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Many countries have established donation after circulatory death (DCD) in 
addition to donation after brain death (DBD). In Germany, DCD is not 
permitted, and its potential to increase organ donation rates has not yet been 
quantified. We retrospectively identified all deceased with brain injury between 
2023–2024 at seven German university hospitals. Eligible DCD donors were 
defined as patients with preserved brainstem reflexes precluding DBD 
donation, documented consent or an unknown donation preference, and 
death occurring within 120 min after withdrawal of life-sustaining measures. 
For patients with unknown preference, a consent rate of 40% was assumed. 
Among 4,587 deceased, 1,509 had preserved brainstem reflexes as the main 
reason against DBD. Of these, 58 patients with documented consent and 
212 patients with an unknown donation preference died within 120 min after 
treatment withdrawal. Compared with 128 utilized DBD donors, this corresponds 
to an additional theoretical DCD potential of 45% based solely on documented 
consent. When applying the assumed consent rate to patients with an unknown 
preference, the hypothetical increase reaches 112%. The introduction of a DCD 
program could substantially increase organ donation rates at German university 
hospitals. However, its actual impact would depend on establishing appropriate 
legal, organizational, and ethical frameworks.
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Introduction

Given the persistent disparity between organ supply and 
demand, many countries have complemented donation after 
brain death (DBD), based on the determination of brain death/ 
death by neurologic criteria (BD/DNC), with programs for donation 
after circulatory death (DCD) [1, 2].

DCD donors are commonly classified according to the 
Maastricht criteria into four (five in countries formally 
recognizing the possibility of organ donation after euthanasia) 
categories [3, 4]. Among these, category III DCD donors account 
for the largest proportion of DCD procedures (controlled donation 
after circulatory determination of death (cDCDD)) [1]. These 
donors are typically patients with a devastating brain injury who 
do not meet the criteria for BD/DNC, but whose prognosis is 
considered so poor that withdrawal of life-sustaining measures 
(WLSM) is deemed appropriate in the patient’s best interests [5]. 
Death subsequently occurs following permanent circulatory arrest 
after WLSM. The interval between WLSM and circulatory arrest is 
referred to as the agonal phase [4]. Determination of death after 
WLSM is based on the occurrence of permanent circulatory arrest. 
Permanence—and thus death—is confirmed after a predefined 
observation period to exclude autoresuscitation. This so-called 
“No-touch” period between circulatory arrest and formal death 
determination typically ranges from 5 to 20 min, depending on 
national regulations [1, 6, 7].

Organ quality in DCD donation is significantly influenced by the 
duration of warm ischemia. Total warm ischemia time (WIT) 
encompasses both the agonal phase and the interval between 
circulatory arrest and the start of cold perfusion, or, when used, 
normothermic regional perfusion [6]. Functional warm ischemic 

time (FWIT) represents a shorter period and is generally defined as 
the interval from the onset of sustained organ hypoperfusion 
following WLSM—typically marked by a decline in blood 
pressure and/or oxygen saturation—to the initiation of in situ 
preservation [6]. To minimize ischemic injury and preserve graft 
viability, many transplant programs apply maximum acceptable 
FWIT thresholds ranging from 30 to 120 min, depending on the 
organ to be transplanted [2, 7, 8].

In 2024, Germany had the lowest deceased donor rate within 
the Eurotransplant region, with 10.9 donors per million 
population [9]. The lack of a DCD program may contribute to 
this persistently low donation rate [10, 11]. Evidence from 
countries with established DCD programs indicates that DCD 
can substantially increase the donor pool without adversely 
affecting DBD activity [12–16]. Nevertheless, German 
regulations currently do not recognize permanent circulatory 
arrest as equivalent to death determined by BD/DNC. 
Consequently, DCD donation and the transplantation of 
organs recovered from DCD donors are not permitted in 
Germany [17]. In this context, some German-language 
publications use outdated terms such as “cardiac arrest” or 
“non-heart-beating donation.” In relation to cDCDD, these 
terms refer to permanent circulatory arrest following planned 
WLSM rather than an unexpected cardiac arrest.

