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Abstract

The purpose of this study was to explore long-term complications in recipients of deceased donor 

liver transplant (DDLT) and living donor liver transplant (LDLT) in the Adult-to-Adult Living 

Donor Liver Transplantation Cohort Study (A2ALL). We analyzed 471 DDLTs and 565 LDLTs 

from 1998 to 2010 followed up to 10 years for 36 categories of complications. Probabilities of 

complications and their resolution were estimated using Kaplan-Meier and predictors were tested 

in Cox models. Median follow-up for DDLT and LDLT was 4.19 and 4.80 years, respectively. 

DDLT recipients were more likely to have hepatocellular carcinoma (HCC) and higher disease 

severity, including Model for End-stage Liver Disease (MELD) score. Complications occurring 

with higher probability in LDLT included biliary-related complications and hepatic artery 

thrombosis (HAT). In DDLT, ascites, intra-abdominal bleeding, cardiac complications, and 

pulmonary edema were significantly more probable. Development of chronic kidney disease 

(CKD) stage 4 or 5 was less likely in LDLT recipients (HR 0.41, p=0.02). DDLT and LDLT had 

similar risk of grade 4 complications (HR=0.89, p=0.60), adjusted for other risk factors. Once a 

complication occurred, the time to resolution did not differ between LDLT and DDLT. Future 

efforts should be directed towards reducing the occurrence of complications after liver 

transplantation.
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Liver transplantation; post-operative complications; living donor

Introduction

Living donor liver transplantation (LDLT) was developed to enable the use of liver 

replacement therapy in areas where deceased donor liver allografts were in far too short 

supply. In the United States, LDLT has been shown to significantly reduce waiting list 

mortality (1) and is associated with improved 5-year survival (2). Application in the United 

States has been limited by both concerns about donor safety, as well as the increased 

technical difficulty associated with LDLT. The Adult-to-Adult Living Donor Liver 

Transplantation Cohort Study (A2ALL), a consortium of nine US centers with significant 

experience in adult-to-adult living donor liver transplantation, reported that Clavien grade 

IV complications (defined as re-transplantation or death) were more common in the early 
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experience of a center (cases 1-20) (3), with an additional increased risk of vascular 

complications (3). The risk of biliary complications was also significantly higher for both 

biliary leaks and biliary strictures versus patients who underwent deceased donor liver 

transplantation (DDLT) (3). High rates of biliary complications have been similarly 

observed in single center studies of LDLT (4, 5). LDLT recipients have also been shown to 

have higher rates of post-transplant hospitalization (6, 7).

There are limited comparative data on post-transplant complications after LDLT and DDLT 

in the US, because publicly available national data contain limited detail on specific 

complications. In this study, we analyzed 471 DDLT and 565 LDLT transplants from the 

A2ALL consortium to better understand the complications and morbidity associated with 

DDLT and LDLT over a 12-year period. We show the probability and risk associated with 

each procedure of developing the most common complications and the time course and 

likelihood of their resolution.

Methods

Data Collection

Potential living donor transplant recipients who had a donor evaluated between January 1, 

1998 and August 31, 2009 were enrolled at each of the nine A2ALL centers beginning in the 

third quarter of 2004 and followed through August 31, 2010. These potential recipients may 

have ultimately received an LDLT, a DDLT, or neither. Clinical data, including laboratory 

data, hospitalizations, and complications, were collected based on a common protocol, with 

study visits occurring at post-donation weeks 1 and 2, months 1, 3, and 12, and annually 

thereafter. Data collected on post-transplant complications included whether the transplant 

was an LDLT or DDLT, dates of onset and resolution, as well as information required for 

grading of severity using the Clavien classification scheme (8–10). Subjects could enroll 

either before or after transplant, and information prior to enrollment was collected via chart 

review. Clinical and laboratory data, including patient and graft survival, deceased donor 

characteristics, and serial creatinine values were supplemented using data from the Scientific 

Registry of Transplant Recipients (SRTR) when they were not available in the A2ALL 

clinical database. The SRTR data system includes data on all donors, wait-listed candidates, 

and transplant recipients in the US, submitted by the members of the Organ Procurement 

and Transplantation Network (OPTN), and has been described elsewhere. The Health 

Resources and Services Administration (HRSA), U.S. Department of Health and Human 

Services provides oversight to the activities of the OPTN and SRTR contractors.

