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Abstract 

Introduction  This article reviews current global practices for the determination of brain death/death by 
neurologic criteria (BD/DNC) in infants and children. 

Methods  Medical literature focusing on BD/DNC for infants and children was reviewed including factors 
influencing determination of death.  Recommendations were developed based on literature review, 
consensus opinion, and expert commentary.  

Results/Conclusions Although less evidence exists compared with adult practice, BD/DNC can be 
determined in infants and children 36 weeks gestational age and older. No evidence is currently available 
to guide accurate determination of BD/DNC in preterm neonates less than 36 weeks gestational age. 
Determination of BD/DNC is a clinical process based on specific criteria consistent across the age 
spectrum for children, but caution is advised in younger infants. The clinical criteria, indications for and 
types of ancillary testing for pediatric patients are similar to those for adults. Distinctions between adults 
and children include variability in pre-test observation periods, number of tests and inter-examination 
observation periods. The incidence of BD/DNC in children and in particular infants and newborns is 
much lower than in adults. The process for determination of BD/DNC in infants and children should: 
outline minimum requirements necessary to determine BD/DNC; identify qualified professionals to 
determine BD/DNC; and stipulate requirements for documentation of death. Determination of death 
should occur in a timely manner by qualified individuals with pediatric training. The process of 
determining BD/DNC should be carefully explained to parents to maximize understanding and confidence 
in determination of death.  

Introduction 

The definition of brain death/death by neurologic criteria (BD/DNC) is the same for adults and 
children. BD/DNC is a clinical diagnosis based on the coexistence of unresponsive coma (loss of brain 
function), complete loss of brainstem reflexes, and apnea in a person with a known brain injury resulting 
in an irreversible condition.1-5 Most countries use whole brain death criteria (brain and brainstem) to 
determine death in infants and children.1-5 Ancillary studies are not usually mandatory 1-7, but some 
protocols recommend them as they may be helpful to the clinician to make a determination of BD/DNC 
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when components of the physical examination or apnea test cannot be completed.1-5   Criteria to 
determine BD/DNC are generally consistent across the age spectrum for children.  However, because 
there is less evidence for determination of BD/DNC in the very young, a cautious approach is advocated 
when evaluating infants and younger children, resulting in variable age-based recommendations that often 
require serial examinations including apnea testing.1-7  

Authors conducted the initial literature searches of the Cochrane, Embase and MEDLINE databases 
for the time period between January 1, 1992 and July 2017. Subsequent searches were performed to 
capture relevant articles between July 2017 and April 2020. Because of the significant lack of data from 
randomized controlled trials or large studies, GRADE evaluation of the evidence was not performed. 
However, evidence was reviewed by a multidisciplinary group of clinicians (see Introduction chapter) and 
recommendations were generated according to the following criteria. Strong recommendations (“It is 
recommended that”) were based on expert consensus that clinicians should follow the recommendation 
unless a clear and compelling rationale for an alternative approach was present, and where actions could 
be adopted as policy. Even though most evidence in this area is limited and of low-quality, strong 
recommendations were made as a precautionary, conservative approach, to prevent premature or 
erroneous determinations of death (false positives). Conditional or weak recommendations (“It is 
suggested that”) were generated when there were potentially different options and the best action may 
differ depending on circumstances, patients, resources or societal values, or where there is a need for 
further evidence or discussion among clinicians and stakeholders. In cases where there was insufficient 
evidence and the balance of benefits versus harms was neutral, no recommendations were made. 

Much of the currently available evidence for determination of death in infants and children is from 
case reports, case series, and limited studies.  This information forms the basis for current guidelines that 
are primarily consensus or expert committee recommendations.  A comparison of international guidelines 
is provided in Table 1.  This review discusses determination of BD/DNC for infants and children, 
assesses currently accepted ancillary studies, and highlights important differences between children and 
adults that can create challenges when determining death for this population.  This review focuses on 
circumstances where there are unique pediatric considerations and is intended to augment the descriptions 
of minimum criteria for determination of BD/DNC and use of ancillary testing when compared with the 
adult population, which are discussed elsewhere in this series.  

