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The evolution of brain death criteria: From historical foundations to 
modern standards 
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Abstract 
The concept of brain death, or death by neuro-
logic criteria (BD/DNC), marks a transformative 
shift in defining death, moving from traditional 
cardiorespiratory cessation to neurological crite-
ria driven by advancements in critical care and 
organ transplantation. This manuscript traces 
the evolution from 1950s European observations 
and the 1968 Harvard Committee report to the 
1981 Uniform Determination of Death Act 
(UDDA) and the 2023 AAN/AAP/CNS/SCCM          
. 

consensus guidelines. It explores historical mile-
stones, modern clinical protocols, ancillary test-
ing, and ongoing controversies, including the 
whole brain versus brainstem debate, ethical is-
sues in organ donation, and cultural and reli-
gious objections. Emphasizing scientific rigor 
and interdisciplinary perspectives, this review 
advocates for global standardization while ad-
dressing critiques that brain death conflates dy-
ing with death. 
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Introduction 
Historical foundations 
The determination of death has historically relied on 
the irreversible cessation of heartbeat and breathing, 
a standard rooted in observable physiological signs. 
The mid-20th-century introduction of mechanical 
ventilation and cardiopulmonary resuscitation dis-      
. 

rupted this paradigm, enabling the sustainment of 
vital functions in patients with catastrophic brain in-
juries. (1) This technological shift necessitated a re-
definition of death, giving rise to the concept of 
brain death, or death by neurologic criteria 
(BD/DNC), which fundamentally altered medical, 
legal, and ethical frameworks. (2) 
In the 1950s, European clinicians laid the ground-
work for this development. In 1952, Danish anes-
thesiologist Bjørn Ibsen pioneered the use of posi-
tive pressure ventilation to rescue a patient with po-
liomyelitis, significantly reducing mortality from 
respiratory failure. (3) By 1953, Riishede and Eth-
elberg documented absent intracranial vessel filling 
in comatose ventilated patients via angiography, at-
tributing it to elevated intracranial pressure from se-
vere brain injury. (3) In 1959, French neurologists 
Pierre Mollaret and Maurice Goulon introduced the 
concept of "coma dépassé," describing apneic, are-
flexic patients on ventilators with absent brainstem 
function and no electroencephalogram (EEG) activ-
ity. (4,5) These cases, characterized by irreversible 
brain damage, marked the conceptual genesis of 
brain death, independent of organ transplantation 
motives. (3) 
The formalization of brain death criteria occurred in 
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1968 with the Harvard Ad Hoc Committee's report, 
"A Definition of Irreversible Coma," which defined 
brain death as the absence of brain function, includ-
ing unreceptivity, unresponsivity, lack of spontane-
ous breathing, no muscular movements, absent re-
flexes, and a flat EEG. (6,7) Driven by ethical con-
cerns about prolonged life support in irreversible 
coma and the emerging need for organ procurement, 
the Harvard criteria shifted the focus to the brain as 
the central integrator of life, a concept later refined 
by neurologist James Bernat. (8,9) The report em-
phasized clinical and EEG-based assessments, alt-
hough it acknowledged diagnostic challenges, such 
as distinguishing between coma and reversible 
states. (6) 
The 1970s brought refinements. The 1971 Minne-
sota study by Mohandas and Chou proposed that 
clinical judgment could suffice without a mandatory 
EEG, noting that residual brain activity in some 
cases did not negate death. (10) This pragmatic shift 
made EEG optional, but sparked concerns about di-
agnostic accuracy, as EEGs could miss subcortical 
activity. (11) In 1981, the US President's Commis-
sion for the Study of Ethical Problems in Medicine 
endorsed these criteria, leading to the Uniform De-
termination of Death Act (UDDA), which legally 
defined death as the irreversible cessation of all 
brain functions (including those of the brainstem) or 
cardiorespiratory functions. (7,12) The UDDA pro-
vided a unified legal framework, influencing global 
standards and solidifying brain death as a medical 
and legal construct. (13) 
Philosophically, brain death posits the brain as es-
sential for personhood and consciousness, aligning 
with the whole-brain formulation dominant in the 
US, which requires catastrophic injury to all brain 
structures. (7) In contrast, the UK adopted a brain-
stem death model, arguing that brainstem destruc-
tion alone is sufficient, as it controls vital functions 
such as respiration. (14) A less accepted higher-
brain model, focusing on cortical loss, conflicts with 
apnea requirements and remains marginal. (7) Early 
criticisms emerged, with some arguing brain death 
was a construct to facilitate organ donation rather 
than a true equivalent of death. (15) Persistent neu-
roendocrine functions, such as antidiuretic hormone 
(ADH) secretion, in brain-dead patients challenged 
the "all functions" criterion, fueling philosophical 
and scientific debates. (15) 
 
