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Abstract  

Worldwide shortage of standard brain dead donors (DBD) has revived the use of kidneys donated 

after circulatory death (DCD). We reviewed the Belgian DCD kidney transplant (KT) experience since 

its reintroduction in 2000. Risk factors for delayed graft function (DGF) were identified by 

multivariate analysis. 5-year patient/graft survival was assessed by Kaplan-Meier curves. The 

evolution of the kidney donor type and the impact of DCDs on the total KT activity in Belgium were 

compared with the Netherlands. Between 2000 and 2009, 287 DCD KT were performed. Primary non-

function occurred in 1% and DGF in 31%. 5-year patient and death-censored graft survival were 93% 

and 95%, respectively. In multivariate analysis, cold storage (vs. machine perfusion), cold ischemic 

time and histidine-tryptophan-ketoglutarate solution were independent risk factors for the 

development of DGF Despite an increased number of DCD donations and transplantations, the total 

number of deceased KT did not increase significantly. This could suggest a shift from DBDs to DCDs. 

In order to increase KT activity, Belgium should further expand controlled DCD programs while 

simultaneously improve the identification of all potential DBDs and avoid their referral for donation 

as DCDs before brain death occurs. Furthermore, living donation remains underused. 
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Introduction 

Organ shortage has urged transplant physicians to expand the acceptance criteria of deceased 

donors. The use of expanded criteria donor (ECD) kidneys and kidneys donated after circulatory 

death (DCD) has increased significantly. About one third of deceased kidney transplant activity in the 

United States is performed with kidneys from ECDs and DCDs [1]. Although DCD donation was 

common practice in the early era of transplantation, the introduction of brain death criteria and the 

superior results achieved with organs donated after brain death (DBD) pushed DCD donation to the 

background [2]. DCDs were reported to have considerably higher incidences of delayed graft function 

(DGF) and primary non-function (PNF) as compared with DBD kidneys (28%-88% and 1-18% versus 

13%-35% and 1-10%, respectively) [3-4] and inferior graft outcome. However, with the successful 

course of clinical transplantation activities, the DBD pool rapidly became insufficient to sustain the 

increasing demand for kidney grafts. Consequently, DCD kidney programs were established since the 

full potential of the DCD pool was estimated larger than that of the DBD pool and could double or 

even quadruple the number of deceased donor kidney transplantations [5]. Additionally, some 

landmark publications at the turn of the century showed that excellent long-term graft survival, 

equivalent to DBD kidneys, could be achieved with DCD kidneys [6-7]. These early reports were 

subsequently confirmed in larger series [3,8-9]. The excellent results of DCD kidney transplantation 

combined with the growing organ shortage has led to a steady increase of DCD kidney transplant 

activity in countries with the required legal framework and now reaches up to 30-40% of deceased 

donor kidney transplantations in the United Kingdom (UK) and the Netherlands [8,10]. 

Despite a legal framework allowing maximal efforts to stimulate organ donation and transplantation 

(opting-out, legality of DBD, DCD, and living donation [11]) and one of the highest deceased donor 

rates per capita worldwide, Belgium is still confronted with a renal graft shortage. Less than 50% of 

waitlisted patients are transplanted yearly [10]. Therefore, in an attempt to increase the number of 
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kidney transplants, DCD kidney transplant programs were reintroduced in Belgium at the turn of the 

century. 

In this report we review the 10-year Belgian DCD kidney transplant experience with particular 

emphasis on i) results, ii) risk factors for DGF, iii) the evolution of the different types of kidney 

donation, and iv) the evolution of the overall kidney transplant activity. 

 

Patients and Methods 

Study population 

Donor and recipient data from all DCD kidney transplants performed in Belgium between January 1, 

2000, and December 31, 2009 were retrieved from the registry of the international organ-exchange 

organization Eurotransplant [10] and the 7 Belgian kidney transplant centers, represented by the 

Kidney-Pancreas Committee. Recipients younger than 18 years of age at time of transplantation were 

excluded, as were combined transplantations. 

DGF was defined as the need for dialysis in the first week after transplantation, preceding return of 

graft function. PNF was defined as a graft that never regained function. Warm ischemic time was 

defined as the time from withdrawal of life support to start of cold perfusion, acirculatory time as the 

time from cardio-circulatory arrest until start of cold perfusion, cold ischemic time as the time from 

start cold perfusion to start of the vascular anastomoses, and anastomotic time as the time from 

start of the vascular anastomoses until reperfusion of the graft. HLA mismatching between donor 

and recipient was categorized according to differences at the HLA-A, HLA-B, and HLA-DR loci; with 0-

1 of 6 possible mismatches categorized as ‘level 1’, 2-4 mismatches as ‘level 2’, and 5-6 as ‘level 3’. 

Graft survival was defined as the time from transplantation to return to dialysis, graft nephrectomy 

or to patient death with a functioning graft, whichever came first. Early acute rejection was defined 

as the treatment of biopsy-proven  rejection within the first 3 months after transplantation. 
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The evolution of kidney donation and transplantation rates in Belgium and the Netherlands, both 

Eurotransplant countries, was studied by comparing activity in three chronological eras (1995-1999, 

2000-2005, 2006-2010). Kidney donation and kidney-only transplantation rates were obtained from 

the Eurotransplant registry. Rates were adjusted for the number of inhabitants using Eurostat 

population data [12]. 

