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Abstract
Background  Living-donor liver transplantation (LDLT) has been increasing in the USA. While data exist on longer-term 
patient and graft outcomes, a contemporary analysis of short-term outcomes is needed.
Aim  Evaluate short-term (30-day) graft failure rates and identify predictors associated with these outcomes.
Methods  Adult (≥ 18) LDLT recipients from 01/2004 to 12/2021 were analyzed from the United States Scientific Registry 
of Transplant Recipients. Graft status at 30 days was assessed with graft failure defined as retransplantation or death. Com-
parison of continuous and categorical variables was performed and a multivariable logistic regression was used to identify 
risk factors of early graft failure.
Results  During the study period, 4544 LDLTs were performed with a graft failure rate of 3.4% (155) at 30 days. Grafts from 
male donors (aOR: 0.63, CI 0.44–0.89), right lobe grafts (aOR: 0.40, CI 0.27–0.61), recipients aged > 60 years (aOR: 0.52, 
CI 0.32–0.86), and higher recipient albumin (aOR: 0.73, CI 0.57–0.93) were associated with superior early graft outcomes, 
whereas Asian recipient race (vs. White; aOR: 3.75, CI 1.98–7.10) and a history of recipient PVT (aOR: 2.7, CI 1.52–4.78) 
were associated with inferior outcomes. LDLTs performed during the most recent 2016–2021 period (compared to 2004–2009 
and 2010–2015) resulted in significantly superior outcomes (aOR: 0.45, p < 0.001).
Conclusion  Our study demonstrates that while short-term adult LDLT graft failure is uncommon, there are opportunities for 
optimizing outcomes by prioritizing right lobe donation, improving candidate nutritional status, and careful pre-transplant 
risk assessment of candidates with known PVT. Notably, a period effect exists whereby increased LDLT experience in the 
most recent era correlated with improved outcomes.

 *	 Madhukar S. Patel 
	 Madhukar.Patel@UTSouthwestern.edu

1	 Division of Digestive and Liver Diseases, UT Southwestern 
Medical Center, Dallas, TX, USA

2	 Qatar University Health Cluster, Qatar University, Doha, 
Qatar

3	 Department of Surgery, UT Southwestern Medical Center, 
5959 Harry Hines Blvd, HP04.102, Dallas, TX 75390, USA

http://orcid.org/0000-0001-7508-899X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10620-024-08280-5&domain=pdf


1489Digestive Diseases and Sciences (2024) 69:1488–1495	

Graphical Abstract

Keywords  Liver transplant (LT) · Living-donor liver transplant (LDLT) · Graft failure · Portal vein thrombosis (PVT) · 
ReTransplantation

Introduction

Over the past six decades, liver transplantation (LT) has 
evolved to become a highly effective treatment for end-
stage liver disease. Despite progress in prolonging recipi-
ent survival, an ongoing challenge has been the shortage of 
organs available [1–4]. Living-donor liver transplantation 
(LDLT) has become a viable alternative to help address this 
imbalance [5]. In 2022, 9,528 liver transplants (LT) were 
performed in the USA, of which 603 (6.3%) were LDLT 
as compared to 2004 where a total of 6171 LTs were per-
formed, of which 323 (5.2%) were LDLT [6, 7]. Recent 
studies have shown that with increased utilization of LDLT, 
there has been an improvement in 1-year survival outcomes 
(88.4% survival) over time [8].

With the increased adoption, the need to benchmark 
outcomes of LDLT relative to deceased donor LT (DDLT) 
remains essential, especially in regions where both graft 

types are available. Prior studies have shown superior long-
term outcomes (20-year follow-up) in LDLT recipients com-
pared to DDLT [9]. Moreover, LDLT has been shown to 
be associated with the most life years gained and increased 
long-term survival (1 year) as compared to any other life-
saving procedure [10]. As the main focus has been defining 
long-term outcomes in this patient population, limited dis-
cussion has been on early LDLT outcomes [11]. In an uncen-
sored cohort, 30-day LDLT recipient survival was similar to 
DDLT (97.6% vs. 97.0%, p = 0.13); however, 30-day LDLT 
graft survival was noted to be lower than 30-day DDLT graft 
survival (94.4% vs. 95.8%, p = 0.003). Moreover, grafts from 
donors with brain death (DBD) LT were found to have sig-
nificantly superior outcomes at 30 days compared to LDLT 
(aHR: 0.60, p < 0.001). [12]

Given the current limited data assessing short-term out-
comes in LDLT recipients and the previously noted lower 
early graft survival rates in LDLT, we aimed to evaluate 
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short-term (30-day) graft failure rates and identify predictors 
associated with these outcomes. We felt that this data would 
help identify opportunities for improvement and inform 
patient-centered discussions regarding LDLT.