To date, estimates of the potential contribution of DCD to organ 
donation in Germany have relied largely on modelling studies and 
extrapolations from international experience, while empirical data 
on potential DCD donors are lacking [16]. Therefore, this study 
sought to quantify the number of potential cDCDD donors among 
deceased patients with severe brain injury at seven German 
university hospitals.
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Patients and methods

This study was performed in accordance with the Declaration of 
Helsinki. The Ethics Committee of the University of Muenster 
approved the study protocol (file number 2021-801-f-S) on 
28 May 2025. The need for informed consent was waived due to 
the retrospective analysis of routinely collected patient data.

All patients with primary and/or secondary brain injury who 
died during hospitalization between January 2023 and December 
2024 at seven German university hospitals (Aachen, Bonn, 
Düsseldorf, Essen, Leipzig, Magdeburg, and Münster) were 
retrospectively included. These patients were identified using 
TransplantCheck, a screening tool provided by the German 
Organ Procurement Organization (DSO). The software analyzes 
routinely collected hospital discharge data submitted in accordance 
with Section 21 of the German Hospital Remuneration Act 
(Krankenhausentgeltgesetz) and identifies all deceased patients 
with primary and/or secondary brain injury [18].

Cases with absolute contraindications to organ donation, 
patients not receiving mechanical ventilation, and all utilized 
DBD donors were excluded. The remaining cases underwent a 
case-by-case medical record review to identify patients in whom 
preserved brainstem reflexes (BSR), precluding the determination of 
BD/DNC, represented the principal reason for not proceeding to 
DBD donation. Patients with a previously documented objection to 
organ donation or whose medical condition precluded organ 
donation (e.g., suspected malignancy or severe organ 
dysfunction) were excluded from further analysis.

Subsequently, the medical records were reviewed to assess whether 
the patient’s organ donation preferences had been evaluated. Cases 
with preserved BSR and documented consent to organ donation were 
classified as potential DCD donors with consent (pDCD-C), whereas 
cases without documented evaluation were classified as potential DCD 
donors with unknown donation preference (pDCD-U).

Assessment of the agonal phase followed a stepwise retrospective 
procedure for all pDCD-C and pDCD-U. First, medical records were 
reviewed to determine whether complete WLSM had been performed 
at a clearly identifiable time point and whether death subsequently 
occurred within 120 min. Complete WLSM was defined as withdrawal 
of all relevant life-sustaining measures, including discontinuation of 
hemodynamic support and mechanical ventilation. Because 
sustained organ hypoperfusion following WLSM is a key 
predictor of transplant outcomes, a predefined eligibility 
window of 120 min after complete WLSM was applied based 
on established cDCDD practice [2, 7, 19]. Once a case did not 
meet these eligibility criteria (complete WLSM could not be 
clearly identified or death did not occur within 120 min), no 
further time-to-death data were abstracted. Consequently, these 
two reasons could not be quantified separately among cases not 
meeting the eligibility criteria. The exact duration of the agonal 
phase was recorded only for patients who died within 120 min 
after complete WLSM. These cases were subsequently classified 
as eligible DCD donors with consent (eDCD-C) and eligible 
DCD donors with unknown donation preferences (eDCD-U), 
respectively.

For all eDCD-C and eDCD-U, the following data were collected:

• Age and sex

• Type of brain injury
• Length of intensive care unit stay
• Performance of decompressive neurosurgical surgery
• Notification to the DSO
• Documented organ donation preference

To estimate the number of cases within the eDCD-U cohort that 
might have consented to organ donation if donation preferences had 
been evaluated, published consent rates for DBD donation were 
used. Reported consent rates for DBD donation in Germany range 
from 37% to 53% [9, 10, 20]. Therefore, a conservative hypothetical 
consent rate of 40% was applied to the eDCD-U cohort [21]. The 
number of eligible DCD donors with hypothetical consent (eDCD- 
hC) was estimated as 40% of the eDCD-U cohort (eDCD-hC = 
eDCD-U x 0.4).

The total number of eligible DCD donors was calculated as the 
sum of eDCD-C and eDCD-hC. The theoretical increase in organ 
donation activity was determined relative to the number of DBD 
donors utilized during the study period.

The study-specific donor categories used in this analysis were 
derived from the Critical Pathway for Deceased Donation 
terminology [22] and adapted for a retrospective assessment of 
DCD potential in the absence of a DCD program. Consequently, the 
categories “potential DCD donor” and “eligible DCD donor” were 
defined according to predefined study criteria and do not 
correspond directly to the respective donor categories used 
within the terminology.

