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 Background: Kidney donation after circulatory death (DCD) follows confirmation of death using cardiorespiratory criteria, 
while donation after brain death (DBD) uses neurological criteria. DBD and DCD donors are the main sources of 
grafts for transplantation. This retrospective cohort study from a single center in the Czech Republic aimed to 
compare 5-year post-transplantation outcomes after DCD and DBD transplantation without pre-mortem hep-
arin administration.

 Material/Methods: A total of 227 recipients with matched donors enrolled in the transplantation program at our institution be-
tween 2015 and 2019 were analyzed. Following the application of the inclusion criteria, 99 recipients and 94 
matched donors were finally included in the study.

 Results: The duration of cold ischemia (median 961 vs 1100 min, P=0.028) and the perfusion with the preservation 
solution (median 11 vs 22 min, P<0.001) was statistically significantly shorter in DBD than in DCD grafts. The 
1-year survival rates were 97.5% (95% CI 94.1-100.0%) and 90.0% (95% CI: 77.8-100.0%) for DBD and DCD re-
cipients, respectively. The 3-year survival rates were 91.9 (95% CI: 86.0-98.4) and 90.0 (95% CI: 77.8-100.0) for 
the DBD and DCD groups, respectively. The overall difference in survival between the 2 groups of patients was 
not statistically significant (P=0.750) nor was disease-free survival (P=0.370).

 Conclusions: This retrospective study from a single center showed similar 5-year results after kidney transplantation for 
DCD and DBD donors without pre-mortem heparin administration, including the time to graft failure and pa-
tient survival.
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Background

Kidney transplantation is an integral part of the care of pa-
tients with chronic renal failure. Kidney graft transplantation 
substantially improves the quality of life by eliminating the 
need for regular dialysis. Given the prevalence of arterial hy-
pertension, diabetes mellitus, or chronic glomerulopathies in 
the population, the number of patients potentially indicated 
for renal transplantation is quite high. Finding a suitable kid-
ney donor is therefore often a lengthy process that significant-
ly prolongs the time to transplantation for potential recipients, 
despite a good national transplant policy and effective coor-
dination of the transplantation program. Although in the past 
only donors after brain death (DBD) were considered for inclu-
sion in the transplantation program, efforts to expand the do-
nor pool have also led to the inclusion of donors with circula-
tory failure (donors after circulatory death, DCD) [1] or those 
with a combination of both conditions (donor after brain death 
followed by circulatory death, DBCD) [2]. Although the latter is 
rarely used in the Czech Republic, both DBD and DCD kidney 
transplants are routinely used in national transplant centers. 
Kidney donation after circulatory death (DCD) follows confir-
mation of death using cardiorespiratory criteria, and donation 
after brain death (DBD) uses neurological criteria. The delayed 
onset of graft function (delayed graft function) in DCD is the 
main difference between the methods [3]; other studies report-
ed comparable results for both methods [4,5]. Therefore, this 
retrospective study from a single center in the Czech Republic 
aimed to compare 5-year post-transplantation results after 
DCD and DBD, without pre-mortem administration of heparin.

Material and Methods

This study was conducted according to the principles of the 
Declaration of Helsinki. Informed consent to participate in 
the study was obtained from all study participants. This study 
was approved by a local ethics committee of the University 
Hospital of Ostrava.

Data from the 227 kidney recipients enrolled in the kidney 
transplantation program at the University Hospital of Ostrava 
in 2015-2019, as well as those of donors, were retrospective-
ly analyzed. To eliminate confounding factors, only recipients 
(and relevant donors) who received a graft harvested at Ostrava 
University Hospital were included in the study, and the remain-
ing patients (grafts harvested or transplantations performed in 
institutions) were excluded. After this selection, a total of 99 
transplant recipients and 94 matched donors (in 5 cases, both 
kidneys of the same donor were used for different patients) 
were included in the study. During the 5-year follow-up period, 
1 or 2 kidneys were harvested from 77 donors after brain death 
(DBD group) and 17 donors after circulatory death (DCD group).

