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Brainstem death: A comprehensive review in Indian 
perspective
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ct With the advent of cardiopulmonary resuscitation techniques, the cardiopulmonary 

defi nition of death lost its signifi cance in favor of brain death. Brain death is a permanent 
cessation of all functions of the brain in which though individual organs may function 
but lack of integrating function of the brain, lack of respiratory drive, consciousness, 
and cognition confi rms to the defi nition that death is an irreversible cessation of 
functioning of the organism as a whole. In spite of medical and legal acceptance globally, 
the concept of brain death and brain-stem death is still unclear to many. Brain death is 
not promptly declared due to lack of awareness and doubts about the legal procedure 
of certifi cation. Many brain dead patients are kept on life supporting systems needlessly. 
In this comprehensive review, an attempt has been made to highlight the history and 
concept of brain death and brain-stem death; the anatomical and physiological basis 
of brain-stem death, and criteria to diagnose brain-stem death in India.

Keywords: Brain death, brain-stem death, coma, consciousness, transplantation of human 
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Introduction
The concept of Brain death and brain-stem death, its 

relevance to organ donation and its legal implications 
are new to most of the general population and are still 
unclear to many medical students and practitioners.[1-4] 
India enacted a law in 1994 to legalize brain-stem 
death.[5,6] Most of the Indian states have passed this 
act in their assemblies; however, a few state have 
yet to accept it. In addition, the state of Maharashtra 
has recently mandated the notifi cation of brain dead 
cases.[7] Here, an attempt has been made to elaborate 
the history and concept of brain death and brain-stem 
death, the anatomy, physiology and pathophysiology 
of brain-stem death, and clinical criteria and tests 
required medically and legally to diagnose brain-stem 
death.

Historical Glimpse
Despite continuous efforts, our understanding of the 

concept of death is yet incomplete. Different countries 
have their own legal defi nition of death. In India, there 
is no legal defi nition of death. Section 46 of Indian Penal 
Code states, “the word death denotes death of a human 
being unless the contrary appears from the context.”[8] 
Question of death is important in resuscitation and organ 
donation.

Historically before 1960, death was defined as the 
complete and irreversible cessation of spontaneous cardiac 
and respiratory functions. Refi nement of cardiopulmonary 
resuscitation techniques and the advent of Intensive 
Care Units (ICUs) with mechanical ventilators enabled 
temporary support of cardiopulmonary function in the 
absence of brain function. Hence, the cardiopulmonary 
defi nition of death lost relevance in such cases. Conversely, 
the functional loss due to damage to the vital centers of the 
brain is irreversible and hence brain-stem death concept 
evolved. It is relatively a new concept, and it is hard for 
relatives to believe that the patient is dead (brain dead) 
when his/her heart is still beating.
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The history of brain death dates back to late 19th century, 
when many authors reported cessation of respiration 
but continued heartbeat in patients of cerebral diseases 
with increased intracranial pressure (ICP).[9-11] Hill and 
Crafoord speculated the cessation of blood fl ow to the 
brain as a cause of death.[12,13] In 1959, Wertheimer et al. 
described the death of the nervous system in comatose 
patients with respiratory arrest being treated by 
ventilator.[14] Though these reports were of states similar 
to brain death, the term was not yet coined. Some months 
later, in a breakthrough article, Mollaret and Goulon 
coined the term “coma de' passe'” (a state beyond the 
coma) for an irreversible state of apneic coma with absent 
brain-stem refl exes and electroencephalography (EEG) 
activity, but with preserved cardiac and metabolic 
activities.[15] It was pointed out that if the ventilation 
were stopped, the cardiac arrest would follow. In 1963, 
Guy Alexander used criteria for determination of brain 
death in a patient from whom a kidney was procured 
for transplant.[16] Schwab et al., proposed absence of EEG 
activity as the most important evidence of death of the 
nervous system.[17]

