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Abbreviations: CI, confidence interval; DBD, donation after brain death; DCD, donation after 

circulatory death; ECD, extenten criteria donation; HR, hazard ratio; HTK, Histidine-tryptophan-

ketoglutarate; IQR, interquartile range; KDRI, Kidney Donor Risk Index; SCD, standard criteria 

donation; UNOS, United Network for Organ Sharing; UW, University of Wisconsin solution. 

 

Abstract:  

Recent studies raise the concern that warm ischemia during the time to complete the vascular 

anastomoses in kidney implantation harms the transplant, but its precise impact on outcome and its 

interaction with other risk factors remain to be established. We investigated the relationship between 

anastomosis time and graft survival at 5 years after transplantation in 13964 recipients of solitary 

deceased-donor kidney transplants in the Eurotransplant region. Anastomosis time was independently 

associated with graft loss after adjusting for other risk factors (adjusted hazard rate 1.10 for every ten-

minute increase, 95% confidence interval 1.06-1.14; P<0.0001), while it did not influence recipient 

survival (hazard rate 1.00, 95% confidence interval 0.97-1.02). Circulatory-dead donor (DCD) 

kidneys were less tolerant to prolonged anastomosis time than brain-dead donor kidneys (P for 

interaction=0.02). The additive effect of anastomosis time with donor warm ischemia time explains 

this observation, since DCD status was no longer associated with graft survival when adjusted for this 

sum warm ischemia time and there was no interaction between DCD status and sum warm ischemia 

time. Thus, the time to create the vascular anastomoses in kidney transplantation is associated with 

inferior transplant outcome, especially in recipients of DCD kidneys. 

 

Introduction 

Kidney transplantation is the treatment of choice for patients with end-stage renal failure, improving 

survival and quality of life compared to renal replacement therapy. Still, 3 to 5 % of grafts are lost 

annually after transplantation (1, 2). One of the major obstacles to kidney transplant success is 
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ischemia-reperfusion injury. Extensive research on this matter is ongoing and large multicenter trials 

are currently investigating whether strategies like machine perfusion preservation can diminish this 

injury (3, 4). 

Most research to date focuses on cold ischemia-induced injury during storage prior to transplantation 

(5, 6), and on warm ischemia prior to organ retrieval (7). In contrast, the exposure of the organ to 

warm ischemia during transplantation, when the kidney is removed from the ice but not yet 

revascularized, has received remarkably little attention. However, being a period of warm ischemia, 

this implantation time could represent an important risk factor, potentially providing new strategies to 

improve kidney transplant outcome.  

The few studies that did evaluate the effect of longer anastomosis time suggested an increased risk of 

delayed graft function as well as poorer long-term graft function and more fibrosis on biopsy (8, 9). 

Recently, a study on the data registry of the United Network for Organ Sharing (UNOS) demonstrated 

that this warm ischemia time is associated with worse patient and graft survival (10). Still, the effect 

on both graft as well as patient survival raises concerns on the existence of confounding factors that 

influence both anastomosis time as well as outcome (11). Further validation of these findings is 

therefore warranted. In addition, the UNOS study did not evaluate any interaction effects with other 

risk factors, nor were factors determining warm ischemia time explored.  

In this article, we aimed to define the effect of anastomosis time on kidney transplant outcome and 

explore its potential interactions and determinants in the registry of Eurotransplant, the deceased 

donor organ allocation organism of 8 European countries.  

Methods: 

Study population 

Eurotransplant is an international non-profit organization that manages patient-oriented allocation and 

cross-border exchange of deceased donor organs to achieve the best possible match between available 

donor organs and patients on the transplant waiting list in 8 different countries: Austria, Belgium, 
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Croatia, Germany, Hungary, Luxembourg, the Netherlands, and Slovenia. The Eurotransplant registry 

records data for all kidney transplants performed in 72 kidney transplant centers in its region (12). 

Data is collected on a voluntary basis to develop best practice recommendations and policies to 

improve organ allocation and transplant outcomes. We analyzed data submitted to this registry from 

all recipients of solitary kidney transplants from deceased-donors undertaken between Jan 1, 2004 and 

Dec 31, 2013. Anastomosis time was defined as the time between the graft leaving the ice and 

restoration of blood flow by opening of the vascular clamps in the recipient. Donor warm ischemia 

time in circulatory-dead donor (DCD) kidneys was defined as the time between therapy withdrawal in 

the potential donor and cold flush of the kidney. These data are collected prospectively in the 

Eurotransplant registry. 