The A2ALL study includes 1,208 successful transplant recipients, as well as 14 whose 

transplant was aborted for recipient reasons (total n=1222). LDLT recipients whose 

transplants (whether complete or aborted) were among the first 20 LDLT cases at their 

center were excluded (n=175, including 2 aborted donations) because this learning curve 

period has been previously shown to be associated with a higher probability of 

complications (3); DDLT recipients during the early LDLT period at each center were 

included. Subjects who could not be linked to the SRTR were also excluded due to resulting 

data limitations; SRTR was the major source for data on DDLT donors. A total of 1,036 

patients proceeded to the operating room with the intention of receiving an LDLT (n=565) 
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or DDLT (n=471) and were included for analysis. Transplant procedures aborted for 

recipient reasons (1 LDLT, 11 DDLT) were included in Table 1 but excluded from 

subsequent analyses. Of the 1,036 patients in this report, 422 were previously included in 

Freise et al.(3) The current study includes 1,289 person-years of new follow-up in addition 

to the 820 person-years reported in the previous publication.

Human Subjects Protection

This study was approved by the Institutional Review Boards of the University of Michigan 

Data Coordinating Center and each of the nine A2ALL centers. University of Michigan’s 

IRBMED is 2002-0484 (HUM00045813). Colorado is 03-1115; Columbia is AAAA2671; 

Northwestern is CR2_STU00008840; Penn is 801069; UNC is 03-1484; UCLA is 

02-11-006-21; UCSF is 10-03052; UVA is 11066; and VCU is 3560.

Statistical Methods

Descriptive statistics for LDLT and DDLT recipients are shown as means, standard 

deviations, frequencies, and percentages. Comparisons between LDLT and DDLT recipients 

were made using t-tests for continuous variables and chi-square or Fisher’s exact test for 

categorical variables. Unadjusted probabilities of the first occurrence of specific 

complications by time since transplant for the first year post-transplant and over all follow-

up were estimated using the Kaplan-Meier method; comparisons between LDLT and DDLT 

were made using the log-rank test. Similar methods were used to estimate the probability of 

resolution of selected complications for all occurrences of each complication. Specific 

complications were categorized as being significantly higher in either LDLT or DDLT or 

not significantly different based on the unadjusted log-rank p-value over all follow-up.

Data on recipient BMI, MELD, and components of the donor risk index (DRI) for DDLT 

recipients including donor age, race, height, cause of death, cold ischemia time, liver type 

(split vs. not), donation after cardiac death, liver origin, and medical condition at transplant 

were missing in less than 5% while cold ischemia time and duration of operation were 

missing in around 10%. Missing covariate data were imputed five times using the multiple 

imputation algorithm in IVEware software to generate five complete datasets. Each dataset 

was analyzed, and the results pooled to reflect both within- and between-analysis variation, 

leading to valid statistical inferences that properly reflect the uncertainty due to missing 

values (11).

Outcomes of interest for multivariable Cox models were time to first biliary stricture, time to 

first grade 4 complication, and time from transplant to the earlier of chronic kidney disease 

(CKD) stage 4 or 5 including end-stage renal disease (ESRD). CKD was defined as having 

at least two eGFR measurements < 30 ml/min/1.73m2; to rule out acute kidney injury, we 

also required that the last eGFR measurement be < 30 ml/min/1.73m2. Date of onset of CKD 

was defined as the date of the first eGFR < 30 ml/min/1.73m2. Covariates tested in all 

models included recipient demographics, primary diagnosis, medical condition at transplant 

including MELD, and intraoperative characteristics such as cold ischemia time and length of 

operation. Transplant type (LDLT vs. DDLT) was included in all models regardless of 

significance; in some models DDLT was dichotomized based on whether or not the organ 
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was donated after cardiac death (DCD, n=19), resulting in three transplant type categories 

(LDLT, non-DCD DDLT, and DCD-DDLT).

