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Summary
Background Successful donation of organs after cardiac death (DCD) requires identifi cation of patients who will die 
within 60 min of withdrawal of life-sustaining treatment (WLST). We aimed to validate a straightforward model to 
predict the likelihood of death within 60 min of WLST in patients with irreversible brain injury.

Methods In this multicentre, observational study, we prospectively enrolled consecutive comatose patients with 
irreversible brain injury undergoing WLST at six medical centres in the USA and the Netherlands. We assessed four 
clinical characteristics (corneal refl ex, cough refl ex, best motor response, and oxygenation index) as predictor variables, 
which were selected on the basis of previous fi ndings. We excluded patients who had brain death or were not intubated. 
The primary endpoint was death within 60 min of WLST. We used univariate and multivariable logistic regression 
analyses to assess associations with predictor variables. Points attributed to each variable were summed to create a 
predictive score for cardiac death in patients in neurocritical state (the DCD-N score). We assessed performance of the 
score using area under the curve analysis.

Findings We included 178 patients, 82 (46%) of whom died within 60 min of WLST. Absent corneal refl exes (odds 
ratio [OR] 2·67, 95% CI 1·19–6·01; p=0·0173; 1 point), absent cough refl ex (4·16, 1·79–9·70; p=0·0009; 2 points), 
extensor or absent motor responses (2·99, 1·22–7·34; p=0·0168; 1 point), and an oxygenation index score of more 
than 3·0 (2·31, 1·10–4·88; p=0·0276; 1 point) were predictive of death within 60 min of WLST. 59 of 82 patients who 
died within 60 min of WLST had DCD-N scores of 3 or more (72% sensitivity), and 75 of 96 of those who did not die 
within this interval had scores of 0–2 (78% specifi city); taking into account the prevalence of death within 60 min in 
this population, a score of 3 or more was translated into a 74% chance of death within 60 min (positive predictive 
value) and a score of 0–2 translated into a 77% chance of survival beyond 60 min (negative predictive value).

Interpretation The DCD-N score can be used to predict potential candidates for DCD in patients with non-survivable 
brain injury. However, this score needs to be tested specifi cally in a cohort of potential donors participating in DCD 
protocols.

Funding None.

Introduction
Donation after cardiac death (DCD) protocols allow 
families of patients who are dying but not brain dead to 
donate organs. Such protocols have been implemented 
in many countries and might reduce the shortage of 
available organs for transplantation.1 After withdrawal 
of life-sustaining treatment (WLST), DCD allows organ 
procurement in an operating room after irreversible 
cessation of respiration and circulation has been 
declared.2 Although such donation contributes an 
increasing proportion of viable organs for trans-
plantation, identifi cation of appropriate candidates is a 
restricting factor.

Patients with catastrophic, irreversible brain injury who 
do not meet criteria for brain death are the most frequent 
candidates for DCD,3–5 but about half of these patients 
continue to breathe and maintain circulation for more 
than 60 min after WLST.6 The success of DCD relies on 
identifi cation of patients who are most likely to die within 

60 min of WLST. Prolongation of the withdrawal phase of 
warm ischaemia time (ie, the time between WLST and 
end of cardiopulmonary function) beyond 60 min can 
compromise organ function.2,7 Thus, most DCD protocols 
do not continue with organ retrieval if the patient is still 
alive 60 min after WLST.8 However, good outcomes have 
been reported with organ transplants (particularly 
kidneys) retrieved after up to 4 h of warm ischaemia.9,10