Statistical methods

Statistical analyses were performed using SPSS Statistics (IBM 
Corp., Version 31). Categorical variables are presented as absolute 
and relative frequencies and were compared using the Pearson 
chi-square test. Fisher’s exact test was applied when expected cell 
counts were less than five. For dichotomous variables, odds ratios 
(OR) with 95% confidence intervals (CI) were calculated as 
measures of effect size. Continuous variables were assessed for 
normality using the Shapiro–Wilk test. As most variables were not 
normally distributed, they are presented as median and 
interquartile range (IQR; 25th–75th percentile). Group 
comparisons were performed using the Mann–Whitney U test. 
All statistical tests were two-sided, and a p-value <0.05 was 
considered statistically significant.

Results

Eligible DCD donors

A total of 4,587 deceased patients with documented brain 
injury were identified. After exclusion of utilized DBD donors, 
patients with absolute contraindications to donation and patients 
without mechanical ventilation, 2,794 patients underwent a case- 
by-case analysis. Among these, preserved BSR represented the 
primary reason for ineligibility for DBD donation in 1,509 cases 
(54%). The remaining 1,285 cases (46%) had other primary 
reasons for ineligibility for DBD donation. These included 
medical condition precluding donation (27%), circulatory 
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FIGURE 1 
Flow chart of the study cohort. DBD: donation after brain death, pDCD-C, potential donation after circulatory death donor with consent; pDCD-U, 
potential donation after circulatory death donor with unknown donation preference; eDCD-C, eligible donation after circulatory death donor with 
consent; eDCD-U, eligible donation after circulatory death donor with unknown donation preference.
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arrest before evaluation (19%), refusal of organ donation (17%), 
absence of relevant brain injury (11%), lack of evaluation of 
donation eligibility (2%), and an advance directive precluding 
further treatment (1%). In 24% of cases, the reason was not further 
specified in the medical records. Among the 1,509 patients with 
preserved BSR, documented consent to organ donation was 
available in 105 cases (7%; pDCD-C), whereas organ donation 
preferences had not been evaluated in 1,404 cases (93%; pDCD- 
U) (Figure 1).

Overall, 270 of the 1,509 patients with preserved BSR (18%) 
had a clearly identifiable time point of complete WLSM and died 
within 120 min thereafter. The remaining 1,239 patients were 
not assessed further once either complete WLSM could not be 
clearly identified or death did not occur within 120 min. The 
proportion of patients with an agonal phase within 120 min was 
significantly higher among pDCD-C than among pDCD-U, 
resulting in 58 eDCD-C and 212 eDCD-U, respectively 
(55.2% vs. 15.1%; OR 6.94, 95% CI 4.60–10.47; p < 0.001). 
Overall, the median agonal phase among the 270 eligible 
DCD donors was 29 min [IQR 15–50; range 0–117]. In the 
eDCD-C cohort, the median agonal phase was 19 min [IQR 
13–35; range 0–117]. Thirty-nine patients (67%) died within 
30 min, 13 (22%) between 31 and 60 min, and 6 (10%) between 

61 and 120 min. In the eDCD-U cohort, the median agonal phase 
was 32 min [IQR 17–53; range 0–117], with 101 patients (48%) 
dying within 30 min, 66 (31%) between 31 and 60 min, and 45 
(21%) between 61 and 120 min.

Compared with eDCD-U, eDCD-C had a significantly shorter 
agonal phase, were younger, and were more frequently reported to 
the DSO. Intracerebral hemorrhage was more common and 
ischemic stroke less common among eDCD-C. No significant 
difference was observed regarding the performance of 
decompressive neurosurgical surgery. Among eDCD-C cases, 
consent was most frequently based on presumed will 
communicated by a substitute decision maker (Table 1).

Theoretical increase in organ donation 
activity through DCD

Based on 128 utilized DBD donors during the study period, 
inclusion of all eDCD-C would theoretically increase the donor pool 
by 45%. Applying a conservative hypothetical consent rate of 40% to 
the eDCD-U cohort yielded an additional 85 eDCD-hC. The 
combined inclusion of eDCD-C and eDCD-hC would result in a 
theoretical overall increase in donor numbers of 112% compared 
with utilized DBD donations alone (Table 2).

TABLE 1 Eligible donation after circulatory death donors with agonal phase ≤120 min.

