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e diagnosis of brain death remains a clinical challenge for intensive care unit physicians. Worldwide regulations in its diagnosis
may differ, and the need of ancillary tests aer a clinical examination is not uniform. Transcranial sonography is a noninvasive,
bedside, and widely available technique that can be used in the diagnosis of the cerebral circulatory arrest that preceeds brain
death. In this paper we review the general concepts, the technical requisites, the patterns of Doppler signal con�rming cerebral
circulatory arrest, the vessels to insonate, and the options in cases with poor acoustic window. Future research perspectives in the
�eld of transcranial sonography are discussed as well.

1. Introduction

e diagnosis of clinical death in many critically ill patients
has evolved from a cardiopulmonary event to the develop-
ment of brain death, which is characterized by the irreversible
loss of brain function [1, 2]. Involved pathophysiology in
the development of brain death varies depending on the
predominant location of the brain injury. is location can
be divided into primarily supratentorial or infratentorial
damage or global damage (secondary brain injury) [3].
Increased intracranial pressure (ICP) and a loss in cerebral
autoregulation due to various mechanisms may gradually
affect cerebral blood �ow and lead to cerebral circulatory
arrest (CCA) [3].

e diagnosis of brain death remains a clinical diagnosis
and it can be usually declared when brainstem re�exes,
motor responses, and respiratory drive are absent in patients
with massive brain injuries [1, 2]. Clinical tests must be
performed following strict criteria and prerequisites. Under
some circumstances, it is for necessary, the realization of
ancillary tests to con�rm the diagnosis [1–3].

1.1. Prerequisites [1–3]

(i) Clari�cation of the etiology of coma, mainly by
means of cranial computed tomography or magnetic
resonance imaging in accordance to medical history
review.

(ii) Exclude potential causes of loss of brain stem
function. For example, acute arterial hypotension,
hypothermia, which may mimic complete and irre-
versible brain injury and therefore the body tem-
perature should be above 32∘C or 90∘F, drug intox-
ication and acute and severe metabolic causes of
coma (glucose, electrolytes, acid-base, or endocrine
disturbances) have to be ruled out.

1.2. Clinical Diagnosis of Brain Death. Includes the following
[1–3].

(i) Coma nonreactive to painful or verbal stimuli.

(ii) Absence of brain stem re�exes.
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(iii) Abolished response to atropine [4]. is test is
required by Spanish law [4], but it is not required
in many countries [2], that is, USA. is exploration
evaluates the caudal medullary function. An abol-
ished response consists of the inability to increase
cardiac rate by 10% aer administering 0.04mg/kg of
atropine.

(iv) Abolished response to the apnea test [3].

1.3. Ancillary Tests. e con�rmation of irreversibility varies
depending on the national guidelines [2]. In most cases, an
extended observation period is enough to con�rm the diag-
nosis [2]. In Spain, the observation period for patients with
structural brain damage is of 6 hours and 24 hours in cases
with global ischemic damage [4]. Although con�rmatory
tests also result in a shortening of the period necessary to
diagnose a brain death status, providing organ harvesting in
improved conditions, they are not free of controversy [5] and
are mandatory in only 40% of the countries [2].

In Spain, the con�rmatory tests can be divided into the
following [4].

(i) ose evaluating neuronal function:

(a) electroencephalography,
(b) evoked potentials.

(ii) ose evaluating cerebral blood �ow:

(a) cerebral angiography,
(b) digital substraction angiography,
(c) cerebral scintigraphy,
(d) transcranial sonography.

Other complementary techniques that have been recently
shown to have promising results in the diagnosis of CCA
[3], such as cranial computed angiography [6], magnetic
resonance imaging and magnetic resonance angiography [7],
bispectral index monitoring [8], and ultrasound perfusion
imaging [9], warrant additional studies and cannot be rou-
tinely recommended [10].