 

Statistical analysis 

Continuous variables are expressed as median (inter-quartile range), categorical variables as number 

(and percentage). Comparisons of continuous variables between groups were performed by Mann-

Whitney U test or Kruskall-Wallis test. Comparisons of categorical variables were performed by χ² 

test or Fisher exact test. Univariate and multivariate logistic regression models were constructed to 

find independent risk factors of DGF. The multivariate model was constructed by backward stepwise 

regression using covariates with a univariate p-value <0.15. Because only 3 cases of PNF occurred, no 

further analyses on PNF were performed. Kaplan-Meier curves were used to assess patient and graft 

survival. The effect of DCD type (controlled versus uncontrolled DCD) on 5-year patient and graft 

survival was assessed by log-rank testing. Because of a limited number of deaths and graft losses 

(n=25 and n=18, respectively), no Cox regressions were performed. P-values <0.05 were considered 

to indicate statistical significance. All data analyses were performed in SPSS-16. 

 

Results 

Study population 

287 DCD kidney transplants were performed in Belgium during the 10 year study period (i.e. 7.4% of 

all deceased donor kidney transplants). In the same period, 175 DCD procedures were performed 

(i.e. 7.8% of all deceased donor procedures). Donor and recipient characteristics are shown in 

Table 1. During the study period, pediatric donors were not considered for DCD donation and 
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generally the upper age limit for DCD donation was considered to be 60 years. DCD kidneys were 

allocated following standard Eurotransplant allocation rules and were transplanted for all common 

transplant indications (Table 2). 91% of DCD kidneys were procured in Belgium whereas 9% were 

imported. 93% of kidneys were recovered from controlled Maastricht Category III donors leading to 

relatively short warm ischemic and acirculatory times, 7% were recovered from uncontrolled 

Maastricht Category II donors (Table 1) [13]. Prior to 1998, duration of the ‘no-touch’ period varied 

from 2 to 10 minutes, depending on center practice. However, since the US recommendation of the 

Institute of Medicine, a 5 minutes period became standard in most centers [14]. 

Histidine-tryptophan-ketoglutarate (HTK) solution was used as flush solution in 83% of donors, and 

University of Wisconsin solution (UW) in 16%. Kidneys were preserved either by cold storage (47%) 

or by machine perfusion (53%), depending on the preference of the recipient center. Of machine-

perfused kidneys, 82% were placed on the machine directly after procurement in the donor center 

(immediate perfusion). In 18%, machine perfusion was started after an initial period of cold storage 

(delayed perfusion). All kidneys preserved on the machine were perfused with Belzer’s machine 

perfusion solution, available as KPS-1 (Organ Recovery Systems, Itasca, IL, USA) [15]. Between 2000 

and 2003, the RM3 machine (Waters Medical Systems, Rochester, MN, USA) was used. Thereafter, 

kidneys were perfused on LifePort Kidney Transporter machines (Organ Recovery Systems). 89% of 

machine-preserved kidneys were perfused on LifePort machines. 

Recipient immunosuppression varied according to centre specific practice (Table 1): 72.6% of 

recipients received induction therapy, the introduction of calcineurin inhibitors was delayed in only 

12.3% of cases. Maintenance immunosuppression consisted out of calcineurin inhibitors (100%), 

mycophenolate mofetil (93%), and corticosteroids (100%). 

Recipients were followed for a median of 34 months (18–46), during which time PNF developed in 

1% and DGF in 31% of cases. Machine-perfused kidneys experienced a numerically 9% lower DGF 

rate compared to cold stored kidneys (27% and 36%, respectively, p=0.07). The DGF incidence of 
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kidneys with delayed versus immediate machine perfusion was similar (33% and 26%, respectively, 

p=0.48). DGF rate in uncontrolled DCDs was higher compared to controlled DCDs (65.0% vs. 28.5% 

respectively ; p=0.001), however PNF rates were similar (0% vs. 1%, respectively; p=0.63). DCD kidney 

transplantation resulted in excellent 5-year patient and death-censored graft survival (93% and 95%, 

respectively) (Table 1, Fig. 1). Patient and death-censored graft survival of uncontrolled DCDs were 

similar to controlled DCDs (85% vs. 93%; p=0.22 and 94% vs. 95%; p=0.98, respectively). 

 

Risk factors for the development of DGF 

Results from univariate and multivariate regression analysis are shown in Table 3. After correction for 

donor and recipient variables, cold storage (versus machine perfusion), cold ischemic time, and flush 

with HTK were independent risk factors for DGF. The type of DCD donor (uncontrolled or controlled) 

was not an independent risk factor in multivariate analysis, nor was warm ischemic time or 

acirculatory time. 