In 1968, an Ad Hoc Committee of Harvard Medical 
School on Brain Death published a landmark report, 
“the definition of irreversible coma.” It defined the 
criteria for determining brain death as apneic coma and 
absence of elicitable brain-stem refl exes for a period of 
24 h as confi rmed by an electroencephalogram.[18] The 
committee proposed a whole-brain formulation to defi ne 
death. A major aim of Harvard criteria was claimed to 
be the avoidance of prolonged futile life-support and 
promoting death with dignity. After this report, brain 
death was widely accepted.[19]

In 1971, Mohandas and Chou emphasized the 
importance of irreversible loss of brain-stem function 
in brain death (Minnesota criteria).[20] Focusing on the 
brain-stem function, the Conference of Medical Royal 
Colleges in the UK published a breakthrough code for 
the determination of “brain death” (brain-stem death) 
in 1976.[21] In a subsequent memorandum, it equated 
brain-stem death with death of the whole person.[22] The 
code requires confi rmation of the “irreversible loss of the 
capacity for consciousness combined with the irreversible 
loss of the capacity to breathe.” The brain-stem death 
concept is based on arguments that asystole inevitably 
follows the diagnosis and that cognitive processing is 
incompatible with death of the midbrain. Irreversible 
loss of brain-stem function is determined clinically in 
the context of irremediable structural brain damage 
only if reversible causes of the brain-stem dysfunction 
are excluded. The code of practice was laid down by 

Academy of Medical Royal Colleges to provide clear, 
scientifi c criteria for diagnosing both brain-stem death 
and death following cardiac arrest.[23,24]

Many television programs criticized the purely clinical 
criteria of UK, in contrast to using of confirmatory 
investigations, like EEG in other places. American 
neurologists argued that patients have survived in whom 
the UK. code for brain-stem death had been fully met.[25] 
Pallis and Harley reject these statements observing that 
some of these patients did not have irremediable brain 
damage, and a small number of patients were not timely 
examined. They presented studies of 1,862 patients who 
were brain dead by UK. criteria and in whom despite 
of continued ventilator support asystole invariably 
occurred.[26]

In 1981, the US President’s Commission published a 
landmark report on the ethical and legal implications 
of defi ning death and presented conceptual basis for 
whole-brain-death.[27] It evaluated nonbrain (circulatory) 
formulation, whole-brain formulation and higher brain 
formulation of death and approved the whole-brain 
formulation. The report defi ned death as: “The permanent 
cessation of functioning of the organism as a whole” and 
the criterion as: “The permanent cessation of functioning 
of the entire brain.” The commission’s concept of brain 
death rested on the claims that brain is the source of 
integration for the organism as a whole and brain death 
is consistent with the traditional cardiopulmonary 
criterion. Consistency is maintained with supposed 
fact that after brain-death, cardiopulmonary death 
quickly follows despite continued intensive care. This 
is known as the somatic disintegration hypothesis. The 
commission’s report leads to the Uniform Determination 
of Death Act[28] according to which, “an individual 
who has sustained either (1) irreversible cessation of 
circulatory and respiratory functions or (2) irreversible 
cessation of all functions of the entire brain, including 
the brain-stem, is dead. A determination of death 
must be made in accordance with accepted medical 
standards.” It does not mention what are accepted 
medical standards. Similar legal developments occurred 
in Canada in 1981 and 1988.[29,30] Most nations adopted 
either whole-brain-death or brain-stem death criteria 
for determination of death.[19] New York and New 
Jersey in USA have adopted statutes that allow the 
accommodation of religious, cultural and philosophical 
differences in respect of death.[19]

In 1995, American Academy of Neurology (AAN) 
published practice parameters for diagnosis of 
brain-death. [31] The parameter emphasizes on 
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irreversible coma (with a known cause), absence 
of brain-stem reflexes and irreversible apnea. The 
diagnosis of brain-death is clinical in nature and 
supplementary tests to be used in the presence of 
confounding factors.