Models were selected using the method of best subsets on each of the five imputed datasets 

and the results were combined using the REGRESS macro in IVEware, which calculates the 

variances of parameter estimates, corrected for the between- and within-imputation 

variation. When different covariates were chosen in different imputation datasets, all chosen 

covariates across the five datasets were included in a combined model and backwards 

selection was used to remove covariates that did not meet the 0.05 significance level. All 

analyses were carried out using SAS 9.3 (SAS Institute Inc., Cary, NC).

Results

Recipient demographics

Median follow-up time for the 1,036 recipients analyzed was 4.59 years (range 0–10.9). 

Follow-up time was longer for LDLT recipients compared to DDLT recipients (4.80 years 

vs. 4.19 years) but this difference was not statistically significant (log-rank p-value = 0.45). 

At the time of transplant, the average age of LDLT and DDLT recipients was 51.0 

(SD=10.9) and 52.2 (SD = 10.4), respectively (Table 1). The majority of recipients were 

male and non-Hispanic with an average BMI between 26 and 27 kg/m2. HCV was the 

primary diagnosis in 45% and 40% of DDLT and LDLT, respectively. Recipients of LDLT 

and DDLT differed significantly by race (91% vs. 84% white, p=0.01), diagnosis of HCC 

(12% vs. 22%, p<0.0001), and cholestatic disease (25% vs. 20%, p=0.04), and disease 

severity at the time of transplant. DDLT recipients were more likely to have a higher 

physiologic MELD, more likely to be in the ICU, on a ventilator, or have ascites. Eighty-

five percent of LDLT recipients had a physiologic MELD less than 21 at the time of the 

transplant compared to 57% of DDLT recipients. In addition, LDLT and DDLT recipients 

differed significantly on intraoperative characteristics such as cold ischemia time and 

duration of operation, with LDLT recipients having shorter cold ischemia times and longer 

operations (p<0.0001 in both cases).

Complication Probability by Transplant Type

At least one complication occurred in 70% and 73% of DDLT and LDLT, respectively, 

highlighting the challenge of liver transplantation. Complications were further categorized 

as occurring with significantly higher probability in LDLT recipients, DDLT recipients, or 

occurring with similar probability in both groups based on the overall probability of first 

occurrence of the complication (Table 2). Five of the 36 tracked complications were more 

probable in recipients of LDLT, while four of the tracked complications were more probable 

in DDLT recipients. Complications more probable in LDLT recipients were predominantly 

biliary in nature. This included biliary leaks (LDLT probability 26% vs. DDLT probability 

9%, p<0.0001), strictures (LDLT probability 32% vs. DDLT probability 21%, p=0.0002), 

and biliary tree infections (LDLT probability 14% vs. DDLT probability 6%, p=0.006). 

Hepatic artery thrombosis and blood infections also occurred with significantly higher 

probability in LDLT recipients. Localized intra-abdominal abscesses additionally occurred 

with significantly higher probability in LDLT in the first year post-transplant (6% compared 
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to 3% in DDLT, p=0.02), but was not significantly different between the two groups, overall 

(p=0.06).

Whereas technical complications were more probable in LDLT, complications potentially 

related to graft issues or ischemia reperfusion were more probable in DDLT recipients. We 

found in DDLT recipients ascites, pulmonary edema, intra-abdominal bleeding, and cardiac 

complications were more probable, with the largest difference occurring in pulmonary 

edema, occurring with a probability of 36% in DDLT compared to 10% in LDLT 

(p<0.0001). All of the differences mentioned above were present in the first year post-

transplant except for blood infection, which occurred with a probability of 20% in LDLT 

compared to 13% in DDLT in the first year post-transplant (p=0.05).

Figure 1 shows the unadjusted Kaplan-Meier estimate of the probability of the first 

occurrence of the nine complications that occurred with significantly different probabilities 

in LDLT compared to DDLT. Time in years from transplant is shown on the log base 10 

scale to highlight differences in the first year post-transplant. In the case of biliary stricture, 

biliary tree infection, and blood infection, differences in probability between LDLT and 

DDLT do not manifest until later into the first year post-transplant, while differences in 

other complications can be seem almost immediately post-transplant. In addition, biliary 

stricture, blood infection, and ascites continue to occur for the first time with relatively high 

probability well after the first year post-transplant.