Available scores used by organ-procurement organ-
isations to estimate the time to death after WLST, such as 
the Wisconsin criteria3 or the United Network for Organ 
Sharing (UNOS) criteria,4 include little information 
about the neurological status of the patient before WLST. 
Calculation of these scores requires temporary 
disconnection of the patient from the mechanical 
ventilator and the scores are tailored to assess the degree 
of pulmonary and circulatory support. These variables 
might be of less prognostic value in patients with 
catastrophic neurological injury who have not progressed 
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to brain death than in patients with major non-
neurological injury. This notion was reinforced by our 
previous analysis6 in which several respiratory and 
haemodynamic parameters were associated with death 
within 60 min of WLST on univariate analyses, but not 
on the multivariable analysis that included elements of a 
neurological examination. This single-centre study6 of 
149 patients who were in coma with irreversible brain 
injury suggested that, after WLST, four clinical variables 
were associated with death within 60 min of extubation: 
absent corneal refl ex, absent cough refl ex, extensor or 
absent motor response, and higher oxygenation index. 
These associations were confi rmed subsequently in a 
smaller, independent cohort.11

To further validate this approach, we undertook a 
prospective study to produce a new model to predict 
death within 60 min of WLST in patients with catastrophic 
cerebral damage, which was based on the previously 
described clinical variables. We aimed to develop a 
practical score for assessment of potential candidates for 
DCD.

Methods
Study design and participants
In this multicentre, observational study, we prospectively 
obtained data from consecutive adult, comatose patients 
with irreversible brain damage who underwent WLST at 
the intensive care units of six participating centres in the 
USA and the Netherlands. We enrolled patients in the 
study if anticipated death was attributable directly to 
severe brain injury (eg, massive head trauma, intracranial 
haemorrhage, ischaemic stroke with malig nant oedema, 
or anoxic damage after cardiorespiratory arrest). We 
excluded patients without tracheal intubation or who 
fulfi lled criteria for brain death. The study protocol was 

approved by the institutional review board of each centre 
and consent for data collection was obtained from the 
next of kin when requested by the individual board.

We selected variables for data collection on the basis of 
fi ndings from our previous comprehensive analysis.6 
Data obtained for this study included age, sex, corneal 
refl ex (present or absent), cough refl ex (present or absent), 
motor response to pain (absent or extensor response or 
better response), oxygenation index, and time to death 
after WLST. We calculated oxygenation index with the 
following formula: 100 × (FiO2 × mean airway pressure in 
cm H2O)/PaO2 in torr), where mean airway pressure is 
half the combination of peak airway pressure in cm H2O 
and peak end expiratory pressure in torr.

We assessed these variables at the last examination 
before WLST, which occurred after discontinuation of 
sedation and opiate analgesia. The endpoint for the 
analysis was death within 60 min of WLST.

Statistical analysis
We used univariate and multivariable logistic regression 
analyses with death within 60 min as a binary outcome 
variable to assess the associations with predictor 
variables identifi ed in our previous study.6 The area 
under the receiver operating characteristic (ROC) curve 
was estimated as a measure of the ability of the model 
to discriminate between individuals who died within 
60 min of WLST versus those who died after 60 min. 
An area under the ROC estimate of 0·7–0·8 was 
regarded as acceptable, 0·8–0·9 was regarded as 
excellent, and more than 0·9 was regarded as 
outstanding.12 We did sample size calculations with the 
assumption that oxygenation index would be the 
dichotomised variable that would need the maximum 
sample size.6 Assuming a rate of death within 60 min of 
50% and a total sample size of 150 patients (ie, 75 per 
group), we would have 80% power to detect a diff erence 
of 45% versus 23% for the presence of higher 
oxygenation index level between patients who died 
within 60 min and those who died after 60 min, at a 5% 
level of signifi cance with the χ² test. We used NQuery 
advisor (version 6) for sample size and power 
calculations. To account for the possibility of missing or 
unusable data we aimed to recruit at least 15% more 
patients, meaning that our target enrolment was 
175–180 patients. We used ROC curve analysis to 
identify the cutoff  to dichotomise continuous variables 
of interest, such as oxygenation index, or the estimated 
score that increased the sum of sensitivity and specifi city 
to the highest amount. We also applied parameter 
estimates from the multivariable logistic regression 
model (fi tted to prospective data) to the previous 
retrospective data to calculate the predicted probabilities 
of health for every patient. We then used these predictive 
probabilities to estimate the area under the ROC. We 
did all analyses apart from the sample size calculation 
with SAS version 9.2.

