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 Background: In adult liver transplantation, arterial conduits have been associated with increased risk for vascular complica-
tions and inferior outcome.

 Material/Methods: Complication rates and outcomes of adult patients undergoing liver transplantation in our center between 1990 
and 2012 were analyzed retrospectively. Characteristics, transplantation-related factors, and survival rates of 
patients with conduit grafts (n=43) were compared to patients with a standard arterial anastomosis (n=904) 
by univariate and multivariate analysis.

 Results: Patients in the conduit group were younger but had a significantly higher proportion of high-urgency and re-
transplantations. While patient survival was comparable between the groups, graft survival was inferior for pa-
tients with a conduit (1-year, 5-year, and 10-year survival, control vs. conduit group: 87.3%, 78.8% and 71.5% 
vs. 72.4%, 63.8%, and 41.8%, respectively, p=0.008). In univariate analysis, an arterial conduit was associated 
with more arterial and biliary complications. However, an arterial conduit was not an independent risk factor 
for graft or patient survival in a Cox regression analysis.

 Conclusions: An arterial conduit is associated with more vascular complications, yet a conduit per se does not influence graft 
survival. The inferior outcome may reflect the complex situation of the sicker liver transplant patients needing 
a non-standard arterial anastomosis.
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Background

Donor arterial interpositional grafts (conduits) are frequently 
used in pediatric liver transplantation, while in adult recipients 
conduits are mostly restricted to cases of insufficient vascular 
access such as small artery size and hepatic artery thrombo-
sis, or in retransplantation [1]. Usually, the donor iliac artery is 
used for revascularization via anastomosis to the recipients su-
pra- or infra-renal aorta and the donor hepatic artery. Arterial 
conduits have been associated with hepatic artery thrombosis 
(HAT) [2–4]. Late HAT (after 30 days) has been reported more 
often than early HAT (before 30 days), which usually shows a 
more severe clinical course. However, results remain contro-
versial on HAT and outcome results [4–7]. In a recent analy-
sis, the use of arterial conduits was associated with late HAT, 
ischemic cholangiopathy, and impaired graft survival in prima-
ry liver transplantation, underscoring the reluctancy of many 
surgeons to place conduit grafts [4].

The aim of this study was to analyze graft and patient out-
come in patients after primary liver transplantation and liver 
retransplantation using an arterial conduit.

Material and Methods

Analysis of patients undergoing orthotopic liver 
transplantation (OLT)

All adult patients (>18 years) undergoing OLT at the University 
of Innsbruck between 1990 and 2012 were analyzed retrospec-
tively. The database included patient demographics, indications 
for transplantation, donor- and procedure-related data, post-
transplant complications, and graft and patient survival data.

Standard OLT was performed with preservation of the donor 
inferior vena cava (IVC) or the piggy-back technique and an 
end-to-end portal vein anastomosis. Standard arterial recon-
struction was conducted between the donor and the recipi-
ent common hepatic artery using a patch of each gastroduo-
denal artery. In cases where this technique was not possible, 
an end-to-end anastomosis of the donor hepatic artery to the 
recipients’ coeliac trunk or the splenic artery was conducted. 
For certain indications (e.g., hepatic artery thrombosis and in-
sufficient arterial blood flow after conventional reconstruc-
tion), an arterial conduit was anastomosed directly to the 
supra- or infra-renal aorta using a segment of the donor com-
mon and external iliac artery. All but 1 patient in the conduit 
group in this study received such an infrarenal conduit. The 2 
patient groups (conduit vs. no conduit) were compared in re-
gard to demographic data, patient diseases, operation-relat-
ed data, and outcomes.

