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Objectives: To generate a preliminary bedside predictor of rap-
id time-to-death after withdrawal of support in children to help 
identify potential candidates for organ donation after circulatory 
death.

Design: Retrospective chart review.
Setting: Pediatric intensive care unit of an academic children’s 

hospital.
Patients: All deaths in the pediatric intensive care unit from 

May 1996 to April 2007.
Interventions: None.
Measurements and Main Results: Among 1389 deaths, 634 

patients underwent withdrawal of support and 518 with com-
plete data regarding demographics, life-supportive therapies, 
and end-of-life circumstances were analyzed. Three hundred 
seventy-three (72%) patients died within 30 mins of withdrawal 
and 452 (87%) died within 60 mins. Using multiple logistic re-
gression, significant predictors of death within 30 or 60 mins 
(typical cut-off times for organ donation) were identified and  
a predictor score was  generated. Significant predictors included: 

age 1 month or younger; norepinephrine, epinephrine, or phenyl-
ephrine >0.2 µg/kg/min; extracorporeal membrane oxygenation; 
and positive end-expiratory pressure >10 cmH2O; and spontaneous 
ventilation. Possible scores for the 30-min predictor ranged from 
–17 to 67; a score ≤–9 predicted a 37% probability of death ≤30 
mins, whereas a score ≥38 predicted an 85% probability of death 
within 30 mins. For the 60-min predictor, scores ranged from –21 
to 38; score ≤–10 predicted a 59% probability of death within 60 
mins and a score ≥16 predicted a 98% probability of death within 
60 mins.

Conclusions: This tool is a reasonable preliminary predictor for 
death within 30 or 60 mins after withdrawal of support in termi-
nally ill or injured children and might assist in identifying potential 
pediatric candidates for donation after circulatory death, although 
prospective validation is required. (Pediatr Crit Care Med 2012; 
13:415–422)
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Development of a bedside tool to predict time to death after 
withdrawal of life-sustaining therapies in infants and children*
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Organ donation is an increas-
ingly common option for 
children pronounced dead 
by cardiopulmonary criteria. 

This process, known as donation after cir-
culatory death (DCD), accounted for 847 
(11%) of the 7990 deceased organ donors 
in 2008, of whom 73 (9%) were younger 

than 18 yrs of age (based on data from the 
Organ Procurement and Transplantation 
Network as of September 18, 2009). This 
represents an increase of 50% from the 
564 DCD donors in 2005. In the United 
States, the typical DCD donor is a termi-
nally ill or injured patient for whom the 
best course of action, as judged by the 
patient or the patient’s surrogate and  
the medical team, is to withdraw life-
sustaining therapies; the patient then 
donates organs after death is declared by 
cardiopulmonary criteria under carefully 
controlled and monitored circumstances.

While dying, patients inescapably be-
come hypoxemic and hypotensive. This 
inevitably results in ischemic damage to 
potentially transplantable organs, which 
if severe enough may preclude trans-
plantation. There is currently no way to 
measure directly the degree of injury oc-
curring as a patient dies to assess the vi-
ability of the organs for transplantation. 
Instead, the time interval between with-
drawal of life-sustaining therapies and 
death is commonly used as a surrogate. 
If this interval is too long, then organs 

are considered nonviable for transplan-
tation. There are no evidence-based or 
consensus guidelines regarding how long 
constitutes “too long;” typically, the liver 
is considered nontransplantable if time 
to death is >30 mins, and the kidneys are 
considered nontransplantable if time to 
death is >60 mins.

An accurate tool to predict time to 
death in children would be useful for 
families and care providers. An estimate 
of time to death might help families de-
cide whether to pursue DCD as an option 
for end-of-life care and would help care 
providers plan for the circumstances of 
end-of-life care, including the potential 
for DCD.

No pediatric tool currently exists to 
predict time to death after withdrawal of 
life-sustaining therapies. Two tools exist 
for adults, but both are of limited utility 
in critically ill infants and children. The 
University of Wisconsin DCD Evaluation 
Tool (1) has several criteria (respiratory 
rate, spontaneous tidal volume, patient 
age) with ranges that are not appropriate 
for children; for example, tidal volume 
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<200 mL is considered a poor predictor in 
the Wisconsin tool but may be a normal 
value in children. The United Network 
for Organ Sharing prediction criteria, 
which have been validated in adults (2), 
have similar limitations with physiologic 
criteria and also include criteria for ther-
apies that are rarely used in infants and 
small children (e.g., intra-aortic balloon 
pumps and ventricular assist devices). In 
addition, for reasons that are unclear and 
likely multifactorial, infants and children 
tend to die much more rapidly than adults 
after withdrawal of life-sustaining thera-
pies (2–12).