Historical development 
The 1980s and 1990s refined brain death criteria 
through the development of evidence-based proto-
cols. The American Academy of Neurology (AAN) 
issued guidelines in 1995 for adults, emphasizing          
. 

bedside tests such as brainstem reflexes (pupillary, 
corneal, oculocephalic, oculovestibular, gag, and 
cough) and apnea testing, while relegating ancillary 
tests like EEG to optional status when clinical ex-
ams were conclusive. (7,16) Pediatric guidelines 
emerged in 1987, updated in 2011 by the American 
Academy of Pediatrics (AAP), the Society of Criti-
cal Care Medicine (SCCM), and the Child Neurol-
ogy Society (CNS), addressing developmental dif-
ferences such as immature brainstem responses in 
infants. (17,18) These updates required two exami-
nations for children to ensure accuracy, reflecting 
caution due to physiological variability. (18) 
Transatlantic differences solidified during this pe-
riod. The US adhered to whole-brain death, requir-
ing evidence of cessation across all brain regions, 
including the brainstem, to minimize misdiagnosis. 
(14) The UK's brainstem death model, formalized in 
the 1970s, prioritized the loss of brainstem function, 
arguing that it was sufficient, as the brainstem gov-
erns respiration and consciousness. (14) This di-
vide, rooted in the debates of the 1970s and 1980s, 
reflected differing priorities: the US emphasis on 
comprehensive brain failure versus the UK focus on 
functional essentials. (14) Critics noted that brain-
stem death could miss residual cortical activity, 
while whole-brain criteria risked overcomplicating 
diagnostics. (19) 
Globally, variability persisted. Japan initially re-
sisted whole-brain criteria due to cultural beliefs 
valuing somatic integrity, only adopting them in the 
1990s with strict conditions for organ donation. (20) 
In India, brain death criteria aligned with Western 
models but faced implementation challenges due to 
resource limitations and cultural skepticism. (21) 
These East-West differences underscored how ad-
vancements in neuroscience, critical care innova-
tions, and transplantation needs drove the evolution 
of criteria. (22) 
The 2000s introduced further rigor. The AAN’s 
2010 adult guidelines addressed confounders like 
hypothermia (<36 °C), hypotension, and sedative 
effects, recommending at least five half-lives for 
drug clearance before testing. (7,23) Apnea testing 
was standardized, targeting a partial pressure of car-
bon dioxide in arterial blood (PaCO2) of ≥60 mmHg 
to confirm the absence of respiratory drive, with 
protocols in place to manage complications such as 
hypoxia. (7) Controversies arose with cases of 
"chronic brain death," where patients survived 
weeks with residual functions (e.g., hypothalamic 
activity), as meta-analyzed by Shewmon in 1998. 
(24) These cases questioned the irreversibility and 
integration criteria, suggesting that the body could 
retain some coordinated functions without a func-         
. 
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tioning brain. (15) 
The 2020 World Brain Death Project aimed to 
achieve a global consensus, documenting protocols 
in 61% of countries, but highlighted persistent vari-
ability in apnea testing, ancillary test use, and legal 
definitions. (25) Efforts to standardize included rec-
ommendations for training and documentation to re-
duce diagnostic errors. (26) 
 