All patients were treated according to the local standard pro-
tocol. This includes intraoperative ultrasound control confirm-
ing vessel patency, which was repeated immediately after the 
operation and at least once during the first 7 days thereafter. 
Patients with an arterial anastomosis considered at risk for 
HAT (i.e., size discrepancy between donor and recipient artery 
or small-sized anastomoses) were treated with Heparin (ptt 
45–50 s) and/or acetylsalicylic acid, depending on their coag-
ulation status. During the hospital stay, Doppler ultrasound, 
computed tomography (CT), or MRI was performed upon clin-
ical suspicion (e.g., rise in ALAT, ASAT, LDH, lactate, bilirubin, 
decrease in lactate, total protein, reduced bile flow, or other 
signs of graft dysfunction). Arterial stenosis or HAT were diag-
nosed by 3-phase angio-computed tomography and diagnostic 
angiography, and was followed either by interventional angi-
ography, surgical intervention, or wait-listing for high-urgency 
retransplantation. Biliary complications included any abnormal 
finding in the biliary system, such as anastomotic leakage, ste-
nosis, kinking, and non-anastomotic strictures. Bile duct com-
plications following arterial complications were defined as bile 
duct stenosis, leakage, or necrosis within 3 months after an 
arterial complication.

Cold ischemia time (CIT) was defined as the time from cold 
organ perfusion during the retrieval procedure until start of 
implantation in the recipient. Warm ischemia time (WIT) was 
defined as the time from removing the liver from the cold pre-
servative solution until reperfusion.

Statistical analyses

Graft survival was calculated from the day of transplantation 
until the patient died or underwent retransplantation. Survival 
rates were unadjusted in this study and were calculated by 
Kaplan-Meier analysis. Statistical differences were assessed 
using the log-rank test.

As a univariate analysis, Fisher’s exact test was used to compare 
categorical variables and the Wilcoxon test (Mann-Whitney-U 
test) was used to calculate continuous variables.

A multivariate Cox regression analysis was used to calculate 
the influence of a conduit on graft and patient survival and 
influences of single-patient and operation-related factors on 
outcome in both groups, respectively. The following variables 
were included in the analysis: warm ischemia time, cold isch-
emia time, operation time, labMELD, arterial conduit, retrans-
plantation, reoperation, vascular complications, and biliary 
complications.

The data are shown as percentages, interquartile ranges, or 
numbers with medians or means and standard deviation or 
standard error. SPSS Statistics Software 22 (IBM; SPSS Inc.) 
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was used for data analysis. A p-value <0.05 was considered 
statistically significant.

Results

Patient groups

The present study included 947 adult patients undergoing 
OLT at our center between January 1990 and March 2012. 
Pediatric patients were excluded. The 904 patients with a 
standard arterial anastomosis were compared to the 43 pa-
tients with an aortic conduit. As shown in Table 1, patients 
in the conduit group were younger but had a significantly 
higher proportion of high-urgency and retransplantations. 

Furthermore, the spectrum of underlying liver diseases lead-
ing to transplantation differed between the groups. Chronic 
graft failure and arterial complications were more common 
in the conduit group, while fatty liver cirrhosis and hepatitis 
C were less frequent (Table 2).

Transplantation characteristics and early graft function

In the univariate analysis, graft and patient survival were low-
er following an arterial conduit (Figure 1, Table 2). There was 
a trend towards a longer warm ischemia time in the conduit 
group, and the operation time was significantly longer in this 
group. Of note, the primary non-function rate was 7% follow-
ing a conduit compared to 0.4% in the control group with a 
standard arterial anastomosis (p=0.003).

 Criteria
Control 

group (N)
 Statistics

Conduit 
group (N)

 Statistics  Test  P-Value

Recipient age (years)  903 55.01 (±10.05) 41 49.6 (±10.2)
Wilcoxon 
(MWU)

0.001

Recipient BMI  902 24.67 (±3.79) 43 23.91 (±3.80)
Wilcoxon 
(MWU)

0.299

Indication

Fatty cirrhosis 281 (35.3%) 9 (22.0%)

Chi-Square <0.001

Metabolic diseases 74 (9.3%) 4 (9.8%)

HU following art. 
complication

2 (0.3%) 4 (9.8%)

HCV 195 (24.5%) 4 (9.8%)

HCV + HU following art.
complication

0 (0.0%) 2 (4.9%)

HBV 54 (6.8%) 2 (4.9%)

Autoimmune diseases 73 (9.2%) 3 (7.3%)

Chronic graft failure 10 (1.3%) 4 (9.8%)

Biliary atresia/following 
Kasai operation

11 (1.4%) 1 (2.4%)

Other  97 (12.2%)  8 (19.5%)

LabMELD  562 16.69 (±6.98) 42 16.14 (±9.08)
Wilcoxon 
(MWU)