Patients (n=178)

Age, years 63·4 (17·1, 17–94)

Sex, female 84 (47%)

Primary diagnosis

Intracerebral haemorrhage 60 (34%)

Ischaemic stroke 33 (19%)

Subarachnoid haemorrhage 30 (17%)

Head trauma* 26 (15%)

Others 26 (15%)

Active cancer 11 (6%)

Renal failure† 16 (9%)

Liver failure‡ 6 (3%)

Sepsis§ 5 (3%)

Data are mean (SD, range) or n (%). *Includes subdural haematoma. †Creatinine 
>221 μmol/L, creatinine clearance <0·5 mL/s, or renal replacement therapy. 
‡Documented cirrhosis or acute hepatitis with altered protein synthesis (ie, 
increased international normalised ratio >1·5 without alternative explanation). 
§Sepsis syndrome with documented bacteraemia.

Table 1: Baseline characteristics
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Role of the funding source
There was no funding source for this study. All authors 
had full access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Results
Between March 30, 2010, and April 1, 2011, we assessed 
178 patients. Table 1 summarises baseline characteristics 
of our study population. We enrolled 70 patients at 
the Mayo Clinic in Rochester (MN, USA), 39 at the 
Erasmus MC University Medical Center in Rotterdam 
(Netherlands), 30 at the University of Cincinnati (OH, 

USA), 17 at the Mayo Clinic in Jacksonville (FL, USA), 
12 at Washington University in St Louis (MO, USA), 
and ten at the University of California, San Francisco 
(CA, USA).

82 patients (46%) died within 60 min of WLST, 
97 (54%) died within 2 h, and 109 (61%) died within 4 h. 
Absent corneal refl ex (p=0·0334), absent cough refl ex 
(p=0·0002), extensor or absent motor response to pain 
(p=0·0331), and higher oxygenation index (p=0·0183) 
were associated with death within 60 min of WLST in a 
multivariable logistic regression model including 
oxygenation index as a continuous variable. 

Construction of a straight forward scoring system that 
allows quick estimation of probabilities of death within 
60 min required all variables to be categorical or 
dichotomised. Thus, we explored the distribution of 
oxygenation index in the entire cohort and, using ROC 
analysis, we established that an oxygenation index of 
3·0 had the best combination of sensitivity and 
specifi city to discriminate between patients who died 
within 60 min and those who died more than 60 min 
after WLST. Table 2 shows the distribution of the 
variables of interest in the two groups of patients and 
the strength of the associations.

We created a score to predict the chance of death 
within 60 min of WLST (ie, the DCD-N score) on the 
basis of odds ratios for every variable, assigning 2 points 
for absent cough refl ex and 1 point each for absent 
corneal refl exes, absent or extensor motor response to 
pain, and oxygenation index of more than 3·0. The 
probability of death within 60 min of WLST increased 
as the score increased (table 3). The area under the 
curve for the score was 0·81 (95% CI 0·75–0·87) for 
prediction of death within 60 min (fi gure), 0·77 
(0·70–0·84) for death within 2 h, and 0·76 (0·69–0·83) 
for death within 4 h. Compared with a score of 0–2, a 
score of 3–5 had a sensitivity of 72%, a specifi city of 
78%, a positive pre dictive value of 74%, and a negative 
predictive value of 77% to predict death within 60 min 
of WSLT. In other words, 59 of 82 (72%) patients who 
died within 60 min had a score of 3 or more (sensitivity) 
and 75 of 96 (78%) of patients who did not die within 
this interval had a score of 0–2 (specifi city). Taking into 
account the prevalence of death within 60 min in this 
population, a score of 3 or more translates into a 74% 
probability of death within 60 min (positive predictive 
value) whereas a score of 0–2 translates into a 77% 
probability of survival beyond 60 min (negative 
predictive value). Table 4 shows the probabilities of 
death within 60 min according to specifi c combinations 
of variables. We validated the performance of the score 
in our previously reported retrospective cohort of 
149 patients (table 5). In this retrospective cohort,8 a 
cutoff  score of 3 (scores 3–5 vs 1–2) had a sensitivity of 
81%, a specifi city of 73%, a positive predictive value of 
75%, and a negative predictive value of 79% to predict 
death within 60 min of WSLT.