Donors After Brain Death

In donors with DBD, brain death is determined primarily by 
scintigraphy. In several cases, in our study, angiography or 
transcranial Doppler assessment was used, according to cur-
rent national recommendations. Kidneys are then harvested 
traditionally – the donor is transported to the operating room 
and the laparotomy is performed. Depending on the evaluation 
made by the transplant coordinator, suitable organs are har-
vested for transplant purposes, kidneys usually being the last 
organ system to be harvested. In situ kidney perfusion with 10 
L of Custodiol preservation solution (Dr. Franz Köhler Chemie 
GMBH, Bensheim, GER) is performed. The appropriate kidney 
grafts are then harvested in a standard surgical manner and 
placed in a transport box, connected to pulsatile perfusion.

Donors After Circulatory Death

The DCD donor selection process begins with the decision of 
the attending intensive care unit staff to withdraw futile treat-
ment, followed by the initiation of terminal weaning. Once blood 
oxygen saturation falls below 70% or means arterial pressure 
(MAP) below 50 mmHg (whichever comes first), a period of 
functional warm ischemia begins. In our department, no hep-
arin is administered to patients before cardiac arrest, so the 
method of perfusion and subsequent harvesting is fully com-
parable to those used when harvesting grafts from DBD do-
nors (except for the period of warm ischemia).

The cardiac arrest of DCD donors is verified by simultaneous 
analysis of electrocardiography (ECG), echocardiography, and 
arterial pulse waveform followed by a 5-min no-touch inter-
val. After this interval, the donor is immediately transported 
to the operating room. Modified in situ organ preservation is 
preferred versus emergency laparotomy at our department: 
On arrival in the operating room, the femoral artery and vein 
are cannulated, and after placement of obturator catheters, in 
situ organ perfusion is initiated with 10 L of Custodiol pres-
ervation solution. The beginning of the administration of the 
preservation solution ends the warm ischemia interval, and 
the cold ischemia interval begins. This is followed by an urgent 
laparotomy with an application of crushed ice to the retroper-
itoneum. Simultaneously with organ preservation, the inferior 
vena cava and aorta are being prepared; mesenteric arteries 
are ligated to prevent the leaching of catabolites into the cir-
culation. Once the perfusion is completed, organ harvesting 
continues using standard techniques. After the kidneys from 
the retroperitoneum, they are connected to pulsatile perfusion.

Data Collected

Long-term outcomes of the patients were followed up at 
our institution until 31 December 2020. In addition to basic 
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descriptive parameters, data on comorbidities and infection 
detection and selected laboratory parameters in both groups 
were analyzed (laboratory parameters were measured preop-
eratively and postoperatively on days 1, 3, and 7, and then 1 
month and 1 year after transplantation). In donors, cause of 
death, method of verification, need for circulatory support, 
and donor marginality were also analyzed (all kidney donors 
over 60 years of age and donors in the age group 50-59 years 
with at least 2 of the following comorbidities: arterial hyper-
tension, serum creatinine level above 133 mmol/l, or cerebro-
vascular cause of death were considered marginal/expanded-
criteria donors, ECD). This rule was applied to both DBD and 
DCD donors according to the purposes of the study.

The suitability for a particular recipient was always evaluated 
by both the transplant surgeon and the nephrologist based on 

medical criteria (body surface area, blood group, comorbidi-
ties, serum creatinine levels and estimated glomerular filtra-
tion rate, preoperative and maximal reactive antibodies, and 
compatibility index) and individual evaluation. The induction 
and maintenance of immunosuppressive therapy were super-
vised by transplant nephrologists according to the internal 
guidelines of the transplant center based on generally accept-
ed guidelines, including the Kidney Disease Improving Global 
Outcomes (KDIGO) recommendations for the care of kidney 
transplant recipients and current medical knowledge [6]. In 
addition, records on causes of kidney failure, the number of 
previous transplants and data from the dialysis program were 
also evaluated, as well as data on the surgical procedure itself 
and transplant immunology. Disease-free survival was defined 
as the time from surgery to graft failure.