Definition of a Pediatric Person 

The definition of a pediatric person varies by disease process and country.  A ‘term newborn’ ranges 
from 36-37 weeks gestation, with Australia, Canada and other countries using 36 weeks gestation and the 
United States, United Kingdom, and Spain defining 37 weeks gestation as the lower age limit for 
determination of BD/DNC in children.  The age of a neonate ranges from 36-37 weeks gestation to 30 
days of age.1-7 The upper age limit for a pediatric person may range from 14-18 years of age depending on 
mechanism of injury, i.e. trauma.1,2  
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Frequency of BD/DNC in the Pediatric Population 

BD/DNC in infants and children is a relatively rare occurrence as the majority of pediatric deaths 
occur after planned withdrawal of life-sustaining medical therapies.8-11 Despite this, there is good 
experience determining BD/DNC in older children; however, far fewer younger children are declared 
dead by neurologic criteria.  In the United States, where there is significant experience determining 
BD/DNC, the ratio of children (30 days to 18 years of age) declared dead by neurologic criteria compared 
to adults is 1:100.8 This ratio increases to 1:1000 for infants less than 30 days of age.8  BD/DNC 
accounted for  20.7% of 15,344 deaths in US pediatric intensive care units, with a linear association 
between PICU size and the number of brain deaths per year.12 The etiology of neurologic injury leading to 
BD/DNC in pediatric patients differs from adults, with hypoxic ischemic injury being the most common 
in infants and younger children, while trauma accounts for most cases of neurologic injury in older 
children.8 Cerebrovascular events or spontaneous intracranial hemorrhage are relatively rare when 
compared with adults.   

Physiologic and Anatomic Differences in Children 

For the most part, pediatric patients have similar physiology and anatomy as adult patients. However, 
neonates and infants have patent sutures and open fontanelles that can result in less dramatic increase in 
intracranial pressure, which can cause ancillary studies, such as radionuclide cerebral blood flow study, to 
be less reliable.1,2 The presence of patent sutures and open fontanelles modifies the initial compensation 
of intracranial hypertension, resulting in a distortion of cerebral hemodynamic patterns that are different 
from children and adults with a rigid skull. Additionally, there may be subtle, but important, differences 
in neonatal brain metabolism, blood flow, and response to injury.  Pupillary examination can be difficult 
in neonates or smaller infants, and small airways can affect apnea testing if tracheal insufflation is used.  
Lastly, in considering unique pediatric populations, it is important to note that anencephalic newborns 
retain some degree of brainstem function and in the absence of a secondary cause of brainstem injury (e.g. 
cardiorespiratory arrest) cannot fulfill BD/DNC. 

Prerequisite Criteria  

Preconditions for the pediatric age group are similar to adults, but it is universally recommended that 
prerequisite blood pressure for determinations of BD/DNC in pediatric persons must be determined based 
on age-appropriate physiologic parameters. Unusual causes of coma such as neurotoxins and chemical 
exposure (i.e. organophosphates and carbamates) should be considered in rare cases where an etiology for 
coma has not been established.1,2 Additionally, protocols for determination of BD/DNC frequently specify 
that inborn errors of metabolism, which could affect hepatic or renal function, need to be considered.  
Assessment of neurologic function may be unreliable immediately following a catastrophic neurologic 
injury or cardiopulmonary arrest, requiring an observation period of 12-24 hours or more before initiating 
testing for neurologic death.1-7  

Examination Criteria 

Physical examination criteria are generally the same for children and adults. Patency of the auditory 
canal should be assessed for tortuosity, foreign body or cerumen obstruction. Some protocols include the 
assessment of the rooting and/or sucking reflex in the newborn age group.  
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Testing for Apnea 

The preconditions, testing parameters, CO2 targets and complications for apnea testing are similar in 
adults and children. The rate of CO2 rise is approximately 3-5 mmHg per minute.1,2  Procedurally, 
protocols for determination of BD/DNC in pediatric persons generally recommend maintenance of 
oxygenation during the apneic period using either a T-piece circuit connected to the endotracheal tube or 
a flow-inflating anesthesia bag with titration of end expiratory pressure.  Tracheal insufflation is less 
favored, particularly in younger children/infants/newborns due to carbon dioxide washout and risk of 
barotrauma if the catheter is advanced too distally into the airway.1,2,4 A PaCO2 of > 60 mmHg (8.0 kPa) 
is generally considered adequate to stimulate respiration although some authors have suggested the 
threshold might be higher in neonates and infants 1-5,7, while others have suggested the immature medulla 
may in fact be more sensitive to hypoxemia.13 An increase in the PaCO2 of at least 20 mmHg (2.7 kPa) 
above the baseline is recommended in many jurisdictions to ensure there is an adequate stimulus for 
respiration 1-3,7.  This is especially true for children with pre-existing lung disease and chronic CO2 
retention.  Some guidelines also include a pH threshold.3,4,7 Although a single apnea test is performed in 
many jurisdictions 3-7, some guidelines consider apnea testing part of the examination for BD/DNC and 
recommend performing an apnea test with each neurologic examination, providing this can be done 
safely.1,2,4  Case reports of respiratory effort occurring with higher PaCO2 levels during apnea testing have 
been published, however, the currently available evidence is not compelling enough to suggest increasing 
the threshold.14 There are no pediatric specific distinctions related to performing the apnea test during 
extracorporeal support. 