The Brain-stem death concept is still not accepted 
by USA, which still believes in whole-brain-death 
formulation. This fact is again underlined in the 
recently published White Paper on “Controversies 
in the Determination of Death” by the President’s 
Council on Bioethics.[32] The Council considered the 
U.K position a “reduction”, “conceptually suspect” and 
“clinically dangerous”. The council advocated the term 
“total brain failure” in place of “whole-brain-death”. 
Some authors view this new term as philosophically 
neutral and physiologically clearer, while others fi nd 
it unhelpful.[33,34] The council rejects 1968 Harvard 
committee’s social construct approach and also 
the higher brain approach. The council proposed a 
new-unifying concept of death. Death remains the 
cessation of the organism as a whole and wholeness 
depends on the existence of the fundamental vital 
work of the organism – the work of self-preservation, 
achieved through the organism’s need-driven commerce 
with the surrounding world. The council emphasizes 
breathing and consciousness as important forms of the 
environmental commerce. Thus, on this account, total 
brain failure can continue to serve as a criterion for 
declaring death.

Fifteen years after its fi rst report, the AAN issued an 
evidence-based guideline update in 2010.[35] It concluded 
that there are no published reports of recovery of 
neurologic function after a diagnosis of brain-death using 
the 1995 AAN criteria. There is a paucity of evidence 
to determine the minimally acceptable observation 
period and reliability of newer ancillary tests. Apneic 
oxygenation diffusion to determine apnea is safe. 
Some reports appeared in 2011 describing the apparent 
“reversibility” of brain-death and were refuted because 
of nonadherence to standard guidelines.[36-38] In the 
same year, the Society of Critical Care Medicine of the 
American Academy of Pediatrics issued an update of 
the guidelines for the determination of brain-death in 
infants and children.[39]

Evolution of Concept and Controversies
As aptly said by bioethicists, death remains a subject 

in health law and bioethics that can be said to be at once 
well settled and persistently unresolved.[40,41] What is 
human death? The question is conceptual.[42] Bernat 
argues that the death is largely a social and moral concept 

based upon philosophically held tenets and beliefs.[43] 
According to the defi nition accepted over centuries, 
death is the irreversible loss of functioning of the 
organism as a whole and replaced the concept of death 
of the whole organism.[44,45] US Presidents commission 
also defi ned death as an irreversible loss of integrative 
unity of the organism.[27]

The whole-brain-death qualifi es as death because 
brain is necessary for the functioning of the organism 
as a whole as it integrates, interrelates and controls 
complex bodily activities.[45] Shewmon and other 
critics point out that certain areas of the brain are 
intact, and some rudimentary EEG activity is retained 
in individuals who meet brain-death criteria.[46,47] To 
this the US President’s Commission noted in its report 
that the guidelines require an irreversible loss of all 
brain functions, not complete anatomical destruction 
of the tissue. Isolated metabolic or electrical activity 
in dispersed cells cannot be a sign that a patient is 
still alive.[27] However, Shewmon and many authors 
further reported that pituitary neuroendocrine function 
like antidiuretic hormone secretion, hypothalamus 
mediated thermoregulatory control, and other 
autonomic function may be preserved in patients 
who fulfill brain-death criteria.[48-51] In response to 
this challenge, Bernat, revised both (1) the organismic 
defi nition of death to “the permanent cessation of the 
critical functions of the organism as a whole” and 
(2) the corresponding standard to permanent cessation 
of the critical functions of the whole-brain.[52] He also 
argue that whole-brain criterion does not require the 
loss of all neuronal activities. Instead, all clinical brain 
function measurable at bedside must be lost.[53] Wijdicks 
further illustrates that pituitary blood fl ow arises from 
extracranial sources, which is preserved in raised ICP 
and that preservation of neurohypophyseal functioning 
is not inconsistent with the whole-brain formulation of 
brain-death.[54]