 

Evolution of kidney donation and transplantation rates in Belgium since 1995 

Between 1995 and 2010, the majority of effective Belgian kidney donors were deceased donors [20.6 

pmp (19.0-22.4)], mainly DBDs [19.4 pmp (18.3-20.9)] with a small portion of DCDs [0.4 pmp (0.2-

2.8)]. Living donation [2.2 pmp (1.5-3.8)] increased the total number of effective kidney donors in 

Belgium to 23.0 pmp (21.1-26.0) (Fig. 2A). Kidney transplantation rates showed a similar distribution: 

a majority of deceased donors [37.9 pmp (31.9-38.8)], mainly DBDs [33.5 pmp (30.3-37.1)] and a few 

DCDs [0.7 pmp (0.3-4.8)]. Living donation [2.5 pmp (1.5-4.0)] increased the total number of kidney 

transplants to 39.2 pmp (34.7-42.8) (Fig. 2B). Although Belgium reintroduced DCD kidney 

transplantation in 2000, the number of DCD transplants was low until 2003, after which a steady 

increase occurred with DCDs comprising up to 16% of deceased donor kidneys in 2010. Between 

2000 and 2005, only 1.5% (0.75-4.25) of all transplanted deceased donor kidneys originated from 



 

10 

This is the version of the paper as accepted by “Transpl Int”. 
This version has been through peer-review but still contains the authors’ original formatting. It has not yet undergone the 
publisher’s copy-editing and typesetting process, which will usually result in changes to the font and text alignment. 

DCD donors. Between 2006 and 2010 this number increased to 16% (12-16.5; p=0.04). Table 4 shows 

the evolution of kidney donation and transplantation rates. Despite an increase in DCD donation, 

total deceased kidney donor rates did not increase. Living donors only slightly increased the total 

kidney donation rates. Increased kidney transplants from DCDs and living donors did not result in a 

significant increase of total kidney transplant activity. 

 

Evolution of kidney donation and transplantation rates in the Netherlands since 1995 

In the Netherlands, effective kidney donation rates reached 25.0 pmp (19.9-34.9) between 1995 and 

2010. Kidney donors were equally distributed between living donors [12.2 pmp (7.3-20.8)] and 

deceased donors [12.5 pmp (12.0-13.6)], with DBDs [8.1 pmp (7.4-10.2)] as well as DCDs [4.1 pmp 

(2.2-5.5)] (Fig. 2C). Kidneys were mainly transplanted from deceased donors [23.2 pmp (22.1-24.9)], 

both from DBDs [14.7 pmp (13.7-19.1)] and DCDs [7.6 pmp (3.7-10.0)]. Living donor transplants [12.4 

pmp (7.3—20.8)] increased the total number to 35.4 pmp (31.3-44.6) (Fig. 2D). Table 4 shows the 

evolution of kidney donation and transplantation rates. Living donation resulted in increased kidney 

donation rates. Deceased donation activity remained stable, but DBD activity decreased significantly 

while an exponential increase in DCDs was observed (Table 4, Fig. 3). Kidney transplantation rates 

also increased, mainly because of increased living donations (in 2010, 57% of transplantations were 

with living donor kidneys). Deceased donor kidney transplant rates remained stable, with increasing 

use of DCD kidneys and decreasing transplants from DBDs (Table 4, Fig. 3). 

 

Discussion 

This Belgian survey shows that DCD kidney transplant programs resulted in good immediate function 

and excellent medium-term outcome. Indeed, a 31% DGF incidence in DCD kidneys is lower than 

commonly reported and is in fact comparable to DGF rates observed in DBD kidneys (13%-35%) [3-4]. 

This low DGF rate likely results from short cold ischemic times and the use of machine perfusion. Our 
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multivariate analysis, although limited by its retrospective nature, showed that cold ischemic time 

and cold storage are independent risk factors of DGF. This is in line with a recent Eurotransplant 

randomized controlled trial showing that machine perfusion significantly reduces the risk of DGF in 

DCD kidneys [16-17]. Of note, 16% of the kidneys in the current analysis were part of the 

Eurotransplant trial. Following the report of a UK randomized controlled trial that did not show a 

benefit of machine perfusion [18], it has been suggested that kidneys should be machine perfused 

immediately following procurement until transplantation [19].In the present analysis no difference 

was observed in DGF between immediate versus delayed perfusion. However, an effect could have 

remained undetected because only a minority of kidneys underwent delayed machine perfusion.  

We observed only 3 PNF cases (1%), contrary to generally higher PNF rates reported in DCD kidneys 

[3-4]. Although no formal analysis on the risk factors of PNF could be performed, the low PNF rate is 

likely explained by the majority of controlled Maastricht Category III donors, the relatively short 

warm ischemic and acirculatory times, anastomotic time and cold ischemia time, and possibly the 

use of machine perfusion [20]. In addition, donors were young with excellent kidney function and 

only rarely suffered from hypertension. 

 

Unfortunately, the introduction of DCD kidney transplantation did not lead to a major increase in the 

Belgian kidney transplant activity. There are several possible contributing factors. 

Firstly, despite the high number of DBDs in Belgium there is room for improvement. Only 67% of 

potential DBDs are identified and of these 10% are never reported [21]. One strategy to improve 

donor identification and referral is the Spanish model of the ‘donor facilitator’; professionals 

responsible for donor identification and evaluation, supporting intensive care personnel charged 

with donor maintenance, and interviewing donor families [22]. In Belgium donor facilitators have 

recently been appointed through a national initiative, the GIFT-project [23]. In addition, training of 
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health-care professionals involved in donation and transplantation and national campaigns to 

increase public awareness should be pursued [23]. 