Modern criteria and updates 
Modern brain death determination prioritizes stand-
ardization to ensure reliability and public trust. (27) 
The 2023 AAN/AAP/CNS/SCCM consensus 
guidelines unified the adult and pediatric protocols, 
updating the 2010 adult and 2011 pediatric versions. 
(28,29) These guidelines emphasize a structured ap-
proach: identifying an irreversible brain injury 
cause (e.g., trauma, anoxia), excluding confounders 
(e.g., hypothermia <36 °C, systolic blood pressure 
[BP] <100 mmHg in adults, or central nervous sys-
tem [CNS] depressants), and conducting a clinical 
exam assessing coma, absent brainstem reflexes, 
and apnea. (7) 
The clinical exam tests for unresponsiveness, absent 
pupillary response to light, corneal reflex, oculoce-
phalic and oculovestibular reflexes, gag reflex, and 
cough, ensuring the absence of brainstem activity. 
(7) Apnea testing, critical for confirming the ab-
sence of respiratory drive, targets a PaCO2 of ≥60 
mmHg and a pH of <7.30, with adaptations for ex-
tracorporeal membrane oxygenation (ECMO) pa-
tients by minimizing sweep gas flow to prevent CO2 
washout. (5,7) Ancillary tests, such as EEG, cere-
bral blood flow studies (e.g., computed tomography 
[CT] angiography, transcranial Doppler), or single-
photon emission computed tomography (SPECT), 
are reserved for cases where clinical exams are in-
conclusive due to confounders or injuries preclud-
ing reflex testing. (7) 
Key updates in 2023 include eliminating mandatory 
waiting periods between exams for adults (one 
exam is sufficient), retaining two exams for pediat-
rics, and specifying pediatric criteria (e.g., applica-
ble to age ≥37 weeks' gestation, with SPECT pre-
ferred for ancillary testing). (7,28) Post-cardiac ar-
rest patients undergoing targeted temperature man-
agement require a 24-hour wait post-rewarming to 
avoid false positives. (7) These changes reflect evi-
dence from studies showing high diagnostic accu-
racy when protocols are followed, with no docu-
mented false positives since the 1960s when guide-
lines are adhered to. (3,30) 
Controversies persist, particularly regarding the 
prevention of false positives and accommodating 
family objections. In some Islamic countries, like       
. 

Egypt, brain death lacks consensus, with scholars 
divided on equating it to death for organ donation 
versus rejecting it outright due to residual somatic 
functions. (5) Educational initiatives and advance-
ments in neuromonitoring, such as continuous EEG 
or intracranial pressure monitoring, are proposed to 
enhance diagnostic precision and public acceptance. 
(3) 
 
Controversies and ethical considerations 
Despite robust validation, brain death remains con-
tentious. Since the 1960s, no false positives have 
been reported when guidelines are strictly followed. 
Yet, critics like Shewmon argue that persistent inte-
grative functions (e.g., hypothalamic regulation) 
undermine the equivalence of brain death with 
death. (15,30) These functions, such as ADH secre-
tion or temperature regulation, suggest that the body 
retains some level of coordination, challenging the 
whole-brain death criterion. (24) 
Religious perspectives complicate acceptance. 
Christian anthropology, for instance, defines death 
as the separation of soul and body, conflicting with 
residual somatic activity in brain-dead patients. (15) 
Islamic and Jewish scholars debate whether brain 
death fulfills theological definitions of death, with 
some accepting it for organ donation and others re-
quiring cardiorespiratory cessation. (31) These 
views influence legal frameworks, as seen in Ger-
many, where brain death is tied to transplantation 
law, creating ethical asymmetry. (3) 
The link to organ donation fuels skepticism. Critics 
argue that brain death was developed to facilitate 
transplantation, raising concerns about premature 
declarations to procure organs. (32) The "dead do-
nor rule," requiring death before organ retrieval, is 
debated, with some proposing donation after circu-
latory death as an alternative, though this introduces 
its own ethical challenges. (33,34) Public misunder-
standing, exacerbated by media portrayals, further 
complicates acceptance, necessitating improved ed-
ucation and awareness. (35) 
Legal inconsistencies add complexity. In the US, 
the UDDA standardizes brain death, but state varia-
tions in implementation (e.g., accommodation for 
religious objections) create disparities. (36) Glob-
ally, 39% of countries lack formal brain death pro-
tocols, and variations in apnea testing or ancillary 
test requirements hinder uniformity. (25) Proposals 
for global standards, such as those from the World 
Brain Death Project, aim to address these gaps but 
face cultural and logistical barriers. (25) 
 