Parameter
Median	(IQR)	or	n	(%)i

P-valueiv

DBDii	(n=77) DCDiii	(n=17)

Age (years)  51 (41-58)  51 (43-53) 0.791

Weight (kg)  75 (70-85)  80 (65-90) 0.396

Body mass index (BMI)  24.7 (23.1-27.5)  24.7 (23.5-27.8) 0.879

Body surface area (BSA)v  1.89 (1.78-2.00)  1.97 (1.73-2.08) 0.382

Sex   0.592

 Male  37 (48)  10 (59)

 Female  40 (52)  7 (41)

Arterial hypertension   0.923

 Yes  30 (39)  6 (35)

 No  33 (43)  5 (29)

Diabetes mellitus   >0.999

 Yes  5 (6)  1 (6)

 No  57 (74)  8 (47)

Ischemic heart disease   >0.999

 Yes  6 (8)  1 (6)

 No  56 (73)  8 (47)

COPDvi   >0.999

 Yes  3 (4)  0 (0)

 No  59 (77)  9 (53)

Smoking   0.320

 Yes  7 (9)  4 (24)

 No  14 (18)  2 (12)

Table 1.  Basic descriptive parameters of kidney donors; please note that for some donors, it was not possible to acquire the data; 
hence, only donors in whom these parameters were known are presented in the table and used for statistical testing.

i The median with the interquartile range or the absolute frequency and relative frequency in percentages; ii DBD – Donors after 
Brain Death; iii DCD – Donors after Circulatory Death; iv The p-value of the Mann-Whitney test or the Chi-square test of independence; 
v BSA according to the Mosteller calculation method; vi COPD – Chronic Obstructive Pulmonary Disease.
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Statistical Analysis

Numerical variables are expressed as the median and the in-
terquartile range (lower and upper quartiles). Categorical vari-
ables are presented as absolute frequencies and relative fre-
quencies in percentages. The defined groups were compared 
using the Mann-Whitney test or the chi-square independence 
test for contingency tables. Changes in selected parameters 
over time were visualized using paired boxplots. The Kaplan-
Meier curves and the log-rank test were used for the analy-
sis of overall survival and disease-free survival. All statistical 
analyses were performed with maximum available data and 
the significance level was set to 0.05. Data were analyzed in 
R (version 4.1.1, www.r-project.org).

Results

Detailed descriptive donor data are presented in Table 1. The 
most common blood group of donors with DBD was O (46%), 
and the least common was AB (6%). In donors with DCD, blood 
group A (47%) was the most common group and AB (6%) was 
the least common group, with no statistically significant differ-
ences (P=0.441). In terms of comorbidities, the 2 groups were 
fully comparable both in general and when comparing individ-
ual comorbidities (Table 1). As many donors were admitted to 

the hospital through the A&E department while unconscious, 
personal history data was often incomplete.

Intracerebral hemorrhage was the most common cause of death 
in donors with DBD (n=26; 34%) followed by trauma (n=21; 
27%) and subarachnoid hemorrhage (n=18; 23%). Less com-
mon causes included conditions after cardiac arrest, subdural 
hematomas, ischemic stroke, anaphylaxis, thromboembolism, 
and hypoxia. In the DCD donor group, intracerebral hemorrhage 
(n=7; 41%) and trauma (n=5; 29%) were the most common, 
followed by acute myocardial infarction, hypoxia, and sub-
arachnoid hemorrhage.

Of all donors to DBD, 50 (65%) were standard criteria donors 
(SCD), and the rest were classified as expanded-criteria do-
nors (ECD) [7]. Of the DCD donors, 2 donors (12%) were in 
the SCD group and 15 donors (88%) were in the ECD group 
(P<0.001). There were no statistically significant differences in 
other clinical and laboratory parameters between the 2 groups 
at baseline (Table 2). Of DCD donors, only those who meet the 
Maastricht 3 Group criteria [8] are considered for inclusion in 
the transplantation program in our department (planned with-
drawal of circulatory support), which falls into the controlled 
DCD transplant group. Detailed descriptive data on donors are 
presented in Table 2.

Parameter
Median	(IQR)	or	n	(%)i

P-valueiv

DBDii	(n=77) DCDiii	(n=17)

Serum creatinine (µmol/l)  88 (65-115)  85 (68-99) 0.713

eGFRv (ml/s/1,73 m2)  1.33 (0.93-1.72)  1.13 (1.04-1.63) 0.643

Norepinephrine (mg/kg/min)  0.18 (0.09-0.51)  0.11 (0.00-0.36) 0.079

Hourly urine output (ml)  200 (133-261)  135 (103-210) 0.139

Time from insult to transplantation (days) –  4 (2-6) –

Time from WLSTvi to meeting fWITvii criteriaviii 
(minutes)

