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Biliary complications are common causes of morbidity and mortality after liver transplantation.

From 2013 to 2018, 102 whole-organ liver transplantations were conducted in our department. Patients were
closely monitored for biliary complication development. In all suspected cases, patients underwent either en-
doscopic retrograde cholangiopancreatography or percutaneous transhepatic cholangial drainage. Patients’ de-
mographic characteristics, preexisting conditions, and perioperative characteristics, as well as morbidity and
mortality, were analyzed. Risk factors for 1-year survival were calculated.

Of the 102 patients, 43 (42%) experienced biliary complications. In comparison with patients without biliary
complications, patients with biliary complications exhibited the following risk factors: underlying liver disease
(viral hepatitis; P=0.009), blood group A (P=0.005), and previous abdominal surgery (P=0.037). Neither periop-
erative characteristics, especially duration of cold ischemia (P=0.86), nor postoperative course differed between
patients with and without biliary complications. Risk factors for mortality within 1 year were cirrhosis caused
by entities other than viral hepatitis (P=0.017), cardiac comorbidities (P=0.019), re-transplantation (P=0.032),
and reduced organ weight (P=0.002). Biliary complications, postoperative hemorrhage, primary nonfunction,
and repeated surgery worsened outcome; moreover, serum bilirubin trough in the first 30 days after transplan-
tation might be prognostic for mortality (P=0.043).

Biliary complications adversely affect outcome after liver transplantation. Neither frequency nor outcome of
biliary complications was improved by intensified endoscopic evaluation. Patients on the waiting list for liver
transplants should also be closely monitored for cardiac comorbidities.

Anastomotic Leak e Biliary Fistula e Biliary Tract ¢ Endoscopy e Liver Cirrhosis ¢ Liver Transplantation
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Background

Liver transplantation (LTx) is the main therapy for end-stage
liver disease. The 1-year survival rate is excellent (~90%), ac-
cording to European and United States registries [1,2]. Biliary
complications (BCs) commonly cause morbidity, graft loss, and
even mortality in transplant recipients [3]. Early in the histo-
ry of LTx, morbidity and mortality rates (34-50% and 24-30%,
respectively) from BCs were high [4,5]. Although those rates
have decreased over the last decades, 10-30% of BCs still re-
sult in morbidity [6-8]. In recent years, a renewed rise in BCs
has been noted, possibly as a result of the increased use of
marginal organs [3,9]. The discovery and media coverage of
compliance violations in several transplantation centers has
significantly reduced the willingness to donate organs after
brain death in Germany. In 2010, 1271 donations were regis-
tered; this number dropped to 769 in 2017. Although nation-
al guidelines have been adapted since 2017 and intense au-
dits of transplant centers have been conducted, the number of
donations has not yet recovered (899 in 2019; annual reports
at www.eurotransplant.org). Because 80% of the donated liv-
ers are nationally allocated in the Eurotransplant area (of the
1571 donated livers, 1264 were nationally allocated in total,
according to the 2019 annual report), marginal organs have
been increasingly accepted for transplantation, with a simul-
taneous increase of BC in our personal experience.

BCs after LTx are various problems arising from the intrahe-
patic or extrahepatic bile ducts or the papillary region. Bile
leaks mainly occur at the anastomosis, with a reported inci-
dence of 1-25% [8,10]. Risk factors for bile leaks include par-
tial graft transplantations, hepaticojejunostomy, insufficient
surgical technique, and ischemia; t-tube use remains un-
der debate [8,10]. Anastomotic strictures (Figures 1, 2) occur
within 1 cm of the surgical anastomosis, with an incidence of
1-18% [6,8]. Risk factors for anastomotic strictures are postop-
erative bile leaks, sex mismatch, prolonged duration of warm
and cold ischemia, insufficient surgical technique, ischemia,
and hepaticojejunostomy anastomosis and partial graft use
[6,8,10]. Nonanastomotic strictures (NASs; Figure 3) arise out-
side the anastomotic region and are regarded the most chal-
lenging BC [8,11]. Because of different definitions and various
manifestations, the reported incidence ranges widely (between
1% and 20%) [6,7,10]. The presumed causes of NASs are isch-
emia, ABO incompatibility, chronic rejection, recurrent prima-
ry sclerosing cholangitis, older donor age, and, especially, or-
gan quality [6,10].