Variable eDCD-C (n = 58) eDCD-U (n = 212) p-value

Agonal phase (minutes) 19 [13–35] 32 [17–53] 0.002

Age (years) 59 [49–74] 72 [63–81] <0.001

Sex

• Male

• Female

37 (63.8%) 

21 (36.2%)

124 (58.5%) 

88 (41.5%)

0.466 

Type of brain injury

• Intracranial hemorrhage

• Hypoxic brain injury

• Ischemic stroke

• Traumatic brain injury

• Other

30 (51.7%) 

15 (25.9%) 

7 (12.1%) 

4 (6.9%) 

2 (3.4%)

66 (31.1%) 

58 (27.4%) 

60 (28.3%) 

18 (8.5%) 

10 (4.7%)

0.029 

Intensive care unit length of stay (hours) 126 [76–214] 137 [66–263] 0.560

Neurosurgical decompressive surgery

• Yes

• No

14 (24.1%) 

44 (75.9%)

37 (17.5%) 

175 (82.5%)

0.249 

Notification to the DSO 

• Yes 

• No

33 (56.9%) 

25 (43.1%)

6 (2.8%) 

206 (97.2%)

<0.001 

Type of consent

• Written declaration

• Verbal declaration

• Presumed will (as stated by SDM)

• SDM own values

• Not assessed

14 (24.1%) 

14 (24.1%) 

27 (46.6%) 

3 (5.2%) 

0

- 

- 

- 

- 

212

Categorical variables are presented as absolute and relative frequencies, and continuous variables as median [IQR]. eDCD-C, eligible donation after circulatory death donor with consent, eDCD- 
U, eligible donation after circulatory death donor with unknown donation preference, DSO, German organ procurement organization, SDM, substitute decision maker.
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Discussion

Our data indicate a considerable untapped potential for DCD 
donation in German university hospitals. Based solely on eligible 
DCD donors with documented consent, donor numbers at the 
participating centers could theoretically have increased by up to 
45%. Applying a conservative hypothetical consent rate of 40% to 
eligible DCD donors with unknown donation preferences yielded a 
projected overall 112% increase compared with utilized DBD 
donations alone.

Potential of eligible DCD donors

At first glance, the proportion of eDCD-C among all cases 
undergoing case-by-case chart review (2.1%) appears relatively 
small. However, this cohort represents only cases in which 
consent to organ donation had been evaluated. This does not 
imply that organ donation would have been declined in all 
remaining cases. Rather, it reflects the current regulatory 
framework governing organ donation in Germany. In patients 
with preserved BSR, organ donation preferences may often 
remain unevaluated because a diagnosis of BD/DNC cannot be 
established and DBD donation is therefore not feasible [18]. 
Similarly, although refusal of organ donation was documented as 
the primary reason against DBD donation in only 8% of patients 
undergoing case-by-case analysis, this should not be interpreted as a 
representative refusal rate, because donation preferences were often 
not evaluated when other medical or procedural reasons had already 
precluded DBD donation.

The limited availability of documented consent also raises 
broader questions regarding the current German opt-in system. A 
transition to an opt-out system would change how the absence of a 
documented donation preference is handled and might increase 
the number of patients in whom donation can be considered. 
However, longitudinal evidence indicates that changing the 
consent default alone does not necessarily increase donation 
rates. Effective donor identification and referral, public 
awareness, communication with relatives, and sustained public 
acceptance remain essential [11, 23–25]. Accordingly, the 
introduction of a DCD program may expand the donor pool 

but is unlikely to resolve organ scarcity as a standalone measure 
and should form part of a broader strategy to strengthen 
organ donation.

Nevertheless, because donation preferences had been 
evaluated in only a small proportion of potentially eligible 
cases, the eDCD-C cohort likely underestimated the true DCD 
potential. To address this limitation, a hypothetical consent rate 
was applied as previously used in comparable studies [21]. Using 
this approach, eligible DCD donors with documented or 
hypothetical consent accounted for 5.1% of all cases 
undergoing individual chart review. Despite differences in 
methodology and donor definitions, this proportion is broadly 
consistent with findings from international studies, which have 
identified potential DCD donors in 2.8%–8.6% of patients dying 
in intensive care units [21, 26–28].