–  4 (1-6) –

Time from therapy withdrawal to cardiac arrest 
(minutes)

–  11 (8-16) –

No-touch interval duration (minutes) –  5 (5-5) –

Time from beginning of WIT to ORix arrival 
(minutes)

–  17 (15-20) –

Time from beginning of WIT to the beginning 
of perfusion (minutes)

–  21 (18-25) –

Table 2. Paraclinical parameters of kidney donors.

i The median with the interquartile range or the absolute frequency and relative frequency in percentages; ii DBD – Donors after Brain 
Death; iii DCD – Donors after Circulatory Death; iv The p-value of the Mann-Whitney test; v eGFR – Estimated Glomerular Filtration 
Rate from the creatinine concentration; vi WLST – withdrawal of life-sustaining therapy; vii fWIT – functional warm ischemia time; 
viii The criteria for reaching the start of WIT are described in the Material and Methods section; ix OR – Operating Room.
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Median	(IQR)	or	n	(%)i

P-valueiv

DBDii	(n=79) DCDiii	(n=20)

Numerical parameters

Age (years)  55 (46-62)  48 (42-63) 0.467

Weight (kg)  82 (74-93)  82 (74-88) 0.972

Body mass index (BMI)  26.7 (24.4-30.0)  26.5 (25.0-28.1) 0.708

Body surface area (BSA)v  1.98 (1.86-2.15)  1.99 (1.87-2.07) 0.913

BSA donor/recipient ratio  0.97 (0.85-1.08)  0.95 (0.89-1.07) 0.705

Duration of chronic hemodialysis (months)  23 (13-29)  21 (12-46) 0.844

Compatibility index  13 (12-16)  14 (7-17) 0.819

Preopreative PRAvi (%)  0 (0-0)  0 (0-0) 0.097

Maximal PRAvi (%)  0 (0-3)  0 (0-0) 0.213

Categorical parameters  

Sex (Male)  59 (75)  14 (70) 0.888

Arterial hypertension (Yes)  75 (95)  17 (85) 0.289

Diabetes mellitus (Yes)  18 (23)  6 (30) 0.704

Ischemic heart disease (Yes)  22 (28)  3 (15) 0.372

COPDvii  8 (10)  0 (0) 0.327

Smoking (Yes)  15 (19)  4 (20) 0.610

Number of prior kidney transplantations   0.116

 0  58 (73)  19 (95)  

 1  20 (25)  1 (5)  

 2  1 (2)  0 (0)  

Chronic hemodialysis (Yes)  76 (96)  20 (100) 0.877

Dialysis preoperatively (Yes)  21 (27)  6 (30) 0.980

Chronic dialysis   <0.001

 Chronic hemodialysis  71 (90)  12 (60)  

 Chronic peritoneal dialysis  4 (5)  7 (35)  

 Chronic combined dialysis  1 (1)  1 (5)  

 No  3 (4)  0 (0)  

Induction   <0.001

 Anti-CD25  21 (27)  3 (15)  

 ATGviii  14 (18)  14 (70)  

 Anti-CD25 + ATGviii  1 (1)  0 (0)  

 No  43 (54)  3 (15)  

Table 3. Basic descriptive parameters of kidney recipients.

i The median with the interquartile range or the absolute frequency and relative frequency in percentages; ii DBD – Donors after 
Brain Death; iii DCD – Donors after Circulatory Death; iv The p-value of the Mann-Whitney test or the Chi-square test of independence; 
v BSA according to the Mosteller calculation method; vi PRA – Panel-reactive antibodies; vii COPD – Chronic Obstructive Pulmonary 
Disease; viii ATG – anti-thymocyte globulin.
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The representation of blood groups in recipients is similar to 
that of donors (O is the most common group for DBD and A for 
DCD, with AB the rarest group), with no statistically significant 
differences (P=0.396). The 2 groups were also fully comparable 
in terms of comorbidities and results of serological analyses.