Graft failure was taken as time from transplantation to graft nephrectomy or return to dialysis, 

whichever was earlier, and censored for death of the patient with a functioning graft. Survival of the 

patient was defined as time from transplantation until death.  

Extented criteria donation (ECD) was defined as any kidney procured from a donor aged 60 years or 

any donor aged 50-59 years with two of the following: cerebrovascular accident as the cause of death, 

medical history of arterial hypertension, and terminal creatinine > 1.5 mg/dl (or >133 mol), in 

contrast to standard criteria donation (SCD)(13). We calculated the Kidney Donor Risk Index (KDRI) 

for all transplants(14). Data on donor ethnicity and hepatitis C status were not available. We therefore 

considered all donors as false for the African American criterion and excluded hepatitis C from the 

KDRI calculation.  

 

Statistical analysis 

Follow-up analysis of the study population included all data submitted to Eurotransplant by Nov 5, 

2015. We excluded recipients of double or en bloc kidney transplants. Only recipients for whom 

complete data for both anastomosis time and graft survival were available were included in the study. 
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Kidney transplant outcomes were graft failure (death-censored graft survival) and patient survival, 

censored at 5 years. We used unadjusted Cox proportional hazards regression and Kaplan-Meier 

curves to show graft survival. Associated p-values in Kaplan-Meier curves were derived from the 

univariable log-rank test. We used adjusted Cox proportional hazards regression to evaluate the 

independent effect of anastomosis time on transplant outcome. Transplant variables for inclusion in 

the multivariable models were identified based on scientific literature of factors shown to affect 

transplant outcome, dependent of their availability in the Eurotransplant registry. In addition, factors 

that could confound the association between anastomosis time and outcome were considered. The 

adjusted analyses included only transplants for which complete data for all covariates were available. 

Donor-related variables considered for inclusion in the final model were: age, sex, type (donation 

after brain death (DBD) versus DCD), terminal serum creatinine, body mass index and medical 

history (diabetes and hypertension). Recipient related factors were: age, sex, body mass index and 

retransplant versus first transplant. Other variables considered were: total number of HLA 

mismatches, cold ischemia time, anastomosis time, type of preservation fluid and transplant year. In 

addition, we included transplant center in the multivariable model as a random effect. Only factors 

shown to be significant with a stepwise variable deletion approach were included in the multivariable 

model. 

There was no violation of non-proportionality of hazards of anastomosis time in the multivariate 

model. We performed interaction analyses to determine whether anastomosis time had more effect on 

graft survival in recipients of DCD kidneys than in recipients of DBD kidneys, and whether the effect 

of anastomosis time was modified by donor age, donor body mass index, preservation fluid and cold 

ischemia time. In the subgroup of paediatric recipients (age < 18y at the time of transplantation), we 

included only variables in the multivariable Cox regression analysis that were significantly associated 

with graft survival in the univariable Cox proportional hazards analysis, adjusted for transplant center 

as random effect, as this was a small cohort.  
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Anastomosis time of transplants with different characteristics was compared with Wilcoxon tests. The 

associations of anastomosis time with continuous data were assessed with Spearman correlation. We 

used multivariate linear regression to determine the independent determinants of anastomosis time, 

adjusted for transplant center as random effect. Variables significantly associated with anastomosis 

time were considered for inclusion in this multivariate model.  

All tests were two sided and p values of <0.05 were considered significant. RStudio (R version 3.1.3) 

was used for all statistical analyses.  

 

Results 

Characteristics of the study population 

32 040 deceased-donor kidney transplants were performed in the Eurotransplant region between Jan 

1, 2004 and Dec 31, 2013. 276 recipients of double kidney transplants were excluded. From the 31 

764 solitary kidney transplants, we excluded 17 770 transplants with missing data of anastomosis time 

or outcome, as well as 30 transplants in which anastomosis times were reported to be extremely short 

(<10 minutes) or long (>200 minutes) (Figure 1). Transplant characteristics were comparable between 

the 13 964 transplants included and the 17 800 solitary transplants excluded in this study (Table S1).   