0.146

Donor age (years)  904  43.06 (±16.49) 41 40.00 (±15.43)
Wilcoxon 
(MWU)

0.271

Donor BMI 901 24.82 (±3.30) 43 24.03 (±3.18)
Wilcoxon 
(MWU)

0.319

Retransplantation
No  871 (96.3%)  27 (65.9%) Fisher’s 

exact
<0.001

Yes 33 (3.7%)  14 (34.1%)

High urgency 
transplantation

No 886 (98.0%) 30 (73.2%) Fisher’s 
exact

<0.001
Yes  18 (2.0%)  11 (26.8%)

Table 1. Patient and donor characteristics.

A p-value <0.05 was considered statistically significant.
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Graft and patient survival

Patient survival was comparable between the groups as depict-
ed in Figure 1 (1-year, 5-year, and 10-year survival, control vs. 
conduit group: 90.7%, 83.2%, and 77.5% vs. 82.1%, 78.1%, and 
66.7%, respectively, p=n.s.). In contrast, uncensored graft surviv-
al was inferior for patients with a conduit (1-year, 5- year, and 
10-year survival, control vs. conduit group: 87.3%, 78.8%, and 
71.5% vs. 72.4%, 63.8%, and 41.8%, respectively, p=0.008). As 
expected, grafts in this group were mainly lost in the first months 
after transplantation, while survival thereafter was compara-
ble to that seen in patients with standard arterial anastomosis.

Postoperative complications

Overall complication rates were significantly increased in pa-
tients with an arterial conduit. In particular, reoperations were 
high-urgency and more frequent in this group (41.9%, p<0.001). 
While there was an overall trend towards a higher rate of bile 
duct complications, only bile duct stenosis was more frequent 
after placement of a conduit. Importantly, bile duct complica-
tions following arterial complications within 3 months were 
comparable between the groups (Table 3).

An arterial conduit was associated with more vascular compli-
cations postoperatively (p=0.003). These events were further 
divided into arterial complications within 30 days after trans-
plantation (early complications) and after 30 days (late com-
plications). Interestingly, early complications were compara-
ble between the groups, while late arterial complications were 
more frequent following a conduit. These results indicate that 
a non-standard arterial anastomosis, which is only conduct-
ed in situations of very challenging vessel status, may induce 
subacute inflow problems causing ischemia of the bile system.

Cox regression analysis

To further analyze causes of inferior graft survival in patients 
with a conduit, a Cox regression analysis was performed. 
Common factors affecting graft and patient survival failure 
were included based on their statistical outcome in Fisher’s 
exact tests.

In the multivariate analysis, an arterial conduit per se was not 
an independent risk factor for survival in this study (Figure 2). In 
contrast, the length of warm ischemia time and retransplanta-
tion negatively affected patient survival. In addition, each patient 

 Criteria
Control 

group (N)
 Statistics

Conduit 
group (N)

Statistics  Test  P-Value

Patient survival (months) 903 75.41 (±58.37) 43 71.28 (±73.29)
Wilcoxon 
(MWU)

0.17

Patient death
No 723 (80.0%) 31 (72.1%) Fisher’s 

exact
0.243

Yes 181 (20.0%) 12 (27.9%)

Graft survival 
(months)

 821 64.47 (±55.41) 34 57.48 (±60.76)
Wilcoxon 
(MWU)

0.2

Graft failure
No 688 (76.1%) 28 (65.1%) Fisher’s 

exact
0.105

Yes 216 (23.9%) 15 (34.9%)

Warm ischemia time 
(min)

774 50.86 (±17.09) 42 59.48 (±34.41)
Wilcoxon 
(MWU)

0.089

Cold ischemia time 
(min)

785 510.04 (±162.50) 43 474.58 (±151.80)
Wilcoxon 
(MWU)

0.107

Operation time (min) 353 384.73 (±116.20) 41 526.63 (±148.48)
Wilcoxon 
(MWU)

<0.001 

Immediate 
Performance

Good 630 (82.6%) 25 (75.8%)

Fisher’s 
exact

0.119
Acceptable 123 (16.1%) 6 (18.2%)

Poor 9 (1.2%) 2 (6.1%)

Missing 1 (0.1%) 0 (0.0%)

Primary nonfunction
No 900 (99.6%) 40 (93.0%) Fisher’s 

exact
0.003

Yes 4 (0.4%) 3 (7.0%)

A p-value <0.05 was considered statistically significant.