Given these limitations in the exist-
ing tools and the marked differences be-
tween adults and children at end-of-life, 
we sought to develop a practical tool 
for bedside use in pediatrics. We used a 
large database of electronic medical re-
cords at a single pediatric tertiary medi-
cal center (Children’s Medical Center 
Dallas) to derive a prediction tool using 
statistical methodology. This study was 
performed in parallel with an investiga-
tion of the potential impact of a DCD 
protocol on the number of potential 
liver and kidney donors at our institu-
tion (13).

MATERIALS AND METHODS

As a retrospective analysis of exist-
ing medical records, the Institutional 
Review Board at the University of Texas 

Southwestern Medical Center considered 
this study exempt from review. Children’s 
Medical Center Dallas has a 62-bed pediat-
ric intensive care unit consisting of a 33-bed 
combined medical/surgical unit, an 11-bed 
trauma/neurosurgical unit, and an 18-bed 
cardiac intensive care unit. The combined 
pediatric intensive care units admit approxi-
mately 3,000 patients/yr with a variety of 
congenital and acquired diseases, perform-
ing all manner of therapies including solid 
organ transplantation and extracorporeal 
membrane oxygenation support. Children’s 
Medical Center Dallas is also a level I trauma 
center.

We queried the pediatric intensive care 
unit electronic medical record database 
(Eclipsys, Atlanta, GA) from its inception in 
May 1996, and identified all deaths through 
April 2007. We then reviewed each patient’s 
chart and categorized the circumstances 
(mode) of their deaths as being associ-
ated with the withdrawal of life-sustaining 
therapies, death by neurologic criteria 
(brain death), failed attempt at cardiopul-
monary resuscitation, or natural death in 
conjunction with a do-not-resuscitate or-
der. Although withdrawal and limitation 
of life-sustaining therapies may be con-
sidered ethically equivalent (14), for the 
purposes of DCD and this study, we consid-
ered only patients in whom such therapies 
were actively removed to have undergone 
withdrawal.

Demographic, physiologic, and support-
ive parameters were recorded for patients 
undergoing withdrawal of support (Table 1). 
Physiologic data included the most recent 
laboratory values obtained for each patient. 

Supportive data were recorded at the time 
of withdrawal. Data were categorized, when 
possible, to parallel the existing adult pre-
diction tools. The time at which the first 
life-sustaining therapy was removed was 
considered the time of withdrawal and was 
abstracted from the physicians’, nurses’, and 
respiratory therapists’ notes. Time of the 
declaration of death was abstracted from the 
physicians’ death note. Time to death after 
withdrawal of support was calculated as the 
interval from the time of withdrawal to the 
time of death.

In keeping with typical DCD practice 
for liver and kidney viability, separate sta-
tistical models were generated to predict 
death within 30 mins and death within 
60 mins. First, the bivariate association 
of each parameter with time to death was 
determined. Parameters with bivariate sig-
nificance were entered into a stepwise for-
ward multiple logistic model (entry p = .15, 
removal p = .5) using death within 30 mins 
(or 60 mins) as the outcome. Coefficients 
for each model were multiplied by ten and 
rounded to generate an integer point score 
for each parameter. The sum of the scores 
for each parameter was designated the 30-
min score and the 60-min score. Scores for 
each model were calculated for each patient 
(a sample score sheet is provided in Table 
7, and a sample calculation is provided in 
Table 8).

As a check of each model, the cohort was 
separated into quintiles based on the range 
of predictor scores. The mean probability of 
death within the designated time period (30 
or 60 mins) was determined for the range of 
scores corresponding to each quintile and 
was compared to the observed frequency of 
death within that interval for that quintile. 
The overall classification accuracy was then 
determined.

In a previous report from this group (13), 
we defined physiologic and time-to-death crite-
ria for liver and kidney donation (Table 2) and 
estimated the number of potential donors in 
this population. To check the robustness of the 
30-min and 60-min scores in this population 
of interest, we compared the predicted prob-
ability vs. observed frequency of death within 
the designated time period in the subgroup of 
patients who met physiologic criteria for organ 
donation (ignoring time to death as a criterion 
for donation). Patients who were missing data 
for any organ donor criterion were considered 
noncandidates.