Chronic glomerulonephritis (n=38; 38%) was the most com-
mon cause of chronic renal failure in our cohort. Other causes 
included chronic tubulointerstitial nephritis (n=15; 15%), dia-
betic kidney disease (n=11; 11%), and hypertension (n=7; 7%). 
Other diagnoses, such as Alport syndrome, polycystic kidney 
disease, vasculitis associated with ANCA (anti-neutrophil cy-
toplasmic antibodies), monoclonal gammopathy, systemic lu-
pus erythematosus, and others, occurred more rarely. The vast 
majority of patients required long-term dialysis, usually hemo-
dialysis, with a minority undergoing peritoneal and combined 
dialysis (ie, both methods are used sequentially). To optimize 
renal parameters, 21 DBD recipients (27%) underwent preop-
erative hemodialysis on the day of transplantation, compared 
to 6 DCD recipients (30%); the remaining patients did not re-
quire preoperative hemodialysis. Table 3 also shows detailed 
pre-transplant immunocompatibility parameters.

Table 4 shows the perioperative and postoperative parameters. 
Transplantation was performed in the vast majority of patients 
with prophylactic antibiotics, most notably cefuroxime (n=90; 
91%), typically at a dose of 750 mg. In 4 patients (4%), cipro-
floxacin was used; Cefotaxime, ceftazidime, meropenem and 
piperacillin/tazobactam were administered in individual cas-
es and in 1 case no antibiotic prophylaxis was administered.

Of the variations in the number of individual anatomical struc-
tures, the abnormal number of renal arteries was the most 

common non-standard anatomical feature (double arteries in 
18 cases [18%], triple arteries in 3 cases [3%]). A smaller num-
ber of anomalies were observed in the veins (double vein in 
only 2 cases [2%]), and a double ureter was observed in a sin-
gle kidney (1%). Postoperatively, most of the patients (with no 
statistically significant differences between groups) received 
the immunosuppressant combination tacrolimus/mycopheno-
late mofetil/prednisone (n=95; 96%). In individual cases (ie, in 
which intolerance to that combination of immunosuppressants 
was observed), combinations tacrolimus/azathioprine/predni-
sone, tacrolimus/mycophenolate, mofetil/methylprednisolone 
can be used or tacrolimus/prednisone alone.

The results of laboratory tests of creatinine levels, eGFR (es-
timated glomerular filtration rate calculated from creatinine 
levels) and kalemia are presented in Figures 1-3.

In the DCD group, serum creatinine levels decreased by a me-
dian of 364 (IQR [interquartile range]: 176.5; 579.5) µmol/L 
and 469.5 (IQR: 307.2; 618.2) µmol/l after 7 days and 1 year, 
respectively. Similarly, in the DBD group, creatinine levels 
dropped by a median of 405.5 (IQR: 163.2; 494.0) µmol/l and 
518 (IQR: 354.2; 627.2) µmol/l.

Seven days after transplantation, the eGFR increased by 0.36 
(IQR: 0.10; 0.66) ml/s/1.73 m2 in the DBD group and by 0.30 
(IQR: 0.04; 0.42) ml/s/1.73 m2 in the DCD group. Similarly, 
after 1 year, the eGFR increased by 0.65 (IQR: 0.46; 0.89) 
ml/s/1.73 m2 and 0.65 (IQR: 0.39; 0.81) ml/s/1.73 m2, respec-
tively, in both groups.

Kalemia decreased by a median of 0.40 (IQR: -0.05; 1.00) mmol/l 
after 7 days in DBD recipients, while in DCD recipients, the 

Parameter
Median	(IQR)	or	n	(%)i

P-valueiv

DBDii	(n=79) DCDiii	(n=20)

Duration of surgery (minutes)  125 (114-146)  126 (112-150) 0.972

Cold ischemia (CIT, minutes)  961 (856-1076)  1100 (946-1244) 0.028

Warm ischemia (WIT, minutes) –  21 (19-25) –

Duration of perfusion (minutes)  11 (10-13)  22 (19-31) <0.001

Pigtail catheter implantation (Yes)  14 (18)  5 (25) 0.674

Acute rejection (Yes)  5 (6)  0 (0) 0.560

Graft function   >0.999

 Delayed graft function (DGF)  18 (23)  4 (20)  

 Immediate graft function (IGF)  61 (77)  16 (80)  

Primary graft dysfunction (PGD, Yes)  1 (1)  0 (0) –

Table 4. Parameters of the transplantation procedure and post-transplantation graft function.

