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Ultrasonography in the Diagnosis of  Brain 
Death

Review
Intensive Care

Introduction

Brain death is the irreversible loss of  clinical functions of  the brain and brainstem. In the historical course, brain 
death was first defined by Mollaret and Goulon in 1959. In the definition in a group of  patients under mechanical 
ventilator support, the term ‘Le coma de passe’ was used in the same way as in the current definition. They have 
determined in this group of  patients the absence of  spontaneous respiration, deep coma status, lack of  reflexes, low 
blood pressure and loss of  activity in electroencephalography (EEG).

As a result of  the developments in organ transplantation, interest in brain death has increased, and organ transplan-
tation from the donor who had brain death in 1963 for the first time has caused the need for regulation in the diag-
nosis and detection of  brain death. The Harvard Report was first published in 1968 and was widely accepted in the 
medical field. Finally, in 2010, the American Academy of  Neurology (AAN) published an updated evidence-based 
guideline to detect brain death. In the AAN guideline, additional testing is recommended to confirm brain death 
in cases where neurological evaluation is not possible. Similarly, in our country, the regulation of  organ and tissue 
transplant services published in 2012 recommended a ancillary test that evaluates brain circulation in cases where 
apnoea test is not performed (1-6).

Cerebral blood flow or neural functions are evaluated with the ancillary tests used in the diagnosis of  brain death. Tests 
used to evaluate neural activity are EEG and evoked potentials. The main limitations of  the tests in which neural activity 
is evaluated include artefacts and being influenced from metabolic changes and drugs. Cerebral angiography used to 
evaluate cerebral blood flow is accepted as the gold standard method in the diagnosis of  brain death. The main disad-
vantages of  this method are the need to get the patient out of  the intensive care unit and the use of  contrast agent (4-8).

Transcranial Doppler (TCD) ultrasonography, a method used to evaluate cerebral blood flow by ultrasonography, 
is non-invasive, can be performed at bedside, repeatable and does not require opaque substances; therefore, it is a 
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reliable method for detecting cerebral circulatory arrest (Ta-
ble 1) (1, 3, 5, 8, 9).

Historical course of  TCD in the diagnosis of  brain 
death
The first ultrasonography examination for brain death was 
performed for extracranial arteries. Yoneda et al. (10) per-
formed Doppler ultrasonography for extracranial arteries in 
patients diagnosed with brain death and monitored systolic 
peaks and back and forth spectra in the main and internal 
carotid arteries. Doppler examination of  intracranial arteries 
became possible in 1982 when Rune Aaslid presented TCD 
to clinical use. The basal arteries of  the brain were examined, 
and the flow velocities were monitored dynamically by TCD. 
Currently, TCD is used as a confirmatory method not only in 
the detection of  brain death but also in the diagnosis and fol-
low-up of  increased intracranial pressure and in the diagnosis 
of  cerebral vasospasm, sepsis and associated encephalopathy 
(9, 11).

Conditions required before the TCD examination for 
the diagnosis of  cerebral circulatory arrest
The prerequisites determined before the neurological exam-
ination in the diagnosis of  brain death should be provided. 
Similarly, some prerequisites must be provided to determine 
the cerebral circulatory arrest correctly by TCD ultrasonog-
raphy. These prerequisites are: (1) coma that causes perma-
nent loss of  cerebral functions and the cause of  the coma 
have been shown, (2) intoxication, serious hypotension, meta-
bolic conditions and hypothermia should be excluded and (3) 
absence of  cerebral functions should be evaluated by two ex-
perienced physicians. After these prerequisites were met, the 

patient should be in the supine position, haemodynamically 
stable (mean arterial pressure 70 mm Hg or blood pressure 
>90/50 mmHg and PaCO2 35–45 mmHg), heart rate >60 
beats min-1 and peripheral oxygen saturation >95% during 
the TCD examination (1, 3, 5, 12).

TCD application technique
In clinical practice, the most commonly used probe in TCD 
ultrasound examinations are low-frequency (2.0–3.5 MHz) 
sector probes (13). High-frequency Doppler probes are not 
useful in the examination of  extracranial vascular structures, 
because high-frequency sound waves cannot penetrate the 
skull sufficiently (Figure 1) (14).

TCD ultrasound examination should be performed from 
acoustic windows where sound waves can easily pass through 
the skull. These acoustic windows are the thinnest parts of  
the skull bone. Acoustic windows used in the TCD applica-
tion are transorbital, transtemporal and suboccipital windows 
(14). Even though each acoustic window has advantages for 
different arteries and indications, detailed TCD examination 
should include the evaluation of  all acoustic windows, and the 
blood flow velocities of  the arteries forming the Willis poly-
gon should be examined (13). Some criteria are used to define 
the basal arteries of  the brain that constitute the Willis poly-
gon in the TCD: (1) direction of  Doppler probe and depth 
of  insonation, (2) blood flow approaching or moving away 
from the Doppler probe and (3) evaluation of  the response of  
blood flow to carotid compression in cases where it is not pos-
sible to distinguish between the anterior and posterior blood 
circulation (14).