Methods

Study Design and Participants

This study used data from the Scientific Registry of Trans-
plant Recipients (SRTR) database. The SRTR data system 
includes data on all donor, wait-listed candidates, and trans-
plant recipients in the USA, submitted by the members of the 
Organ Procurement and Transplantation Network (OPTN). 
The Health Resources and Services Administration (HRSA), 
U.S. Department of Health and Human Services provide 
oversight to the activities of OPTN and SRTR contractors. 
[13, 14]

Data Source and Data Management

The SRTR standard research analysis files from January 
2004 through December 2021 were queried for all adult 
(age ≥ 18) LDLT recipients and their corresponding donors. 
Domino transplants were excluded. Participants who under-
went DDLT during the same time period were included for 
comparison. The participant’s data (candidates, donors, and 
recipients) were merged from four resource files (“DONOR_
LIVE,” “CAND_LIIN,” “STATHIST_LIIN,” “TX_LI”) 
using the corresponding linking key indicated by the SRTR 
data dictionary.

Statistical Analyses

Early graft failure (death or retransplantation within 30 days) 
was the primary outcome and its association with donors and 
recipient characteristics was assessed. We used SPSS (ver-
sion 25.0, IBM, Armonk, NY) and R 4.1.2 for data merg-
ing and analysis. The continuous variables are presented as 
mean ± standard deviation. The categorical variables are 
presented as frequencies and percentages. We used Chi-
square or Fisher’s exact test (as applicable) for the categori-
cal variables, and Student’s T test for continuous variables 
to compare these variables. At the multivariable level, we 
performed a logistic regression model to assess the associa-
tion of the variables with the outcome. All clinically sig-
nificant variables with p-values < 0.2 at the univariate level 
were assessed with multivariable analysis. Significance was 
interpreted at α = 0.05. Any variables having more than 10% 
missing data were removed from the analysis (Supplemental 
Document 1).

Results

During the study period, 4544 patients underwent LDLT. 
LDLT recipients had a mean age 52.5 years ± 13, MELD of 
15.2 ± 5.7, BMI of 27.2 ± 11.1, and 3,952 (87%) received a 
right lobe graft. Among all LDLT recipients, 177 (3.9%) 
had graft failure. Of those with graft failure, 155 (3.4%) 
were within the first 30 days. Of the 155 early graft fail-
ures, 131 (84.5%) received retransplant, and 24 (15.5%) 
died. Moreover, there were 112,121 DDLTs recipients dur-
ing this time period. Among these, a total of 2,721 (2.4%) 
had graft failure. Of these DDLT failures, 2,093 (1.9%) 
developed graft failure within 30 days, 1276 (61.0%) 
received retransplant, and 817 (39.0%) died. In both LDLT 
and DDLT, most graft failure occurred within the 30 days 
of transplantation, with the mean being 15 days (LDLT: 
15 ± 18 days and DDLT 15 ± 20 days). With increasing 
time from transplant, the number of graft failures in LDLT 
and DDLT recipients decreased. The etiologies of LDLT 
and DDLT graft failure within 30 days were similarly dis-
tributed (Fig. 1). Of note, however, 70 LDLT recipients 
(39.6%) had an unknown cause of graft failure.

A comparison between LDLT recipients with short-
term graft failure to those without was performed 
(Table 1). LDLT donors of failed grafts were less likely 
white, male, or those with lower BMI compared to those 
donors without failed grafts. Regarding recipients, those 
with failed grafts had a lower albumin at transplant, were 
more likely to be female, had a higher bilirubin at trans-
plant, higher incidence of PVT (portal vein thrombosis), 
and had greater incidence of hospital admission prior to 
transplant (Table 1). Moreover, LDLT recipients with early 
graft failure had a significantly higher likelihood of being 
transplanted in the early period (2004–2008) of the US 
experience and were more commonly with left lobe grafts 
(Table 1).