One unique aspect of apnea testing in infants and children is management of children with cyanotic 
congenital heart disease who have obligatory intracardiac right-to-left shunting leading to chronic 
hypoxemia and polycythemia based on their cardiac physiology. Baseline oxygen saturations generally 
range from 65-90%.15  There are no published reports to guide the clinician tasked with safely performing 
an apnea test to determine BD/DNC in this population.  The inability to perform an apnea test in this 
population would mandate an ancillary study to determine BD/DNC.  

Number of Examinations and Observation Periods 

A more cautious approach to determining BD/DNC has been recommended in children and most 
jurisdictions require more examinations (a minimum of two) and a longer observation period than is 
required in adults.1-7  Rare, case reports of false positive testing have been reported16 emphasizing the 
continued need for a cautious and conservative approach when determining BD/DNC, especially for 
young infants with open sutures and children with skull fractures or decompressive craniotomy that can 
alter intracranial pressure dynamics.  In some countries, such as the UK, 2 physicians are required to be 
present for 2 separate evaluations to determine BD/DNC in children.6,7 In the USA, UK, Australia, 
Canada, and New Zealand, apnea testing is regarded as part of the examination criteria, and is 
recommended with each examination.1-6 

Assessment of brain function following a devastating neurologic injury or cardiopulmonary arrest 
may be unreliable immediately following the event and therefore many guidelines recommend a period of 
observation ranging from 24-48 hours or greater to allow stabilization of a pediatric person and to ensure 
that prerequisite criteria have been met prior to testing for BD/DNC.1-7 The evidence guiding 
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determination of BD/DNC in the neonatal population is sparse compared with that for older children and 
adults.1,2 For term newborns, many jurisdictions recommend a minimum observation period of 24-48 
hours or longer before considering neurologic testing for death.3-6  

Observation periods between examinations for infants and children have been arbitrarily defined.  
There are no studies to indicate that a longer or shorter observation period is more sensitive when 
determining BD/DNC in children. Reports of diagnostic error have been noted in children. In these case 
reports, prerequisite criteria, including appropriate observation periods, were not met, thereby invalidating 
the determination of BD/DNC.17 A conservative approach requiring an observation period between 
examinations has been recommended for younger infants and children because of limited experience 
compared with adults.1-5  Consecutive examinations without an inter-examination observation period are 
used in some countries while most other countries have pre-defined inter-examination observation period 
with some jurisdictions recommending a 12-hour inter-examination observation for children older than 30 
days of age and older.1,2,7   A 24-hour inter-examination observation period is recommended for neonates 
and infants 37 weeks gestation to 30 days of age in many current pediatric guidelines.1,2,4,5  

Ancillary Studies 

Similar to adults, ancillary studies are neither mandated to make a determination of BD/DNC in 
infants and children, nor are they sufficient on their own to determine BD/DNC. Ancillary studies are 
used to ‘compliment’ the clinical examination with continued emphasis that BD/DNC is a clinical 
diagnosis. The use of ancillary studies is usually reserved for situations where a full clinical examination 
and apnea test cannot be completed and where there is a high probability that the person is, in fact, dead 
by neurologic criteria. A recent survey of US pediatric intensivists and neurologists showed that while 
most respondents only performed ancillary testing if the clinical examination and apnea test could not be 
completed, variability exists, with 20% of 195 respondents performing ancillary testing for other reasons, 
including: to convince a family that objected to the brain death determination that a patient is truly dead, 
personal preference, and institutional requirement.18  Currently recommended ancillary testing in children 
includes cerebral blood flow (CBF) studies including 4 vessel angiography and nuclear perfusion studies, 
and electroencephalography (EEG).  Notably, ancillary testing in very young pediatric patients is unique 
because there can be persistence of blood flow in the context of BD/DNC due to the presence of an open 
fontanelle.19 Intracranial pressure dynamics can also be altered with cranial fractures or decompressive 
craniotomy. While 4 vessel digital subtraction angiography has long been the gold standard for 
determination of absent CBF, the limited availability of interventional neuroradiology and technical 
challenges involved in performing angiography in infants and small children has led to this procedure 
now being rarely if ever performed in pediatric patients.  Nuclear medicine cerebral perfusion studies are 
probably the most common ancillary studies currently performed in children in most jurisdictions 1-7, and 
while EEG and CBF are of similar confirmatory value for infants older than 30 days of age, they are both 
less sensitive in newborns. 1,2   