Median follow-up after transplantation was 4.35 years (interquartile range (IQR)=2.01–7.52). Table 1 

shows the characteristics of the donors and recipients at the time of transplantation. 503 recipients 

(4%) were paediatric (age < 18y at the time of transplantation). Median cold ischemia time was 13.7 

hours (IQR=10.2-17.4), and median anastomosis time was 36 minutes (IQR=29-45).  
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Anastomosis time and graft survival 

The results of the Cox proportional hazards models, censored at 5 years after transplant, are displayed 

in Table 2. When analyzed as a continuous variable, anastomosis time increased graft failure rate at 5 

years after transplantation for all deceased-donor kidneys (unadjusted hazard ratio (HR) 1.08 for 

every 10-minutes increase in anastomosis time, 95% confidence interval (95% CI) 1.06-1.11; 

p<0.0001). In contrast, anastomosis time had no effect on recipient survival (HR 1.00, 95% CI 0.97-

1.02, p=0.87). Figure 2 illustrates the Kaplan-Meier curve showing death-censored graft survival 

stratified by anastomosis time in four 10-minutes intervals based on the median and upper quartile, 

from below 35 minutes to 55 minutes or more. Here, the most striking effect on graft loss was 

observed in recipients with anastomosis times of 55 minutes or more, of whom 25% (459/1 823) had 

lost their graft at 5 years after transplantation. 22% (446/2 050) of recipients in whom anastomosis 

times ranged between 45 and 54 minutes had lost their graft, compared to 19% (775/4 008) of 

recipients with anastomosis times between 35 and 44 minutes and 18% (1 113/6 083) of recipients 

with anastomosis times below 35 minutes (Table 2).  

In a multivariable Cox regression hazards model with a stepwise variable elimination approach, 

anastomosis time remained significantly associated with graft failure (adjusted HR 1.10 for every 10 

minutes increase in anastomosis time, 95% CI 1.06-1.14; p<0.0001), adjusted for donor age, DCD 

versus DBD, donor hypertension, donor diabetes, donor pre-procurement serum creatinine 

concentration, recipient age, number of HLA mismatches, cold ischemia time and transplant center 

(Table 2, Table S2). With every 10-minute increase in anastomosis time, the risk of graft failure 

increased more than did every hour increase in cold ischemia time (adjusted HR 1.02, 95% CI 1.01-

1.03, p=0.0004). 

Body mass index of neither donor nor recipient associated with graft failure in the multivariable 

model. In addition, there was no interaction-effect between donor body mass index and anastomosis 

time. Type of preservation fluid had no independent effect on graft survival and there was no 

interaction-effect between type of preservation fluid and anastomosis time on graft loss. Also, donor 
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and recipient gender, transplant year, and whether transplant was a first transplant or retransplant were 

not independently associated with graft loss. These variables were therefore omitted from the final 

multivariable model.  

 

Sensitivity analyses 

To determine whether the detrimental effect of anastomosis on graft outcome was also evident in the 

most prevalent anastomosis times, we excluded all recipients with anastomosis times above one hour. 

In this subgroup, anastomosis time remained significantly and independently associated with graft 

loss (adjusted HR 1.08 per 10-minute increase, 95% CI 1.05-1.11, p=0.02, Table S3).  

 

Both in recipients of DBD kidneys as well as in recipients of DCD kidneys, anastomosis time 

increased the risk of graft loss (Figure 3, Tables S4 and S5). To determine whether anastomosis time 

had different relative effects on graft survival in recipients of kidneys from DBDs and DCDs, we 

examined the interaction effect between DCD kidneys and anastomosis time in the multivariable 

model. The effect of anastomosis time on graft loss was more pronounced in recipients of DCD 

kidneys than in recipients of DBD kidneys (adjusted HR 1.11, 95% CI 1.02-1.20, p for interaction = 

0.02).  

