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Abstract
Background: Fully covered intraductal self-expanding metal stents (IDSEMS) have been well 
described in the management of post-liver transplant (LT) anastomotic strictures (ASs). Their 
antimigration waists and intraductal nature make them suited for deployment across the 
biliary anastomosis.
Objectives: We conducted a multicentre study to analyse their use and efficacy in the 
management of AS.
Design: This was a retrospective, multicentre observational study across nine tertiary centres 
in the United Kingdom.
Methods: Consecutive patients who underwent endoscopic retrograde 
cholangiopancreatography with IDSEMS insertion were analysed retrospectively. Recorded 
variables included patient demographics, procedural characteristics, response to therapy and 
follow-up data.
Results: In all, 162 patients (100 males, 62%) underwent 176 episodes of IDSEMS insertion 
for AS. Aetiology of liver disease in this cohort included hepatocellular carcinoma (n = 35, 
22%), followed by alcohol-related liver disease (n = 29, 18%), non-alcoholic steatohepatitis 
(n = 20, 12%), primary biliary cholangitis (n = 15, 9%), acute liver failure (n = 13, 8%), viral 
hepatitis (n = 13, 8%) and autoimmune hepatitis (n = 12, 7%). Early AS occurred in 25 (15%) 
cases, delayed in 32 (20%) cases and late in 95 (59%) cases. Age at transplant was 54 years 
(range, 12–74), and stent duration was 15 weeks (range, 3 days–78 weeks). In total, 131 (81%) 
had complete resolution of stricture at endoscopic re-evaluation. Stricture recurrence 
was observed in 13 (10%) cases, with a median of 19 weeks (range, 4–88 weeks) after stent 
removal. At removal, there were 21 (12%) adverse events, 5 (3%) episodes of cholangitis 
and 2 (1%) of pancreatitis. In 11 (6%) cases, the removal wires unravelled, and 3 (2%) stents 
migrated. All were removed endoscopically.
Conclusion: IDSEMS appears to be safe and highly efficacious in the management of post-LT 
AS, with low rates of AS recurrence.
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Introduction
Fully covered metal stents are increasingly used in 
the management of benign biliary disease.1–4 
Biliary anastomotic strictures (ASs) affect 5–32% 
of patients post-liver transplant (LT).5,6 Esta-
blished risk factors for AS include donor–recipient 
size discrepancy, length of donor duct, suture 
placement and bile leaks.5 They can develop at 
any point in the post-LT period and are primarily 
managed endoscopically with the placement of 
biliary stents with the aim to remodel the stricture 
with radial force.5,7,8 The insertion of side-by-side 
multiple plastic stents (MPSs) can be challenging 
with suboptimal numbers used, and they often 
require multiple endoscopic retrograde cholangi-
opancreatography (ERCP) procedures to achieve 
stricture resolution.9,10 Trans-papillary fully cov-
ered self-expanding metallic stents (FCSEMSs) 
have been used to manage post-LT AS and have 
been shown to require fewer interventions before 
achieving stricture resolution.10,11

The KaffesTM (Taewoong Niti-S™, Gyeonggi-do, 
South Korea) biliary covered stent is a fully covered 
intra-ductal self-expanding metal stent (IDSEMS).12 
This IDSEMS differs from conventional FCSEMS 
because they do not need to traverse the papilla. 
They are shorter in length with a tapered anti-migra-
tion waist and removal wires that are subsequently 
deployed into the duodenum, potentially reducing 
the risk of stent migration compared to FCSEMS.13 
In small case series, they have been shown to be 
effective in treating post-LT AS.12,13 They may con-
fer a lower risk of post-ERCP pancreatitis in com-
parison to FCSEMS in benign biliary strictures.12,14

We report on the experience with IDSEMS across 
the UK in the management of AS.

Patients/material and methods
This was a retrospective, multicentre observa-
tional study across nine centres (Kings College 
Hospital NHS Foundation Trust, Southmead 
Hospital/North Bristol NHS Trust, University 
College Hospital London, Addenbrooke’s Hos-
pital Cambridge, Freeman Hospital Newcastle 
upon Tyne, Plymouth University Peninsula 
Schools of Medicine and Dentistry, Royal Free 
Hospital London, Leeds Teaching Hospitals 
NHS Trust, Belfast Health and Social Care 
Trust). Provisional data were presented at UEGW 
Virtual 2021.15 All patients undergoing deploy-
ment of IDSEMS in a transplant setting between 

December 2016 and January 2021 were included. 
IDSEMS were selected for insertion over MPS of 
FCSEMs at the endoscopist’s discretion. 
Indication for stenting was evidence of AS on 
cross-sectional imaging. All patients underwent 
written informed consent for ERCP at their 
respective institutions.