The onset time of BCs differs for leaks and anastomotic/non-
anastomotic strictures; most BCs occur during the first year
after transplantation [10]. Diagnosis is mainly accomplished
with imaging. Abdominal ultrasonography is not reliable for
the diagnosis of biliary obstruction, but in combination with
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Figure 1. Anastomotic stricture (arrow) visualized via endoscopic
retrograde cholangiopancreatography (ERCP).

Figure 2. Same patient as in Figure 1. After dilatation and stent
placement.

Doppler examination, it is crucial for ruling out hepatic artery
occlusion [6,11,12]. Both biliary leakage and strictures can be
diagnosed with endoscopic retrograde cholangiopancreatog-
raphy (ERCP) or magnetic resonance cholangiopancreatogra-
phy (MRCP), both of which have high sensitivity and specific-
ity (>90%) [8,10,11]. MRCP is noninvasive, but its availability
might be limited. ERCP has the advantage of combining di-
agnostic and therapeutic measures in the same session [6].
Because contrast media can be injected into the bile ducts with
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Figure 3. Nonanastomotic strictures (arrows) visualized via
endoscopic retrograde cholangiopancreatography
(ERCP).

pressure, even small insufficiencies that might be missed with
MRCP can be detected on ERCP. If Roux-en-Y reconstruction has
been performed, percutaneous cholangiography might be indi-
cated [8,10]. Liver biopsy is helpful for diagnosing other causes
of graft dysfunction, such as rejection, recurrent hepatitis C
virus infection, or cytomegalovirus-induced hepatitis [10,13].

We hypothesized that obligatory evaluation of BCs with ERCP
after LTx and early treatment can help improve morbidity and
mortality rates. All cases of BCs that were suspected on the
basis of results of isolated cholestatic liver tests, bilious se-
cretion into the drains, and severe graft dysfunction without
other suspected causes during the study period were there-
fore evaluated by ERCP.

Material and Methods

All patients eligible for LTx were described to a transplant
board before transplantation, in accordance with the guide-
lines of the German Medical Association as amended (DOI:
10.3238/arztebl.2019.rili_baek_OrgaWlOvLeberTx20190924).
Because of German legislation, only organs donated after brain
death were used in transplantation. Partial transplantations
increase the risk of BCs [8,10] and were therefore not includ-
ed in this analysis.

At our institution, bile duct anastomosis is automatically per-
formed in a duct-to-duct, end-to-end manner using a dou-
ble-armed 5-0 polydioxanone suture. Hepaticojejunostomy
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via Roux-en-Y reconstruction was only used in selected cas-
es (primary sclerosing cholangitis involving the common bile
duct, bile duct atresia, and Todani cyst). We do not routine-
ly insert a T-drain.

When a BC was suspected (cholestatic liver tests, bilious se-
cretion into the drains, and severe graft dysfunction without
other suspected causes) during a patient’s hospital stay or dur-
ing ambulatory aftercare, the patient automatically underwent
ERCP in the Department of Gastroenterology. If ERCP failed,
percutaneous transhepatic cholangial drainage was performed.

Statistical Analysis

All patient data were prospectively recorded and anonymously
stored in our liver transplant database in an Excel file (Microsoft
Corporation, Redmond, WA, USA). For this study, SPSS 24
(IBM Corporation, Armonk, NY, USA) was used to retrospec-
tively analyze the data. Continuous and normally distributed
variables were analyzed with the t test and are expressed as
means#+standard deviations. Non-normally distributed data
were analyzed with the Mann-Whitney U test and are ex-
pressed as medians and interquartile ranges. Pearson’s chi-
square or Fisher’s exact test, as appropriate, was used to ana-
lyze categorical data, which are expressed as proportions and
percentages. Factors for which P<0.1 in the univariable anal-
ysis were subjected to multivariable stepwise logistic regres-
sion analysis. Relative risk is described as the estimated odds
ratio with 95% confidence intervals. A P value of <0.05 was
considered significant.