With anastomosis times above the highest quartile (≥45 minutes), 33% (81/244) of recipients of DCD 

kidneys lost their graft at 5 years after transplantation, compared to 23% (842/3 629) of recipients of 

DBD kidneys. The latter is comparable to that of recipients of DCD kidneys with anastomosis times 

of less than 45 minutes (24%, 215/914). Recipients of DBD kidneys with anastomosis times of less 

than 45 minutes had the lowest risk of graft loss at 5 years after transplantation (18%, 1 673/9 177) 

(Figure 4). Thus, recipients of DCD kidneys with prolonged anastomosis times have a twofold 

increased risk of graft loss compared to recipients of DBD kidneys with short anastomosis times 

(adjusted HR 2.06, 95% CI 1.79-2.33, p<0.0001) (Table 3). 
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The increased vulnerability of DCD kidneys might be explained by the additive effect of warm 

ischemia time in the donor with anastomosis time in the recipient, leading to a longer total warm 

ischemia time in these kidneys. Therefore, we also considered donor warm ischemia time that occurs 

before cold flush in DCD donors. When adjusting for donor warm ischemia time in the final 

multivariable Cox regression, anastomosis time remained significantly associated with graft survival 

(HR 1.15, 95% CI 1.06- 

1.24, p=0.003). There was no interaction effect between donor warm ischemia time and anastomosis 

time (p=0.13). When donor warm ischemia time and anastomosis time were summed in the total 

cohort, this sum warm ischemia time also associated with graft survival in the adjusted Cox regression 

analysis (HR 1.10, 95% CI 1.06-1.14, p<0.0001). Interestingly, DCD status was no longer significant 

when adjusted for this sum warm ischemia time (HR 1.11, 95% CI 0.92-1.30, p=0.30). There was also 

no significant interaction between DCD status and sum warm ischemia time (p=0.13). Thus, the 

increased risk of anastomosis time in DCD kidneys is explained by their longer total warm ischemia 

time.  

 

We next evaluated whether advanced donor age or prolonged cold ischemia time might affect the 

susceptibility of the graft to increased anastomosis time. Interaction effects between anastomosis time 

and donor age, and anastomosis time and cold ischemia time were separately investigated in the 

multivariate model. Both donor age (adjusted HR 1.02, 95% CI 1.01-1.02, p<0.0001) and cold 

ischemia time (adjusted HR 1.02, 95% CI 1.01-1.03, p=0.0004) were independently associated with 

graft survival. However, the unfavorable effect of prolonged anastomosis time on graft survival was 

not influenced by older donor age (p for interaction = 0.48) or longer cold ischemia time (p for 

interaction = 0.32).  

In addition, we evaluated whether organ quality (as defined by ECD and SCD, and as calculated by 

the KDRI score) modified the effect of anastomosis time. With donor criteria in the final 

multivariable Cox regression, anastomosis time remained significantly associated with graft survival 
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(adjusted HR 1.09, 95% CI 1.07-1.12, p<0.0001). There was no interaction between ECD status and 

anastomosis time (p=0.48). Similarly, anastomosis time remained associated with graft survival with 

KDRI in the final model (adjusted HR 1.10, 95% CI 1.06-1.14; p<0.0001), but there was no 

interaction between the two (p=0.43).  

 

The association between anastomosis time and graft failure was evident both in pediatric as well as 

adult recipients (Figure 2), but in pediatric recipients the effect was only significant in the unadjusted 

model (unadjusted HR 1.22, 95% CI 1.07-1.40, p=0.004; adjusted HR 1.16, 95% CI 0.99-1.33, 

p=0.09).  

 

Determinants of anastomosis time 

Finally, we investigated which donor and recipient characteristics determine the length of anastomosis 

time. Unadjusted comparisons are available in the Supplementary data (Table S6). In the 

multivariable linear regression adjusted for transplant center as random effect, a graft having more 

than one renal artery or vein, right versus left donor kidney, donor history of hypertension, and donor 

age were independently associated with increased anastomosis time (Table S7). Anastomosis time 

remained independently associated with graft survival, also when adjusting for presence of multiple 

arteries, presence of multiple veins and right versus left kidney.  

 

Discussion 

By using the Eurotransplant registry covering 13 964 solitary deceased donor kidney transplants, our 

analysis confirmed that prolonged anastomosis time increases the risk of graft loss. Every ten-minute 

increase in anastomosis time had a more detrimental effect on graft outcome than every hour increase 
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in cold ischemia time. Also, when excluding transplants with anastomosis times above one hour to 

evaluate more common anastomosis times, the effect remained.  