Arguing brains role as somatic integrator, Alan 
Shewmon and others further presented that patients 
who are diagnosed with “brain-death” continue to 
exhibit many “somatically integrative” functions 
like maintenance of hemodynamic stability, body 
temperature and immune response.[51,55] Integration is an 
emergent property of the whole organism. Brain’s role is 
modulatory and not integrative. Shewmon also provided 
documented case studies of brain dead individuals with 
persistent cardiac activity for signifi cant periods.[56] As 
both the claims that after brain-death, body is no longer 
a “somatically integrated whole,” and circulation will 
cease within a defi nite span of time were questioned, 
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the US Presidents council proposed a new unifying 
concept of death that the patient with total brain failure 
is no longer able to carry out the fundamental work of a 
living organism, stressing breathing and consciousness 
as important forms of the environmental commerce.[32] 
However, this position is also questioned by Shewmon 
pointing that inner drive to breathe is also absent in 
conscious patients with lower brain-stem lesions. 
Therefore, inner drive to breathe is not a necessary feature 
of organismic wholeness. He also criticized ignorance by 
the council of other works such as self-development and 
self-maintenance to be the “fundamental vital work of 
a living organism.” He provides a counter example that 
embryo fulfi lls the council’s defi nition of death, yet it is 
unquestionably alive.[33]

In a challenge to brain-stem death formulation, 
Bernat point out the possibility of a “profound 
locked-in syndrome” in which awareness might 
be retained in the absence of brain-stem activity.[57] 
Furthermore, this formulation has not been accepted by 
followers of whole-brain approach. However, in both 
whole-brain-death and brain-stem death, the criteria 
and the tests are similar.[19] Apart from whole-brain 
and brain-stem formulation of brain-death, a third 
formulation, “higher brain formulation”, is proposed by 
Veatch and further refi ned by others. It is based on another 
defi nition of death:” Irreversible loss of personhood.” 
They argue that permanent unconsciousness and loss of 
cognition negates personhood and that the law should 
equate death with the loss of higher brain functions.[58,59] 
Thus, the formulation equates death to destruction of the 
cerebral cortex. The major problem with this defi nition 
is that persistent vegetative state and anencephalic 
neonates are brain dead by this defi nition.[57] Higher 
brain formulation has not been accepted by jurisdictions 
anywhere.

In spite of so much grappling and laid down standards, 
the equivalence of brain and brain-stem death with 
death, though welcomed largely, is not universally 
accepted.[19,60]

Indian Context
Awareness about brain-death is extremely low 

in India.[2-4] Various aspects of brain-death, its 
importance for organ donation and its legality needs 
to be elaborated. India follows the UK concept of 
brain-stem death and the Transplantation of Human 
Organs (THO) Act was passed by Indian parliament 
in 1994 which legalized the Brain-stem death.[5,6] In 
1995, THO rules were laid down which describe 

brain-death certifi cation procedure.[61,62] Despite this, 
the brain-death is not promptly declared in India due to 
lack of awareness and doubts about the legal procedure 
of certifying brain-death.

In view of this, the state of Maharashtra has recently 
passed a resolution making it mandatory to declare and 
certify “brain-death”.[7] The Government Resolution 
underlines the responsibilities of hospitals registered 
under THO Act 1994 that is, authorized transplant 
centers. As the large number of brain-death occurs in 
nontransplant hospitals, it makes for the appropriate 
authority (Director of Health Services) to register 
all hospitals in the state that have an operation 
theatre and ICU as NonTransplant Organ Retrieval 
Centers (NTORCs). These hospitals are permitted to 
certify brain-death as per procedure and then conduct 
organ retrieval for therapeutic purposes but not 
permitted to perform actual transplantation. Thus, 
it is mandatory now for all NTORCs and authorized 
transplant centers in the State to certify and notify 
the brain-death cases to Zonal Transplantation 
Co-ordination committee. This is a strong step to 
streamline the procedure for cadaveric organ retrieval 
and transplantation.