Death within 
60 min (n=82)

Death after 
60 min (n=96)

Odds ratio 
(95% CI)

p value

Absent corneal refl ex 64 (74%) 31 (33%) 2·67 (1·19–6·01) 0·0173

Absent cough refl ex 45 (55%) 12 (13%) 4·16 (1·79–9·70) 0·0009

Extensor or absent motor response 72 (88%) 52 (54%) 2·99 (1·22–7·34) 0·0168

Oxygenation index >3·0 60 (73%) 50 (52%) 2·31 (1·10–4·88) 0·0276

Data are n (%) unless otherwise stated. Oxygenation index presented as a categorical variable (>3·0 vs ≤3·0).

Table 2: Distribution of variables of interest according to time to death after withdrawal of 
life-sustaining measures

Deaths within 60 min Deaths after 60 min

0 1 (5%) 18 (95%)

1 11 (27%) 30 (73%)

2 11 (29%) 27 (71%)

3 15 (52%) 14 (48%)

4 12 (80%) 3 (20%)

5 32 (89%) 4 (11%)

Overall 82 (46%) 96 (54%)

Table 3: Frequency of death after withdrawal of life-sustaining measures 
according to donation after cardiac death in patients in a neurocritical 
state (DCD-N) score

Figure: Receiver operating characteristic curve based on a multivariable 
model for prediction of death within 60 min
Dashed line shows equivalent sensitivity and 1–specifi city.
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We also tested a previously described linear predictor, 
model with oxygenation index as a continuous variable.11 
We adjusted the weight of the variables on the basis of 
the strength of the associations identifi ed in this 
prospective cohort, which was much larger than the one 
used to develop the linear predictor model. The resulting 
model used the following formula:

Logit = –2·49 + (0·90 × absent corneal refl ex) + (1·65 × absent 
cough refl ex) + (0·98 × extensor or absent motor response) 
+ (0·12 × oxygenation index)

The equation Exp(logit)/1 + Exp(logit) can then be used 
to calculate the probability of death within 60 min of 
WLST for individual patients. Thus, for a patient with 
absent corneal refl ex, present cough refl ex, absent motor 
response to pain, and an oxygenation index of 6 (whose 
DCD-N score would be 3) the logit would be 0·11 and the 
predicted probability of death within 60 min of WLST 
would be 53%.

Discussion
When the decision to proceed with WLST is reached, 
medical teams in many countries contact local organ-
procurement organ isations to address the possibility of 
organ donation. In these situations, reliable identifi cation 
of appropriate DCD candidates is essential for all 
concerned. Because catastrophic brain injury is the most 
common cause of death in patients who might be suitable 
for DCD, such methods should be especially applicable 

to patients in neurocritical state. In this study, we 
validated the predictive value of a small set of variables 
that can be used to identify such patients confi dently 
(panel). Furthermore, we present a method—the DCD-N 
score—that can be used at the bedside to quantify the 
likelihood of death within the time required in most 
DCD protocols.

The variables included in the present study were 
identifi ed after a comprehensive analysis of various 
neurological and non-neurological parameters in a 
retrospective cohort of patients in neurocritical state.6 In 
that analysis, several other variables were associated with 
death within 60 min of WLST, including several 
haemodynamic and additional respiratory function 
measures. However, on multivariable analysis only three 
neurological variables (absent cough, absent corneal 
refl exes, and absent or extensor motor response to pain) 
and pulmonary function (oxygenation index) were 
independently associated with death within 60 min of 
extubation.