In 27 of the 36 complications tracked in the study there were no significant differences in 

the overall probability of occurrence between the types of transplants. Infections were the 

most common complication that recipients of liver transplant faced, occurring with a 

probability of 43% in LDLT and 45% in DDLT (p=0.90, Table 2). Pleural effusion, hernia, 

and psychological complications also occurred with a probability of at least 20% in either 

LDLT or DDLT. While some complications occurred for the first time with high probability 

in the first year but relatively low probability after that, some complications continued to 

occur with high probability well after the first year post-donation. This was most notable in 

the case of hernias, which occurred with a probability of 7%–8% in the first year but 24%–

25% overall, indicating high probability of first occurrence after the first year. Infection, 

ascites, biliary strictures, and psychological complications also continued to occur for the 

first time with relatively high probability after the first year post-transplant.

Biliary Complications

The probability of biliary leak was three times greater in the first year post-LDLT compared 

to DDLT. Nearly all biliary leaks occurred in the first year and there were no differences in 

leaks after the first year (Supplementary Table 1). There was a 39% reduction in the 

probability of biliary stricture with DDLT versus LDLT in the first year (Table 2). Biliary 

strictures continued to occur in LDLT and DDLT after the first year with relatively high 

probability (Figure 1) although there was no significant difference between DDLT and 

LDLT after the first year. In fact, there was a 50% increase in the unadjusted probability of 

biliary strictures in DDLTs after the first year. After adjusting for other significant factors 

related to the first occurrence of biliary stricture including duration of operation, and 

dividing the DDLT group into those who received a DCD organ (n=19) and those who did 
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not, we found that while the risk of biliary strictures in non-DCD DDLT recipients was 43% 

lower than in LDLTs (95% CI = 0.41–0.77, p=0.0004, Table 3), DCD DDLT had a much 

higher risk of biliary strictures compared to LDLT recipients (HR = 2.15, 95% CI = 1.07–

4.34, p=0.03). Additionally, we found that liver transplant recipients at centers with the 

higher volumes of LDLT in a given year appeared to have lower biliary stricture risk (HR = 

0.82, 95% CI = 0.97–0.99, 0.04).

Differences in renal function after transplantation

While the frequency of CKD or ESRD as defined above was relatively low in our 

population, occurring in only 11 LDLT recipients and 28 DDLT recipients, we observed that 

the risk of developing CKD or ESRD post-liver transplant was 2.5 times higher for DDLT 

recipients compared to LDLT recipients (95% CI = 1.89–5.05, p=0.02). This effect was 

adjusted for the level of serum creatinine at transplant, implying that among LDLT and 

DDLT recipients with the same level of serum creatinine at transplant, LDLT recipients 

have a lower risk of developing CKD or ESRD post-transplant. This holds for both 

recipients with relatively high levels of serum creatinine, indicating renal dysfunction at the 

time of transplant, as well as for recipients with normal renal function at transplant as 

measured by serum creatinine. The model was also adjusted for presence of ascites at 

transplant, and history of TIPSS at transplant, which were also significantly associated with 

the risk of developing CKD or ESRD post-liver transplant (Table 3).

Risk of Grade 4 Complications

Using the Clavien grading system, grade 4 complications were defined as those that resulted 

in retransplant or death. Comparing DDLT to LDLT, when analyzing cases after the 

twentieth LDLT case at each center, there was no difference in risk of grade 4 complications 

between LDLT and non-DCD DDLT recipients (HR = 0.89, 95% CI = 0.58–1.38, p=0.60). 

Other factors significantly associated with greater risk of grade 4 complications were older 

age at the time of transplant, disease severity indicators such as being on dialysis and having 

ascites at the time of transplant, and longer duration of the operation.