i The median with the interquartile range or the absolute frequency and relative frequency in percentages; ii DBD – Donors after Brain 
Death; iii DCD – Donors after Circulatory Death; iv The p-value of the Mann-Whitney test or the Chi-square test of independence.

e936877-6
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Roman J. et al: 
DBD and DCD transplantations without pre-mortem heparin

© Med Sci Monit, 2022; 28: e936877
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



1400

1200

1000

800

600

400

200

0

0D 1D 3D 7D 1M
DBD (donors after brain death) DCD (donors after circulatory death)

12M 0D 1D 3D 7D 1M 12M

Se
ru

m
 cr

ea
tin

ine
 co

nc
en

tra
tio

n (
µm

ol/
l)

Figure 1.  Serum creatinine concentrations in kidney recipients over the study period. D (day), M (month), DBD (donors after brain 
death), DCD (donors after circulatory death). Image created in R statistical software (version 4.1.1, The R Foundation).
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Figure 2.  Estimated glomerular filtration rate (eGFR) calculated from serum creatinine in kidney recipients over the study period. 
D (day), M (month), DBD (donors after brain death), DCD (donors after circulatory death). Image created in R statistical 
software (version 4.1.1, The R Foundation).
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decrease observed in the same period was 0.80 mmol/l (IQR: 
0.35; 1.30). After 1 year, the observed decrease in kalemia was 
0.45 (IQR: -0.10; 1.00) in the DBD group and 0.30 (IQR: 0.00; 
1.30) in the DCD group. None of these parameters differed sig-
nificantly between the DBD and DCD groups.

Of the 79 kidneys transplanted to DBD recipients, a total of 
10 grafts (13%) failed during the follow-up period, while only 
1 graft (5%) failed in DCD recipients (P=0.565). At 1 year, dis-
ease-free survival was 94.9% (95% CI [confidence interval] 
90.1-99.9) and 100% (95% CI 100.0-100.0) in the DBD and 
DCD groups, respectively. The 3-year disease-free survival rate 
was 88.8% (95% CI 81.7-96.5) and 90.9% (95% CI 75.4-100.0) 
in these groups, while 5-year disease-free survival was 84.1% 
(95% CI 73.5-96.3) and 90.9% (95% CI 75.4-100.0), respective-
ly (however, please note that the results for the DCD group are 
potentially overly optimistic, as reflected in the width of the 
confidence intervals; this is due to the small number of pa-
tients, only a single event in this group, and differences in the 
follow-up period). Kaplan-Meier analysis did not show statis-
tically significant differences in disease-free survival between 
the 2 groups (P=0.370). A total of 13 patients died during the 
follow-up period - 10 in the DBD group (13%) and 3 in the 
DCD group (15%) – without statistically significant differenc-
es in overall survival (P=0. 750). The overall 1-, 3- and 5-year 
survival rates are shown in Table 5. The Kaplan-Meier analy-
sis of overall survival is shown in Figure 4.

Discussion

The introduction of DCD transplants was intended to expand 
the pool of potential cadaver kidney donors. In combination 
with living donors, less common types of transplantation such 
as DBCD (donation after brain death followed by circulatory 
death), and the individual use of expanded-criteria donors, the 
pool of organ donors is currently used to an acceptable max-
imum. Today, DCD donors account for about 20% of the total 
number of grafts in Europe [9]. However, currently there are no 
widely accepted European standards for DCD transplantation 
available, although individual countries often issue their rec-
ommendations adapted to local practices and legal standards. 
Compared to DBD transplantation, typically fewer organs are 
harvested from DCD donors (2.8 vs 3.8), but the frequency of 
kidney graft utilization from such donors is comparable (83% 

DBDi	(n=79) DCDii	(n=20)

1-year  97.5 (94.1-100.0)  90.0 (77.8-100.0)

3-year  91.9 (86.0-98.4)  90.0 (77.8-100.0)

5-year  82.7 (73.1-93.6)  67.5 (37.6-100.0)

Table 5.  Results of Kaplan-Meier analysis of the overall survival 
of kidney recipients (survival rates with 95% confidence 
intervals).