In our environment, the most commonly used ancillary
test is the electroencephalography. However, it cannot be
used in patients who have received long-term sedatives,
which is common in the ICU environment. In such cases,
the most widely 24-hours/7-days available technique is tran-
scranial sonography, which is usually performed by trained
intensivists or neurologists.

e aim of this paper was to evaluate the application
of transcranial sonography in the diagnosis of CCA. is
includes the general concepts, the technical requisites, the
patterns of Doppler signal con�rming CCA, the vessels to
insonate, and the options in cases with poor acoustic window.

2. Transcranial Sonography

2.1. General Remarks. Transcranial sonography is a non-
invasive, safe, and bedside technique used to evaluate the

circulation of the basal arteries in neurocritically ill patients
[11] and especially in the diagnosis of the CCA that preceeds
brain death [12]. It has to be underlined that these are not
identical conditions. Between the development of CCA and
total loss of brain function there may be a lag not exceeding
24 hours [12]. Transcranial sonography has been used in the
diagnosis of CCA from 1987 [13, 14].

To perform a transcranial sonography as a con�rmatory
test aer a clinical diagnosis of brain death, some prerequi-
sites are mandatory to avoid false results [3, 15, 16].

(i) Evidence of brain injury.
(ii) e exploration has to be performed by trained physi-

cians with experience in the technique and familiar
with the pathophysiology of brain death.

(iii) e patient must be hemodynamically stable (sys-
tolic arterial pressure higher than 90–100mmHg),
avoiding hypothermia less than 32∘C,must be normo-
capnic (pCO2 35–45mmHg), and, in the absence of
marked metabolic derangements, conditions that are
per se necessary to evaluate brain death.

2.2. Technical Requisites. e system must be equipped with
a 2MHz pulsed-wave Doppler probe, using a sample volume
lower than 10mm [1, 16, 17]. Both transcranial Doppler
(TCD) [13–15] and transcranial color coded sonography
(TCCS) have been used as a con�rmatory test in the study of
the CCA which preceeds brain death [17, 18]. Using TCCD,
the operator can correct angle of insonation to follow. is
angle of insonation must be kept within 0–60 degrees.

2.3. �atterns o� �oppler �i�nal �on�rmin� �ere�ral �ircu�
latory Arrest. e increase of ICP and subsequent decrease
in CPP occurring in devastating brain injuries results in
progressive changes in the Doppler spectra waveform [15,
16]. When ICP equals diastolic blood pressure, the brain
is only perfused in systole. In this stage, the end-diastolic
velocity in the Doppler spectra is zero. When ICP equals
mean arterial pressure, brain perfusion ceases. In this stage,
the Doppler spectra typically show an oscillating �ow. When
ICP reaches the systolic blood pressure, sharp systolic spikes
are present in the transcranial sonography examination.With
time, the acoustic signal disappears.

In summary, the following Doppler sonographic patterns
can be found:

(i) Increasing pulsatility of the Doppler waveform: it
represents the increase in ICP. e existence of any
anterograde diastolic �ow does not correspond to a
CCA pattern (Figure 1).

e pulsatility index (PI) is a common measure for
describing the shape of signal waveforms. High PI is usually
correlated with high intracranial pressure. It is calculated by
the following formula:

PI = (peak systolic velocity − end diastolic velocity)/mean
velocity (reference values in healthy subjects 0.86 ± 0.15 in
MCA) [19].
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F 1: Middle cerebral artery (M1) shows a minimal retrograde
diastolic �ow but the rest of the cycle shows a persistent diastolic
�ow that is not compatible with cerebral circulatory arrest. is was
a 23-year-oldmale who suffered a traumatic brain injury developing
refractory intracranial pressure that was treated with high-dose
barbiturates. is pattern re�ected high intracranial pressure (ICP
43mmHg at the time of examination) with a pulsatility index
of 2.14.

e resistance index (RI) described by Pourcelot is a
measure of peripheral �ow resistance and is calculated by the
following formula:

RI = (peak systolic velocity − end diastolic velocity)/peak
velocity (reference values in healthy subjects 0.56 ± 0.06 in
MCA) [19].