RESULTS

Over the nearly 11 yrs queried in the 
electronic medical record, 1389 patients 
died (overall mortality rate, 5.3%). Of 
the 634 patients who died after with-
drawal of life-sustaining therapies, 518 
(82%) had complete data and were ana-
lyzed (Fig. 1).

Table 1. Demographic, physiologic, and supportive parameters

Domain Parameters and Categorical Values

Age 0–1 mo/1–12 mo/1–12 yrs/older than 12 yrs
Primary diagnosis Central nervous system/heart/lung/sepsis/tumor/other
Spontaneous respiratory effort Rate of spontaneous breaths above ventilator rate
 Tidal volume of spontaneous breaths above ventilator rate
Oxygen saturation Sao2 <90%/≥90%a

Artificial airway None/tracheostomy/endotracheal tubea

Mechanical ventilation None/conventional/nonconventional
parameters Controlled/supported
 Ventilator rate
 Ventilator tidal volume
 Positive end-expiratory pressure ≤ 10/>10b

 Fio2 <0.5/≥0.5b

Inotropic support No inotropes/1 inotrope/≥2 inotropesb

 Dopamine ≤15/>15 mcg/kg/minb

 Norepinephrine, epinephrine, or phenylephrine ≤0.2/>0.2 
mcg/kg/minb

Cardiovascular device Extracorporeal membrane oxygenation or device/no 
extracorporeal membrane oxygenation or deviceb

Categorical parameters are shown with each category separated by a slash. Parameters that were
chosen to parallel existing adult predictors are indicated with footnotes.

aCategorical values chosen to parallel the Wisconsin Donation after Circulatory Death predictor 
tool (1); bcategorical values chosen to parallel the United Network for Organ Sharing donation after 
circulatory death criteria (2).
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Patient demographics are given in Table 3. 
Median age was 10 months (range, 2 days–21 
yrs; interquartile range,  1  month–6 yrs). 
Most patients had primary disease of the 
central nervous (29%) or cardiovascu-
lar (24%) systems. Median time to death 
after withdrawal of support was 17 mins 
and was strongly right-skewed (range, 0 
min–73 hrs 25 mins; interquartile range, 
9–35 mins). Three hundred seventy-three 
(72%) patients died within 30 mins of 
withdrawal of support, 452 (87%) died 
within 60 mins, and 66 (13%) died 60 
mins or more after withdrawal.

Bivariate associations of each parameter 
with death within 30 or 60 mins of with-
drawal of support are shown in Table 4. 
Significant parameters were essentially 
the same for both models: age 1 month or 
younger; the presence of two or more ino-
tropes; dose of epinephrine, norepineph-
rine, or phenylephrine >0.2 µg/kg/min; 
use of extracorporeal membrane oxygen-
ation; Fio2 >0.5; positive end-expiratory 
pressure >10; inverse association with the 
presence of spontaneous ventilation; and 
no association with presence or type of ar-
tificial airway, Sao2, or dose of dopamine 
>15 µg/kg/min. Death within 60 mins 

was also associated with diagnosis of pri-
mary tumor (but no other diagnosis) and 
use of nonconventional ventilation (os-
cillatory, jet, or airway pressure-release 
ventilation).

The logistic regressions yielded chi-
square test p < .0001 for both the 30-
min and 60-min models; Hosmer and 
Lemeshow test p = .22 and .43 for the 
30-min and 60-min models, respectively, 
confirming adequate model fit. Significant 
parameters for both multiple logistic 
regression models were the same: age 1 
month or younger; use of norepinephrine 
or phenylephrine >0.2 µg/kg/min; use of 
extracorporeal membrane oxygenation; 
positive end-expiratory pressure >10; and 
the presence of spontaneous ventilation. 
The 30-min model correctly predicted 352 
of the 373 deaths within 30 mins (94.4%) 
and 34 of the 145 deaths taking >30 mins 
(23.4%), for an overall classification ac-
curacy of 74.5%. Of the deaths within 60 
mins, the 60-min model correctly predict-
ed 447 of the 452 deaths within 60 mins 
(98.9%) and 5 of the 66 deaths taking >60 
mins (7.6%), for an overall classification 
accuracy of 87.3%. The transformation of 

the logistic regression models into point-
based scales is shown in Table 5.

