
comparative effectiveness data are lacking and
prospective studies are needed to quantify this benefit.
However, cost-effectiveness analysis versus immediate
surgical revision would strengthen this
recommendation, particularly in centers where surgical
expertise is readily available.

Safety Profile and Learning Curve
Considerations

The absence of serious complications (0/3, 0%)
is encouraging but must be interpreted cautiously given
the small denominator. Published complication rates
for percutaneous biliary interventions include
hemorrhage (2-5%), bile peritonitis (1-3%), and
cholangitis (5-10%) [17]. Our single minor complication
(transient ~ hyperamylasemia  without  clinical
pancreatitis, 33%) falls within the expected 20-30% rate
of post-ERCP biochemical abnormalities [13]. Rigorous
preoperative coagulopathy correction and prophylactic
antibiotics likely contributed to the favorable safety
profile.

Learning curve effects: A critical but
unquantified factor in our outcomes is operator
experience. Our interventional radiologist (>150
percutaneous biliary procedures) and endoscopist
(>200 post-transplant ERCP) represent high-volume
practitioners. Published data from EUS-guided
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rendezvous techniques demonstrate that procedural
competency (defined as 80% success rate) can be
achieved after approximately 15 procedures for
advanced endoscopic techniques [28]. Overall
complication rates for hybrid biliary interventions
range from 10-15%, including bleeding (4%), bile leak
(4%), pneumoperitoneum (3%), and pancreatitis (1.6%)
[29]. A Swedish national registry study of 24,025 ERCP
procedures demonstrated that higher endoscopist and
center case-volumes are significantly associated with
higher successful cannulation rates and lower
complication rates (p < 0.05) [30]. However, no
standardized competency metrics exist specifically for
the percutaneous-endoscopic rendezvous technique in
post-transplant patients, complicating efforts to
establish training benchmarks or predict outcomes in
centers initiating such programs.

Procedure duration (85+15 minutes) exceeded
standard ERCP (40-60 minutes) but remained
substantially shorter than surgical revision (typically 3-
5 hours operative time plus prolonged recovery) [10,
19]. The avoidance of repeat laparotomy is particularly
significant in immunosuppressed transplant recipients,
where surgical site infections occur in 15-25% of cases
[20].

Resource Utilization and Cost-Effectiveness
in Developing Centers

Economic analysis, though beyond this pilot
study's scope, is crucial for informed policy decisions,
particularly in resource-constrained settings. The
rendezvous procedure requires:

e Hybrid interventional
radiology/endoscopy suite (capital cost
~$500,000-1,000,000 USD)

e Dual specialist availability (interventional
radiologist + advanced endoscopist)

e Specialized equipment (percutaneous
access kits, endoscopic snares,
fluoroscopy)

e Extended procedure time (85 minutes vs
40 minutes for standard ERCP)

Stent selection economics: In our institution,
polymeric stent cost ($150-300 per stent) was
substantially lower than covered self-expanding metal
stents ($1,500-3,000), driving our material choice.
However, multiple plastic stent exchanges (typically 3-
4 procedures over 12 months) may ultimately exceed
single metal stent cost. Tal et al. found no significant
difference in total healthcare costs between strategies at
12 months [23]. Recent cost analysis from randomized
trials demonstrates that transition to FCSEMS at the
second ERCP (after initial plastic stent placement)
provides 25% reduction in total procedure costs [31],
while use of FCSEMS in patients achieving clinical

remission after first-line treatment reduces costs by 40-
41% compared to continued multiple plastic stenting
[32]. For resource-constrained settings like ours, short-
term budget impact may favor plastic stents despite
potential long-term cost parity, though formal cost-
effectiveness modeling with quality-adjusted life years
assessment remains lacking for post-transplant
populations.

Simplified cost-effectiveness estimate: A
simplified cost comparison suggests potential economic
advantages of hybrid interventions over surgical
revision. Published data demonstrate that successful
endoscopic or percutaneous management avoids
surgical revision, which carries substantially higher
costs related to operating room time, extended
hospitalization, and perioperative complications [33].
However, patients requiring multiple failed
percutaneous procedures (=6 attempts) may incur costs
exceeding even surgical revision [34]. This calculation
omits quality-of-life considerations, complication costs,
productivity losses, and long-term failure rates,
necessitating formal cost-effectiveness modeling with
Markov state-transition models or discrete-event
simulation to guide resource allocation decisions,
particularly in resource-constrained settings.

Critical Limitations
Acknowledgment

Sample size and statistical power: With only
three patients, this series lacks statistical power for
meaningful efficacy assessment or subgroup analysis.
The 95% confidence interval around our 100% success
rate (29.2-100% by Wilson method) reflects profound
uncertainty. Type II error risk precludes conclusions

Requiring

about comparative effectiveness versus alternative
strategies. A sample size calculation suggests that 42
patients per group would be required to detect a 20%
difference in technical success (80% vs 100%) with 80%
power and a=0.05.