Patient demographics, procedural characteristics, 
response to therapy and follow-up data were 
obtained from patient records and endoscopy 
databases at the respective centres. Morbidity, 
endoscopic complications, disease recurrence 
and liver biochemistry were recorded pre- and 
post-stent insertion. All patient details were de-
identified. Resolution of biliary pathology was 
assessed at the time of stent removal and on fol-
low-up, and the need for subsequent surgical 
intervention, that is, hepaticojejunostomy, was 
included. This study was registered as a clinical 
audit and approved by the Kings College Hospital 
audit department. The reporting of this study 
conforms to the Strobe statement.16

Method of insertion
Diagnostic cholangiograms are obtained after can-
nulation of the recipient bile duct via the major 
papilla. Sphincterotomy, stricture dilatation and 
stent size were performed at the discretion of the 
endoscopist. All stents were inserted over a guide-
wire. Radio-opaque markers at the midpoint of 
the stent as well as at the proximal and distal ends 
help guide placement over the area of interest and 
ideally 2 cm below the biliary hilum to avoid block-
ing the contralateral intrahepatic duct. The deliv-
ery mechanism unsheathes the stent, and retrieval 
wires were ‘dropped’ in the duodenum (Figure 1). 
Removal of stents is recommended at 12 weeks by 
the manufacturer using graspers or a snare, and a 
repeat cholangiogram was obtained to assess for 
resolution of the biliary pathology.

Definitions
For the ASs, early stricture occurrence was defined 
as stricture occurrence less than 30-day post-trans-
plant; delayed stricture occurrence was between 
30- and 90-day post-transplant and late stricture 
occurrence was after 90 days. Technical success 
was defined as the successful deployment of the 
stent at the index ERCP. Clinical success was 
defined as the resolution of the biliary pathology 
after removal of the IDSEMS at the time of the 
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follow-up ERCP as demonstrated by a cholangio-
gram showing no biliary strictures or as per the 
endoscopists interpretation. Stricture resolution 
was defined as fluoroscopic resolution at the time 
of stent removal. Follow-up and imaging interval 
post-stent removal were as per individual unit and 
clinician discretion. Stricture recurrence was 
defined as recurrence within the follow-up period, 
as demonstrated on cross-sectional imaging.

Statistical analysis
Continuous variables were expressed as median 
and interquartile range (IQR). Categorical varia-
bles were displayed as a number and percentage. 
Wilcoxon signed-rank test was used for paired 
samples. Binominal test was used for nominal 
data. Categorical variables were analysed using 
chi-squared test. Statistical significance was set at 
p < 0.05. Data were analysed with GraphPad 
Prism version 9.0.1 (151). Cases in the transplant 
setting were analysed separately from patients 
undergoing stenting in the non-transplant setting.

Results
In all, 162 patients (100 males, 62%) underwent 
176 episodes of stent insertion. The median age 
at transplant was 54 years (range, 12–74 years). 

Donor grafts were predominately donation after 
brain stem death (n = 98, 60%) followed by dona-
tion after circulatory death (n = 34, 21%). There 
were two (1%) living donor-LTs. No data were 
available for the type of graft in 28 (17%) cases. 
Demographic and procedural data are available 
in Table 1.

The underlying aetiologies were hepatocellular 
carcinoma (n = 35, 22%), alcohol-related liver 
disease (n = 29, 18%), non-alcoholic-related fatty 
liver disease (NAFLD) (n = 20, 12%), primary 
biliary cholangitis (n = 15, 9%), acute liver failure 
(n = 13, 8%), viral hepatitis (n = 13, 8%), autoim-
mune hepatitis (n = 12, 7%) and primary scleros-
ing cholangitis (n = 5, 3%). The median time to 
stricture occurrence was 24.9 weeks (range, 0.4–
1395 weeks). Early AS occurred in 25 (15%) 
cases, delayed in 32 (20%) cases and late in 95 
(59%) cases. Time to stricture was not available 
for 10 cases (6%).