For the multivariable analysis, clinically significant 
variables with p-values < 0.2 on univariate analysis were 
accounted for and donor variables included age, gender, 
race, BMI, health insurance, and preoperative creati-
nine, AST, and ALT. Similarly, candidate characteristics 
included age at transplant, gender, race, BMI, previous 
abdominal surgery, diabetes, PVT, encephalopathy, albu-
min, and lab MELD score. Procedural variables included 
graft laterality (left vs right lobe), CIT (cold ischemia 
time), transplant period, and center volume. Among the 
donor variables, only gender was found to be signifi-
cant, with male donors resulting in superior early graft 
outcomes compared to female donors (aOR: 0.63, CI 
0.44–0.89, p = 0.008). For candidate characteristics, older 
candidates (> 60 years of age) (aOR: 0.52, CI 0.32–0.86, 
p = 0.01) and higher albumin values (aOR: 0.73, CI: 
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0,57–0.93, p = 0.01) were significantly protective and 
resulted in lower risk of early graft failure, and Asian race 
(aOR: 3.75, CI 1.98–7.10, p < 0.001) as well as PVT (aOR: 
2.7, CI 1.52–4.78, p = 0.001) were significantly harmful 
factors resulting in a higher risk of early graft failure. 
Right lobes were found to be protective (aOR: 0.40, CI 
0.27–0.61, p < 0.001) as was being transplanted during 
the most recent time period (2016–2021) (aOR: 0.45, CI 
0.29–0.70, p < 0.001) (Table 2).

Discussion

Early graft failure after LDLT occurs in 3.4% of patients. 
Our results indicate that male donors, right lobe grafts, older 
recipients, recipients with higher albumin, and a transplant 
during the most recent era (2016–2021) were associated 
with superior early graft outcomes, whereas Asian recipi-
ent race and a history of PVT were associated with inferior 
outcomes. This information is important for preoperative 
counseling of both donor and recipients as it helps to ensure 
an optimal understanding of risk, benefits, and anticipated 
outcomes.

Despite the majority of graft failure in both LDLT and 
DDLT occurring within 30 days, this study is the first of 
its kind assessing short-term outcomes of LDLT recipients. 
Interestingly, current available literature has predominantly 
focused on one-year survival (likely due to this being used as 
a publicly reported outcome metric) and thus comparisons of 
time to failure to prior studies are not readily possible. The 
most common recorded cause of graft failure in both LDLT 
and DDLT was primary graft failure (defined as graft loss or 
patient death within two weeks of transplantation), vascular 

thrombosis, infection, and rejection. Acute rejection has 
been previously shown to be significantly associated with 
LDLT [15], while the remainder of aforementioned etiolo-
gies have been previously shown to be significantly associ-
ated with increased morbidity in DDLT recipients. [15–18]

With regard to donor factors, grafts from male donors 
were shown to be protective of early survival postop. 
Although there is no clear data assessing early outcomes of 
LDLT based on gender, male donors generally yield larger 
grafts than females, and this may have been beneficial in 
ameliorating risks postoperatively. Unfortunately graft 
weight was not available in the dataset; however, we did note 
that right lobes were independently associated with better 
outcomes. In prior studies, it has been shown that right lobe 
grafts result in a lower risk of developing small for size syn-
drome (SFSS) and postop mortality compared to recipients 
receiving left lobes. [19, 20]

With regard to recipient factors, age was shown to be a 
protective. In prior studies of DDLT, older age (> 60 years) 
was shown to lead to significantly lower survival rates [21]. 
The increased mortality in elderly recipients was felt to 
be linked to non-hepatic causes of death and to increased 
underlying comorbidities. In the current study, the finding 
of older age being protective may reflect some degree of 
recipient selection bias. Among centers outside of the USA, 
patients > 70 years that underwent LDLT were not found 
to have significant differences when compared to younger 
patients and in this setting, were noted to have similar out-
comes in terms of long-term survival [22, 23]. Given that 
LDLT is less commonly performed in the USA, when it is 
done for older recipients, it is more likely that these individ-
uals may be of lower risk overall thus potentially explaining 
the protective findings in the current study. Asian individuals 
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Table 1   Univariate analysis 
comparing donor, recipient, 
and operative characteristics of 
living-donor liver transplants 
among grafts that remained 
viable at 30 days vs grafts that 
failed by 30 days