(ii) Oscillating Flow: in this pattern, anterograde systolic
�ow is associated with a retrograde diastolic �ow rep-
resenting the reverberating movement of the blood
in the cerebral vessels. When the anterograde and
retrograde �ow are nearly equal (the area under the
envelope of the positive and negative de�ection is
nearly the same), the cerebral perfusion has ceased.
is pattern corresponds to the angiographic appear-
ance of CCA (Figure 2) [20].

(iii) Systolic Spikes: when ICP equals systolic blood pres-
sure, an early systolic spike pattern is usually observed
in the Doppler spectra. ese sharp systolic spikes
must present a systolic peak less than 50 cm/sec
and a duration less than 200msec. Filters should be
set at the lowest levels to avoid misinterpretations.
is pattern corresponds to the diagnosis of CCA
(Figure 3).

If the systolic spikes does not �ll the above-mentioned
criteria, CCA cannot be diagnosed (Figure 4).

(iv) Lack of Signal: the use of this pattern in the diagnosis
of CCA is controversial, since the lack of acoustic
signal can be secondary to ultrasonic transmission
problems. To consider this pattern as a CCA one, an
exploration showing �ow in the vessels to insonate in
the same conditions and by the same (experienced)
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F 2: Middle cerebral artery (M1) shows a typical pattern of
oscillating �ow. is was a 30-year-old female admitted due to
severe meningitis with refractory intracranial pressure.is pattern
was compatible with cerebral circulatory arrest.
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F 3: Basilar artery shows a systolic spikes pattern. Note that
peak intensity is lower than 50 cm/sec and peak width lower than
200msec. is pattern was obtained by insonation through the
foramen magnum at a depth of 82mm in a 65-year-old female who
presented a severe hemorrhagic stroke.

operator has to be previously performed. is is a
major limitation of transcranial sonography in the
diagnosis of CCA, accounting for 10% of the cases.

2.4. Vessels to Insonate. Which vessels best correspond to
the CCA has been a matter of debate. Both the extracranial
and intracranial arteries have been studied. We recommend
to insonate both middle cerebral arteries (MCAs) and the
basilar artery (BA) [4].

Studies have evaluated internal carotid, middle cerebral,
anterior cerebral, vertebral arteries, and basilar artery [21–24]
with different results. e evaluation of the internal carotid
artery may not appropriately re�ect the progression of the
CCA, since 20% of the patients could present anterograde



4 ISRN Critical Care

BA

050 mm/s

100

50

10

5

V

(c
m

/s
)

16/01/2007 4: 48: 26 0.11

−0.11

−50

−100−1−2−3−4

F 4: Although diastolic �ow is absent, basilar artery shows
anterograde systolic spikes with peak intensity higher than 50 cm/
sec and a wide peak width in a 54-year-old male with severe brain
injury.e clinical examination showed a preserved response to the
apnea test. erefore, this pattern was not compatible with cerebral
circulatory arrest.

diastolic �ow in spite of presenting CCA [25]. One mecha-
nism for persistence of �ow in the ICA with clear evidence
of intracranial circulatory arrest involves direct shunting of
blood from the ICA into the external carotid system without
perfusion of the brain [25]. Another potential hypothesis is
that, in some patients, arrest of blood �ow may occur at a
higher level than the carotid bifurcation [25]. On the other
hand, different studies have shown that the study of the BA
is of paramount importance to avoid false positive results
[24, 26], since it is well known that the BA supplies the
brainstem and in the diagnosis of brain death we actually
evaluate the brain stem function [24].

It is recommended to insonate both MCA and BA
showing a CCA pattern (oscillating �ow or systolic spikes)
in two different explorations separated by 30 minutes. e
rationale behind this recommendation relies on the assump-
tion that transitory patterns compatible with CCA have been
described in patients with rebleeding aer subarachnoid
hemorrhage, and aer cardiac arrest, and, in the fact that, 30
minutes is sufficient to con�rm the irreversibility of a CCA
pattern [15, 16].