Procedural data
In all, 56 (35%) cases had undergone previous 
biliary stenting, of which 42 (75%) were plastic, 
12 (21%) were FCSEMS and 2 (4%) had both 
plastic and FCSEMS. The two most frequently 
used IDSEMS sizes were 40 mm × 0 mm (n = 91, 

Figure 1. IDSEMS insertion in a post-LT setting with resolution of AS. (Three sequential images uploaded 
under the heading of Figure 1 on the upload portal.)
AS, anastomotic stricture; IDSEMS, intraductal self-expanding metal stent; LT, liver transplant.
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52%) and 40 mm × 8mm (n = 60, 34%). Stricture 
dilatation before stent insertion was carried out in 
73 (41%) cases. Sphincterotomy was carried out 
in 120 (74%) cases.

Improvement in liver biochemistry and stricture 
resolution
Follow-up data were available for 155 (96%) 
cases. Stents were in place for a median of 
15 weeks (range, 3 days–78 weeks). The patient 
with a stent left in situ for 78 days failed to attend 
a planned appointment for removal.

There was an improvement in liver biochemistry 
after stent insertion: bilirubin (Bili) 30 (IQR, 
8–34) μmol/L versus 22 (IQR 7–20) μmol/L 
(p = 0.017); alkaline phosphatase, 324 (IQR 131–
421) IU/L versus 244 (IQR 110–312) IU/L 
(p = 0.0089); aspartate aminotransferase, 79 (IQR 
27–85) IU/L versus 53 (IQR 22–53) IU/L 
(p = 0.008) and gamma glutamyl transferase 445 
(IQR, 106–579) IU/L versus 258 (IQR, 67–386) 
IU/L (p = 0.0001).

Overall, 131 (81%) had stricture resolution at 
endoscopic re-evaluation (Figure 2). Of these, 13 
(10%) had stricture recurrence, which occurred 

after a median of 19 weeks (range, 4–88 weeks) 
after stent removal. Four (31%) reoccurred 
within 3 months and 9 (69%) within 12 months. 
In the patient group with recurrence, one was 
relisted for LT, and three underwent repeated 
stenting with IDSEMS. Data regarding the 
remaining patients 9/13 patients with recurrent 
strictures was not available.

In all, 106 had no previous episode of stenting 
before insertion of the IDSEMS. 85 (80%) of 
these patients had resolution of the AS at endo-
scopic re-evaluation, and 8 (10%) had recurrence 
at a median of 19 weeks (range, 4–88 weeks).

Of the 24 patients without resolution of strictures 
at stent removal, eight (33%) had previously been 
stented (five plastic and three FCSEMS). Seven 
(29%) patients underwent repeated stenting with 
IDSEMS, and four (17%) patients had repeated 
stenting with MPS. Two patients were re-trans-
planted, one with a Roux-en-Y for persistent AS 
and the other due to chronic rejection despite 
stricture resolution. One other remains on the 
transplant waiting list with a lack of resolution of 
their stricture. Two had biliary reconstructions, 
and one is awaiting repeat surgery. Data regard-
ing the remaining patients without stricture reso-
lution were not available.

Factors associated with stricture resolution
There was no statistically significant difference in 
resolution of strictures in cases with dilatation of 
strictures (n = 69) versus those who had no biliary 
dilatation (n = 71; p = 0.6516) or in those with 
previous sphincterotomy (n = 96) versus those 
with no sphincterotomy (n = 35; p = 0.4411). 
Similarly, there was no effect in those who had 
previous stents (n = 45) versus those who had no 
previous biliary stents (n = 85; p = 1).

Adverse events
There were 37 (21%) adverse events associated 
with stent insertion; 25 (14%) cases of cholangi-
tis, 7 (2%) cases of post-ERCP pancreatitis, 5 
(3%) failed stent deployment, one (1%) wire-
guided perforation and one (1%) bleed. One 
patient transplanted for NAFLD with early AS 
died due to sepsis secondary to post-ERCP chol-
angitis 31 days after stent insertion. A computed 
tomography scan after insertion showed the stent 
occluding the left-sided system.