Perfusion CT, MR spectroscopy, and transcranial Doppler sonography (TCD) have been proposed as 
potential ancillary studies; however, operator dependency and lack of validation compared with 
traditionally accepted ancillary studies limit their reliability in children. Studies using somatosensory 
evoked potentials and brainstem auditory evoked potentials as a reliable ancillary study for determination 
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of BD/DNC in infants and children are limited and also lack validation.  More research is needed in this 
area and none of these studies can be recommended at this time as a suitable ancillary study to assist with 
BD/DNC in infants and children.  

Special Considerations: 

Hypothermia  

Targeted temperature management and hypothermia protocols are being used more frequently 
following cardiac arrest and traumatic brain injury.  This is especially true in the neonatal population 
where hypothermia protocols are commonly used for neonatal asphyxia.20 Adequate time following 
rewarming after a period of hypothermia is crucial prior to initiating testing for BD/DNC.  Additionally, 
delayed drug metabolism and end organ function must be considered when hypothermia protocols have 
been instituted, and an observation period of 72 hours or longer may be required in some cases. 21-23 
Please refer to the chapter on determination of brain death and targeted temperature management for 
further discussion and recommendations.  

Documentation of BD/DNC 

Many pediatric guidelines for determination of BD/DNC in infants and children incorporate a 
checklist to ensure standardization of the process and documentation.1-4,6,7 Documentation is described in 
further detail in the Documentation of Brain Death chapter. 

Additional considerations  

It is well-acknowledged that the neurological examination to determine death in pediatric patients 
should only be performed by clinicians with training in pediatric critical care, neonatology, pediatric 
neurology or neurosurgery, or trauma, who are suitably qualified to perform the clinical examination 
including apnea testing and interpret the results of ancillary studies.  Clear and concise communication 
with the child’s parents to explain the process to determine BD/DNC and ensure they have confidence in 
this process is critical.10  Many protocols advise utilization of palliative care specialists and other support 
services such as social workers and spiritual care providers to assist the grieving family following the 
death of their child.10,24,25 

Recommendations and Suggestions 

1. It is recommended that the minimum criteria for a determination of BD/DNC in all pediatric age 
groups be the same as in adults, with an assessment of prerequisites, elimination of confounders, 
and performance of a clinical examination including apnea testing.  Age-appropriate prerequisite 
hemodynamic targets should be applied.  

2. It is suggested that BD/DNC can be determined in newborns as defined by age ≥ 36 weeks 
gestation. 

3. It is suggested that there is insufficient supporting evidence to accurately determine BD/DNC in 
newborns < 36 weeks gestation. 

4. It is recommended that two examinations, including apnea testing, represent the minimum 
standard for determination of BD/DNC in the pediatric population.  A cautious approach with 
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serial examinations and an adequate observation period is recommended to minimize the risk of 
diagnostic error. 

5. It is recommended that those in the pediatric population be observed for unresponsive coma for a 
minimum of 24 hours prior to initial testing following birth asphyxia, resuscitated cardiac arrest 
and after rewarming from therapeutic hypothermia.  

6. It is suggested that clinical criteria for determination of BD/DNC in newborns include the sucking 
and rooting reflexes. 

7. It is suggested that recommendations for apnea testing targets in pediatrics are the same as in 
adults.   

8. It is recommended that tracheal insufflation should not be used for apnea testing in newborns, 
infants and young children. 

9. It is suggested there are no pediatric specific distinctions related to performing the apnea test 
during extracorporeal support. 

10. It is recommended that ancillary studies are not routinely required to determine BD/DNC in the 
pediatric population. 

11. It is recommended that indications for ancillary testing are the same as in adults.  

12. It is recommended that similar to adults, radionuclide cerebral blood flow study is an accepted 
and preferred ancillary study.  

13. It is suggested at the present time that EEG, performed and interpreted in accordance with 
published guidelines, is also considered a valid ancillary study in infants and children and can be 
used in certain jurisdictions.  

14. It is recommended that transcranial Doppler should not be used as an ancillary study in pediatrics 
at this time until more studies determine the validity of this study.  