Median survival time could not be determined; i DBD – Donors 
after Brain Death; ii DCD – Donors after Circulatory Death.
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Figure 3.  Potassium concentrations in kidney recipients over the study period. D (day), M (month), DBD (donors after brain death), 
DCD (donors after circulatory death). Image created in R statistical software (version 4.1.1, The R Foundation).
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vs 87%) [10]. Recently, the use of DBD harvesting for kidney 
transplantation in pediatric recipients has also attracted inter-
est [11]. As kidney grafts are in high demand, optimal graft al-
location is necessary. To help with the allocation process, the 
Kidney Donor Profile Index (KDPI) was proposed in 2014 [12], 
using several donor parameters that affect the quality of the 
kidney graft (age, height, weight, cause of death, serum cre-
atinine, history of diabetes and hypertension, HCV infection, 
ethnicity, and discrimination between DBD/DCD) to calculate 
the index. The index value then predicts the allograft function 
and survival. However, it should be noted that the index is well 
correlated with patient age, which is the most common pre-
dictor of short- and long-term results [13].

Effect	of	Ischemia

Although the negative effect of the warm ischemia time on re-
covery of graft function has been demonstrated [14], calculation 

of the duration of warm ischemia remains controversial. More 
recent publications have distinguished between periods of to-
tal warm ischemia (from withdrawal of life support to perfu-
sion) and functional warm ischemia (lasting from a drop in 
pressure or saturation below a defined level and ending with 
perfusion). The median duration of total warm ischemia re-
ported in the literature is 26 min (10 to 174 min) [15], which 
is consistent with our experience. Of this, the time from with-
drawal of therapy to patient death from cardiac arrest consti-
tutes approximately two-thirds.

No-Touch	Interval

A consensus on the length of the no-touch interval has also 
not been reached. There is controversy over the typically used 
5-min interval, which has been shown in some animal experi-
ments to be too short to ensure complete loss of donor physio-
logical functions [16]. Although the use of the no-touch interval 
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Figure 4.  Results of Kaplan-Meier analysis of overall survival of kidney recipients (donors after brain death – green, donors after 
circulatory death – blue). No significant difference was found in overall survival between groups (log-rank test, P=0.750). 
Image created in R statistical software (version 4.1.1, The R Foundation).
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is not required by law in the Czech Republic, the 5-minute lim-
it is generally accepted; however, some countries use a longer 
no-touch interval of up to 30 min [10]. Pre-mortem adminis-
tration of heparin is, in some countries, illegal. However, the 
effect of pre-mortem heparin administration on DCD donors 
on the course of transplantation and postoperative graft func-
tion has not yet been compared in the literature versus the 
procedure without its application [10].

Delayed Graft Function and Primary Non-Function

The short-term results of DCD transplants compared to DBD 
transplants have been discussed in the literature, with a sig-
nificantly higher incidence of delayed graft function (DGF) re-
ported in DCD than in DBD transplants (17-80% vs 8-50%) 
[1-5,17-19]. The short period of warm ischemia in DCD trans-
plantations is the most common explanation for this [18]. 
However, in our study, the representation of DGF was not sig-
nificantly different between the groups (20% DCD vs 23% DBD). 
Based on creatinine concentrations that remained compara-
ble between groups over the long-term, DGF can be success-
fully managed with supportive therapy regardless of the type 
of transplantation and does not affect overall graft survival. 
The inevitability of warm ischemia is another likely cause of 
the inferior laboratory parameters reported immediately af-
ter DCD transplantation [3]; these differences gradually level 
off. In our study, the results were even comparable at all time 
points. Primary non-function (PNF) is generally a rare event 
[19,20], which was also confirmed in our study. In our opinion, 
a technical error during transplantation is probably the most 
likely cause of this event; prolonged warm graft ischemia or 
perivascular capillary edema may also play a role [2]. Large 
European studies report that the frequency of PNF in patients 
after DCD transplantation is as high as 5.0%, which is much 
higher than the 0.7-0.9% reported for DBD grafts [21]. Acute 
rejection of the graft is also relatively rare, with reported fre-
quencies of 0.0-8.5% for DBD and 5.5-8.0% for DCD in the case 
of kidney transplantation [3-5]. Furthermore, a recent (2021) 
meta-analysis by Rijkse et al concluded that the risk of PNF 
(RR 1.43; 95% CI 1.26; 1.62) and DGF (RR 2.02; 95% CI 1.88; 
2.16) is higher in patients in the DCD group [22].