Anatomical and Physiological Basis of 
Brain-stem Death

The brain-stem consists of the midbrain, pons and 
medulla. It contains the nuclei of last ten cranial 
nerves and ascending and descending tracts. The 
reticular formation (RF) is a complex network of nuclei 
and interconnecting fibers. The reticular activating 
system (RAS), which occupies the core of the brain-stem, 
provides the anatomical and physiological basis for 
wakeful consciousness. The medullary RF contains 
the vital centers controlling the heartbeat, breathing 
and circulation. The pontine RF contains centers for 
coordination of acoustic, vestibular, respiratory and 
cardiovascular processes. The midbrain RF contains 
centers for visuospatial orientation and eating behavior. 
As brain-stem is structurally and functionally very 
compact, even small lesions can destroy vital cardiac 
and respiratory centers; disconnect cerebral cortex 
from brain-stem; damage sensory fi bers from higher 
centers of consciousness, perception and cognition. 
Damage to RF may lead to loss of cognition, persistent 
unconsciousness and coma.[63,64] The parts of brain-stem 
with associated functions and effects of their lesion are 
depicted in Table 1.
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Tests of Brain-stem Function
Function of the brain-stem is determined by the 

presence or absence of spontaneous respiration and 
by testing the cranial nerves whose nuclei are within 
the brain-stem. The tests commonly used to determine 
brain-stem function are depicted in Table 2.

Role of Cerebral Cortex in Consciousness-
Consciousness is wakefulness and awareness of 

oneself and surroundings for which normal functioning 
of RF and cerebral cortex is necessary respectively. 
Hence, consciousness is altered in the lesions of cortex 
and RF.

To assess the function of the entire brain diagnostic 
tests of cerebral cortex function and of brain-stem 
function are done. Cerebral cortical function can 
be assessed by testing for electrical activity with an 
electroencephalogram. Absence of cerebral cortical 
function can also be determined by a lack of verbal 
response and lack of spontaneous or coordinated eye 
movements. Absence of cerebral circulation is also 
indicative of cortical death.

Brain-death and brain-stem death has to be differentiated 
from vegetative state [Table 3].

Causes and pathophysiology of brain-(stem) death
Direct traumatic injury to the head (e.g. road accident), 

subarachnoid hemorrhage and ischemic stroke are 
the most common causes of brain-death.[65,66] Others 
include intracerebral hemorrhage, hypoxic-ischemic 
encephalopathy etc., These cause severe damage of 
neuronal tissue leading to edema and increase in ICP. 
Elevated ICP in turn reduces cerebral perfusion pressure 
and cerebral blood fl ow. A vicious cycle is established in 
which decreasing cerebral perfusion and increasing ICP 
reinforce one another until blood no longer enters the 
cranial cavity and transtentorial herniation and coning at 
foramen magnum occurs.[46,67] This herniation crush the 
brain-stem. At this point, the brain including brain-stem 
is rendered permanently dysfunctional. Late neuronal 
injury can be explained by reperfusion mechanism 
associated with hypoxic-ischemic brain injury.

Wijdicks and Pfeifer studied neuropathology in 41 brain 
dead patients. Although neuronal ischemic changes were 
frequently profound, respirator brain with extensive 
ischemic neuronal loss and tissue fragmentation was 
not observed. They concluded that the neuropathologic 
examination is not diagnostic of brain-death.[68]

Table 1: Parts of brainstem with associated functions and 
effects of lesion[63,64]

Region of brainstem Function Effect of lesion

Core of brainstem 
(reticular 
formation-reticular 
activating system)

Consciousness Coma

Respiratory centers in 
pons and medulla

Respiratory drive Apnea, loss of spontaneous 
breathing

Cardiac and vasomotor 
centers in medulla

Maintains BP, heart 
rate

Fluctuating BP, heart rate

All motor and sensory 
pathways (except 
vision and smell)

Mediates motor and 
sensory impulses

Bilateral paralysis, complete 
anesthesia

Cranial nerve nuclei Mediates cranial nerve 
functions and reflexes

Bilateral loss of cranial 
nerve functions and reflexes

BP: Blood pressure

Table 2: Tests for brainstem functions[63,64]

Refl ex/test Test for Cranial nerve nuclei/
center located in

Pupillary light reflex Cr. N. II, III Midbrain
VOR reflex/caloric test Cr. N. III, VI, VIII Midbrain, pons
Oculocephalic reflex
(doll’s eyes phenomenon)