 

Secondly, the full potential of controlled DCDs is not used. As many as 26% of all ICUs deaths are 

potential controlled DCD donors but less than 4% of DCDs are identified, indicating a real possibility 

to increase the donor pool (survey Ministry of Health, L. De Pauw, personal communication). A 

possible explanation could be the extreme caution and scepticism by which DCDs were originally 

approached in Belgium. The initial mixed results of international DCD programs reporting high DGF 

and PNF rates [6,24-28] held the Belgian DCD programs back for another 2-3 years [29]. At the time it 

was advocated that “the development of a non-heart beating program is no longer acceptable if 

machine perfusion and viability testing are not available” [30]. The publication by Weber et al., 

showing equal long-term results for DBD and DCD kidneys, even without machine perfusion [7], 

increased confidence in DCD donation and lead to a marked increase in DCD kidney transplants after 

2003. Meanwhile, it has also been shown that viability testing - based on vascular renal resistances 

and biomarkers in the perfusate – is not as straightforward as has always been assumed [31-33]. 

 

Although it might be too early to distinguish the effect of DCD programs on the overall transplant 

activity, there is an increasing concern that DBDs are being recovered as DCDs, i.e. potential donors 

with major, irreversible neurological injury are prematurely referred as DCDs, before brain death 

occurs. Especially in the UK [34] and the Netherlands (Fig. 2, 3, Table 4) the increase in DCDs has 

been accompanied by an alarming decrease in DBDs. The shortage of ICU resources and perhaps the 

erroneous perception that DCDs and DBDs have equivalent results may encourage physicians to refer 

potential donors earlier as DCDs, even if they may progress to brain death at a later stage. In 

addition, the possibility to offer withdrawal of life support earlier could avoid unnecessary prolonged 

suffering for patients and families in case of unrecoverable neurological damage [35]. Furthermore, 
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improved and more aggressive neurosurgical decompressive treatments delay or even prevent 

development of brain death after neurological disasters [35]. Although an alleged substitution of 

DBDs for DCDs is very difficult to prove, the possibility of it occurring is extremely worrisome 

because, as a result, total deceased donor transplant activity is not increasing. Furthermore, DCD 

liver transplantation results in higher rates of biliary complications and decreased graft survival, DCDs 

critically diminish the donor population for heart transplantation, and there are fewer organs 

retrieved from DCDs with a lower utilization rate. The observation that DBD activity has continued to 

increase – albeit slightly – in most European countries, except those with established DCD programs 

like the Netherlands and UK, supports a substitution phenomenon. A survey of the Belgian Ministry 

of Health has shown that the potential of DBD has decreased from 8% to 6 % of ICU deaths between 

2007 and 2010 (L. De Pauw, personal communication). 

 

In order to effectively increase the deceased donor pool without compromising the excellent results 

of transplantation, DCD donation should ideally only concern donors that would otherwise not 

progress to brain death. In this regard, uncontrolled DCDs (Maastricht Category I and II) represent a 

scarcely explored source of kidney grafts that does not compete with DBDs. Uncontrolled DCD 

donation is predominant utilized only in Spain and France where controlled DCD is not allowed [36]. 

Although graft survival of uncontrolled DCD kidneys seems to be similar to controlled DCDs in 

experienced centers, data on long-term results in large patient cohorts are scarce [20,36-38]. Our 

limited experience with uncontrolled donation has resulted in a higher DGF rate but equally good 5-

year outcome compared with controlled DCDs. Unfortunately, procurement and organ utilization 

rates in these uncontrolled DCDs are lower than in controlled DCD with considerably increased use of 

resources and potentially demotivating for donor hospitals and procurement teams [36]. 

Another potential source of DCD organs are organs donated after euthanasia. Since 2002 euthanasia 

is legal in Belgium under strict conditions [39]. At the explicit wish of the patient requesting 
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euthanasia and after Ethical Committee approval, organ donation can be considered. A limited 

number of cases have been performed with excellent results [40-41]. The potential of donation after 

euthanasia is substantial; 335 cases of euthanasia with a non-cancerous diagnosis were performed in 

Belgium between 2002-2007, with increasing numbers every year [42]. 

 

Because of the high rate of deceased donation in Belgium it has long been thought that the need for 

living donation was less urgent than in countries with low deceased donation. However, this review 

shows that overall deceased donor activity has not increased significantly over the last 15 years 

whereas waiting times for a deceased kidney have increased (median of 787 days in 2000 and 864 

days in 2010). Extensive worldwide experience with living kidney donation, the safety of unilateral 

nephrectomy in selected healthy living donors [43-45], the development of minimally invasive 

surgery, and the superior results of living versus deceased donor kidney transplantation [46], support 

the further development of living donation in Belgium. Matching the living donor activity to that in 

the Netherlands or in the United States would double the total transplant activity in Belgium. 