Table 1. Confirmatory tests used to determine brain death

	 Advantages	 Disadvantages
EEG	 Applicable at bedside	 Risk of  electrical interference in intensive care settings
	 Non-invasive, no risk	 False positive result
		  Affected by metabolic changes and hypothermia
Cerebral angiography	 Gold standard for the diagnosis of 	 Invasive, needs contrast agents
	 brain death	 Variable criteria for brain death detection
		  Available in a limited number of  centres
MR angiography	 Do not need contrast agents	 Not practical for critically ill patient
		  Variable criteria for brain death
		  Limited number of  studies
CT angiography	 Available in many hospitals	 Needs contrast agents
		  Variable criteria for brain death detection
Transcranial Doppler	 Applicable at bedside	 Acoustic window inadequacy
	 Non-invasive, no risk
Evoked potentials	 Applicable at bedside	 Reflects only the specific region of  the brain
	 Non-invasive, no risk 	 High sensitivity, low specificity
EEG: electroencephalography; MR: magnetic resonance; CT: computed tomography
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Transorbital acoustic window: After the energy is re-
duced to 10%, the probe is placed in the upper eyelid with the 
patient’s eye closed, and the inferior and median examination 
is performed through the eyeball. Through the transorbit-
al acoustic window, the ophthalmic artery and the internal 
carotid siphon can be examined. The ophthalmic artery is 
observed at a depth of  3–5 cm, the siphon of  the internal 
carotid artery is observed at a depth of  6–7 cm and a flow 
approaching the Doppler probe is seen (1, 5, 14, 15).

Transtemporal acoustic window: The examination is 
made above the arcus zygomaticus through the squamous 
part of  the temporal bone between the external auditory 
canal and the orbital area. It is divided into three parts 
as the anterior, middle and posterior. However, in clinical 
practice, usually only one window can be used. After the 
Doppler probe is placed in the transtemporal window, the 
anatomical points used to determine the vascular structures 
forming the Willis polygon are the sphenoid bone, the pe-
trous part of  the temporal bone and the cerebral peduncles. 
In the transtemporal window, the middle cerebral artery 

blood flow is at a depth of  3–7 cm approaching towards 
the probe, the anterior cerebral artery blood flow is at a 
depth of  6–8 cm towards the probe and the blood flow of  
the posterior cerebral artery is at a depth of  6–7.5 cm ap-
proaching towards the probe. The middle cerebral artery 
is the most frequently evaluated artery in clinical practice 
by TCD ultrasonography and can be easily visualised on 
the transtemporal acoustic window immediately above the 
zygomatic arch (1, 4, 14, 15).

Suboccipital acoustic window: The patient should be in 
the sitting position, the head is slightly flexed and the verte-
bral artery and the basilar artery flow are observed at a depth 
of  6–10 cm as the flow away from the probe in the medial of  
the mastoid protrusion (1, 14, 15).

To determine the cerebral circulatory arrest by TCD, both 
the anterior system from the bilateral transtemporal acous-
tic windows and the posterior system from the suboccipital 
acoustic window should be evaluated. If  evaluation from the 
bilateral transtemporal windows and suboccipital window 
cannot be performed, the evaluation is considered to be sub-
optimal (Figure 2).

Detection of  brain death through the transorbital acoustic 
window is not routinely recommended. Current signals of  
ophthalmic artery and extracranial internal carotid artery 
can cause false positive results (12).

TCD ultrasonography for the diagnosis of  cerebral 
circulatory arrest
Cerebral circulatory arrest results from the cessation of  the 
cerebral blood flow due to the increased intracranial pressure 
that blocks the cerebral perfusion. The first use of  TCD for 
the diagnosis of  cerebral circulatory arrest was in 1974, and 
TCD has been shown to be a useful method in many studies 
in the ensuing years (1, 3, 10, 16, 17). During the develop-
ment of  cerebral circulatory arrest, there are four stages in 
the evaluation of  cerebral blood flow with TCD, and each has 
characteristic flow patterns (1, 3).