Cr. N. III, VI, VIII Midbrain, pons

Corneal reflex Cr. N. V, VII Pons
Pharyngeal (gag) reflex Cr. N. IX, X Medulla
Cough (tracheal) reflex Cr. N. X Medulla
Vagus nerve function
(atropine challenge)

Cr. N. X Medulla

Response to painful stimulation 
in trigeminal nerve distribution

Cr. N. V, VII Pons

Apnea test Respiratory centers Pons and medulla
VOR: Vestibulo-ocular

Table 3: Difference between brainstem death and persistent 
vegetative state[63,64]

Persistent vegetative state Brainstem death

Damage to cerebral cortex, 
brainstem intact

Brainstem lesion

Patient awake with cycles of eye 
opening and closing (simulate sleep 
and wakefulness) but unaware

Damage to ascending reticular 
activating system: Deep coma

Spontaneous respiration continues Damage to respiratory centers: 
Loss of spontaneous breathing

Circulation stable Fluctuating blood pressure
Not in need of life-sustaining 
treatment, requires nutrition and 
hydration only

Patient need life-sustaining 
treatment (ventillator, pressor 
drugs)

Cranial nerve reflexes preserved Loss of cranial nerve functions 
and reflexes

Recovery may occur though very 
rare

Irreversible and incompatible 
with life

Diagnosis of Brain-Stem Death In India
Brain-stem death is medically and legally defi ned 

as the total and irreversible cessation of all brain-stem 
functions. Diagnosis of brain-stem death is required to 
discontinue artifi cial ventilation and to ask legal consent 
for organ donation from relatives.
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In India the THO Act 1994 and the THO Rules, 1995 
are the only laws wherein brain-death certification 
procedures have been laid down.[5,6,61,62] Form 8 of THO 
Act and Rules prescribed as Brain-Death Certifi cation 
format is to be utilized to certify brain-stem death.[62] It 
states:
• Who should diagnose: Team of four medical experts 

including
• Medical Administrator In charge of the hospital.
• Authorized Specialist
• Authorized Neurologist/Neuro-Surgeon
• Medical Offi cer treating the patient.

Amendments in the THO Act (2011) have allowed 
selection of a surgeon/physician and an anesthetist/
intensivist, in the event of the nonavailability of 
approved neurosurgeon/ neurologist.[6]

Criteria for Diagnosis of Brain-stem Death in 
India

 Patient should be deeply comatose (due to irreversible 
brain damage of known etiology); exclude reversible 
causes of coma

 Patient should be on a ventilator because of the 
cessation of spontaneous respiration. Exclude 
neuromuscular blocking agents as a cause of 
respiratory failure

 All brain-stem refl exes should be absent:
 Pupillary light refl ex - Pupils are dilated, fi xed 

and do not react to light
 Doll’s head eye movements (oculocephalic 

refl ex) (absence of conjugate deviation of eyes 
when head is fully rotated to one side. Performed 
only when there is no fracture or instability of the 
cervical spine

 Corneal refl ex is absent
 No motor response to stimulation within any 

cranial nerve distribution (e.g. no response to the 
supraorbital pressure)

 No Gag (Pharyngeal) refl ex (to stimulation of 
pharynx)

 No Cough reflex (to suction catheter in the 
trachea)

 Vestibulo-occular refl ex (oculovestibular refl ex/
caloric testing) is absent (No eye movements after 
installation of 50 ml of ice cold water into each 
external acoustic meatus for 1 min)

 Apnea test (absence of respiratory movements 

after disconnection from the ventilator for 
sufficient duration to have pCO2 rise above 
threshold (>50-60 mmHg) for stimulating 
respiration)

• All the prescribed tests are required to be repeated, 
after minimum interval of 6 h, “to ensure that there 
has been no observer error” and persistence of the 
clinical state can be documented.[5,6,61,62]

Role of investigations
The diagnosis is based only on the clinical examination. 

A neurophysiological or imaging study neither form 
part of the diagnostic requirements nor are legally 
required. Confi rmatory tests may however be carried 
out if the panel of doctors is in doubt or disagreement 
of the diagnosis.