 

In conclusion, DCD kidney transplantation in Belgium results in good immediate function and 

excellent medium-term outcome. However, until now DCD programs have not resulted in an increase 

of total deceased donor kidney transplant activity, possibly related to a substitution of DCD to DBD 

donors. To increase its kidney transplant activity, Belgium should i) improve the identification and 

reporting of all DBD donors with support of appointed donor facilitators ; ii) pursue the development 

of controlled DCD donation while avoiding premature referral of potential donors who may progress 

to brain death; iii) explore uncontrolled DCD donation; and iv) increase living donation. 

 



 

15 

This is the version of the paper as accepted by “Transpl Int”. 
This version has been through peer-review but still contains the authors’ original formatting. It has not yet undergone the 
publisher’s copy-editing and typesetting process, which will usually result in changes to the font and text alignment. 

Acknowledgements 

The authors would like to thank all participating centers, transplant coordinators, the Kidney-

Pancreas Committee and Eurotransplant for providing relevant data. 



 

16 

This is the version of the paper as accepted by “Transpl Int”. 
This version has been through peer-review but still contains the authors’ original formatting. It has not yet undergone the 
publisher’s copy-editing and typesetting process, which will usually result in changes to the font and text alignment. 

References 

1. OPTN/SRTR Annual Report Available at: http://optn.transplant.hrsa.gov/ar2009/ 

2. Kootstra G. History of non-heart-beating donation. In: Talbot D, D'Alessandro A, ed. Organ 

donation and transplantation after cardiac death. Oxford University Press, Oxford, UK: 2009; 

1-6. 

3. Kokkinos C, Antcliffe D, Nanidis T, Darzi AW, Tekkis P, Papalois V. Outcome of kidney 

transplantation from nonheart-beating versus heart-beating cadaveric donors. 

Transplantation 2007; 83: 1193-1199. 

4. Moers C, Leuvenink HG, Ploeg RJ. Non-heart beating organ donation: overview and future 

perspectives. Transpl Int 2007; 20: 567-575. 

5. Daemen JW, Oomen AP, Kelders WP, Kootstra G. The potential pool of non-heart-beating 

kidney donors. Clin Transplant 1997; 11: 149-154. 

6. Wijnen RM, Booster MH, Stubenitsky BM, de Boer J, Heineman E, Kootstra G. Outcome of 

transplantation of non-heart-beating donor kidneys. Lancet 1995; 345: 1067-1070. 

7. Weber M, Dindo D, Demartines N, Ambuhl PM, Clavien PA. Kidney transplantation from 

donors without a heartbeat. N Engl J Med 2002; 347: 248-255. 

8. Summers DM, Johnson RJ, Allen J et al. Analysis of factors that affect outcome after 

transplantation of kidneys donated after cardiac death in the UK: a cohort study. Lancet 

2010; 376: 1303-1311. 

9. Barlow AD, Metcalfe MS, Johari Y, Elwell R, Veitch PS, Nicholson ML. Case-matched 

comparison of long-term results of non-heart beating and heart-beating donor renal 

transplants. Br J Surg 2009; 96: 685-691. 

10. Eurotransplant International Foundation, Leiden, the Netherlands. Available at: 

www.eurotransplant.org Accessed August 2011 

http://optn.transplant.hrsa.gov/ar2009/
http://www.eurotransplant.org/


 

17 

This is the version of the paper as accepted by “Transpl Int”. 
This version has been through peer-review but still contains the authors’ original formatting. It has not yet undergone the 
publisher’s copy-editing and typesetting process, which will usually result in changes to the font and text alignment. 

11. Wet betreffende het wegnemen en transplanteren van organen, 18 juni 186. Law on organ 

retrieval and transplantation, 18 June 1986. Available at: http://www.ejustice.just.fgov.be 

12. European Commission. Eurostat Population Database. Available at: 

http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home Accessed 24 August 

2011 

13. Kootstra G, Daemen JH, Oomen AP. Categories of non-heart-beating donors. Transplant Proc 

1995; 27: 2893-2894. 

14. Herdman R, Beauchamp TL, Potts JT. The Institute of Medicine's report on non-heart-beating 

organ transplantation. Kennedy Inst Ethics J 1998; 8: 83-90. 

15. Belzer FO, Glass NR, Sollinger HW, Hoffmann RM, Southard JH. A new perfusate for kidney 

preservation. Transplantation 1982; 33: 322-323. 

16. Moers C, Smits JM, Maathuis MH et al. Machine perfusion or cold storage in deceased-donor 

kidney transplantation. N Engl J Med 2009; 360: 7-19. 

17. Jochmans I, Moers C, Smits JM et al. Machine perfusion versus cold storage for the 

preservation of kidneys donated after cardiac death: a multicenter randomized controlled 

trial. Ann Surg 2010; 252: 756-764. 

18. Watson CJE, Wells AC, Roberts RJ et al. Cold Machine Perfusion Versus Static Cold Storage of 

Kidneys Donated After Cardiac Death: A UK Multicenter Randomized Controlled Trial. Am J 

Transplant 2010; 10: 1991-1999. 

19. Jochmans I, Moers C, Ploeg RJ, Pirenne J. To perfuse of to not perfuse kidneys donated after 

cardiac death. Am J Transplant 2011; 11: 409-410. 