Figure 2. Resolution of AS with IDSEMS.
AS, anastomotic stricture; IDSEMS, intraductal  
self-expanding metal stent.
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Overall, there were 21 (12%) adverse events at 
removal; 11 (6%) of the stent withdrawal mecha-
nisms fractured or unravelled. Of these, 9 (82%) 
had been inserted during or after the first wave of 
the COVID-19 pandemic, potentially increasing 
time stents were in situ. All except one had been 
in for more than 12 weeks [median 18.85 weeks 
(range, 5–61 weeks)]. There were five (3%) epi-
sodes of cholangitis, two (1%) episodes of pan-
creatitis, two (1%) episodes of distal stent 
migration and one proximal stent migration. All 
patients with stent migrations were in the trans-
plant cohort with stents in place for 2.2, 2.5 and 
16 weeks. All stents were successfully removed 
endoscopically.

Discussion
Benign biliary strictures are conventionally man-
aged by ERCP with a choice of plastic or 
FCSEMS. IDSEMS, particularly Kaffes™ stents, 
are being increasingly utilized in transplant 
patients with biliary strictures, with previous 
reports showing favourable outcomes.12 To our 
knowledge, this is the largest real-world multicen-
tre experience in AS. We demonstrate that these 
stents can be used effectively and safely with good 
clinical efficacy. Our results show a high stricture 
resolution rate following a single IDSEMS place-
ment and a low stricture recurrence rate. The risk 
of adverse events also seems to be in keeping with 
published data.

Biliary AS can occur at any point in the post-
transplant period. Patients are often asympto-
matic and may only have abnormal liver graft 
function.6 Untreated biliary AS can lead to 
reduced patient and graft survival.6 Early AS are 
more responsive to endotherapy. However, in our 
study, most patients had delayed strictures, which 
in previous studies have been shown to need more 
episodes of sequential stenting (with plastic stents 
or FCSEMS) to achieve stricture resolution.17,18 
The advantage of IDSEMS is the need for a sin-
gle ERCP procedure to achieve complete stric-
ture resolution in the majority of cases.

Biliary AS resolution rates have been reported to 
range from 63% to 100% for MPS and 53–100% 
with FCSEMS; however, fewer procedures are 
needed with FCSEMS (2 versus 5 ERCPs) to 
achieve stricture resolution.10,19,20 Overall, the 
duration of stenting with FCSEMS is unclear, 

but a minimum of 3 months or more of stent 
duration is recommended.4 In our AS cohort, 
IDSEMS were placed for a median of 15 weeks. 
In keeping with previous studies using IDSEMS, 
our study showed there was high stricture resolu-
tion after index stenting.12,13 Similar to FCSEMS, 
IDSEMS may have a role when stricture resolu-
tion has not been achieved after plastic stenting.21 
Although 35% of our cohort were stent experi-
enced, in those that were stent naive, 80% had 
resolution of the AS at endoscopic re-evaluation.

AS recurrence after MPS and FCSEMS are com-
parable with rates between 3% and 37%.2,22 
Recurrence in IDSEMS is reported between 19% 
and 24%.12,13 In our study, recurrence was seen 
in 10% of cases both in the stent experienced and 
stent-naive group.

The episodes of post-ERCP cholangitis are higher 
in our study than in previous reports, but higher 
rates are often seen in post-transplant patients, 
and our data are comparable with plastic stents 
use.1,10,23 Antibiotic prophylaxis is indicated for 
all post-LT patients as they are at increased risk 
of cholangitis.24,25 All patients received antibiotic 
prophylaxis according to their local units’ anti-
microbial policy. In conjunction with antibiotics, 
care should be taken to deploy the stent 2 cm 
below the hilum to avoid blocking the contralat-
eral duct.

Dilatation of AS and biliary sphincterotomy is 
required before MPS, leading to an increased risk 
of adverse events, including bleeding during the 
ERCP.23,26 The IDSEMS have a narrow delivery 
sheath, and therefore dilatation of AS may not be 
needed. Similarly, the withdrawal mechanism 
also collapses the bottom of the stent to allow 
easy removal. Therefore, routine sphincterotomy 
may not be necessary during the insertion of 
IDSEMS.