Gender  homogeneity and  population
representativeness: All patients were female, limiting
generalizability to male transplant recipients who may
have different bile duct anatomy (larger diameter,
different angulation) and stricture characteristics. The
predominance of living donor transplants in our series
(3/3, 100%) also limits applicability to deceased donor
recipients, who comprise the majority (approximately
94-95%) of liver transplants in Western centers [35, 36].
Living donor grafts have distinct biliary anatomy with
smaller diameter intrahepatic bile ducts (<4 mm)
compared to extrahepatic ducts in deceased donor
grafts, frequent requirement for multiple ductal
anastomoses (observed in 36-58% of LDLT cases), and
higher incidence of bile leaks and strictures (19% vs 12%
in DDLT) [37, 38]. As a result of early segmental
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branching of the donor biliary tree, two segment bile
ducts require anastomosis in approximately 40% of
LDLT patients and three segment bile ducts in 6-15%
[39]. These anatomical complexities potentially
influence technical difficulty and outcomes of hybrid
interventions. Whether our results translate to deceased
donor recipients with more straightforward biliary
anatomy requires specific investigation.

Insufficient follow-up  duration: The
maximum 60-day observation period is inadequate for
assessing long-term outcomes. Anastomotic strictures
can recur months to years after initial intervention [8,
16], and stent migration (2.8% for anti-migration
FCSEMS to 16-28% for standard FCSEMS), occlusion
(30-40% for plastic stents with prolonged indwelling
time), or restenosis (20-32%) typically manifest beyond
our timeframe [40, 41]. The planned 3-month
reassessment falls outside our study period,
representing a critical data gap. Current guidelines
recommend treatment of extrahepatic biliary strictures
for 12 months when using multiple plastic stents, with
stent exchanges at 3-month intervals to promote biliary
drainage and stricture resolution [42]. Long-term
follow-up studies demonstrate that primary stent
patency decreases from 75% at 12 months to 25% at 36
months, with stricture recurrence typically occurring
within 6-26 months after stent removal [43]. This
necessitates surveillance periods of at least 12-24
months to adequately assess treatment durability and
detect late recurrences [44].

Absence of comparative controls: Without
randomization or matched controls, we cannot
determine whether the rendezvous approach offers
advantages over sequential monotherapy. Historical
controls are problematic due to evolving techniques,
changing stent technology, and selection bias. The
natural history comparison group (ERCP-alone in
similar patients) was not available in our center due to
our protocol of early escalation to hybrid approaches
after single ERCP failure, precluding even retrospective
matched analysis.

Lack of patient-reported outcomes: We did not
formally assess quality of life wusing validated
instruments (SF-36, GIQLI, or EQ-5D), procedural
tolerability, patient satisfaction, or return to daily
activities. These patient-centered outcomes are
increasingly recognized as essential endpoints in
benign disease management and may reveal important
trade-offs between technical success and patient
experience.

Implications for Clinical Practice and
Research Priorities

This pilot series supports the technical
feasibility of the rendezvous approach in a specialized

transplant center setting. The method may be
particularly valuable for:
1. Recurrent strictures after failed isolated
endoscopic therapy
2. Altered anatomy precluding standard
ERCP access
3. Complete anastomotic occlusion
preventing retrograde guidewire passage
4. Institutions seeking to avoid high-risk
surgical revision in immunosuppressed
patients

However, several critical questions remain
unanswered and should guide future research:

Optimal patient selection criteria: Which
stricture characteristics (length, degree of stenosis, time
from transplantation, recurrence status) predict success
with hybrid versus monotherapy approaches?
Development of a validated predictive model
incorporating  pre-procedural imaging features,
biochemical parameters, and clinical factors would
enable evidence-based treatment algorithms and
appropriate patient counseling.

Timing of intervention strategy: Is early
hybrid  intervention  superior to  sequential
monotherapy  escalation? A  randomized trial
comparing immediate rendezvous (after single ERCP
failure) versus persistent ERCP attempts (3-4 sessions)
with crossover to rendezvous only upon definitive
failure would address this question and inform
treatment algorithms.

Stent selection in hybrid context: Comparative
effectiveness of multiple plastic stents versus covered
self-expanding metal stents specifically in the
rendezvous context remains unclear. Our material
choice reflected economic constraints rather than
evidence-based decision-making. A randomized trial
comparing strategies with cost-effectiveness analysis as
a secondary endpoint would guide practice,
particularly in resource-limited settings.

Long-term patency and reintervention rates:
Prospective cohort studies with >12-month follow-up
are essential to assess durability, restenosis rates, need
for repeat interventions, and ultimately, impact on graft
survival and patient mortality. Integration of patient-
reported outcomes would enhance clinical relevance
and patient-centeredness.