Table 2. Patient and donor characteristics.
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Figure 1.  Patient and graft survival. Overall patient survival (A) and graft survival (B) following adult liver transplantation with 
an arterial standard anastomosis (blue) or with an arterial conduit (green). A p-value <0.05 was considered statistically 
significant. While patient survival was comparable, graft survival was significantly lower in the conduit group as assessed by 
log-rank test.

 Criteria
Control 

group (N)
Conduit 

group (N)
 Test  P-Value

Reoperation
No 756 (83.6%) 25 (58.1%) Fisher’s 

exact
<0.001

Yes 148 (16.4%) 18 (41.9%)

Bile duct complications
No 685 (75.8%) 28 (65.1%) Fisher’s 

exact
0.146

Yes 219 (24.2%) 15 (34.9%)

BD leakage Yes 49 (5.4%) 7 (16.3%) Fisher’s exact 0.01

BD stenosis Yes 182 (20.1%) 10 (23.3%) Fisher’s exact 0.566

BD complications following 
art. complications

Yes 14 (1.5%) 0 (0.0%) Fisher’s exact 1

Vascular complications
No 866 (95.8%) 36 (83.7%) Fisher’s 

exact
0.003

Yes 38 (4.2%) 7 (16.3%)

Arterial complications
Within 30 days 17 (1.9%) 2 (4.7%) Fisher’s 

exact

0.212

After 30 days 18 (2.0%) 3 (7.0%) 0.066

Arterial thrombosis
Within 30 days 6 (0.7%) 1 (2.3%) Fisher’s 

exact

0.278

After 30 days 8 (0.9%) 3 (7.0%) 0.011

Arterial stenosis
Within 30 days 4 (0.4%) 1 (2.3%) Fisher’s 

exact

0.208

After 30 days 10 (1.1%) 1 (2.3%) 0.402

Portal vein thrombosis Yes 15 (1.7%) 2 (4.7%) Fisher’s exact 0.178

Table 3. Postoperative complications.

A p-value <0.05 was considered statistically significant.
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group (conduit or no conduit) was analyzed separately in a Cox 
regression analysis (Figures 3, 4). Although retransplantation re-
mained an independent risk factor in the standard patient group, 
no single factor could be identified for patients with a conduit.

Graft survival in the overall patient cohort was negatively affect-
ed if patients underwent retransplantation (Figure 5). In the sub-
group analysis, reoperation and retransplantation were associat-
ed with worse graft outcome in patients with a standard arterial 
anastomosis (Figure 6). Again, no risk factor for graft survival 
could be identified in the conduit group, even though a negative 
trend was seen for warm ischemia time and retransplantation.

In summary, an arterial conduit did not affect survival after 
OLT. The fact that none of the examined factors reached sta-
tistical significance in the conduit group may be explained by 
the small number of patients.

0.500.10 1.00 5.00 15.00 35.00

Patient survival, conduit

WIT – 60:40
CIT – 613.25:383

OPDur – 464.75:316
Conduit – Yes:No

ReTx – Yes:No
ReOp – Yes:No

VascComp – Yes:No
BileComp – Yes:No

Figure 3.  Risk factors for patient survival in the conduit group. 
Since patient and transplant characteristics differed 
between the groups, a Cox regression analysis was 
conducted for the conduit group, but no independent 
risk factors were found.

0.50 0.75 1.00 2.00 2.50 3.50 4.50 6.001.50

Graft survival, overall

WIT – 60:40
CIT – 613.25:383

OPDur – 464.75:316
Conduit – Yes:No

ReTx – Yes:No
ReOp – Yes:No

VascComp – Yes:No
BileComp – Yes:No

Figure 5.  Risk factors for graft survival in the overall cohort 
(conduit and control group) Risk factors that 
were significantly different or showed a strong 
trend on univariate analysis were selected for Cox 
regression analysis. On multivariate analysis, only 
retransplantation (but not an arterial conduit) was an 
independent risk factor for patient survival.