In our cohort, stent migration was seen in only 
three cases. Two were within 3 weeks of stent 
insertion. This compares favourably to FCSEMS, 
where stent migration is reported at a rate of 
between 4% and 46% and around 10% with plas-
tic stents, with a lower risk of migration with 
MPSs.27,28 Migration of FCSEMS used in post-
transplant AS can occur in up to a third of 
cases.4,20 They may be prone to migration when 
the level of the AS lies closer to the hilum.29
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There were 11 cases where the retrieval wires 
unravelled. All bar one were in situ for more than 
the 12 weeks recommended by the manufactur-
ers. Although all were removed endoscopically, 
fractured wires can increase procedural time and 
risk other adverse events, including cholangitis.30 
The COVID-19 pandemic and cessation of all 
non-urgent endoscopy may have contributed to 
delays in removal, and centres utilizing these 
stents should be aware of this potential adverse 
event.30 In addition to timely removal, steady 
downwards traction following the direction of the 
bile duct should be employed.

Overall, our study demonstrates that IDSEMS 
may have a role in managing post-liver transplan-
tation biliary AS, including cases refractory to 
previous plastic stent or FCSEMS. In compari-
son to MPS, the advantages of IDSEMS appear 
to be the need for a single ERCP procedure to 
achieve stricture resolution, low risk of stricture 
recurrence and reduced risk of stent migration. 
However, the IDSEMS may be associated with 
higher adverse events, particularly cholangitis, 
especially at the time of removal.

Limitations
This was a retrospective study with a limited sam-
ple size and no control group. The multicentre 
nature of the study induced heterogeneity in 
patient management and follow-up. Data on the 
duration of previous episodes of stenting prior to 
IDSEMS were also limited.

The lack of homogeneous follow-up with interval 
imaging at defined time points makes it difficult 
to ascertain the exact time point of stricture recur-
rence. 35% of patients in the group were stent 
experienced, and although we did not find an 
impact of previous stenting on stricture resolu-
tion, this may be due to the low sample size. In 
addition, due to the nature of data acquisition, 
not all adverse events may have been captured.

Conclusion
In conclusion, IDSEMS appear to be safe and 
highly efficacious in the management of post-LT 
AS. Long-term outcomes appear good with low 
rates of AS recurrence. Randomized controlled 
studies are required directly comparing IDSEMS 
and FCSEMS in the transplant setting.

Table 1. Baseline characteristics of the patients and 
procedural characteristics.

Characteristics Number (%)

Number of patients 162

Male gender, n (%) 100 (62)

Number of procedures, n (%) 176 (92)

Age at transplant (years), 
median (range)

54 (12–74)

Age range, n (%)

 0–20 4 (3)

 21–30 13 (8)

 31–40 23 (14)

 41–50 23 (14)

 51–60 62 (38)

 >60 37 (23)

Graft received

 DBD 98 (61)

 DCD 34 (21)

 LD 2 (1)

 Unknown 28 (17)

Time to stricture (weeks), 
median (range)

24.9 (0.4–1395)

Early stricture 25 (15)

Delayed stricture 32 (20)

Late stricture 95 (59)

Unavailable 10 (6)

Aetiology of liver disease

 HCC 35 (22)

 ARLD 29 (18)

 NASH/NAFLD 20 (12)

 PBC 15 (9)

 ALF 13 (8)

 AIH 12 (7)

 Other 11 (7)

(Continued)
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Characteristics Number (%)

 HCV 7 (4)

 HBV 6 (4)

 PSC 5 (3)

 Budd Chiari 4 (3)

 Cryptogenic 4 (3)

Previous stent for AS 56 (35)

 Plastic 42 (75)

 FCSEMS 12 (21)

 Plastic and FCSEMS 2 (4)

Stent size (mm)

 40 × 6 1 (1)

 40 × 8 60 (34)

 40 × 10 91 (52)

 60 × 8 4 (2)

 60 × 10 4 (2)

 Unknown 16 (9)

Stricture dilatation 73 (45)

Sphincterotomy 120 (74)

Duration of stenting (weeks), 
median (range)

15 (3 days–
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Stricture recurrence 13 (10)
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 Re-transplantation 3 (2)

AIH, autoimmune hepatitis; ALF, acute liver failure; 
ARLD, alcohol-related liver disease; AS, anastomotic 
stricture; DBD, donation after brain stem death; DCD, 
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hepatocellular carcinoma; HCV, hepatitis C virus; NAFLD, 
non-alcoholic-related fatty liver disease; NASH, non-
alcoholic steatohepatitis; PBC, primary biliary cholangitis; 
PSC, primary sclerosing cholangitis.
*One death after stent insertion due to cholangitis.
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