The 30-min model predicted that of 
the quintile of subjects with the lowest 
scores, 37% would die within 30 mins; 
we observed that 51% of these subjects 
died within 30 mins (Table 6). The model 
also predicted that 87% of the quintile of 
subjects with the highest scores would die 
within 30 mins; we observed an 89% fre-
quency of death.

The 60-min model predicted that 59% 
of the quintile of subjects with the lowest 
scores would die within 60 mins; we ob-
served 63%. The model further predicted 
that 98% of the quintile with the highest 
scores would die within 60 mins; the ob-
served frequency of death was 100%.

In the subgroup of patients who met 
physiologic criteria for organ donation, 
the frequencies of death within 30 mins 
or 60 mins after withdrawal of support 
were similar to those in the cohort as a 
whole (Table 6). Of the 166 patients who 
met criteria for organ donation, 74% died 
within 30 mins and 87% within 60 mins of 
withdrawal vs. 72% and 87%, respectively, 
of the cohort as a whole; this pattern was 
repeated within each range of scores for 
both models.

DISCUSSION

This is the first study involving chil-
dren to develop a bedside tool for pre-
dicting time to death after withdrawal of 
life-sustaining therapies for use in DCD. 
The tool we generated has an overall ac-
curacy that is comparable to the two exist-
ing tools for adults but is more applicable 
to infants and children.

As with other reports in children af-
ter withdrawal of support (3–5,7) and 
in actual pediatric DCD donors (6,15), 
most patients in this cohort died rapidly, 
within 60 mins of withdrawal of support. 
Importantly, we found that rapid death 
was much more likely in patients with 
high predictor scores compared with low 
scores, regardless of whether the child 
was a potential organ donor. The value 
of this tool is that it seems able to dif-
ferentiate children in this cohort based 
on their probability of death within 30 or 
60 mins after withdrawal of support–an 
essential piece of information when as-
sessing a child as a potential candidate 
for DCD.

There was no difference in time to 
death between potential organ donors 
and the remainder of the cohort. Given 
that poor liver and kidney function are 

Table 2. Criteria for potential organ donation used in this study

Potential Kidney Donors Potential Liver Donors

Age ≥3 mos Absence of tumor or systemic infection
Absence of tumor or systemic infection Prothrombin time <18
Not using renal replacement therapy Death within 30 mins of withdrawal
Urine output >0.5 mL/kg/hr  
Serum blood urea nitrogen <30  

Serum creatinine <1.5  

Death within 60 mins of withdrawal  

Figure 1. Uttstein-style diagram of patient flow through the study. CPR, cardiopulmonary resuscita-
tion; DNR, do not resuscitate; PICU, pediatric intensive care unit.
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Table 3. Demographics of patients for whom life-sustaining therapies were withdrawn (n = 518)

Parameter
All Patients (N = 518)
N (% of All Patients)

Died ≤30 Mins (N = 373)
N (% of Category)

Died ≤60 Mins (N = 452)
N (% of Category)

Age
 0–1 mo 195 (38) 126 (65) 164 (84)
 1 mo–2 yrs 138 (27) 102 (74) 122 (88)
 Older than 2 yrs 185 (36) 145 (78) 166 (90)
Primary disease category
 Central nervous system dysfunction 149 (29) 110 (74) 129 (87)
 Hypoxic-ischemic encephalopathy 55 (37) 39 (71) 45 (82)
 Traumatic brain injury 43 (29) 35 (81) 42 (98)
 Central nervous system infection 11 (7) 9 (82) 9 (82)
 Status epilepticus 7 (5) 5 (71) 6 (86)
 Intracranial hemorrhage 7 (5) 4 (57) 5 (71)
 Hydrocephalus 5 (3) 3 (60) 4 (80)
 Brain tumor 5 (3) 5 (100) 5 (100)
 Cerebrovascular malformation 5 (3) 4 (80) 4 (80)
 Inflicted traumatic brain injury 4 (3) 2 (50) 3 (75)
 Stroke 3 (2) 1 (33) 3 (100)
 Cerebral edema 2 (1%) 2 (100) 2 (100)
 Neurodegenerative disorder 2 (1) 1 (50) 1 (50)
 Heart dysfunction 125 (24) 91 (73) 109 (87)
 Congenital heart disease 108 (86) 78 (72) 93 (86)
 Myocarditis/cardiomyopathy 9 (7) 6 (67) 8 (89)
 Pulmonary hypertension 4 (3) 4 (100) 4 (100)
 Heart transplant complications 4 (3) 3 (75) 4 (100)
 Lung/respiratory failure 55 (11) 36 (65) 47 (85)
 Sepsis 65 (13) 45 (69) 57 (88)
 Tumor 57 (11) 46 (81) 55 (96)
 Other 67 (13) 45 (67) 55 (82)
Airway
 Natural 5 (1) 3 (60) 3 (60)
 Endotracheal tube 494 (95) 360 (73) 433 (88)
 Tracheostomy 19 (4) 10 (53) 16 (84)
Ventilationa