Functional (N = 4,389) Early graft failure 
(N = 155)

p-value

Donor characteristics
Race
 • White 4072 (93%) 142 (92%) 0.048
 • Black 145 (3.3%) 2 (1.3%)
 • Asian 106 (2.4%) 9 (5.8%)
 • Other 66 (1.5%) 2 (1.3%)

Female sex 2,326 (53%) 95 (61%) 0.042
Age (years) 37.1 ± 10.3 37.8 ± 10.4 0.454
Health insurance 3,887 (89%) 129 (83%) 0.042
BMI (kg/m2) 26.4 ± 3.8 25.5 ± 4.7 0.01
Albumin (g/dL) 4.4 ± 0.4 4.3 ± 0.5 0.19
Alkaline phosphatase (IU/L) 66.0 ± 19.2 67.2 ± 19.6 0.44
Bilirubin (mg/dL) 0.7 ± 0.9 0.6 ± 0.4 0.9
INR 1.1 ± 1.6 1.0 ± 0.1 0.68
Creatinine (mg/dL) 0.9 ± 0.2 0.8 ± 0.2 0.13
AST (IU/L) 22.8 ± 15.7 24.7 ± 20.3 0.16
ALT (IU/L) 24.3 ± 18.3 27.2 ± 27.3 0.06
Recipient characteristics
Race
 • White 4,086 (93%) 138 (89%) 0.005
 • African American 149 (3.4%) 5 (3.2%)
 • Asian 110 (2.5%) 12 (7.7%)
 • Other 44 (1.0%) 0 (0%)

Female sex 2,006 (46%) 74 (48%) 0.62
Age 52.6 ± 12.8 50.4 ± 12.8 0.036
BMI (kg/m2) 27.2 ± 11.2 26.3 ± 5.0 0.32
MELD score at transplant 15.2 ± 5.7 15.8 ± 5.8 0.16
Albumin (g/dL) 3.2 ± 0.7 3.0 ± 0.7 0.025
Bilirubin (mg/dL) 4.0 ± 4.7 5.3 ± 6.6  < 0.001
INR 1.5 ± 0.7 1.5 ± 0.6 0.87
Creatinine (mg/dL) 1.0 ± 0.5 0.9 ± 0.4 0.32
Sodium (mmol/L) 136.7 ± 4.4 137.1 ± 4.6 0.25
ALT (IU/L) 84.0 ± 396.1 74.8 ± 89.1 0.82
Preop encephalopathy 2,261 (52%) 74 (48%) 0.41
Ascites 6 (50%) 0 (0%)  > 0.99
Diabetes 978 (22%) 32 (21%) 0.61
PVT 408 (9.3%) 33 (21%)  < 0.001
Previous abdominal surgery 2,045 (50%) 86 (58%) 0.054
Hospital admission 90 days prior to LT 553 (13%) 34 (22%)  < 0.001
Operative characteristics
Center volume: 0.12
 • High (> 20 LDLTs/year) 1,941 (44%) 64 (41%)
 • Medium (3–20 LDLTs / year) 2,107 (48%) 72 (46%)
 • Low (< 3 LDLTs/year) 341 (7.8%) 19 (12%)

Transplant period:  < 0.001
 • 2004–2009 1,089 (25%) 48 (31%)***
 • 2010–2015 1,196 (27%) 60 (39%)
 • 2016–2021 2,104 (48%) 47 (30%)

Left lobe graft 554 (13%) 38 (25%)  < 0.001
CIT (hours) 2.0 + 3.3 2.0 + 2.3 0.88
WIT (minutes) 38.0 ± 20.1 41.1 ± 22.0 0.21
Extra vessel used 1,403 (32%) 46 (30%) 0.55
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were shown to be at a disadvantage in early graft failure 
outcomes. This finding warrants further investigation as we 
were unable to elucidate any further factors that may be driv-
ing this association in the current study. Another recipient 
factor noted to impact outcomes was pre-transplant albumin 
levels. In patients with advanced cirrhosis, serum albumin 
is reduced and undergoes functional and structural varia-
tions resulting in a substantial decrease in native and effec-
tive albumin [24–29]. Candidates with lower albumin preop 
have thus been found to have more advanced cirrhosis and 
poorer survival [30, 31]. Importantly, treatment of hypoal-
buminemia with nutritional supplementation in patients 
with advanced cirrhosis has been found to be beneficial in 
improving overall patient survival and outcomes. [32]