20. Hoogland ER, Snoeijs MG, Winkens B, Christaans MH, van Heurn LW. Kidney transplantation 

from donors after cardiac death: uncontrolled versus controlled Donation. Am J Transplant 

2011; 11: 1427-1434. 

http://www.ejustice.just.fgov.be/
http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home


 

18 

This is the version of the paper as accepted by “Transpl Int”. 
This version has been through peer-review but still contains the authors’ original formatting. It has not yet undergone the 
publisher’s copy-editing and typesetting process, which will usually result in changes to the font and text alignment. 

21. Roels L, Spaight C, Smits J, Cohen B. Donation patterns in four European countries: data from 

the donor action database. Transplantation 2008; 86: 1738-1743. 

22. Rodriguez-Arias D, Wright L, Paredes D. Success factors and ethical challenges of the Spanish 

Model of organ donation. Lancet 2010; 376: 1109-1112. 

23. Federal Public Service Health, Food Chain Safety and Environment. Available at: 

www.beldonor.be 

24. Varty K, Veitch PS, Morgan JD, Kehinde EO, Donnelly PK, Bell PR. Response to organ shortage: 

kidney retrieval programme using non-heart beating donors. BMJ 1994; 308: 575. 

25. Phillips AO, Snowden SA, Hillis AN, Bewick M. Renal grafts from non-heart beating donors. 

BMJ 1994; 308: 575-576. 

26. Andrews PA, Denton MD, Compton F, Koffman CG. Outcome of transplantation of non-heart-

beating donor kidneys. Lancet 1995; 346: 53. 

27. Schlumpf R, Candinas D, Zollinger A et al. Kidney procurement from non-heartbeating 

donors: transplantation results. Transpl Int 1992; 5: S424-428. 

28. Chang RW. Transplantation of non-heart-beating donor kidneys. Lancet 1995; 346: 322. 

29. Squifflet JP. Why did it take so long to start a non-heart-beating donor program in Belgium? 

Acta Chir Belg 2006; 106: 485-488. 

30. Vanrenterghem Y. Cautious approach to use of non-heart-beating donors. Lancet 2000; 356: 

528. 

31. Moers C, Varnav OC, van Heurn E et al. The value of machine perfusion perfusate biomarkers 

for predicting kidney transplant outcome. Transplantation 2010; 90: 966-973. 

32. Jochmans I, Moers C, Smits JM et al. The prognostic value of renal resistance during 

hypothermic machine perfusion of deceased donor kidneys. Am J Transplant 2011; 11: 2214-

2220. 

http://www.beldonor.be/


 

19 

This is the version of the paper as accepted by “Transpl Int”. 
This version has been through peer-review but still contains the authors’ original formatting. It has not yet undergone the 
publisher’s copy-editing and typesetting process, which will usually result in changes to the font and text alignment. 

33. Jochmans I, Pirenne J. Graft quality assessment in kidney transplantation: not an exact 

science yet! Curr Opin Organ Transplant 2011; 16: 174-179. 

34. NHS Blood and Transplant: Transplant activity in the UK. Available at: 

http://www.uktransplant.org.uk/ukt/statistics 

35. Saidi RF, Bradley J, Greer D et al. Changing pattern of organ donation at a single center: are 

potential brain dead donors being lost to donation after cardiac death? Am J Transplant 

2010; 10: 2536-2540. 

36. Dominguez-Gil B, Haase-Kromwijk B, Van Leiden H et al. Current situation of donation after 

circulatory death in European countries. Transpl Int 2011; 24: 676-686. 

37. Fieux F, Losser MR, Bourgeois E et al. Kidney retrieval after sudden out of hospital refractory 

cardiac arrest: a cohort of uncontrolled non heart beating donors. Crit Care 2009; 13: R141. 

38. Sanchez-Fructuoso AI, Prats D, Torrente J et al. Renal transplantation from non-heart beating 

donors: a promising alternative to enlarge the donor pool. J Am Soc Nephrol 2000; 11: 350-

358. 

39. Wet betreffende euthanasie, 28 mei 2002. Law on euthanasia, 28 May 2002. Available at: 

http://www.ejustice.just.fgov.be 

40. Ysebaert D, Van Beeumen G, De Greef K et al. Organ procurement after euthanasia: Belgian 

experience. Transplant Proc 2009; 41: 585-586. 

41. Detry O, Laureys S, Faymonville ME et al. Organ donation after physician-assisted death. 

Transpl Int 2008; 21: 915. 

42. Smets T, Bilsen J, Cohen J, Rurup ML, Deliens L. Legal euthanasia in Belgium: characteristics 

of all reported euthanasia cases. Med Care 2010; 48: 187-192. 

43. Levey AS, Danovitch G, Hou S. Living donor kidney transplantation in the United States-

looking back, looking forward. Am J Kidney Dis 2011; 58: 343-348. 

http://www.uktransplant.org.uk/ukt/statistics
http://www.ejustice.just.fgov.be/


 

20 

This is the version of the paper as accepted by “Transpl Int”. 
This version has been through peer-review but still contains the authors’ original formatting. It has not yet undergone the 
publisher’s copy-editing and typesetting process, which will usually result in changes to the font and text alignment. 