0.500.10 20.00 80.00

Graft survival, conduit

WIT – 60:40
CIT – 613.25:383

OPDur – 464.75:316
Conduit – Yes:No

ReTx – Yes:No
ReOp – Yes:No

VascComp – Yes:No
BileComp – Yes:No

Figure 6.  Risk factors for graft survival in the conduit group. Cox 
regression analysis did not reveal independent factors 
for graft survival.

0.50 0.75 1.00 2.00 3.00 4.00 6.00 8.00

Patient survival, no conduit

WIT – 60:40
CIT – 613.25:383

OPDur – 464.75:316
Conduit – Yes:No

ReTx – Yes:No
ReOp – Yes:No

VascComp – Yes:No
BileComp – Yes:No

Figure 4.  Risk factors for patient survival in the control group. 
On multivariate analysis, only retransplantation was an 
independent risk factor for patient survival.

0.50 0.75 1.00 2.00 3.00 4.00 5.501.50

Patient survival, overall

WIT – 60:40
CIT – 613.25:383

OPDur – 464.75:316
Conduit – Yes:No

ReTx – Yes:No
ReOp – Yes:No

VascComp – Yes:No
BileComp – Yes:No

Figure 2.  Risk factors for patient survival in the overall cohort 
(conduit and control group). Risk factors that were 
significantly different or showed a strong trend on 
univariate analysis were selected for Cox regression 
analysis. On multivariate analysis, an arterial conduit 
was not an independent risk factor for patient survival, 
whereas warm ischemia time and retransplantation 
had significant effects on patient survival.
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Discussion

The most frequent surgery-related complications after ortho-
topic liver transplantation are arterial and biliary complica-
tions; the latter are often related to the former [2]. To achieve 
excellent arterial perfusion, in 6–19% of the cases an arterial 
interposition graft was used [4,5]. The use of a donor iliac ar-
tery interpositional graft for revascularization (conduit) of he-
patic artery flow is very often an intraoperative decision, and 
thus is decided by the surgeon. The decision to place a con-
duit in adult recipients is situation-dependent, but mostly is 
used in the sickest patients, which explains the lack of large 
prospective studies and the heterogenicity of published re-
sults. In particular, the incidence of vascular complications, no-
tably hepatic artery thrombosis (HAT), in the context of a con-
duit is controversial. Some studies did not find an association 
with HAT compared to a standard arterial anastomosis [8,9]. 
On the other hand, arterial conduits have also been demon-
strated to be independent risk factors for early and late HAT 
in many studies [1–4,10]. In this regard, late arterial thrombo-
sis is a known risk factor for biliary ischemia and subsequent 
graft loss [1,11–13]. As a consequence, Hibi et al. recommend-
ed strictly limiting the use of hepatic conduits, given that HAT 
has been shown to account for almost one-third of liver re-
transplantations [4,14]. Due to the small number of patients 
with complications, in particular HAT, in the conduit group, a 
multivariate analysis of associations between single complica-
tions and outcomes was not feasible in our study.

Of note, our observation of increased rate of late (but not early) 
arterial complications is supported by results from other cen-
ters [3,4]. Upon arterial reperfusion, the relatively wide con-
duits provide a sufficient blood flow. However, the discrepancy 
in diameters between the donor iliac artery and the recipient’s 
hepatic artery may cause flow turbulences, and donor iliac ar-
teries may contain arteriosclerotic plaques, especially if they 
were retrieved from elderly donors. Both of these factors may 
predispose a patient to later HAT.

Interestingly, Oh et al. [15] reported that in liver retransplan-
tation, only a preexisting conduit represents a risk factor for 
HAT, underscoring the relevance of chronic rather than acute 
influences in this process.

We observed a longer operation time, a higher relaparoto-
my rate, and a trend towards prolonged ischemia times in 
the conduit patient group, all of which are known risk factors 
for HAT after liver transplantation [2,16–18]. As stated above, 
there was a trend towards a longer warm ischemia time and 
a longer operation time in the conduit group. This may be ex-
plained by selection bias, as the indication for a conduit is of-
ten established based upon intraoperative findings such as in-
sufficient hepatic artery diameter or unexpected hepatic artery 

thrombosis. It may also be conceivable that these confound-
ing factors contribute to the higher risk of HAT in the conduit 
group. Minimization of these variables may also improve out-
comes following an arterial conduit.