Prediction of time to death after WLST on the basis of 
clinical impression has proven inaccurate. In a recent 
prospective, multicentre, observational study of potential 
DCD donors, the clinical judgment of the treating 
intensive-care doctor had a fairly high sensitivity (73%) 
but a low specifi city (56%) to predict death within 
60 min.13 Because of this restricted ability to predict the 
time of death reliably, the authors of that study suggested 
that the DCD procedure should be used for every 
potential donor to avoid loss of viable organs. However, 
this approach is troublesome for grieving families, 
labour-intensive for transplantation teams, and very 
expensive for hospitals. Instead, improvement of our 
ability to identify good candidates for donation should 
remain the objective.

Other scores to estimate early death after WLST are in 
use (eg, UNOS and the University of Wisconsin criteria) 
but have disadvantages.3,4 These scores incorporate 
neurological information only at the level of conscious-
ness, which is not a reliable predictor of early death after 
terminal extubation in patients in neurocritical state.14 
Moreover, their calculations require disconnection from 
mechanical ventilation for 10 min. Our scoring system 
has been specifi cally designed to be used in neurological 

Absent 
corneal 
refl ex

Absent 
cough 
refl ex

Extensor or 
absent motor 
response

Oxygenation 
index >3·0

Score Probability

No No No No 0 0·08

No No No Yes 1 0·16

Yes No No No 1 0·18

No No Yes No 1 0·20

No Yes No No 2 0·26

Yes No No Yes 2 0·34

No No Yes Yes 2 0·37

Yes No Yes No 2 0·40

No Yes No Yes 3 0·45

Yes Yes No No 3 0·48

No Yes Yes No 3 0·51

Yes No Yes Yes 3 0·61

Yes Yes No Yes 4 0·68

No Yes Yes Yes 4 0·71

Yes Yes Yes No 4 0·74

Yes Yes Yes Yes 5 0·87

1 point was assigned for each of absent corneal refl ex, absent or extensor motor 
response to pain, and oxygenation index of more than 3·0. 2 points were assigned 
for an absent cough refl ex.

Table 4: Probabilities of death within 60 min according to the 
combinations of predictive variables

Death within 60 min Death after 60 min

0 0 14 (100%)

1 6 (12%) 21 (78%)

2 8 (30%) 19 (70%)

3 18 (62%) 11 (38%)

4 15 (71%) 6 (29%)

5 28 (90%) 3 (10%)

Overall 75 (50%) 74 (50%)

Table 5: Frequency of death after withdrawal of life-sustaining measures 
according to donation after cardiac death in patients in a neurocritical 
state (DCD-N) score in the retrospective cohort of 149 patients6
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patients with severe, irreversible brain injury and it can be 
fully assessed while the potential donor remains supported 
by mechanical ventilation. Further more, the information 
used to calculate the DCD-N score is usually available as 
part of the routine medical care of these patients.

To develop the DCD-N score, we transformed 
oxygenation index into a categorical variable. However, 
its predictive value is best when it is analysed as a 
continuous variable.11 The linear predictor model that 
incorporates the actual oxygenation index measurement 
is a valid alternative to the DCD-N score. Thus, the two 
approaches provide diff erent ways of assessing the 
chance of death within 60 min: the DCD-N score 
off ers cutoff s (eg, a DCD-N score of >2 suggests that 74% 
of patients will die within this time interval) and the 
linear predictor model expresses the likelihood of this 
outcome as a percentage. One model has the advantage 
of simplicity, the other delivers greater precision.