Global perspectives 
The evolution of brain death criteria reflects diverse 
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global practices (Figure 1). In Europe, the UK's 
brainstem death model contrasts with Germany's 
whole-brain approach, which requires extensive an-
cillary testing due to legal ties to transplantation. 
(3,14) In Asia, Japan’s delayed acceptance of brain 
death until 1997 stemmed from cultural reverence 
for the body, with ongoing restrictions limiting or-
gan donation. (20) India’s Transplantation of Hu-
man Organs Act (1994) adopted brain death but 
struggles with inconsistent application due to lim-
ited critical care resources. (21) 
In Africa, brain death protocols are sparse, with 
South Africa being an exception, adopting whole-
brain criteria aligned with Western models. (37) In 
Islamic countries, fatwas vary: Saudi Arabia accepts 
brain death for organ donation, while Egypt’s lack 
of consensus delays implementation. (5) These dis-
parities highlight the interplay of medical, cultural, 
and religious factors, with 61% of countries having 
some protocol but no universal standard. (25) 
The World Brain Death Project's 2020 recommen-
dations advocate for minimum criteria, including a 
clinical examination, apnea testing, and optional an-
cillary tests, tailored to resource availability. (25) 
Challenges include training clinicians, standardiz-
ing documentation, and addressing public skepti-
cism, particularly in regions with low trust in the 
medical system. (38) Future global harmonization 
requires striking a balance between scientific rigor 
and cultural sensitivity, potentially through the de-
velopment of international guidelines and education 
campaigns. (39) 
 
Future directions 
Advancements in neuromonitoring, such as real-
time EEG or cerebral blood flow imaging, promise 
to enhance diagnostic precision, reducing reliance 
on clinical exams in complex cases. (3) Artificial in-  

telligence could analyze multimodal data (e.g., 
EEG, CT angiography) to predict irreversibility, alt-
hough ethical concerns about automation in death 
determination persist. (40) Public education is criti-
cal to counter misinformation, as studies show me-
dia portrayals often confuse brain death with coma, 
undermining trust. (35) 
Policy efforts should focus on global standardiza-
tion, addressing variability in apnea testing (e.g., 
PaCO2 thresholds) and the availability of ancillary 
tests. (25) Ethical frameworks must evolve to ad-
dress religious objections and accommodate family 
requests, balancing individual beliefs with the med-
ical urgency of organ donation. Research into 
"chronic brain death" cases could clarify the biolog-
ical boundaries of death, informing criteria updates. 
(24) Ultimately, interdisciplinary collaboration 
among neurologists, ethicists, policymakers, and re-
ligious leaders is essential to align brain death defi-
nitions with scientific and societal values. 
 
Conclusions 
The evolution of brain death criteria reflects a dy-
namic interplay of medical innovation, ethical de-
bate, and cultural diversity. From the 1950s’ tech-
nological breakthroughs to the 2023 consensus 
guidelines, brain death has reshaped end-of-life care 
and organ transplantation. Persistent controver-
sies—philosophical, religious, and legal—under-
score the need for ongoing refinement and global di-
alogue to ensure criteria are scientifically robust and 
culturally inclusive. This manuscript, through his-
torical analysis and modern insights, advocates for 
standardized protocols and education to bridge di-
vides and uphold trust in brain death determination. 
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Figure 1. Historical evolution of brain death criteria 
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