However, the application of a hypothetical consent rate has 
further limitations. Available data on consent rates for DBD 
donation in Germany are heterogeneous. While representative 
surveys indicate a generally favorable attitude towards organ 
donation, with approximately 73% of individuals who have made 
a decision expressing support for donation [29], consent rates in the 
actual donation process appear substantially lower. A major 
contributing factor is the frequent absence of documented 
donation preferences, leaving the substitute decision maker to 
decide on behalf of the patient, often resulting in refusal of 
donation [10, 30].

An additional limitation is that the hypothetical consent rate 
applied in the present analysis was derived from data on DBD 
donation and may not be directly transferable to the DCD setting. 
Existing evidence regarding consent rates for DCD donation is 
inconsistent. One study reported lower consent rates for DCD 
than for DBD donation (55% vs. 64%), whereas another found 
higher overall donation consent rates in countries where both 
DBD and DCD programs were available [31, 32]. Consequently, it 
remains uncertain whether, and to what extent, the introduction 
of a DCD program would influence consent rates in Germany. 
The estimates presented in this study should therefore be 
interpreted as hypothetical projections rather than precise 
predictions of future donation activity.

Another important limitation is that the available data does not 
allow determination of how many of the identified eligible DCD 
donors would ultimately have met the medical criteria for organ 
donation. Such an assessment would only be possible during a real 
donor evaluation process. Although cases with absolute 
contraindications to organ donation were excluded a priori and 
the age of eDCD-C was comparable to that of utilized DBD donors 
in Germany [9], additional factors may have precluded donation. 
Analyses of established cDCDD programs demonstrate that donor 
pathways are progressively reduced by medical contraindications, 
DCD-specific eligibility criteria, lack of authorization, death 
occurring outside the predefined time window following WLSM, 
and final organ-specific suitability [5, 27]. In a large US cohort, 
approximately two-thirds of authorized and medically suitable 
potential DCD donors ultimately proceeded to donation, 
although this proportion depends on program characteristics and 
the definitions applied [33]. Data from the UK national DCD 
program indicate that adult DCD donors yield, on average, 
2.9 transplantable organs per donor [34]. Therefore, although 

TABLE 2 Number of organ donors by cohort.

Cohort n (%)

Case-by-case analysis

• eDCD with consent (eDCD-C)

• eDCD with unknown donation preference (eDCD-U)

○ With hypothetical consent (eDCD-hC = eDCD-U x 0.4)

• With consent (eDCD-C) or hypothetical consent (eDCD-hC)

2,794 (100%) 

58 (2.1%) 

212 (7.6%) 

85 (3.0%) 

143 (5.1%)

Potential increase

• Utilized DBD donors (reference)

• DBD + eDCD-C

• DBD + eDCD-C + eDCD-hC

128 

186 (+45%) 

271 (+112%)

Categorical variables are presented as absolute and relative frequencies. eDCD-C, eligible 
donation after circulatory death donor with consent, eDCD-U, eligible donation after 
circulatory death donor with unknown donation preference, eDCD-hC, eligible donation 
after circulatory death donor with hypothetical consent.
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each cDCDD donor may provide multiple transplantable organs and 
implementation of cDCDD would likely result in a substantial 
increase in transplant activity, estimating the exact number of 
additional transplantations arising from our retrospective cohort 
would require assumptions beyond the scope of this study. 
Accordingly, the estimated increases of 45% and 112% were not 
adjusted for subsequent non-utilization within a real cDCDD 
pathway and should therefore be interpreted as theoretical donor 
potential rather than expected increases in realized 
donation activity.

Moreover, our analysis cannot determine whether this 
additional donor potential would translate into a proportional 
increase in transplant activity or measurable improvements in 
waiting-list outcomes. International data indicate that utilization 
is lower for DCD than for DBD donors and varies considerably by 
organ type [35]. Kidneys represent the most established DCD 
grafts, whereas utilization of pancreata remains more restricted 
[36, 37]. There is also evidence that post-transplant outcomes 
may differ between DCD and DBD grafts depending on the organ 
and clinical context [36, 38]. These aspects could not be assessed 
in the present study and can only be evaluated prospectively 
following implementation of a German DCD program, including 
organ-specific utilization, transplantation activity, waiting-list 
outcomes, and graft- and patient-centered outcomes.