Results

Between 2013 and 2018, LTx with whole-liver grafts was per-
formed in 102 patients. Of these, 43 experienced some degree
of BCs. Mild forms included cholestasis, detected in laboratory
tests, without symptoms. Every form of bilious secretion indi-
cated BCs. In severe cases, parenchymal decompensation oc-
curred as a result of biliary strictures. In uncertain cases, liver
biopsy was performed. In 41 patients, ERCP was successful.
In 2 patients, ERCP could not be conducted because of Roux-
en-Y reconstruction, and percutaneous transhepatic cholangial
drainage was performed. The first ERCP was conducted on a
median of postoperative day 56. In 2 patients, no biliary prob-
lem could be detected; all others were diagnosed with either
bile leaks, anastomotic, or nonanastomotic strictures. More
than 1 ERCP was needed in 78% of the patients. In patients
with anastomotic strictures, the success rate of endoscopic
treatment was 72%. Nonanastomotic strictures were treated
successfully in only 24% of cases, with many patients still un-
der recurrent endoscopic treatment at the end of follow-up.
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Table 1. Demographics.

No biliary complications

Biliary complications

Age (a) 54 (45-63) 58 (51-63) 0.18
CGender 038
”””” Mae 38 (64%) 21 (9%

”””” Female 21 Ge%) 19 (51%)

ew 25306404 2599£5.05 0.45
causeofcirthosist

”””” Mcohol a7 %W 9 %) 037
”””” viral hepatitis 22 G7%) 6 (14%) 0.009
”””” Primary sclerosing cholangitis 10 (17%) 4 (%) 0.27
”””” oter 15 @% 25 (58%) 0.001
 Hepatocellular carcinoma 17 (9%) 10 (23%) 0.53
labMELD 20093 28(1236) 0.17
© Highurgent transplant 8 4% 5 (12%) 0.77
o Child-Turcotte-Pugh

”””” A 7 ew 10 3% 0.53
”””” B 20 (4% 12 @8% 0.52
”””” c  x2em 21 @e%) 0.24
CBloodgroup
”””” o s o@w 12 (8% 0.13
”””” A e 2 (8% 0.005
© Previous abdominal surgery 2 6% 25 (58%) 0.037
© Redo transplantation s @ 6 (14% 0.52
TIPS prior to surgery 10 7)) 8 (19%) 0.83
 Pre-existing conditions

”””” cardiac 9.asw 11 6% 0.2
”””” Pumonay 9 (5% 10 3% 031
”””” Renal 2.@% 22 (1% 0.16
”””” Diabetes 11 (9% 13 (0% 0.17
MV donor positive 19 G2%) 18 (42%) 035
MV recipient positve 27 (46%) 17 @0%) 0.48

Data are expressed as number (%), meantstandard deviation or median (interquartile range). TIPS — transjugular intrahepatic
portosystemic shunt. * Multiple responses possible.

Patients’ demographic characteristics are listed in Table 1.
Most patients with BCs had not undergone transplantation
for viral hepatitis (P=0.009); other causes (polycystic liver de-
generation, veno-occlusive disease, acute liver failure, auto-
immune hepatitis, bile duct atresia, Todani cysts, and alpha-
1-antitrypsin deficiency) were more common (P=0.001). Except
for blood group A (P=0.005) and previous abdominal surgery
(P=0.037), no other differences between patients with and
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without BCs were found. Patients with a lab MELD score <15
were transplanted according to matchMELD for diseases in
which parenchymal decompensation does not determine the
clinical course (eg, hepatocellular carcinoma). Cardiac comor-
bidities are any known history of coronary artery disease, con-
gestive heart failure, arrhythmias, and valvular heart disease.
No perioperative characteristics of patients with and without
BCs were different (Table 2). In particular, durations of cold and

Indexed in:  [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



Glowka TR. et al:
Biliary complications after LTx
© Ann Transplant, 2021; 26: 928907

Table 2. Perioperative characteristics.