Probability of Resolution of Complications by Transplant Type

We sought to determine if complications had different probabilities of resolution depending 

on transplant type (Figure 2a and 2b). We did not find significant differences in unadjusted 

probability of resolution between the types of transplant, from the time of complication 

onset. Encephalopathy and infections had a high probability of resolution in the first year 

post-onset. Only half of post-transplant ascites resolved within 30 days of transplant and in 

one-third of patients who had at least one occurrence of post-transplant ascites, it lasted for 

more than 90 days. Between 72%–73% of biliary strictures resolved within one year, and the 

remainder continued to reach resolution years after occurrence (Figure 2b). Patients with 

psychological complications or hernias had the lowest probabilities of resolution. 

Approximately 66%–67% of hernias resolved within a year, and while the probability of 

resolution increased slightly after 1 year, the overall probability of resolution was around 

74%–75%. Psychological complications had a lower probability of resolution in LDLT 

compared to DDLT (56% compared to 100%), but this result did not reach statistical 

significance (p=0.06).
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Discussion

LDLT has been previously shown to be associated with improved overall mortality among 

wait-listed candidates (2). Additionally, we have shown that post-transplant patient and graft 

survival after LDLT and DDLT are equivalent in recipients from the A2ALL consortium 

(12). Despite these published findings, LDLT volume continues to be very modest in the 

United States. Aside from the potential for donor morbidity, a likely contributor is the real 

and perceived higher technical difficulty of the recipient procedure. However, among 

experienced LDLT centers in the A2ALL consortium, we found no significant overall 

difference between DDLT and LDLT recipients in the probabilities of the majority of 36 

post-operative complications that we tracked in this study.

We found important differences in the probability and risk factors for a minority of 

complications, with some being more likely in LDLT recipients and others in DDLT 

recipients. LDLT recipients had a significantly higher probability of technical complications 

including bile leaks, biliary strictures, and biliary tree infections, although the risk of biliary 

stricture was much lower in LDLT recipients when compared to the subset of DDLT 

recipients who received DCD organs. Some complications were significantly more probable 

in DDLT recipients: ascites, pulmonary edema, cardiac complications, and intra-abdominal 

bleeding. We also found an important and significantly higher risk for CKD (including 

ESRD) among DDLT recipients regardless of the level of renal function at transplant. The 

majority of the differences in complication probabilities were seen in the first year post-

transplant and not in later post-transplant years, as expected. However, some complications 

such as biliary strictures, hernias, and psychological complications occurred for the first 

time many years after transplant. The probability of resolution of complications was not 

found to be different between the two types of transplant.

Some complications occurring with higher probability in DDLT recipients may be related to 

an enhanced systemic inflammatory response to ischemia-reperfusion injury in the deceased 

donor setting. This could contribute to renal dysfunction, and to cardiac and pulmonary 

issues that were observed more commonly after DDLT. On the other hand, ascites, 

pulmonary edema, cardiac complications, and recurrent cirrhosis were also observed more 

frequently after deceased donor liver transplant and may be related to higher severity of 

illness among the DDLT recipients.

We found that center experience beyond the first 20 LDLT cases was not associated with 

further improvement in the probability of biliary complication occurrence. This is similar to 

some single center studies(13). We did find a trend to decrease the probability of biliary 

stricture in centers performing the highest number of living donor transplants per year, 

suggesting that greater currency of experience, rather than cumulative experience, may play 

a role in lowering technical complication rates in LDLT recipients.

Small for size syndrome (SFSS) was initially described in LDLT with cholestasis, renal 

failure, and ascites after left lateral segment (LLS) and left lobe grafts in older children(14). 

In our study, the majority of recipients received right lobe grafts, where the volume of 

hepatic parenchyma was generally thought to be adequate to support recipient metabolic and 
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functional demands. Although we did not track SFSS as a syndromic complication, the 

components of renal failure and ascites were observed to be less rather than more likely in 

LDLT recipients.

The majority of complications resolved in recipients of both types of liver transplants. Once 

a complication occurred, the time to and overall likelihood of resolution were similar in 

LDLT and DDLT recipients. However, the time to resolution was quite lengthy for certain 

complications. Some complications, such as hernia, psychological decompensation, and 

ascites, did not achieve resolution. Although patients with treated depression have been 

shown to have equivalent medical outcomes to non-depressed patients, there may be an 

impact on long-term post-transplant quality of life (15).