44. Najarian JS, Chavers BM, McHugh LE, Matas AJ. 20 years or more of follow-up of living kidney 

donors. Lancet 1992; 340: 807-810. 

45. Ibrahim HN, Foley R, Tan L et al. Long-term consequences of kidney donation. N Engl J Med 

2009; 360: 459-469. 

46. Hariharan S, Johnson CP, Bresnahan BA, Taranto SE, McIntosh MJ, Stablein D. Improved graft 

survival after renal transplantation in the United States, 1988 to 1996. N Engl J Med 2000; 

342: 605-612. 

 



 

21 

This is the version of the paper as accepted by “Transpl Int”. 
This version has been through peer-review but still contains the authors’ original formatting. It has not yet undergone the 
publisher’s copy-editing and typesetting process, which will usually result in changes to the font and text alignment. 

Tables 

Table 1. Characteristics of donors and recipients of kidneys donated after cardiac death in Belgium 

between 2000 and 2009. 

Variable  

Donor characteristics (n=179)  

Age (y)a 44 (31-55) 

Gender - n (%)  

Male 116 (65%) 

Female 63 (35%) 

Terminal serum creatinine value (mg/dL)a, 0.70 (0.56-0.91) 

History of arterial hypertension, n (%)b 27 (17%) 

Donor type – n (%)c  

Uncontrolled DCD (Category I + II) 11 (6%) 

Controlled DCD (Category III + IV) 168 (94%) 

Warm ischemic time (min)a 20 (15-29) 

Acirculatory time (min)a 10 (8-14) 

Flush solution, n (%)  

Histidine-tryptophan-ketoglutarate 149 (83%) 

University of Wisconsin solution 28 (16%) 

Other 2 (1%) 

  

Process (n=287)  

Preservation method – n (%)  

Machine perfusion 152 (53%) 

Cold storage 135 (47%) 

Cold ischemic time (h)a 16 (12-19) 

Anastomotic time (min)a 31 (11-71) 

  

Recipient characteristics (n=287)  

Age (y)a 54 (45-61) 

Gender - n (%)  

Male 173 (60%) 

Female 114 (40%) 

Duration dialysis therapy (mo)a 29 (17-48)) 

Previous transplants - n (%)  

First transplant 261 (91%) 

Retransplant 26 (9%) 

Panel reactive antibodies - %  
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n= 0-5 % 257 (89.5 %) 

n= 6-84 % 29 (10.1%) 

n≥ 85 % 1 (0.3%) 

HLA mismatches – n (%)  

Level 1 32 (11%) 

Level 2 252 (88%) 

Level 3 3 (1%) 

Donor type – n (%)  

Uncontrolled DCD (Category I + II) 20 (7%) 

Controlled DCD (Category III + IV) 267 (93%) 

Immunosuppression, n (%) b  

Induction therapy 207 (72.6%) 

Anti-thymocyte globulin 67 (32.4%) 

Interleukin 2 receptor antagonist 139 (67.1%) 

Other 1 (0.5%) 

Calcineurin inhibitor 285 (100%) 

delayed 35 (12.3%) 

Mycophenolate mofetil 265 (93%) 

Corticosteroids 285 (100%) 

Outcome data – n (%) (n=287)  

Primary non-function 3 (1%) 

Delayed graft function 89 (31%) 

Immediate function 195 (68%) 

Acute rejectionb 50 (17.5%) 

Graft loss 5 years after transplantation  

all causes 34 (12%) 

censored for patient death 14 (5%) 

Recipient death 5 years after transplantation 21 (7%) 
a median (inter quartile range) 

b data are missing from some recipients who were excluded from percentage calculations 

c donor type is stratified according to the Maastricht Categories [13] 
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Table 2. Indication for transplantation in 287 recipients of kidneys donated after circulatory death in 

Belgium between 2000 and 2009. 

Indication for transplantationa n (%) 

Glomerular diseases 77 (27%) 

Polycystic kidneys 58 (20%) 

Uncertain etiology 35 (12%) 

Tubular and interstitial diseases 30 (11%) 

Retransplant / Graft failure 26 (9%) 

Diabetes 22 (8%) 

Hypertensive nephroangiosclerosis  15 (5%) 

Congenital, rare familial, metabolic disorders 11 (4%) 

Renovascular and other renal vascular diseases 9 (3%) 

Neoplasms 3 (1%) 

Other (familial nephropathy) 1 (< 1%) 

a Indications for transplantation 

DCD: donation after circulatory death 

 



 

24 

This is the version of the paper as accepted by “Transpl Int”. 
This version has been through peer-review but still contains the authors’ original formatting. It has not yet undergone the 
publisher’s copy-editing and typesetting process, which will usually result in changes to the font and text alignment. 