 No mechanical ventilation 2 (0.4) 2 (100) 2 (100)
 Supported ventilation 18 (3.5) 11 (61) 12 (67)
 Conventional mechanical ventilation 423 (82) 300 (71) 366 (87)
 Nonconventional ventilation 75 (14) 60 (80) 72 (96)
Number of inotropesb

 0 139 (27) 85 (61) 109 (78)
 1 137 (26) 96 (70) 118 (86)
 ≥2 242 (47) 192 (79) 225 (93)
Norepinephrine, epinephrine, or phenylephrine dose
 ≤0.2 mcg/kg/min 355 (69) 234 (66) 298 (84)
 >0.2 mcg/kg/min 163 (31) 139 (85) 154 (94)
Extracorporeal support    
 Extracorporeal membrane oxygenation (veno-arterial only) 63 (12) 53 (84) 61 (97)
 Berlin heart 1 (0.2) 1 (100) 1 (100)
Fio2
 <0.5 199 (38) 126 (63) 159 (80)
 ≥0.5 318 (61) 246 (77) 292 (92)
SaO2
 ≥90% 304 (59) 210 (69) 259 (85)
 <90% 209 (40) 158 (76) 188 (90)
Positive end- expiratory pressure, cm H2O
 ≤10 326 (63) 215 (66) 268 (82)
 >10 191 (37) 157 (82) 183 (96)
Spontaneous breathing above ventilator ratec    
 No 419 (81) 319 (76) 382 (91)
 Yes 99 (19) 54 (55) 70 (71)
Time between withdrawal of support and death    
 ≤30 mins 373 (72)   
 31–60 mins 79 (15)   
 61 mins–6 hrs 49 (9)   
 >6 hrs 17 (3)   

aNo mechanical ventilation includes any supplemental oxygen without positive pressure. Supported ventilation includes continuous or bilevel positive airway 
pressure (continuous positive airway pressure or bilevel positive airway pressure) via face mask, pressure support, volume support, or CPAP via endotracheal 
tube or tracheostomy. Conventional mechanical ventilation includes synchronized intermittent mandatory ventilation using pressure control, volume control, 
or pressure-regulated volume control. Non-conventional ventilation includes high-frequency jet or oscillatory ventilation or airway pressure-release ventilation; 
bnumber of individual inotropic medications, regardless of dose; cpresence of any breathing above the set ventilator rate; spontaneous triggering of 
ventilator breaths is not counted.
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associated with increased risk of mortality 
in general (16, 17), one might expect that 
patients whose liver and kidney functions 
were good enough to meet physiologic do-
nation criteria would survive longer after 
withdrawal than those with inferior liver 
and kidney functions. We instead found 
that potential donors and nondonors had 

nearly identical times to death. This find-
ing strengthens the models, suggesting 
they are applicable to terminally ill chil-
dren in general and not only those who 
are potential organ donors.

The major limitation of this study is 
that it is a single-center retrospective 
review of deaths that occurred using 

family-centered end-of-life care rather 
than the carefully controlled and moni-
tored conditions recommended for DCD 
(18–24). Some important findings on the 
physical examination may not have been 
captured in our chart review. For exam-
ple, a patient who initiated every ventila-
tor breath but took no additional breaths 
above the set ventilator rate would have 
been classified as “no spontaneous 
breaths” in this study, despite clearly not 
being apneic. Some neurologic findings, 
such as pupillary response or cough/gag, 
also were not captured. Further, some 
critical parameters, such as the ability to 
spontaneously maintain an airway, can-
not be fully assessed even prospectively 
until after extubation. Any of these may 
have resulted in inaccuracies in predict-
ing time to death; however, some impreci-
sion is inherent in any preliminary model.