15. It is suggested that in a person with chronic hypoxemia due to cyanotic heart disease, apnea 
testing not be performed and instead an ancillary study be conducted to assist with determination 
of BD/DNC.  

16. It is recommended that experienced pediatric clinicians with training and qualifications in 
pediatric critical care, neonatology, pediatric neurology, pediatric neurointensive care, 
neurosurgery or traumatology perform testing to determine BD/DNC in pediatrics.   

17. It is recommended that standardized checklists be incorporated into the practice of determining 
neurologic death in pediatrics to reduce operator variability and diagnostic error.  
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Questions to Inform Research Agendas 

1. Can guidelines for pediatric and adult BD/DNC be harmonized? 

2. Is a single examination practical and safe to determine BD/DNC for children? 

3. What is the incidence of diagnostic error with current practice of determination of BD/DNC in 
infants and children, and what measures must be adopted to eliminate such error? 

4. Despite differences in etiology of pediatric traumatic brain injury, after full ossification of the 
skull by the age of two, is the pathophysiology of BD/DNC the same as in adults? 

5. Is the validity of the PaCO2 threshold for apnea testing in infants and children similar to adults? 

6. Can transcranial Doppler, perfusion CT, MR spectroscopy, somatosensory evoked potentials be 
prospectively studied and validated as ancillary studies in the pediatric age group? 

7. Are there ancillary studies that might be more reliable in neonates? 
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Table 1. Comparison of pediatric guidelines to determine neurologic death 
 United 

States1,2 
Canada3 United 

Kingdom
7 

United 
Kingdom6 

Australia/ 
New 

Zealand4 

Spain5 Japan26 

Year of 
publication 

2011 2006 2008 2015 2013 2012 2002 

Pediatric specific Yes Yes No Specific to 
children <2 

months of age 

No No Yes for 
children <6 
years of age 

Definition Whole brain Whole brain Brainstem Brainstem Whole brain Whole brain Whole brain 

Lower age limit 37 weeks 36 weeks 2 months 37 weeks 36 weeks 37 weeks 12 weeks from 
(estimated) 
birth date 

Minimum 
temperature 

>35°C ≥34°C 
≥36°C for 
newborns 

>34°C >34°C >35°C >35°C for children 
<24 months of age 

≥35°C 

Observation 
period before 
testing for 
neurologic death 

Min. 24 hrs 
post arrest or 
catastrophic 

injury 

24 hrs post arrest 24 hrs post 
HIE 

24 hrs post 
asphyxiation or 

resuscitation 

24 hrs post 
arrest 

48 hrs Not mentioned 

Neonatal 
observation period 
after birth 

24 hrs 48 hrs N/A Not specified.  
24 hours post 

asphyxiation or 
resuscitation 

24-48 hrs Not specified Not mentioned 

Number of 
examinations 

2 2 2 2 2 2 2 

Inter-examination 
observation period 
(hours) 

24 hrs <30 
days 

12 hrs >30 
days 

24 hrs <30 days 
Not specified 
>30 days; No 
required inter-
examination 

period for age >1 
year 

Not 
specified 

Not specified 24 hrs <30 
days 

None >30 
days 

48 hrs <37wk 
12 hrs 37 wk-30 

days 
12 hrs >30 days-24 

months 
6 hrs >24 months 

≥24 hrs 

Number of apnea 
tests  

1 with each 
exam 

1 - 2 1 1 1 with each 
exam 

1 2 

PaCO2 threshold ≥60 mmHg ≥60 mmHg ≥48 mmHg >60 mmHg ≥60 mmHg ≥60 mmHg ≥60 mmHg 

PaCO2 rise above 
baseline 

20 mmHg 20 mmHg  20 mmHg    

pH threshold None ≤7.28 <7.4 None 7.3 None None 

Ancillary studies 
required 

No No No No No No unless 
hypothermia, drug 

intoxication, 
hypothermia, or 
severe cranio-
cephalic injury 
affecting brain 
death testing 

Yes 

Period of 
normothermia 
after therapeutic 
hypothermia 

Recommend 
24 hrs 

Not mentioned Not 
mentioned 

24 hrs 24 hrs Not mentioned Not mentioned 

Who declares 
death 

Attending 
physician 

Physician Physician Physician Physician Physician Physician 

 
• HIE = hypoxic ischemic encephalopathy  
• Definition of death was incorporated into all guidelines 
• Confounding variable or preconditions were discussed in each guideline 
• Spain requires an atropine test to determine neurologic death.  Heart rate should not increase by >10% over baseline in the patient who is 

neurologically dead.   
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