Training curricula and credentialing
standards: Standardized competency assessment
metrics, simulation-based training protocols, and
minimum case volume requirements would facilitate
safe implementation in diverse practice settings and
potentially accelerate the learning curve while
minimizing complications during skill acquisition.
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Formal cost-effectiveness modeling;:
Economic analysis incorporating procedure costs,
complication management, repeat interventions, lost
productivity, and quality-adjusted life years would
inform resource allocation decisions, particularly
relevant for developing healthcare systems considering
investment in hybrid capabilities.

Novel technologies: Biodegradable stent
technology may eliminate repeat endoscopic
interventions for stent removal while maintaining
luminal patency [24]. Drug-eluting stents with anti-
proliferative coatings (paclitaxel, sirolimus) show
promise in reducing restenosis in preliminary studies
[reference needed]. Dedicated randomized trials in
post-transplant populations are warranted.

Contribution to the Evidence Base

Despite inherent limitations of small case
series, this report makes several contributions to the
literature on hybrid interventions for post-transplant
biliary strictures:

First, geographic representation: This is the
first reported experience with systematic application of
the rendezvous technique from Central Asia,
demonstrating technical achievability beyond high-
volume Western transplant programs. The specific
context of living donor transplantation —predominant
in our region due to deceased donor organ scarcity —is
underrepresented in Western literature (which
primarily  describes deceased donor cohorts),
enhancing the generalizability of hybrid approaches to
diverse healthcare settings and transplant models.

Second, practical implementation insights:
We demonstrate that centers with appropriate
infrastructure and dual expertise can successfully
implement combined procedures with acceptable
short-term safety, potentially avoiding surgical revision
and its attendant morbidity. The pragmatic adaptations
we employed (selective use, lower-cost materials,
workflow modifications) provide a roadmap for similar
resource-limited  centers considering  program
development.

Third, proof-of-concept for definitive trials:
This series establishes technical feasibility and provides

Conclusion

The  combined rendezvous  approach,
integrating percutaneous transhepatic and endoscopic
access, demonstrated technical feasibility and favorable
short-term outcomes in managing complex biliary
strictures following liver transplantation. Technical
success was achieved in all three cases (100%), with
successful guidewire passage, endoscopic capture, and
biliary stent placement. Clinical success, defined by
>50% bilirubin reduction by day 7 and resolution of

preliminary safety data to justify adequately powered
comparative studies. The absence of serious
complications and achievement of short-term clinical
success in all cases, including a patient with prior ERCP
failure, supports equipoise for randomization to hybrid
versus sequential escalation strategies.

Fourth,  hypothesis  generation:  Our
observation that Patient 2 (recurrent stricture with prior
ERCP failure) achieved technical success suggests that
early escalation to hybrid approaches in refractory cases
may prevent prolonged cholestasis and multiple failed
procedures. This hypothesis warrants formal testing in
comparative effectiveness research.

However, the transition from "can we do this?"
(technical feasibility, addressed by this pilot series) to
"should we do this?" (comparative effectiveness, cost-
efficiency, and patient-centered outcomes) requires
rigorous prospective investigation. Our findings
provide justification and preliminary data for such
definitive trials but cannot substitute for them.

In summary, the rendezvous technique
represents a promising addition to the therapeutic
armamentarium for complex post-transplant biliary
strictures, particularly when isolated endoscopic or
percutaneous approaches have failed or are technically
infeasible. The method's successful implementation in
our center demonstrates its potential applicability
beyond high-volume Western transplant programs and
suggests feasibility in resource-constrained settings
with appropriate adaptations. However, small sample
size, short follow-up, absence of controls, gender
homogeneity, and unquantified learning curve effects
represent substantial limitations that temper
enthusiasm and underscore the need for adequately
powered comparative studies with extended follow-up,
patient-reported outcomes, and cost-effectiveness
analyses before definitive practice recommendations
can be formulated. This case series contributes
preliminary evidence supporting the feasibility and
short-term safety of hybrid approaches in living donor
liver  transplant  recipients, a  population
underrepresented in existing literature, and establishes
proof-of-concept to justify definitive prospective trials.

cholestasis symptoms by day 14, was achieved in all
patients. No serious complications occurred, and
median hospitalization was 5 days.

The technique showed particular utility in
recurrent strictures after failed endoscopic therapy,
suggesting potential value as a bridge between isolated
endoscopic approaches and high-risk surgical revision.
However, these findings are preliminary due to
substantial limitations: small sample size (n=3), short
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follow-up duration (maximum 60 days), gender
homogeneity (all female patients), absence of
comparative controls, and exclusive focus on living
donor transplant recipients.

This proof-of-concept series demonstrates that
the rendezvous technique is achievable in emerging
transplant centers with appropriate multidisciplinary
expertise and infrastructure. The favorable safety
profile and immediate clinical response support its
consideration as an alternative to surgery in carefully
selected cases where standard endoscopic access has
failed or is not feasible. However, definitive conclusions
about long-term efficacy, optimal patient selection
criteria, and comparative effectiveness versus
alternative strategies require adequately powered
prospective studies with extended follow-up (=12
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