Table 3. Uni - and multivariate logistic regression for the development of delayed graft function.a 

 Univariate (n=287)b Multivariate (n=203)c 

Variable 
Odds Ratio  

(95% CI) 
p-value 

Odds Ratio 
(95% CI) 

p-value 

Donor and surgical characteristics      

Age (y) 1.00 (0.97-1.02) 0.73   

Gender – female vs male 0.78 (0.46-1.34) 0.37   

Terminal serum creatinine (mg/dL) 1.93 (0.90-4.12) 0.09   

History of arterial hypertension 0.91 (0.44-1.90) 0.80   

Uncontrolled vs controlled DCD 4.59 (1.77-11.96) 0.002 3.13 (0.99-9.91) 0.05 

Preservation solution - UW vs HTK 0.14 (0.04-0.47) 0.001 0.19 (0.57-0.67) 0.01 

Machine perfusion vs cold storage 0.66 (0.40-1.09) 0.11 0.35 (0.16-0.74) 0.01 

Delayed vs immediate machine perfusion 1.44 (0.59-3.52) 0.43   

Warm ischemia time (min) 1.01 (1.0-1.03) 0.10   

Acirculatory time (min) 1.05 (1.01-1.10) 0.03   

Cold ischemic time (h) 1.06 (1.01-1.12) 0.03 1.11 (1.32-1.19) 0.01 

Anastomotic time (min) 1.00 (0.97-1.02) 0.73   

Recipient characteristics     

Age (y) 1.02 (1.00-1.04) 0.07   

Gender - female vs male 0.65 (0.39-1.10) 0.11 0.52 (0.26-1.04) 0.06 

Duration pre-transplant dialysis (mo) 1.01 (1.00-1.02) 0.09 1.02 (1.00-1.03) 0.06 

Retransplant vs first transplant 1.18 (0.50-2.76) 0.71   

Panel reactive antibodies (%) 1.01 (0.99-1.02) 0.58   

HLA mismatches  0.73   

Level 2 vs Level 1 0.73 (0.34-1.57)    
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Level 3 vs Level 1 0.83 (0.07-10.2)    

 

a Multivariate model was constructed by backward stepwise regression of covariates with a 

univariate p<0.15. 

b Data are missing for some recipients; these were excluded case wise from multivariate analysis 

c Hosmer-Lemeshow test of final model: χ² 5.8 on 8 degrees of freedom, p=0.67 

CI: confidence interval 

DCD: donation after cardiac death 

UW: University of Wisconsin preservation solution 

HTK: histidine-tryptophan-ketoglutarate solution 
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Table 4. Evolution of kidney donors and transplants in Belgium and the Netherlands between 1995 

and 2010. 

 1995-1999 2000-2005 2006-2010 p-value 

Belgium     

Kidney donors (pmp)     

Total 22 (21-24) 21 (21-24) 26 (25-27) 0.01 

Living donor 2 (2-3) 1 (1-2) 4 (4-5) <0.01 

Deceased donor 20 (19-22) 20 (19-23) 22 (21-24) 0.30 

DBD 20 (19-22) 19 (18-22) 19 (17-21) 0.62 

DCD 0 (0-0) 0 (0-1) 3 (3-4) 0.01 

Kidney transplants (pmp)     

Total 40 (34-41) 35 (33-40) 43 (40-43) 0.10 

Living donor 2 (2-3) 1 (0-3) 4 (4-5) 0.01 

Deceased donor 38 (31-38) 33 (31-39) 39 (36-39) 0.21 

DBD 37 (31-38) 32 (30-38) 33 (30-34) 0.57 

DCD 0 (0-1) 1 (0-2) 5 (5-6) 0.01 

the Netherlands     

Kidney donors (pmp)     

Total 19 (19-20) 25 (23-29) 37 (33-39) <0.01 

Living donor 6 (6-8) 12 (11-16) 25 (20-27) <0.01 

Deceased donor 14 (11-15) 13 (12-13) 12 (12-14) 0.59 

DBD 13 (9-13) 8 (8-9) 7 (7-9) 0.01 

DCD 1 (1-2) 5 (3-6) 5 (5-6) 0.01 

Kidney transplants (pmp)     

Total 31 (30-32) 35 (33-40) 49 (42-50) <0.01 

Living donor 6 (6-8) 12 (11-16) 25 (20-27) <0.01 

Deceased donor 25 (22-26) 24 (22-25) 23 (21-25) 0.57 

DBD 23 (18-24) 14 (14-16) 14 (12-16) 0.01 

DCD 2 (2-4) 9 (6-11) 10 (8-10) 0.01 

Values are presented as median (interquartile range) 

DBD: donation after brain death 

DCD: donation after cardiac death 

pmp: per million population
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Legends to figures 

Fig. 1: Patient and graft Kaplan-Meier survival curves until 5 years posttransplant of all kidneys 

donated after cardiac death in Belgium between 2000 and 2009. 

 

Fig. 2: Total number of effective kidney donors and transplantations per milion population in Belgium 

(panel A-B) and the Netherlands (panel C-D) between 1995 and 2010. 

Data adapted from Eurotransplant [10,12]. 

LD: living donor 

DBD: donation after brain death 

DCD: donation after circulatory death 

 

Fig. 3: Evolution of effective deceased kidney donors per milion population in Belgium and the 

Netherlands between 1995 and 2010. 

Data adapted from Eurotransplant [10]. 

DBD: donation after brain death 

DCD: donation after circulatory death 