Diagnosis of Brain-(Stem) Death 
Worldwide-Consensus and Controversies

Despite global acceptance of Brain-death, differences in 
concept, clinical criteria and ancillary tests persist.[19,69,70] 
The conceptual differences of brain-death have been 
discussed earlier in this review. Variations in clinical 
criteria, assessment and ancillary tests are discussed 
below.

Differences in Clinical Criteria
A major article on international brain-death criteria 

by Wijdicks reveals that the majority of nations have 
guidelines for determination of brain-death.[19] There 
are differences in assessment of pupillary response to 
light and degree of dilatation without any scientifi c 
basis.[71] Most guidelines do not mention oculocephalic 
reflex. Pallis and Harley recommend it though not 
required by the UK code.[26] Wijdicks does not include 
this refl ex, arguing that it lacks sensitivity in the adult 
brain injured patients.[54] Though the second clinical 
examination is required in many countries, there is no 
evidence for its necessity and time interval between the 
two examinations.[19] The qualifi cation, experience and 
number of doctors required to determine brain-death 
also varies widely.[19] Age-specifi c pediatric criteria are 
also variable in different guidelines.[72]

The specifi ed core temperature thresholds range from 
32.2°C to 36.0°C without clear evidence base for any of 
these limits.[73] While Canadian guidelines permit a core 
temperature as low as 32.2°C during the apnea test,[74] 
the American require a core temperature of more than 
36°C.[35]
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Apnea Test
Apnea must be demonstrated as part of any brain-death 

declaration.[19] The test has several techniques and may 
lead to complications; hence needs elaboration. Apneic 
diffusion oxygenation is the procedure most commonly 
utilized.[54]

Prerequisites for the apnea test
Ensure that certain prerequisites are satisfi ed before 

the apnea test. Core body temperature of minimum 
36°C, blood pH normal to low basic, systolic blood 
pressure (SBP) of at least 100 mmHg, euvolemia and 
eucapnia (PaCO2 35-45 mmHg) are recommended. 
There should be absence of hypoxia and prior CO2 
retention. Apnea test should not be performed when 
the subject is under the infl uence of paralyzing drugs 
e.g. pancuronium.[35]

Apnea test procedure
Preoxygenate with 100% oxygen for 10 min to a PaO2 

more than 200 mm Hg. Disconnect the patient from the 
ventilator. Place a catheter through the endotracheal 
tube close to the level of the carina and deliver 100% 
O2 at 6 L/min. Look closely for respiratory movements 
for 8-10 min. Respiration is defi ned as abdominal or 
chest excursions. Patients with an intact brain-stem can 
be expected to breathe within the fi rst few minutes as 
hypercarbia develops at a rate of 3 mmHg/min.[75,76] 
Abort if SBP falls to <90 mmHg or if oxygen saturation 
measured by pulse oximetry is <85% for more than 
30 s. If no respiratory drive is observed, repeat blood 
gas (PaO2, PaCO2, pH, bicarbonate, base excess) 
analysis after approximately 8 min. If respiratory 
movements are absent and arterial PCO2 is 60 mmHg 
or more (or 20 mmHg above baseline), the apnea test 
result is positive (i.e. supports the clinical diagnosis of 
brain-death). If the test is inconclusive but the patient is 
hemodynamically stable during the procedure, it may 
be repeated for a longer period (10-15 min).[35]

There are wide variations in the conduct of the 
apnea test. Less than 60% of jurisdictions include 
induced hypercarbia to a specifi ed PaCO2 target (and 
confi rmation with arterial blood gas analysis) in their 
guidance. Others only stipulate disconnection from the 
ventilator for a defi ned period.[19]

Contraindications to apnea testing include 
arterial hypotension (SBP <90 mmHg), hypoxemia 
(pO2 <90 mmHg) and severe acidosis (pH < 7.20).[77] If 
present, these abnormalities should be corrected before 
the test.