1. In the case of  normal intracranial pressure (ICP), a sin-
gle-phase flow is observed in systole and diastole towards the 
brain in the TCD spectra (Figure 3). When ICP starts to in-
crease due to any reason, there is a decrease in end-diastolic 
blood flow rate (EDV) in the TCD. EDV becomes zero when 
ICP comes up to diastolic blood pressure, and when the ICP 
is above diastolic blood pressure, the brain receives blood only 
in systole. In this case, systolic flow seen in the TCD spectra is 
called as ‘systolic peak’. Since the cerebral perfusion pressure 
is still higher than the ICP, there is still a clear forward flow 
(Figure 4).

Figure 1. Low-frequency colour TCD ultrasound probe
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2. When ICP continues to increase progressively, systolic peak 
duration is shortened in the TCD spectra; thereafter, diastol-
ic back flow is observed. The spectra of  systolic forward and 
diastolic backward flows in TCD ultrasonography is called as 
‘oscillating flow’. In the oscillating flow pattern, when the cur-
rents are equalised above and below the zero line, the forward 
net current is zero, the ICP has exceeded the cerebral perfusion 
pressure and the cerebral circulation has stopped (Figure 5).

3. As the ICP continues to increase and approaches the sys-
tolic blood pressure, the diastolic reverse current disappears, 
and isolated ‘systolic spikes’ are monitored in the TCD (Fig-
ure 6).

4. In the case of  very high ICP, the amplitudes of  the systolic 
spikes are gradually decreasing, and in the case of  complete 
cessation of  blood flow in the intracranial basal arteries, the 
signal cannot be received in the TCD. To consider the failure 
to receive a signal in the TCD as a cessation of  cerebral cir-
culation, it is necessary that TCD should be performed again 
by the same clinician at the same clinical conditions after an 
interval of  at least 30 min (Figure 7).

The specific spectra seen in the TCD in cerebral circulatory 
arrest are oscillating flow, systolic spike and absence of  signal 
in the TCD. When oscillatory flow waves are monitored in 
the TCD spectra, the systolic forward flow should be equal to 

Figure 2. a–c. Acoustic windows used in TCD ultrasound examination. (a) The transtemporal acoustic window is 
examined just above the arcus zygomaticus between the external auditory canal and the orbital area. It is divided 
into three parts: (1) anterior, (2) medial and (3) posterior. (b) The suboccipital window examination is made from the 
immediate medial of  the mastoid bone. (c) In the transorbital window, while the eyes of  the patient are closed, the 
ultrasound probe is placed on the patient’s upper eyelid
SO: suboccipital; TO: transorbital

a

b c

Figure 3. a, b. Normal TCD spectra with systolic peaks (a) and end-diastolic flow (b) in TCD ultrasonography. In the 
case of  normal cerebral perfusion with normal ICP, TCD shows a single-phase current in systole and diastole

a
b
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the diastolic backward flow, and the net flow must be zero to 
be able to conclude that the cerebral circulation has stopped. 
Systolic spikes are TCD spectra <200 ms and slower than 50 

cm s-1. In the TCD ultrasonography, it is necessary to exclude 
the problems of  ultrasonographic conduction to mention 
about flow signal loss (1, 3, 4, 14).

Figure 6. Systolic spikes in TCD ultrasonography. When ICP approaches systolic blood pressure, diastolic reverse 
flow disappears, and systolic spikes are observed in the TCD

Figure 7. No signal is obtained in TCD ultrasonography when blood flow is stopped completely in intracranial 
arteries

Figure 5. Flow showing oscillation in TCD ultrasonography. Oscillating current forward in the systole and backward 
in the diastole in the TCD

Figure 4. a–c. TCD ultrasonography spectra. (a) In cases where ICP is normal, there is a single-phase flow in 
systole and diastole in the TCD. (b) When the ICP begins to increase, the flow rate at the end of  the diastole be-
gins to decrease. (c) When ICP is equal to the diastolic blood pressure, systolic peaks are monitored in the TCD 
spectra

a b c
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TCD ultrasonography in the diagnosis of  brain death
Although cerebral angiography evaluating cerebral blood 
flow in the diagnosis of  brain death is considered to be the 
gold standard method, owing to its limitations, such as the 
need of  getting the patient out of  the intensive care unit, 
the use of  contrast agents and the lack of  reproducibility, 
TCD ultrasonography is the frequently preferred method. 
The most common cause of  this condition is that the TCD 
is non-invasive, does not require radiopaque agent and is a 
reproducible method. With TCD ultrasonography, cerebral 
blood flow can be easily evaluated at the bedside particularly 
in critical patients and does not pose any risk to the patient 
(1, 3, 12, 16, 18).

In many studies, it has been shown that TCD is a useful and 
valid method in the diagnosis of  cerebral circulation arrest 
and brain death and can be used to determine the appropri-
ate time for cerebral angiography in determining brain death 
(1, 18-22).