Another limitation is that only deceased with a diagnosed brain 
injury were included in the analysis. This approach may 
underestimate the overall potential of DCD donation, as DCD is 
also feasible in patients with other underlying conditions. However, 
experience from countries with established DCD programs indicates 
that donors without brain injury account for only a small proportion 
of utilized DCD donations [13, 39].

The study cohort comprised 128 utilized DBD donors across the 
participating centers during the two-year study period, representing 
less than 10% of all utilized DBD donations in Germany. 
Nevertheless, the donor conversion rate (utilized DBD donors 
divided by all deceased patients with brain injury) was 2.8%, 
exceeding the national average across all donor hospitals in 
Germany (1.5%) and closely matching that reported for German 
university hospitals overall (2.7%) [18, 40]. These findings suggest 
that the observed relative increase in donor numbers is unlikely to be 
substantially inflated by unusually low DBD donation rates at the 
participating centers.

Because only university hospitals were included, the findings 
cannot be directly extrapolated to all donor hospitals. In 
Germany, the 38 university hospitals account for 
approximately 35% of all utilized DBD donors, while hospitals 
with neurosurgical services (133 centers) contribute a further 
42%, and hospitals without neurosurgical services (948 centers) 
account for the remaining donors [9]. University hospitals 
therefore achieve the highest number of utilized DBD donors 
per institution. However, patient populations, case mix, and 
disease severity differ considerably between hospital types and 
levels of care and are likely to influence the number of potential 
DCD donors. Consequently, the DCD potential identified in this 
study cannot be assumed to apply to hospitals of other levels of 
care. Moreover, the participating centers represented only three of 
Germany’s 16 federal states and therefore constituted a regional 
rather than a nationally representative sample. Regional 

differences in case mix, referral patterns and end-of-life 
practices may also influence DCD potential.

Agonal phase

The type and extent of treatment limitations applied to patients 
with a poor prognosis are not standardized and likely vary 
considerably between hospitals [41]. Overall, both withholding 
and withdrawal of life-sustaining therapies in German intensive 
care units have become increasingly common [42, 43]. For a DCD 
program to function effectively, clear criteria for prognostic 
assessment, particularly regarding the anticipated timing of death 
after WLSM, as well as standardized end-of-life care protocols are 
required [5, 44].

Two prospective multicenter studies reported that circulatory 
arrest occurred within 1 hour after WLSM in 55%–76% of potential 
DCD donors and within 2 hours in 63%–83% [45, 46]. However, no 
patient-related factors have yet been consistently identified that 
reliably predict the duration of the agonal phase [2, 45]. 
Consequently, accurate prediction of death following WLSM 
remains one of the major challenges in the implementation of 
cDCDD programs.

As Germany has no established DCD program, no 
standardized DCD-specific WLSM protocol was in place in our 
cohort. The observed agonal phase therefore reflects routine end- 
of-life care rather than a structured DCD pathway and should be 
interpreted with caution regarding its transferability to a future 
cDCDD program. In addition, the exact agonal phase was 
recorded only for patients who died within the predefined 120- 
min eligibility window, precluding assessment of the complete 
time-to-death distribution. The overall proportion of patients 
with preserved BSR dying within 120 min was 18%, 
substantially lower than reported in prospective DCD cohorts. 
However, these populations are not directly comparable, as 
previous studies included preselected potential DCD donors 
undergoing planned WLSM, whereas our denominator 
comprised all retrospectively identified patients with preserved 
BSR. Notably, 55.2% of the pDCD-C cohort died within 120 min, 
compared with 15.1% of pDCD-U. The lower overall proportion 
was therefore largely driven by the large pDCD-U cohort. 
Nevertheless, retrospective case identification and the absence 
of a standardized DCD-specific WLSM process may have 
introduced selection or misclassification bias.

Despite these limitations, a clear difference between the 
cohorts remained evident. The odds of an agonal phase within 
120 min were nearly sevenfold higher in the pDCD-C cohort than 
in the pDCD-U cohort. Furthermore, the eDCD-C cohort 
exhibited a significantly shorter agonal phase and was more 
frequently reported to the DSO than the eDCD-U cohort. 
These findings suggest that organ donation preferences were 
more likely to be evaluated in patients with more severe brain 
injury and a higher likelihood of progressing to BD/DNC. The 
greater severity of neurological injury may also explain the shorter 
time to death following WLSM observed in this 
group. Conversely, less severe brain injury may have been 
associated with a lower expectation of progression to BD/DNC 
and, consequently, a lower likelihood of organ donation 
evaluation. This interpretation is supported by the higher 
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prevalence of intracerebral hemorrhage among eDCD-C and by 
recent German data demonstrating that assessment of organ 
donation preferences is performed substantially less frequently 
when progression to BD/DNC is not anticipated than when it is 
expected [47].