Bile duct complications following arterial complications within 
30 days were similar between the groups. Furthermore, over-
all bile duct complication rates also did not differ between 
the groups. Thus, arterial complications did not seem to af-
fect graft survival through ischemic cholangiopathy. In line 
with this finding, neither bile duct complications nor vascular 
complications were independent risk factors for survival in this 
study. Our findings are supported by Nikitin et al., who also 
observed a longer operation time but did not identify any ad-
verse factors associated with a conduit [5]. On the other hand, 
our results show significantly more bile duct leaks following a 
conduit, which has been reported before [4]. Again, this may 
not be solely caused by early arterial inflow complications, as 
these were not increased in conduit patients. Rather, factors 
that may account for anastomotic leaks may be a higher re-
transplantation rate, including more frequent hepatojejunos-
tomies, a longer warm ischemia time, and a higher relaparot-
omy rate [19–23].

In this study, 10-year patient survival yielded good results and 
was independent of the type of arterial anastomosis. In con-
trast, graft survival of patients with a conduit was acceptable 
but significantly lower compared to the standard anastomosis 
group. However, given the higher rate of HU transplantations 
and retransplantations, the 10-year graft survival rate with a 
conduit can still be considered acceptable. This observation is 
in line with results published by Hibi et al. [4]. However, while 
the aforementioned study included only primary liver trans-
plant patients, about one-third of patients with a conduit un-
derwent liver retransplantation in our study. Moreover, the pro-
portion of patients undergoing high-urgency transplantation 
was higher in the conduit group. Both retransplantation and 
high-urgency transplantation have been identified as strong 
risk factors for graft failure after liver transplantation [24–26]. 
Likewise, retransplantation was a strong risk factor for poor 
graft and patient survival in our study. While the multivariate 
analysis did not identify any independent risk factors in the 
conduit group, the additive effect of retransplantation, HU 
transplantation, and prolonged cold and warm ischemia may 
account for the impaired graft survival in this group [5]. The 
sum of these factors, together with a higher labMELD, rather 
than the presence of a conduit per se may explain the worse 
outcomes of conduit patients in our study. In this context, our 
multivariate analysis showed that a conduit did not influence 
graft or patient survival.

Placement of an arterial conduit cannot be avoided in many 
cases. Our findings show that it may not be the arterial graft 
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itself, but rather the complex situation with many adverse 
co-factors, that predisposes to a worse outcome. Still, metic-
ulous back-table work, cautious arterial clamping to avoid in-
timal dissection, and the use of vessel grafts that are as size-
matched as possible (i.e., carotid artery) could minimize the 
risk of conduit grafts. Moreover, the placement of the graft 
needs to be such that kinking, shear stress, and adverse an-
gles are avoided. In this regard, supracoeliacal interpositional 
grafts may offer better characteristics than infrarenal conduits; 
however, this approach has been associated with increased 
HAT and complication rates [1,17].

Conclusions

In summary, patient survival itself was not affected by a con-
duit, while long-term graft survival was inferior in this group. 
In this regard, overall complication rates, late arterial compli-
cations, and bile duct leaks were more frequent in patients 
with an interpositional graft. Importantly, a conduit per se was 

not an independent risk factor for poor survival in our study. 
Therefore, an arterial conduit can be recommended. Careful 
patient selection minimizing significant outcome risk factors 
rather than strictly avoiding a conduit whenever possible may 
improve long-term outcome.

Our study was limited by the fact that it was retrospective 
and consisted of a medium-sized study group (n=43). The 
conduit group in our study was heterogenous in that signif-
icant risk factors, such as retransplantation and HU trans-
plantation rates, were distinct from patients in the standard 
group. As mentioned before, the decision to place a conduit 
is made by a surgeon, which may be a selection bias in this 
study. Moreover, data were collected in a time period of 20 
years, thereby reflecting changes in immunosuppression and 
donor and recipient characteristics that may not have been 
recorded. Routine diagnostics in outpatient care do not espe-
cially screen for vascular complications unless lab values or 
clinical symptoms create suspicion; therefore, occult compli-
cations may not have been detected.
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