We are confident that the times of 
withdrawal recorded in the electronic 
medical record are accurate. However, it 
is likely that many of the recorded times 
of death are imprecise, because the pro-
nouncing physicians were likely comfort-
ing the family and ensuring a death free 

Table 4. Clinical and physiologic parameters associated with death within 30 or 60 min of withdrawal of support in bivariate analysis (n = 518).

Clinical or Physiologic  
Parameter 

Death Within 30 Mins Death Within 60 Mins

Relative 
Risk

95% Confidence Interval 
of Relative Risk p

Relative 
Risk

95% Confidence Interval 
of Relative Risk p

Age       
 Younger than 1 mo 0.82 0.72−0.94 .001 0.92 0.85−0.99 .03
 Older than 1 mo 1.00   1.00   
Primary disease   NS   NS
Airway type   NS   NS
Ventilation type       
 No mechanical ventilation   NS 0.58 0.15−2.33 NS
 Conventional mechanical ventilation    1.00   
 Nonconventional ventilation    1.12 1.05−1.19 .0003
Sao2 <90%   NS   NS
Number of inotropes       
 None 1.00   1.00   
 1 1.15 0.97−1.36 NS 1.10 0.98−1.23 NS
 ≥2 1.30 1.12−1.50 .0005 1.19 1.08−1.30 .0004
Norepinephrine, epinephrine, or 1.29 1.17−1.43 <.0001 1.13 1.06−1.19 <.0001
phenylephrine >0.2 mcg/kg/min       
Dopamine >15 mcg/kg/min   NS   NS
Use of extracorporeal membrane oxygenation 1.20 1.06−1.35 .0042 1.13 1.06−1.19 <.0001
Mode of ventilation   NS   NS
Fio2> 0.5 1.22 1.08−1.38 .0012 1.15 1.06−1.24 .0004
Positive end-expiratory pressure >10 cm H2O 1.25 1.11−1.40 .0001 1.16 1.10−1.23 <.0001
% Spontaneous ventilationa       
 0% 1.00   1.00   
 >1% 0.71 0.59−0.86 .0005 0.76 0.67-0.87 <.0001
Spontaneous respiratory ratea       
 0 1.00   1.00   
 >1 breaths/min 0.70 0.58−0.85 .0003 0.76 0.67-0.87 <.0001

NS, not significant.
aPatients who had 0% spontaneous ventilation also had a spontaneous respiratory rate of 0. For simplicity, they are described as “No spontaneous 

breathing above ventilator rate” in Table 3, but the differing statistical values are shown here explicitly.

Table 5. Parameters that were significant predictors of death within 30 or 60 mins, their coefficients 
in the multiple logistic regression model, and their corresponding point scores.

Model statistics
30-Min Predictor

p
60-Min Predictor

p

χ2 <.001 <.001
Hosmer-Lemeshow test statistica .22 .43

Model Parameter
 

Coefficient
Point
Score

 
Coefficient

Point
Score

Age 1 mo or younger −0.936 −9 −0.885 −9
Norepinephrine, epinephrine, or phenylephrine 

>0.2 mcg/kg/min
1.08 11 0.966 10

Use of extracorporeal membrane oxygenation 1.09 11 1.716 17
Positive end-expiratory pressure >10 cm H2O 0.48 5 1.138 11
>0% Spontaneous ventilation −0.822 −8 −1.227 −12
Lowest possible score  −17  −21
Highest possible score  27  38

aHosmer-Lemeshow test statistic 0.05 implies poor fit of the model to the data.
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from suffering rather than determining an 
unequivocal time of death. The observed 
times to death, therefore, may have been 
inaccurately long, leading to misclassifi-
cation with a bias toward false-negatives 
(death actually occurring within 30 or 60 
mins misclassified as occurring outside 
these intervals).

A second limitation is that a large 
proportion of our cohort died within 
the designated intervals of 30 or 60 
mins, which somewhat weakens the 
discriminatory power of the models 
because fewer deaths outside the des-
ignated intervals are available for com-
parison. The purpose of these predictive 
models is to discriminate those who 
are likely to die within the designated 
time intervals from those who are not. 
Although an ideal model would have an 

accuracy of 100%, we feel that the accu-
racies of the 30-min and 60-min models 
are reasonable for preliminary models, 
particularly because their accuracy is 
comparable to that of the adult predic-
tors. Further refinement of the models 
with prospective validation is required, 
however.