Some authors have argued that DCD should be considered in 
all potential DCD donors [45]. While prognostic tools such as the 
Wisconsin criteria and the DCD-N score have been developed to 
estimate the likelihood of circulatory arrest following WLSM, 
reliable and generalizable patient-related predictors of death 
within a predefined time frame after WLSM remain lacking 
[44, 48, 49]. As proposed by others, our findings indicate that 
clinical judgement by intensive care physicians may play an 
important role in identifying patients likely to experience a 
short agonal phase [48]. This observation is particularly 
relevant if organ donation discussions within a DCD program 
are to be limited to situations in which DCD donation represents a 
realistic possibility, thereby avoiding unnecessary burden on 
patients’ families and caregivers.

Ethical implications

Our findings highlight that a substantial proportion of 
patients in Germany with a devastating brain injury and 
documented consent to organ donation are currently unable to 
donate because they do not fulfil the legal and medical 
requirements for organ donation. Consequently, opportunities 
for organ transplantation may be lost despite the patient’s clearly 
documented wish to donate. Our findings therefore reveal more 
than an untapped donor potential. They demonstrate a 
discrepancy between patients’ documented preferences and the 
options currently provided within the German legal framework. 
This discrepancy has recently been addressed in a German 
interdisciplinary analysis of medical, ethical, and legal 
perspectives on DCD [50]. The analysis highlights the situation 
of patients who may be medically suitable donors but remain 
excluded from donation because they do not fulfil the criteria for 
BD/DNC. It further emphasizes that a documented willingness to 
donate represents an important expression of personal autonomy, 
while such consent does not establish an individual entitlement to 
organ donation and must be balanced against the requirements of 
appropriate end-of-life care and reliable determination of death. 
Any future introduction of a DCD program would therefore 
require strict independence of WLSM decisions, proportionate 
organ-preserving measures, and safeguards maintaining public 
trust. These ethical considerations should form an integral part of 
any future societal, political, and legislative debate on the 
introduction of cDCDD in Germany.

Limitations

Several limitations should be considered when interpreting the 
findings of this study. First, the classification of patients into eDCD- 
C and eDCD-U was not based on predefined inclusion criteria but 
rather reflected the existing clinical documentation. Consequently, 
comparisons between these groups should be interpreted with 
caution, as systematic differences between them cannot be excluded.

Second, the agonal phase rather than the clinically more 
relevant FWIT was used for donor eligibility assessment. This 
approach was necessary because the available data did not allow 
determination of FWIT. Furthermore, because no standardized 
DCD-specific WLSM protocol was in place and exact time to 
death was recorded only within the predefined 120-min window, 
the observed agonal phase distribution may not be fully 
representative of a future cDCDD program.

As discussed above, the most important limitations of the 
potential analysis are the low proportion of deceased patients in 
whom organ donation preferences had been evaluated, the exclusion 
of patients without underlying brain injury, and the restriction of the 
study population to university hospitals. Together, these factors may 
have influenced the estimated number of potential and eligible DCD 
donors and limit the generalizability of the findings.

Conclusion

This multicenter retrospective study suggests that the 
introduction of cDCDD could substantially increase organ 
donation activity at German university hospitals. Even when 
considering only eligible DCD donors with documented consent, 
donor numbers could theoretically increase by up to 45%. The 
ultimate impact of a DCD program, however, would depend not 
only on donor availability but also on the establishment of 
appropriate legal, organizational, and ethical frameworks.

Implementation of a DCD program would require standardized 
approaches to WLSM, reliable identification of potential DCD 
donors, and broad ethical and societal consensus. Given 
Germany’s low donation rate within the Eurotransplant region, 
the establishment of a successful DCD program has been 
advocated as a matter of particular importance not only for 
Germany but also for the wider Eurotransplant community [51]. 
The findings of the present study support this view by 
demonstrating a substantial untapped DCD donor potential in 
German university hospitals.
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