Complications
Hypotension, acidosis and hypoxemia were 

reported during apnea test in more than two thirds 
of patients (n = 129) in a study. Major complications 
like pneumothorax, cardiac arrhythmia, myocardial 
infarction and barotrauma have also been reported 
during the test.[78-80]

Wijdicks et al. reported higher completion rate and no 
major complication during apnea test in a large study.[66] 
They concluded that if preconditions are met, apnea 
testing using an oxygen-diffusion technique is safe. 
In a recent study by Yingying et al., more than 50% of 
patients who satisfi ed clinical brain-death criteria did not 
meet the prerequisites for the apnea test.[81] The test was 
interrupted in about one-third of the patients because 
of decreasing blood pressure and heart rates, unstable 
oxygen saturations and inadequate loading of PCO2. 
Some studies report another reason for failure of the test 
as noncompliance with the guidelines, reason being the 
doctors not formally trained or lack the skill.[82]

Ancillary Testing
Confirmatory tests are optional in most guidelines 

and are reserved where clinical diagnosis of brain-death 
including apnea test cannot be completed or is doubtful.[83,84]

Cerebral angiography particularly a four-vessel 
angiogram demonstrating absent cerebral circulation 
remains the gold-standard supplementary test for 
brain-death. Computed tomographic (CT) angiography, 
CT perfusion and magnetic resonance angiography 
though mentioned in some of the guidelines, have not 
been validated or recommended.[70] EEG continues to 
be the most commonly applied supplementary test 
for brain-death worldwide and was mandatory in a 
number of European countries in the mid -1990s.[26] 
The EEG is signifi cantly affected by hypothermia, drug 
administration and metabolic disturbances, diminishing 
its clinical utility. Transcranial Doppler (TCD) is a 
noninvasive technique and was found to be highly 
sensitive in determining absent cerebral perfusion 
as reported by Ducrocq.[85] Radionuclide imaging 
techniques like Technetium-99 m scan has been widely 
performed. There is no uptake of isotope in brain 
parenchyma (“hollow the skull phenomenon”) in 
brain-death. The use of multimodal evoked potentials 
in the diagnosis of brain-death was described by de 
Tourtchaninoff et al.[86] A combination of median nerve 
somatosensory, brain-stem auditory and visual evoked 
potentials was used in the evaluation of brain-death. 
Although of questionable reliability, they remain 
an acceptable technique in many guidelines. In a 
recent study by Yingying et al., EEG had the highest 
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completion rate, sensitivity and specificity; TCD 
followed completion rate but poor sensitivity and 
specifi city; SEP had the lowest completion rate, good 
sensitivity and poor specifi city. After the combination 
of SEP or TCD with EEG, the specifi city can increase 
to 100%.[81]

Confi rmatory laboratory testing was mandatory in 28 of 70 
practice guidelines in earlier years.[19] AAN recommended 
use of ancillary testing (only one of the cerebral 
angiogram, hexa-methyl-propylene-amine-oxime, 
single-photon emission computed tomography, EEG 
or TCD) only if clinical examination cannot be fully 
performed due to patient factors, or if apnea testing is 
inconclusive or aborted.[35]

Conclusion
Despite the fact that the concept of brain-death was 

introduced more than 40 years ago and has been 
widely accepted, differences continue with its concept 
and justifi cation. There is a scarcity of evidence-based 
literature on practices of brain-death determination. 
There is no suffi cient evidence to determine the minimally 
acceptable observation period between clinical exams; 
role of newer ancillary tests and safety of apnea test 
techniques.[34,39] Future research should be directed 
towards these issues. Although guidelines are available 
in many countries for the diagnosis of brain-death, the 
variations and inconsistencies necessitate an international 
consensus and uniform guidelines.[35,34]

Considering the success of organ transplants and 
the organ transplant being the only hope for end stage 
organ failures; in view of acute shortage of organs and 
availability of a large number of brain dead patients as 
potential organ donors; we must promote the timely 
diagnosis and declaration of brain dead patients. It will 
allow the organ transplantation to gift the life and will 
relieve the relatives of brain dead individual from undue 
anxiety and fruitless hope .
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