2.5. Special Circumstances. e above-mentioned criteria are
applicable in the presence of an intact skull [15, 16]. e
presence of ventricular drains, large craniectomies, or skull
fractures can affect the Doppler spectra sonogram and show
persistent diastolic �ow in cases with demonstrated brain
death, similarly to what occurs in children less than 1-year-
old in whom fontanelles are still open [27]. In most cases, it
is attributable to the loss of skull hermetism [27]. Another
potential cause relies in the dissociation between the carotid
and the vertebrobasilar circulation as a consequence of a
primary injury to the brain stem [28]. Improved results in

terms of sensitivity and speci�city can be achieved with the
addition of the cervical extracranial internal carotid artery
insonation in sequential examinations [28].

2.6.What toDo in Cases with Poor AcousticWindow? In cases
of difficult acoustic window, some authors have successfully
used an ophthalmic approach to increase the number of
conclusive studies. e transorbital imaging of the carotid
siphon re�ects the sonographic pattern of the anterior cir-
culation [29, 30]. Lampl et al. [29] improved their positive
�ndings using this approach from 79% to 88% of the cases.
Dominguez-Roldan et al. [30] successfully used this approach
in 10 patients with impossibility to obtain a sonographic
pattern by the temporal approach.

In our experience, the use of ultrasound contrast agents
(UCAs) to maximize the acoustic signal results in an increase
of the number of conclusive studies. Since patients in whom
we evaluate the existence of CCA have devastating injuries
and low acoustic signal, the use of UCAs can be a relevant
tool. �ith TCCS technology, we evaluated the bene�t of
using UCAs in 50 patients with CCA. A conclusive pattern
of CCA was obtained in 90% of the patients in the TCCS
exploration, which improved to 98% aer using UCAs. is
factminimizes the need of a previous study in cases with poor
acoustic window [18], which, as previously stated, constitutes
the major limitation with this technique.

3. Conclusions

Transcranial sonography is a noninvasive, bedside, and
widely available technique that can be used in the diagnosis
of the CCA that preceeds brain death. A meta-analysis
published in 2006 including the ten most relevant articles
to date in a large population of 684 patients stated that its
sensitivitywas 89% and speci�city 99% [31].e report of the
American academy of neurology stated that sensitivity ranges
from 91% to 100% and speci�city from 97% to 100% when
performed aer a clinical examination of brain death [32].
�hether speci�city achieves 100% or not is a relevant issue.
Repeated examinations may increase speci�city. Regarding
sensitivity, it is very unlikely that 100% can be reached since
10% of the patient lack of acoustic window [31]. However, it
has to be noted that all complementary techniques present
limitations when used as a con�rmatory tool of brain death
[5].

In addition, one must keep in mind that in cases with
isolated brain stem damage with subsequent clinical brain
death, the transcranial sonography examination can show
maintained �ow. e effect of severe hyperventilation can
also result in modi�cations of the sonographic pattern due to
cerebral vasoconstriction. ese facts highlight the need of a
rigorous protocol to rule out potential confounders.

In these authors’ opinion, transcranial sonography is
a valid technique in the diagnosis of CCA when used by
experienced operators. In addition, it is noninvasive, non-
expensive, and can be performed bedside. e potential
usefulness and the limitations of this technique have been
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discussed. Such limitations should be taken into account by
physicians who perform and interpret the results.

In our opinion, different points remain to be elucidated
in future research. Some of them are listed below.

(i) Can we use both TCD and TCCS ultrasound devices?
(ii) If accepted that both MCAs and BA represent the

mandatory vessels to insonate in patients with CCA,
should we accept any alternative if those vessels
cannot be obtained?

(iii) In the systolic spikes pattern, a maximum systolic
peak 50 cm/sec and duration of 200msec is accepted.
ese recommendations are based on early studies
[13, 14]. Should we refute or con�rm them?

(iv) Should we reject the lack of signal pattern with the
increasing use of recently developed UCAs?

In summary, transcranial sonography constitutes a useful
tool in the diagnosis of the cerebral circulatory arrest that
preceeds brain death when physicians are familiar with strict
diagnostic criteria and know the underlying pathophysiol-
ogy. However, some points remain to be elucidated and, in
these authors’ opinion, an update of the criteria stated by the
consensus conference [15] regarding the above-mentioned
points is required.
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