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Death has important medical, legal and societal implications making it imperative that its 

determination is accurate, reliable and certain. Despite it being more than forty years since the 

concept of “brain death” was first introduced into clinical practice, many of the controversies that 

surround the determination of death by neurological criteria (DNC), a more focused and accurate 

description of the process, have not been settled and present an opportunity for future research and 

education to clarify outstanding issues in order to reduce professional and public disquiet [1]. While 

the philosophical and religious issues that surround the determination of DNC in some cultures will 

continue to generate debate, there has been limited success in resolving scientifically more pragmatic 

issues including the substantial international variation in DNC definitions and criteria, and the 

equivalence of DNC with an individual’s biological death, 

 

There is broad consensus, at least in the Western world, that human death is ultimately death of the 

brain, but debate continues over the extent of brain functions that must cease in order to satisfy a 

definition of DNC [2]. Confusingly DNC can be defined in two different ways based on ‘whole’ brain 

and ‘brainstem’ formulations. The determination of whole brain death requires confirmation, in theory 

at least, of the loss of all brain function including, but not limited to, the brainstem. The diagnosis of 

brainstem death on the other hand requires only confirmation of absence of brainstem function; it 

does not require that all other brain functions have ceased, but that any functions that might persist 

should not indicate any form of consciousness. The justification for this approach is that the brainstem 

is responsible for consciousness, breathing and circulatory regulation, and conducts virtually all 

throughput to and from the brain [2]. Since the permanent loss of all measurable brainstem function 

equals death, and this is assessable clinically, continuing to highlight differences between whole brain 

and brainstem approaches to the determination of DNC is unnecessary and unhelpful [3]. 

Furthermore, the clinical determination of whole brain and brainstem death is identical, requiring 

confirmation of the absence of brainstem function by identification of unresponsive coma and absence 

of brainstem reflexes including the capacity to breathe.  

 

Ancillary investigations assessing electrophysiology or blood flow may be useful in situations where 

clinical testing cannot be performed or when confounding or special conditions are present, but they 

are legally required in some countries as an essential component of the diagnosis of DNC. This adds 



 3 

further confusion, inferring as it does that clinical testing alone is insufficient to confirm DNC despite a 

lack of evidence to support this notion [4]. Methods to confirm the absence of cerebral blood flow are 

less affected than electrophysiological methods by confounding factors such as residual sedation, and 

are preferred. Non-invasive techniques, such as CT angiography (CTA), are increasingly employed 

but, as with other ancillary investigations, there are limited data to confirm their applicability and 

reliability [4]. Although CTA has high sensitivity for the confirmation of DNC in individuals who fulfil 

clinical criteria for its diagnosis, there is insufficient evidence to support its use as a screening tool for 

DNC [5]. CT perfusion imaging appears to offer no advantages over CTA. Positron emission 

tomography has an evolving role in the diagnosis and prognosis of disorders of consciousness and, 

as it measures both regional cerebral metabolic rate for glucose in addition to regional blood flow, it 

has theoretical advantages as an ancillary investigation in the diagnosis of DNC. There are currently 

no data to support such an approach and further investigation is required to determine a role (if any) 

for vascular, perfusion and metabolic imaging in the screening and diagnosis of DNC. 

 

Despite potential roles for ancillary tests, they are not universally favored and the majority of experts 

argue for continued reliance on clinical assessment [3]. Claims that failure to incorporate ancillary 

investigations results in a less rigorous determination of DNC, particularly in jurisdictions that utilize a 

brainstem approach, fundamentally misunderstand and misinterpret the concept of DNC [6]. All codes 

of practice define a clinical context involving three sequential but independent steps which, together, 

demonstrate absent brainstem function and confirm irreversibility. There are no false positives 

following the rigorous application of established clinical criteria for the determination of DNC [7]. The 

reliance on direct observation and examination of the patient for the determination of DNC, after 

preconditions have been fulfilled and confounding conditions excluded, has recently been reinforced 

[8].  

 

Death is not a single event but a process, and once a threshold of irreversibility has been reached it is 

not necessary to wait for the death of the whole organism for the inevitable consequence of its 

biological death to be certain. While it is universally accepted that cessation of cardiac and respiratory 

function marks the death of an individual, nobody argues that the whole human organism is dead at 

this point. Unfortunately, the same cannot be said for DNC; reports of brain dead patients ‘being kept 



 4 

alive on a ventilator’ are familiar, and family members (and indeed some physicians) continue to 

refuse to accept that brain dead patients are actually dead [9]. In a 2004 survey, over 98% of general 

public respondents were aware of DNC but only one-third believed that somebody who is brain dead 

is legally dead [10]. It is unlikely that the position is substantially different today, and there is a need to 

educate the public and some healthcare professionals that DNC is an appropriate place to draw the 

line between life and death, and that its confirmation legitimately marks the death of an individual. 

 

Major international differences in the procedures for diagnosing DNC have recently been highlighted 

[11]. While some of these stem from legal, religious and cultural differences, others relate to the 

different ways in which DNC is defined, the variable requirement for ancillary investigations, and 

different approaches to the clinical diagnosis of DNC including differences in the time of observation 

prior to proceeding to determination of DNC, conduct of the apnea test, qualification and number of 

examiner(s), and the number of tests required to confirm DNC. In addition, and worryingly, there are 

well-documented failures to adhere to clinical practice guidelines in institutions and countries that 

have such guidance in place [12;13]. Such variability, from whatever cause, continues to adversely 

influence public and professional trust in the credibility of a DNC determination, and should motivate 

initiatives to standardize practice worldwide and improve training in DNC determination. Research is 

particularly required to validate DNC simulation methods and assessment tools, as well as the impact 

of simulation on performance in clinical practice [14].  

 

Future research into DNC must include prospective studies and audit-based data collection to 

characterize current practice (including the use and type of ancillary tests) in detail, further 

assessment of the role (if any) of ancillary investigations in the screening and diagnosis of DNC, and 

population studies to determine the road blocks to the acceptance of DNC criteria (table 1). In 

addition, concerted efforts must continue to develop an international consensus to standardize 

practices worldwide in order to minimize variation and inconsistency in clinical practice and the 

application of ancillary tests [1;8].  At the same time, critical care physicians must unite with other 

professional colleagues and public policy makers to engage local communities and national 

governments in DNC related issues. Only in this way will it be possible to achieve equivalence of DNC 

and cardiorespiratory death in the minds of the public and professionals. As Dr Varelas so eloquently 
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stated in 2014, the time has come when the determination of DNC should be as easy and accepted 

as placing a stethoscope on a deceased patient’s chest to search for a heartbeat and breath that will 

never come [15].  
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Table 1 

A proposed research agenda for the neurological determination of death 

 

 

  

 

UNIVERSAL DEFINITION OF DEATH DETERMINED BY NEUROLOGICAL CRITERIA

• Development of a common, universally accepted and easy to understand terminology for 
death by neurological criteria.

UNIVERSAL DETERMINATION OF DEATH BY NEUROLOGICAL CRITERIA

• Development of a uniform procedure for the determination of death by neurological 
criteria worldwide.

• Formalize the identification and avoidance of confounders.

• Determine the applicability and reliability of ancillary tests, such as computed tomography 
angiography and perfusion scans.

• Determine the need (or otherwise) of repetition of the clinical determination of death by 
neurological criteria.

EDUCATION ON DEATH DETERMINATION USING NEUROLOGICAL CRITERIA

• Implementation of professional education strategies for the determination of death by 
neurological criteria.

• Development of communication and education strategies on death by neurological criteria 
for lay people.