 

Based on our results, an anastomosis time of less than 45 minutes seems to be crucial to reduce the 

risk of graft loss. This time span is in line with previously reported effects of anastomosis time on 

immediate and medium term graft function (8). Similar warm ischemia times impair postoperative 

renal function after clamping during partial nephrectomy in solitary native kidneys (15-17). In 

contrast, in a study on native kidney biopsies after surgical renal clamping during 15 to 53 minutes, 

only mild structural changes and no acute functional loss was observed (the effect on long-term 

outcome was not investigated) (18). Why warm ischemia times, tolerated by native kidneys, have an 

effect on transplant outcome might be explained by the combination of cold and warm ischemia. 

Indeed, in porcine models of liver transplantation this combination was particularly detrimental (19, 

20).  

Also, warm ischemia time should logically last longer to evoke graft loss than to reversibly cause 

graft dysfunction. This might explain why the increased risk for delayed graft function is apparent at 

shorter warm ischemia times (9, 21). Furthermore, it might also explain why circulatory-dead donor 

kidneys – exposed to additional donor warm ischemia time between therapy withdrawal and start of 

cold preservation - have a higher rate of delayed graft function (7), whereas donor warm ischemia 

time (less than 30 minutes in the latter study) did not seem to affect outcome in this study(7). 

 

Our finding that the duration of anastomosis time affect kidney transplant outcome is consistent with a 

recent UNOS analysis (10). Interestingly, our results also demonstrate that circulatory-dead donor 

kidneys are less tolerant to anastomosis time than brain-dead donor kidneys. Their increased 

vulnerability is explained by the additive effect of warm ischemia time after therapy withdrawal in the 

donor and during transplantation, leading to a longer total warm ischemia time in these kidneys. DCD 

kidneys will thus have a similar outcome as DBD kidneys when their sum of donor warm ischemia 
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time and anastomosis times are comparable to the anastomosis times of a DBD kidney. In contrast, 

additional quality measures such as ECD vs. SCD or the KDRI did not modify the effect of 

anastomosis time on graft survival. Given the rise in the use of DCD kidneys (22), raising the 

awareness that these kidneys are not only more prone to cold ischemic injury (5) but also to prolonged 

anastomosis times is of major importance to maintain or even improve transplant outcome.  

 

Our finding that increasing anastomosis time is associated with inferior transplant outcome is of 

particular clinical importance, since this risk factor is potentially modifiable. This might be 

accomplished by reducing the duration of anastomosis time if technically feasible, by keeping the 

graft cold during implantation, and/or by developing strategies to reduce the impact of warm ischemia 

on downstream injury processes. Our findings thus support the set-up of new trials that target warm 

ischemia during transplantation to improve kidney transplant graft survival. In robot-assisted 

transplantation, a collaboration of surgeons already proposed to cool the kidney graft with sterile ice 

during implantation (23). In addition, a reduced rate of delayed graft failure after cooling the kidney 

during transplantation has been reported (24). Further studies are needed to determine whether 

cooling of the graft during the anastomosis process improves transplant outcome. 

 

We also evaluated potential determinants of the duration of anastomosis time during kidney 

transplantation. Since right donor kidneys are associated with longer anastomosis time, this might 

explain the inferior outcome for recipients of right versus left donor kidneys (25).  

 

The strength of our analysis is the use of a large cohort of transplant recipients in the Eurotransplant 

region. A limitation inherent to every registry study based on data from many different centers and 

countries is the lack of detailed information regarding donor- and recipient characteristics and 

incomplete data registration. In contrast to the USA and UK transplant registries, data submission to 
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the Eurotransplant registry is not compulsory, explaining the high frequency of missing data in this 

registry. However, even with mandatory data submission, the final cohort of the recent UNOS study 

represented only 57.7% of the eligible cohort(10). Also, as transplants that were excluded due to 

missing data were comparable to the transplants included, we do not suspect that this confounded our 

results importantly. Furthermore, this large cohort study enabled us to perform survival analyses, but 

no in depth analyses on different transplant outcome variables. Our previous single-center study did 

enable this in depth analysis, and demonstrated an increased risk of delayed graft function, impaired 

graft function and more fibrosis in biopsies, up to three years after transplantation (8). Similarly, 

unidentified confounders cannot be excluded with certainty based on this large registry. Indeed, it is 

possible that poor vasculature quality (e.g. atherosclerosis) of donor and/or recipient might hamper the 

process of anastomosing the vessels as well as impair transplant outcome. Although anastomosis time 

was associated with donor age and donor hypertension in this cohort, its effect on outcome was 

independent of these variables. Moreover, we observed no association of anastomosis time with the 

presence and severity of aortic calcifications and hemodynamic parameters of vascular stiffness of the 

recipient in our previous study (8). Also, in contrast to previous studies (10, 21), we did not observe 

an effect of anastomosis time on patient survival. This further strengthens that our study does not 

entail the possible bias for which these previous studies have been criticized (11). 