Technical factors remain an important cause of mor-
bidity and mortality after LDLT and with PVT have been 
previously noted to have poorer outcomes postop [33–35]. 
This can also be seen in DDLT in which morbidity, graft 
failure, and mortality was increased in candidates perio-
perative PVT [36–38]. In the current study, the presence 
of recipient PVT at the time of LDLT was found to be an 
independent risk factor for early graft failure. Kadry et al. 
demonstrated that more than 60% of 47 transplant centers 

from all over the world surveyed considered PVT as either 
an absolute or relative contraindication to LDLT [39]. The 
degree of PVT and the presence/absence of collateral ves-
sels or other options for portal inflow are important in 
making this decision and assessing risk. These factors 
were unavailable in the current database but should be 
considered in future studies in order to further delineate 
the extent or grade at which PVT substantially increases 
recipient risk in LDLT and inform management strategies 
to deal with this.

Recent policy changes and advancements have resulted 
in increased interest and utilization of LDLT use in the 
USA [8, 40]. As LDLT prevalence and center experience 
evolves, LDLT outcomes have improved [41–44]. Spe-
cifically, there has been an increase in 1-year survival in 
LDLT recipients during the past decade with a decreased 
rate of retransplantation between the years 2015 and 2019 
[8]. In the current report, these findings are corroborated 
as being transplanted during the latest period (2016–2021) 
resulted in significantly decreased risk of early LDLT 
graft failure compared to transplant during an earlier time 
period. Other factors that are important to consider include 
institutional volume and experience, especially when start-
ing new programs or considering expansion of LDLT to 
higher risk recipients. [8]

There are inherent limitations to our study, most of which 
are due to the nature of the SRTR database. First, primary 
causes of graft failure within the 30-day post-LT were lim-
ited, and while we do have some data as described, only had 
60% of LDLT and 66% of DDLT recipients had a reported 
causes. Second, there was an inability to properly control for 
socioeconomic status in recipients of different backgrounds. 
Finally, lack of graft size and operative technical details (i.e., 
outflow reconstructive technique, portal hemodynamics, and 
modulation) limited the ability to properly assess the impact 
of these known variables on early LDLT outcomes.

In conclusion, although graft failure after LDLT is 
uncommon, when it does occur, it most often happens within 
30 days of transplant with the majority of cases resulting 
in retransplantation. Importantly, specific donor, recipient, 
and graft factors have been shown to portend lower risk. 
These data allow for patient-centered counseling of donors 
as well as recipients and have potential to inform strategies 
that lead to better short-term and eventual long-term out-
comes post-LDLT. Multi-institutional efforts should aim to 
further assess the findings of our study with the addition of 
granular LDLT-specific variables that may further influence 
early outcomes.

Table 1   (continued) Value are n (%) or median (interquartile range)
BMI body mass index, INR international normalized ratio, body metabolic index, AST aspartate transami-
nase, ALT alanine transaminase, CIT cold ischemia time, LOS length of stay, MELD model for end-stage 
liver disease, PVT portal vein thrombosis, CIT cold ischemia time, WIT warm ischemia time

Table 2   Multivariable analysis of early graft failure in LDLT recipi-
ents

aOR adjusted odds ratio; PVT portal vein thrombosis, LTx liver trans-
plant

Variables aOR CI Multivaria-
ble p-value

Donor characteristics
Male sex 0.63 0.44–0.89 0.008
Recipient characteristics
Age (ref: 18–39 years)
 • 40–59 years 0.74 0.48–1.15 0.18
 • > 60 years 0.52 0.32–0.86 0.01

Race (ref: white)
 • African American 0.74 0.27–2.06 0.55
 • Asian 3.75 1.98–7.10  < 0.001
 • Other 0 0 0.998

Last albumin prior to LTx 0.73 0.57–0.93 0.01
PVT 2.7 1.52–4.78 0.001
Encephalopathy 0.73 0.57–0.93 0.001
Right lobe 0.40 0.27–0.61  < 0.001
Transplant period (ref: 2004–2009)
 • 2010–2015 0.96 0.63–1.45 0.83
 • 2016–2021 0.45 0.29–0.70  < 0.001
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Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10620-​024-​08280-5.
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