Graft Function

In our study, the difference in time to graft failure was not statis-
tically significant between the groups. This is in accordance with 
studies reporting 1-year graft function rates of 87.0 to 98.3% for 
the DBD group and 85.0 to 100% for the DCD group [2,3,19,21]. 
In the aforementioned meta-analysis, a 13% higher risk of graft 
loss was reported for the DCD group compared to DBD (RR 1.13; 
95% CI 1.08; 1.19). These results are in agreement with the liter-
ature, which shows a 1-year graft function of 87.0 to 100% for 
DBD grafts and 85.0 to 100% for DCD grafts. In the literature, 

the 5-year graft function rate is reported to be 80.0 to 100.0% 
for DBD and 75.8 to 85.9% for DCD kidney transplants, respec-
tively [1-3,5,10,21,23]. Nakamura et al reported that the graft 
origin of the standard or expanded-criteria donor graft affected 
graft function to a greater degree than the origin of the DCD/
DBD graft [5], and some authors also reported differences be-
tween controlled and uncontrolled kidney transplantation [10,24].

Overall	Mortality

The overall mortality in kidney transplantation studies is 92.8-
98.3% in DBD and 94.9-100% in DCD grafts [2,3,19,21], which 
agrees well with our results.

The 3-year mortality observed in our study is in good accor-
dance with large studies. Summers et al reported a 3-year sur-
vival of 91.4% in DBD patients and 92.2% in DCD patients [1], 
while Buxeda et al reported the 3-year survival of elderly DBD 
donors at 87% and 78-97% in DCD donors, depending on the 
age of the recipient [25]. The latter study also showed that do-
nor age is not relevant to the overall survival of the recipients.

After 5 years, disease-free survival in our patient cohort was 
84.1% (95% CI 73.5-96.3) and 90.9% (95% CI: 75.4-100.0) in 
the DBD and DCD groups, respectively. As mentioned above, 
5-year survival in the DCD group in our study comes with a 
wide confidence interval due to the very small number of pa-
tients who were observed for that long. This is a clear limita-
tion of our study; the rates in the literature are 89.0-93.0% in 
the DBD group and 86.5-88.0% in the DCD group [1,23,26].

Extended-Criteria Donors

The results of our study agree with others concluding that 
the outcomes of DCD transplantations are fully comparable to 
those of DBD in the controlled transplantation regimen, even if 
older donors to ECD donors were included [27]. The high per-
centage of ECD (marginal) donors in the DCD group can be 
explained by the generally higher occurrence of physiological 
and laboratory pathologies in this type of donor, while in DBD 
donors, functions other than cerebral are often physiological.

It should be noted that although the percentage representa-
tion of ECD donors was significantly higher in the DCD group, 
there was no statistically significant difference between the 
groups in transplant outcomes, which is quite surprising 
(since the expectation that ECD donors would perform worse). 
This interesting result of our study could be explained by the 
careful selection of patients and the well-executed coordina-
tion of withdrawal from therapy and transplantation itself. In 
Maastricht 3 donors (potential donors from other Maastricht 
categories are not considered for inclusion in the transplan-
tation program in our department), the process of kidney 
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harvesting and transplantation process is highly controlled, 
limiting the duration of warm ischemia to a minimum.

Limitations of the Study

The main limitation of this study is the small number of DCD 
donors, resulting in wide confidence intervals (especially at 
the longest follow-up period of 5 years). The difference in the 
representation of ECD donors between groups could also be 
considered a limitation; however, in this case, it underlines the 
successful DCD program in our department, as despite the sig-
nificantly higher representation of marginal donors (ECD) in 
the DCD group, the results remained comparable.

Conclusions

Our results indicate that the short- and long-term outcomes 
of kidney transplants from donors after circulatory death and 
after brain death, both without heparin administration, are 

fully comparable. Despite the minor differences between the 
2 groups (in type of dialysis, induction, cold ischemia, perfu-
sion time, and donor marginality), graft function at 1 year is 
fully sufficient, with a significant decrease in kalemia and se-
rum creatinine levels and an improvement in eGFR after trans-
plantation in both groups. The fact that the time to graft fail-
ure and patient survival did not differ significantly allows us 
to recommend kidney transplantation from all eligible donors 
with DCD, even without pre-mortem heparin administration.
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