 

In summary, anastomosis time is a risk factor for kidney transplant outcome, especially in recipients 

of kidneys from circulatory-dead donors. To improve outcome after kidney transplantation, efforts 

should be made by transplant surgeons to limit perioperative warm ischemic injury.   
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Figure Legends 

Figure 1: Flow diagram demonstrating cohort selection 

 

Figure 2: Kaplan-Meier estimates of graft survival censored at 5 years for all recipients of kidneys 

from deceased donors, stratified by anastomosis time in four 10-minute intervals.  

 

Figure 3: Kaplan Meier estimates of graft survival for recipients of kidneys from brain-dead donors 

(A), recipients of kidneys from circulatory-dead donors (B), adult recipients (C) and pediatric 

recipients (D), stratified by anastomosis time. 

 

Figure 4: Kaplan-Meier estimates of graft survival for recipients of kidneys from brain-dead donors 

and cardiac-dead donors, stratified by anastomosis time.  
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Supporting Information 

Additional Supporting Information may be found in the online version of this article. 

 

Table S1: Demographic and clinical characteristics of transplants for whom complete data collection 

for anastomosis time and follow-up was available, therefore being included in this study, and of 

transplants for whom these data were not complete, therefore being excluded in this study.  

 

Table S2: Demographic and clinical characteristics of transplants according to different anastomosis 

time groups.  

 

Table S3: Demographic and clinical characteristics of DBD and DCD transplants according to 

anastomosis time lower or higher than 45 minutes. DBD, donation after brain death; DCD, donation 

after circulatory death. 

 

Table S4: Cox proportional hazards model for graft failure at 5 years post-transplant in recipients of 

kidneys from deceased donors.  

 

Table S5: Cox proportional hazards model for graft failure at 5 years post-transplant in recipients of 

kidneys from deceased donors with anastomosis times of one hour or less.  

 

Table S6: Cox proportional hazards model for graft failure at 5 years post-transplant in recipients of 

kidneys from brain-dead donors.  
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Table S7: Cox proportional hazards model for graft failure at 5 years post-transplant in recipients of 

kidneys from circulatory-dead donors.  

 

Table S8: Variables associated with anastomosis time by univariate comparisons. 

 

Table S9: Variables independently associated with anastomosis time by multivariate linear regression 

with transplant center adjusted for as a random effect. 
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Table 1: Demographic and clinical characteristics of transplant donors and recipients 

 

Donor    

 Age (y)  53 (43-64) 

 Sex   

  Men 7 398  (53%) 

  Women 6 566 (47%) 

 Type   

  DBD 12 806 (92%) 

  DCD 1 158 (8%) 

 Diabetes
1 

  

  No diabetes 5 971 (85%) 
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  History of diabetes 1 029 (15%) 

 Hypertension
1 

  

  No hypertension 4 298 (48%) 

  History of hypertension 4 576 (52%) 

 Criteria
1 

  

  SCD 7 053 (54%) 

  ECD 6 039 (46%) 

 KDRI
2 

 1.33 (1.04-1.75) 

 Body mass index
3
 (kg/m

2
)  25 (23-28) 

 Terminal creatinine (mg/dl)
4 

 0.85 (0.65-1.10) 

 Donor warm ischemia time 

(min)
5 

In DCD transplants 17 (13-21) 

Recipient    

 Age (y)  55 (44-65) 

 Sex   

  Men 8 765 (63%) 

  Women 5 199 (37%) 

 Retransplant   

  First kidney transplant 11 363 (81%) 

  Retransplant 2 601 (19%) 

 Body mass index
6
 (kg/m

2
)  25 (22-28) 
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 Number of HLA mismatches
7 

 3 (2-4) 

Process    

 Cold ischemia time (h)
8 

 13.7 (10.2-17.4) 

 Anastomosis time (min)  36 (29-45) 

 Preservation fluid
1 

  

  HTK 9 508 (69%) 

  UW 4 190 (30%) 

  other 139 (1%) 

    

 

Data are median (IQR) or n (%). 
1
Variable contains missing data. 