No biliary complications

Biliary complications

Donor organ weight (g) 1565 (1339-1918) 1550 (1300-1825) 0.57
Tlmeofoperatlon(mln) 77777777777777777 326 (280-384) 312 (290-404) 1.0
Coldlschemlatlme(mln) 777777777777777 566 (499-622) 560 (485-632) 0.86
© Anast. suture time (min) 37 (30-45) 38 (28-47) 071
© Warm ischemia time (min) 40 (32-50) 22 (32-49) 0.59
" Choledocho-choledochostomy 49 (83%) 39 (91%) 0.7
© Modified Belgithi vC 35 (59%) 30 (70%) 028
. CPRduringsurgery 2 (%) e 10
© Vascular reconstruction 14 (24%) 7 (16%) 036

donor 2 (3%) 2 (5%) 1.0

recipient 20 (34%) 15 (35%) 0.92

Red blood cells (units) 6 (0-13) 6 (2-12) 0.65
 Fresh frozen plasma (units) 8 (2-16) 6 (4-16) 082
 Platelet concentrate (units) 1 (0-4) 2 (03) 058
Bloodloss(ml) 777777777777777777777777777777 1100 (593-4000) 1500 (588-2725) 0.82
 Peritransplant hospital stay 23 (16-42) 36 (22-75) 0.034
 Peritransplant ICUstay 5 (3-13) 7 (3-39) 0.16

Data are expressed as number (%), or median (interquartile range). ICV — inferior caval vein; CPR — cardiopulmonary resuscitation.

warm ischemia were not risk factors for BCs in our cohort. The
surgical technique, proportions of positive microbiological re-
sults, and rates of transfusion were the same in both groups,
and the amounts of blood loss did not differ. BCs significant-
ly prolonged the index hospital stay (23 vs 36 days; P=0.034).
Complications are listed in Table 3. Serum bilirubin level is a
good indicator of BCs, with significant trough (P=0.015) and
peak (P=0.001) values in the first 30 days after LTx. Other com-
plications that accompanied BCs were equally frequent in the
2 groups of patients. The use of different immunosuppressants
was also equal in both groups. No peri-interventional compli-
cations occurred; 3 patients exhibited slightly elevated serum
lipase levels but needed no specific treatment.

The overall 1-year mortality rate was 12.7% and the 3-year
mortality rate was 17.6%. Table 4 lists significant risk factors
for 1-year mortality. No patients with viral hepatitis died dur-
ing the first postoperative year (P=0.017), whereas preexist-
ing cardiac disease of any kind (P=0.019) and re-transplan-
tation (P=0.032) were significant risk factors for mortality. In
our cohort, the median organ weight was lower in deceased
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patients (13574261 gvs 16554392 g; P=0.002). Postoperative
hemorrhage (P=0.014), primary nonfunction (P=0.014), BCs
(P=0.034), and repeated surgery (P=0.022) were postopera-
tive risk factors for 1-year mortality. Interestingly, serum bili-
rubin trough values during the first 30 days were significant-
ly lower in patients who survived the first year (0.86 mg/dL)
than in those who did not survive (1.07 mg/dL; P=0.043). As
shown in Table 5, preexisting cardiac comorbidity (P=0.02)
and re-transplantation (P=0.031) were significant multivari-
able risk factors for 1-year mortality. Viral hepatitis could not
be included in the regression analysis because no patients
with this disease died.

Discussion

Since the early days of LTx, the bile duct has been called the
“Achilles heel” of this procedure [4,5]. BCs represent impor-
tant risk factors for morbidity, graft loss, and even mortality.
In particular, NAS are challenging to treat. Graft loss rate of up
to 46% in the first 2 postoperative years and a mortality rate
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Table 3. Complications and immunosuppressive regimens.

No biliary complications Biliary complications

Bilirubin (mg/dl) first 30 days

Trough 0.78 (0.52-1.12) 1.02 (0.67-1.96) 0.015
Peak 777777777777777777777777777777777777777777 8.25 (4.58-13.34) 10.98 (8.02-22.95) 0.001
© Bileduct strictures 41 (95%)
~ Anastomotic/nonanastomotic 20 (46%)/21 (49%)
 Biliary leakage 7 (16%)
 Early/late (b1 year) onset 37 (86%)/6 (14%)
 Postoperative hemorthage 12 7 (16%) 06
 ssisuperfical 8 (14%) 4 (0%) 051
© sSideep (subfascia) 3 (5%) 2 (5%) 1.0
 Hepatic artery thrombosis 1 (%) 3 (7% 031
* Primary nonfunction 2 (3%) 3 (7%) 065
 Organrejecton 4 (8%) 7 (16%) 02
Pneumonla 777777777777777777777777777777777 9 (15%) 13 (30%) 0.07
 Repeated surgery 28 (47%) 15 (35%) 051
© Immunosuppressant*

Tacrollmus 7777777777777777777777777777777777 41 (69%) 32 (74%) 0.59
Ciclosporin 21 (36%) 17 (40%) 068
CellCept 7777777777777777777777777777777777777 22 (37%) 23 (53%) 0.1
~ Everolmus 17 (29%) 11 (26%) 072

Data are expressed as number (%), or median (interquartile range). * Multiple responses possible.