Our study has limitations. We prospectively collected 
data for only those variables that we had identifi ed 
previously as predictive of death within 60 min of WLST 
in a retrospective cohort.6 We regarded this approach as 
suffi  cient because the previous study consisted of a 
comprehensive exploratory analysis of many neuro log i-
cal and systemic variables, including those listed in 
presently used criteria. Furthermore, the validity of the 
predictive value of the variables we had identifi ed had 
been subsequently confi rmed in a diff erent cohort of 
patients with severe, irreversible brain injury.11 Never-
theless, other variables not included in our predictive 
technique might also infl uence the likelihood of early 
death after extubation5,13,15 and the DCD-N score has not 
been compared against other predictive criteria. 
Although sedatives and opiates were stopped before 
assessment, a residual eff ect from medication might 
have had a confounding role. Moreover, our study was 
not restricted to patients deemed potential candidates 
for DCD and consequently some patients with advanced 
age, cancer, and severe infections were entered in the 
analysis. However, because our models rely mostly on 
neurological criteria, we would not expect their predictive 
performance to change substantially when used to 
screen patients in neurocritical state who are under 
consideration for DCD. Finally, the score we propose 
should be used only for patients dying from irreversible 
acute brain disease and should not be extrapolated to 
other candidates for DCD.

DCD protocols are used increasingly in the USA, UK, 
and Europe, although there are notable exceptions such 
as Germany.16 However, in some centres these protocols 
are underused because of concerns that the potential 
donor might not die within the accepted maximum time 
of warm ischaemia. We believe that the DCD-N score has 
good potential to advance the practice of DCD by 
improving the identifi cation of appropriate candidates. 
Its discriminative power is supported by the area under 
the curve noted in our ROC analysis. Nevertheless, the 

score does not identify all patients who die within 60 min 
of WLST or at later times up to 4 h. Thus, future studies 
might help refi ne the score to reduce this under-
recognition of potential donors. Such studies could 
explore combination of the DCD-N score with the 
Wisconsin or the UNOS criteria or incorporation of 
haemodynamic or additional respira tory variables. More 
importantly, the DCD-N score needs to be tested 
specifi cally in a prospective cohort of patients participating 
in DCD protocols as potential donors.

The DCD-N score provides a readily accessible estimate 
of the likelihood of death within 60 min of WLST in 
patients with critical brain injury who are dependent on 
artifi cial life support. The score needs to be tested in 
patients for whom consent of DCD has been obtained. If 
the reliability of its performance is confi rmed, this 
scoring technique could help guide resource allocation 
without compromising the availability of viable DCD 
donors.

Contributors
AAR, AHY, and EFMW designed the study with statistical assistance 

from JM. JEF, AHY, YJdG, EJOK, LAS, WDF, and MAR collected the 

data from their respective centres. AAR, AHY and EFMW supervised the 

Panel: Research in context

Systematic review
We searched Medline and Embase databases up to Feb 29, 
2012, for articles published in any language with the search 
terms “donation after cardiac death”, “donation after 
circulatory death”, and “prediction of time to death”. We also 
reviewed the reference lists of the papers identifi ed by this 
search. We assessed these articles for data for predictors of 
early death after withdrawal of life-sustaining treatment in 
patients with severe brain injury.

Interpretation
The fi ndings from our prospective, multicentre observational 
study suggest that the donation after cardiac death in 
patients in a neurocritical state (DCD-N) score predicts which 
patients with severe brain injury undergoing withdrawal of 
life-sustaining treatment will die within 60 min of 
extubation. This measure relies mainly on fi ndings from 
neurological examination and can be applied at the bedside 
without the need for transient disconnection from 
mechanical ventilation, unlike presently used predictive 
criteria (such as the United Network for Organ Sharing or 
Wisconsin criteria), which are more complex and might have 
reduced predictive value in patients with severe brain injury.3,4 
Currently, donation after cardiac death protocols are 
sometimes underused because of concern that the potential 
donor will not die within the period of time compatible with 
an acceptable duration of warm ischaemia.10 The DCD-N score 
might be useful to identify the best candidates for donation 
among patients in a neurocritical state, thus reducing the 
chances of unsuccessful activation of retrieval teams and 
improved allocation of resources.
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