2
7463 missing values, 

3
three 

missing values, 
4
four missing values, 

5
214 missing values, 

6
2 867 missing values, 

7
158 missing values, 

8
560 missing values. DBD, Donation after brain death; DCD, Donation after circulatory death; ECD, 

extented criteria donation; SCD, standard criteria donation; KDRI, Kidney Donor Risk Index; HTK, 

Histidine-tryptophan-ketoglutarate; UW, University of Wisconsin solution. 
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Table 2: Cox proportional hazards regression model for graft failure censored at 5 years after 

transplantation, unadjusted and adjusted for circulatory-dead versus brain-dead donor, donor 

age, donor diabetes, donor hypertension, donor last serum creatinine, recipient age, number of 

HLA mismatches, and cold ischemia time.  

 

 Unadjusted Adjusted
* 

 n Hazard ratio  

(95% CI) 

P value n Hazard ratio  

(95% CI) 

P value 

Anastomosis time 

(per 10 minutes) 

13 964 1.08 (1.06-1.11) <0.0001 5 989 1.10 (1.06-1.14) <0.0001 

       

Anastomosis time 

(in 4 categories) 

      

<35 min 6 083 1.00  2 708 1.00  

≥35 and <45 min 4 008 1.04 (0.95-1.14) 0.38 1 724 1.09 (0.94-1.23) 0.26 

≥45 and <55 min 2 050 1.16 (1.04-1.30) 0.008 898 1.20 (1.03-1.37) 0.03 

≥55 min 1 823 1.38 (1.24-1.54) <0.0001 659 1.51 (1.33-1.52) <0.0001 

 

*
Hazard rates and P-values of the other significant covariates are provided in Table S2. 
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Table 3: Cox proportional hazards regression model for graft failure censored at 5 years after 

transplantation, unadjusted and adjusted for donor age, donor diabetes, donor hypertension, 

donor last serum creatinine, recipient age, number of HLA mismatches, and cold ischemia time.  

 

 Unadjusted Adjusted 

 

n 

Hazard ratio 

(95% CI) 

P value n 

Hazard ratio (95% 

CI) 

P value 

Donation after brain death 

with anastomosis time <45 

min 

9 177 1.00  3 701 1.00  

Donation after brain death 

with anastomosis time ≥45 

min 

3 629 1.23 (1.15-1.31) <0.0001 1 353 1.19 (1.05-1.34) 0.03 

Donation after circulatory 

death with anastomosis time 

<45 min 

914 1.25 (1.11-1.39) 0.002 731 1.23 (1.04-1.42) 0.02 

Donation after circulatory 

death with anastomosis time 

≥45 min 

244 2.03 (1.81-2.25) <0.0001 204 2.06 (1.79-2.33) <0.0001 
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Figure 1: Flow diagram demonstrating cohort selection 

 

 

 

 

Transplants performed in the Eurotransplant region 

between Jan 1, 2004 and Dec 31, 2013

(n=32 040)

Transplants excluded from study

Double or en bloc kidney transplants: 276

Anastomosis time or outcome data missing: 17 770

Extreme values of anastomosis time (<10 min or >200 min): 30

Transplants included in the study

(n=13 964)

1 158 donation after cardiac death12 806 donation after brain death
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Figure 2: Kaplan Meier estimates of graft survival, censored at 5 years, for all recipients of 

kidneys from deceased donors, stratified by anastomosis time in 10-minute intervals. Note y-axis 

scale begins at 0.40. P-values were calculated with the use of the log-rank test. 
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Figure 3: Kaplan Meier estimates of graft survival for recipients of kidneys from brain-dead 

donors (A), recipients of kidneys from circulatory-dead donors (B), adult recipients (C) and 

pediatric recipients (D) stratified by anastomosis time. Note y-axis scale begins at 0.40. P-values 

were calculated with the use of the log-rank test. 
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Figure 4: Kaplan Meier estimates of death-censored graft survival for recipients of kidneys 

from brain-dead donors and circulatory-dead donors, stratified by anastomosis time. Note y-

axis scale begins at 0.4. P-values were calculated with the use of the log-rank test. DBD, Donation 

after brain death; DCD, donation after cardiac death.  

 

 

 