Table 4. Risk factors for one-year mortality.

Deceased

Cause of cirrhosis: viral hepatitis 28 (31%) 0 (0%) 0.017
 Preexisting cardial comorbidity 4 6% 6 (6% 0019
 Redotransplantation 7% 419 0032
* Donororganweight @ 16sst392 13576261 0002
 Bilirubin trough (mg/d) first 30 days 086 (054129 107 (077-407) 0043
Cicustay s 13 % (918 0003
 Postoperative hemorthage 13 oas%s 6 @6% 0014
* Biliary complications 4 G8%) 9 69%) 0034
*Primary nonfunction 2% 3 3% 0014
 Repeated surgery 2 Q% 8 (62%) 0022

Data are expressed as number (%), meanzstandard deviation or median (interquartile range).
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Table 5. Preoperative risk factors for one-year mortality: multivariate logistic regression analysis.

Pre-existing cardial comorbidity 1.265-16.414 0.02

Redo transplantation 1.165-22.785

of 22.2% among patients with NAS have been reported [14].
Patients with the worst prognosis seem to be those in whom
NAS occurs during the first year after transplantation [11,15].
Therefore, all transplant recipients were intensively monitored
for BC and underwent ERCP. Bile leaks can be interventionally
treated; success rates are 85-100% [6,10]. For anastomotic stric-
tures, ERCP treatment yields success rates of 70-90% [8,11,12],
and even NAS can be successfully treated in 50-75% of cas-
es [6,8,12]. With this intensified endoscopic diagnostic regi-
men, we diagnosed BCs in 42% of our patients after LTx. This
percentage is higher than those reported previously [6-8], but
this finding can be explained by several factors: ERCP was un-
dertaken at the slightest suspicion of BC, even mild cholesta-
sis detected in laboratory tests prompted invasive diagnostic
measures, and perhaps these BCs would not have been diag-
nosed under normal circumstances. After introduction of the
Model for End-Stage Liver Disease organ allocation system,
the incidence of BCs after LTx increased [9,16]; this is attrib-
utable to the reduced quality of donor organs. In our experi-
ence, the shortage of liver grafts in Germany has clearly neces-
sitated the increased use of marginal organs. Other transplant
centers have also observed a rise in BCs in recent years [16].
Apart from poorer organ quality, the rising frequency of BCs
can be explained by an increased awareness of the signs of
BCs in transplant centers and by the improvement in diag-
nostic modalities [3].