Third, we chose to transform the co-
efficients of our prediction models to 
integer point scores to make the scor-
ing systems easier to use at the bed-
side. This approach has been used in 
scoring systems that are currently in 
wide use, such as the Pediatric Risk of 
Mortality Score version 3 (16) and the 
Simplified Therapeutic Intervention 
Scoring System (25). The rounding of 
coefficients to generate point scores 
somewhat diminishes the precision of 

the scores, but we feel that the result-
ing inaccuracy is reasonably small and 
is more than counterbalanced by the re-
sulting improvement in ease of use.

As a single-center study, it is pos-
sible that these observations are unique 
to the patient population and practice 
at Children’s Medical Center Dallas, 
and are not applicable to children at 
other institutions. Patient demograph-
ics were similar across the 11 yrs of 
this study; however, it is possible that 
unrecognized variations in population 
or practice may have influenced these 
results. The proportions of patients 
experiencing each mode of dying were 
similar to previously published reports 
in children (3–5, 26–29), suggesting 
that the patient population and end-of-
life care practices at our institution are 
similar overall to those at other pediat-
ric institutions. However, because clin-
ical resources (such as extracorporeal 
membrane oxygenation) and end-of-life 
practices in the pediatric intensive care 
unit may be extremely variable (30), 
further validation studies are required 
before generalizing this predictor to 
other pediatric institutions. It is pos-
sible that the criteria we selected to 
define potential organ donors are inap-
propriate. We intentionally chose cri-
teria that were relatively conservative 
compared to other studies estimating 

Table 6. Predicted probabilities compared with observed frequencies of death within 30 or 60 mins after withdrawal of support, tabulated by ranges of 
scores on the 30-min and 60-min predictor models

30-Min Score  
(Quintile)23

Predicted  
p (Death <30 Min)

All Patients (n  518)

Patients Meeting Physiologic
Organ Donor Criteria

(n  166)

Died <30
Min

Died >30
Min

Observed p 
(Death <30 Min)

Died <30
Mins

Died >30
Min

Observed p
(Death <30 Min)

(1) −17 to −9 37% 69 65 51% 23 19 55%
(2) −8 to −1 56% 39 26 60% 16 9 64%
(3) 0–2 76% 126 34 79% 42 11 79%
(4) 3–12 83% 98 15 87% 35 3 92%
(5) 13–27 87% 41 5 89% 7 1 88%
Total  373 145 72% 123 43 74%

Death within 60 mins of withdrawal-of-support

60-Min Score  
(Quintile)

Predicted  
p (Death <60 Mins)

Died <60
Mins

Died >60
Mins

Observed p
(Death <60 Mins)

Died <60
Mins

Died >60
Mins

Observed p
(Death <60 Mins)

(1) −21 to −10 59% 47 28 63% 22 10 69%
(2) −9 to −1 80% 97 16 86% 27 6 82%
(3) 0–1 88% 121 15 89% 36 5 88%
(4) 2–12 96% 127 7 95% 44 0 100%
(5) 16–38 98% 60 0 100% 16 0 100%
Total  452 66 87% 145 21 87%

Table 7. Sample score sheet

Pediatric Time-to-Death Predictor Tool

Parameter

30-Min Predictor 60-Min Predictor

Yes No Patient score Yes No Patient score

Age 1 mo or younger −9 0  −9 0
Norepinephrine, epinephrine, or 11 0  10 0
phenylephrine >0.2 mcg/kg/min      
Use of extracorporeal membrane oxygenation 11 0  17 0
Positive end-expiratory pressure >10 cm H2O 5 0  11 0
Any spontaneous ventilation −8 0  −12 0
Total score      
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or observing potential DCD donors in 
children (3, 15, 31); however, this may 
have caused misclassification bias to-
ward fewer potential donors. Finally, 
patients whose families elected to con-
tinue life-sustaining therapies or who 
did not die in our pediatric intensive 
care unit were not captured in this co-
hort, potentially reducing the power of 
these models.

CONCLUSIONS

This tool is a reasonable preliminary 
bedside predictor for death within 30 or 
60 mins after withdrawal of support in 
terminally ill or injured children and can 
help identify pediatric patients who might 
be candidates for DCD. Prospective valida-
tion is required, however, and will likely 
result in modifications to the tool.
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