In the TCD ultrasound evaluation report of  the AAN pub-
lished in 2004, it was stated that the sensitivity of  TCD in 
the diagnosis of  cerebral circulatory arrest and brain death 
was 91%–100%, and the specificity was 97%–100%. In ad-
dition, it is suggested that TCD may be useful in evaluating 
cerebral circulatory arrest associated with brain death with an 
evidence of  level IIA (16).

Poularas et al. (20) compared cerebral angiography with TCD 
in the determination of  brain death and determined the 
TCD’s specificity in the diagnosis of  brain death to be 100%, 
the sensitivity in the first 3 h of  the diagnosis to be 75% and 
in repeated measurements to be 100%. They also found the 
correlation of  TCD and cerebral angiography to the diagno-
sis of  brain death to be 100%.

The first meta-analysis that evaluated the position of  TCD 
ultrasonography in verifying brain death was made by Mon-
teiro et al. (23) in 2006. In this meta-analysis, 10 studies and 
684 cases between 1980 and 2004 were evaluated. When 
high-quality studies were evaluated, the sensitivity of  TCD 
was found to be 95% and the specificity was found to be 99%, 
and TCD correctly showed fatal brain injury in all cases. It 
was also stated that TCD could be used to determine the ap-
propriate time for cerebral angiography in the diagnosis of  
brain death.

Orban et al. (24) evaluated the effect of  TCD on the time 
interval between the clinical diagnosis of  brain death and its 
conformation with angiography and showed that TCD sig-
nificantly reduces the time between the clinical diagnosis of  
brain death and the validation of  brain death by angiogra-

phy; thus, the TCD can be used to determine the appropriate 
time for cerebral angiography.

In 2016, Chang et al. (18) examined 1671 cases in 22 stud-
ies between 1987 and 2014 in the meta-analysis that evalu-
ated the efficacy of  TCD ultrasonography in the diagnosis of  
brain death. In this meta-analysis, TCD was found to have a 
sensitivity of  89% and a specificity of  98% in the diagnosis of  
brain death as a confirmatory test, and TCD has been shown 
to be a highly reliable confirmatory test for the diagnosis of  
brain death.

Limitations of  TCD ultrasonography
The two most important limitations of  TCD ultrasonography 
are it is an operator-dependent, experience-requiring applica-
tion and has acoustic window insufficiency due to the thick-
ness and porosity of  the skull bone in 10%–20% of  cases. 
It should also be kept in mind that the Willis polygon has a 
variation of  50%.

Especially in the acute phase of  subarachnoid haemorrhage 
or in sudden increases in ICP caused by recurrent bleeding, 
waveforms compatible with brain death are observed tempo-
rarily in the TCD. In such cases, it is recommended to per-
form a complete TCD examination including the anterior 
and posterior systems and to repeat the examination after 30 
min. In patients who had decompressive surgery, blood flow 
can be observed in cerebral arteries even if  brain death is 
diagnosed clinically. A similar condition is observed in anoxic 
encephalopathy after cardiac arrest. In these cases, TCD may 
fail to diagnose brain death and may lead to delay in the di-
agnosis of  brain death. For this reason, cerebral angiography 

Table 2. Advantages and disadvantages of  TCD 
ultrasonography in the detection of  brain death.

Advantages
Applicable at bedside, portable method 
Flow velocities of  intracranial arteries can be evaluated as 
non-invasive
A technique that can be easily repeated and continuously make 
measurement
It does not require contrast agents and is a cheaper method 
than other methods
It is not affected by drugs that suppress the central nervous system
Disadvantages
An application that requires experience
Acoustic window inadequacy is present in 10%–20% of  cases
False negative result in anoxic patients and those who had 
decompressive surgery
False positive result
Vascular structures forming the Willis polygon show variation 
in 50% of  cases
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is recommended instead of  TCD for the detection of  brain 
death especially in patients who had decompressive surgery 
with cerebral blood flow but is not functional (Table 2) (3, 5, 
12, 14, 17).

Conclusion

TCD ultrasonography, which is one of  the ancillary tests 
needed in cases where neurological examination cannot be 
performed adequately in the clinical diagnosis of  brain death 
and evaluates cerebral blood flow, is distinguished by being 
a bedside applicable, non-invasive, reproducible method. 
Moreover, even if  there are some limitations, the appropri-
ate time for cerebral angiography, which is the gold standard 
method for the diagnosis of  brain death, can be easily deter-
mined with TCD, and the use of  resources in vain is prevent-
ed. It is inevitable that intensive care specialists will gradually 
increase the use of  TCD ultrasonography in the diagnosis of  
brain death in the near future due to its advantages.
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