Some risk factors for the development of BCs could not be
confirmed in our study. Primary sclerosing cholangitis was de-
scribed by other investigators as a risk factor [14,17]. Of our
patients, 14% underwent transplantation for this indication,
but we found no difference in the incidence of BCs between
these patients and others. Hepatic artery thrombosis is an im-
portant risk factor [18]; a total of 21 vascular reconstructions
had to be performed during LTx among our patients. Although
these reconstructions were more frequently performed in pa-
tients without BCs (24%) than in those with BCs (16%), oc-
clusion of the hepatic artery was more common in those with
BCs (7%) than in those without (2%; P=0.31), but the differ-
ence was not significant, perhaps because of the low number
of events. Duct-to-duct biliary anastomosis is standard in LTx
because the rate of BCs afterward is lower than after Roux-en-Y
hepaticojejunostomy [19,20]. In our cohort, the incidence of
BCs did not differ between the 2 types of reconstruction. The
same result was found in other reports [16], and some inves-
tigators even reported a higher rate of BCs after duct-to-duct
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anastomosis [9]. The duration of cold ischemia has been re-
peatedly described as a risk factor for BCs, especially for NAS
[6,14,21]. In our cohort, the duration of cold ischemia was rel-
atively short: 566 min in patients with no BCs and 560 min
in patients with BCs. It was shown that the duration of cold
ischemia was correlated with the risk for BC [22], and if it was
kept short, the risk for BCs did not increase [3]. Warm isch-
emia time was comparable to other transplant centers (37-56
min) [3,19,23,24] and was not a risk factor for BCs. BCs occur
at much longer warm ischemia times of more than 1 h [14].
Blood group A and previous abdominal surgery have not been
previously described as risk factors. ABO incompatibility is
known to increase the risk for BCs [25,26], although specific
blood groups were not previously described. ABO blood types
as risk factors have been linked to several diseases, such as
pancreatic cancer [27] or venous thromboembolism [28]; there-
fore, blood group A could be a risk factor for BC development
after LTx. Patients with BCs had more often undergone previ-
ous surgery (58%) than had those without BCs (37%; P=0.037).
Operation time did not differ between patients who had not
undergone previous abdominal surgery (median, 321 min;
range, 287-402 min) and those who had (median, 322 min;
range, 290-385 min; P=0.83), and neither did the duration of
cold ischemia (median, 550 min [range, 470-630 min] vs 578
min [range, 515-622]; P=0.45); Roux-en-Y frequency also did
not differ between groups (P=0.141). It is possible that great-
er unspecific trauma from adhesiolysis might contribute to the
increased risk for BCs.

BCs were a risk factor for mortality within 1 year after LTx in
our cohort (69% of patients with BCs vs 38% of those without;
P=0.034). This emphasizes the importance of efforts to mini-
mize BCs. Serum bilirubin trough values, which are easily ob-
tained during the first 30 postoperative days, were prognos-
tic for 1-year survival (P=0.043). Other risk factors for 1-year
mortality are listed in Table 4. In patients with virus-related
cirrhosis, rates of patient and graft survival are excellent; only
patients receiving transplants for metabolic disease survive lon-
ger [29]. Re-transplantation is a univariable and multivariable
risk factor for 1-year mortality; this finding is consistent with
published data from European registries, in which the rate of
1-year survival after re-transplantation was only 53% [29]. To
our astonishment, donor organs in patients who died during
the first year weighed significantly less than those in survivors;
body mass index did not differ between the groups. Preventing
small-for-size syndrome is essential, and in most studies of the
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estimation of liver volume, cadaveric livers were used [30,31].
This is especially interesting because the formulas with refer-
ences from White populations were criticized for overestimat-
ing liver volume [30]. Bearing this finding in mind might help
surgeons choose organs with the correct weight rather than
those on the upper limit of the weight range.

Preexisting cardiac comorbidity was another significant risk fac-
tor for 1-year mortality, with an odds ratio of 4.556 (P=0.02).
Cardiovascular disease is an important cause of morbidity in
transplant recipients. Twenty-six percent of transplant recip-
ients have unknown moderate to severe coronary narrowing,
30% have hypertension, and 36% have diabetes mellitus [32].
The 10-year risk of coronary heart disease after liver transplan-
tation is 11.5% compared to 6.5% in the matched local pop-
ulation [33]. The relative risk for ischemic cardiac events and
cardiovascular deaths after transplantation is 3.07 and 2.56,
respectively [34]. Reducing the effects of cardiovascular dis-
ease (and posttransplant metabolic syndrome) is 1 of 3 strat-
egies for improving survival after LTx, according to the 10-year
Roadmap in 2016 [2]. This strategy is explicitly supported by
our data. For patients on the waiting list for transplants, we
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already intensively screen for preexisting cardiac diseases. If
these are not improvable (eg, fixed pulmonary hypertension
that does not respond to medication), patients are ineligible
for transplantation. Diagnostic testing is repeated annually in
patients on the waiting list. Whether this helps fulfill the ob-
jectives of the 10-year Roadmap must be assessed by pro-
spective evaluation.

Conclusions

The incidence of BCs after LTx is even higher than previous-
ly reported. At our institution, every case of suspected BCs is
checked with endoscopic- or radiologically-guided intervention.
This is of utmost importance because BCs represent a signifi-
cant risk factor for posttransplantation morbidity and mortal-
ity. An intensified focus on cardiac comorbidity is needed for
patients on the waiting list for LTx.
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