Our finding of a significantly lower risk of severe renal dysfunction (CKD or ESRD) in the 

months and years after LDLT is novel and potentially important, because of its well-

established deleterious effect on mortality following liver transplant (16). Chronic renal 

dysfunction prior to transplant may render the kidney more prone to post-transplant injury 

(17). Acute kidney injury has also been shown to be a risk factor for chronic kidney disease 

(18–20). Recipients of DDLT with higher calculated MELD may have had a higher 

incidence of hepatorenal syndrome (HRS). We were not able to determine the incidence of 

hepatorenal syndrome (HRS) prior to transplant, and therefore were not able to test the 

effect of HRS on the subsequent development of post-transplant CKD. However, recent 

single center studies have found equivalent renal outcomes in LDLT and DDLT patients 

with HRS (21, 22). Our analysis adjusted for serum creatinine at the time of transplant, and, 

although serum creatinine is an imperfect proxy for the magnitude of pre-existing renal 

dysfunction in patients with liver disease, there is no reason to think that serum creatinine 

differentially represents renal dysfunction in LDLT versus DDLT candidates, However, 

before drawing strong inference from our findings, they should be validated by other groups.

In summary, liver transplantation continues to be associated with a high complication rate 

regardless of donor source. Adding to the known improvement in overall survival associated 

with use of living donor grafts, this study has demonstrated an important association of 

LDLT with lower risk of post-transplant renal deterioration. Unfortunately, biliary 

complications remain a persistent and vexing issue after LDLT and the incomplete 

resolution of these and other complications, in both LDLT and DDLT recipients, remain 

important targets for improvement.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

A2ALL Adult-to-Adult Living Donor Liver Transplantation Cohort Study

LDLT Living donor liver transplant

DDLT Deceased donor liver transplant

MELD Model for End-Stage Liver Disease

HCC Hepatocellular carcinoma

DCD Donation after cardiac death

HR Hazard ratio

CI Confidence interval
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Figure 1. 
Probability of Complications Significantly Different between LDLT and DDLT over all 

Follow-up
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Figure 2. 
Figure 2a: Probability of Resolution of Selected Complications by Transplant Type
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Figure 2b: Probability of Resolution of Selected Complications by Transplant Type in the 

first 12 Months
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Table 3

Time from Transplant Cox Models Censored at earliest of graft failure or last follow-up

Hazard Ratio
95% Confidence 
Interval for the 
Hazard Ratio

P-value

Biliary Stricture (n=223 events)

Transplant Type (ref = LDLT)

 DDLT (non-DCD) 0.57 (0.41, 0.77) 0.0004

 DDLT (DCD) 2.15 (1.07, 4.34) 0.0324

Duration of operation (per 100 minutes) 1.13 (1.02, 1.24) 0.0140

Center Living Donor Volume by Year (Per 10 
cases)

0.82 (0.67, 0.99) 0.0400

CKD or ESRD (n=39 events)*

Transplant Type: DDLT vs. LDLT 2.45 (1.89–5.05) 0.0152

Serum Creatinine at Transplant 1.50 (1.17, 1.93) 0.0015

Ascites at Transplant 2.34 (1.09, 5.03) 0.0290

History of TIPSS 2.60 (1.13, 5.96) 0.0241

Grade 4 Complication (n=101 events)

Transplant Type (ref = LDLT)

 DDLT (non-DCD) 0.89 (0.58, 1.38) 0.6024

 DDLT (DCD) 2.65 (0.93, 7.52) 0.0660

Age at Transplant (per 10 years) 1.20 (0.99, 1.46) 0.0626

On Dialysis at Transplant 4.04 (1.89, 8.64) 0.0003

Ascites at Transplant 1.56 (1.03, 2.36) 0.0357

Duration of operation (per 100 minutes) 1.26 (1.11, 1.44) 0.0003

*
Additionally censored at last eGFR measurement. Excludes patients on dialysis at transplant unless showed evidence of post-transplant recovery.
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