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Chapter 39
Death by Neurological Criteria (DNC) 
in ICU: Usefulness of Transcranial 
Doppler (TCD)
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Key Points
	1.	 To determine brain death, a patient has to have suffered a medically and surgi-

cally irreversible structural brain injury.
	2.	 Transcranial Doppler is very useful to support the diagnosis of cerebral circula-

tory arrest that accompanies the determination of Death by Neurological 
Criteria (DNC).

	3.	 In order to establish the diagnosis of cerebral circulatory arrest by means of 
TCD/TCCS, we must contemplate the study of the anterior and posterior cere-
bral circulation.

	4.	 There are three sonographic patterns compatible with the diagnosis of cerebral 
circulatory arrest: a) diastole-systole separation pattern, b) reverberant blood 
flow velocity pattern, and c) isolated systolic spike pattern. The absence of 
insonation in patients who had previously been insonated is considered by some 
to be compatible with the diagnosis of cerebral circulatory arrest.

	5.	 Transcranial Doppler (TCD), like other auxiliary studies that estimate cerebral 
blood flow through blood flow velocities, has its main limitation in patients in 
whom there is no cranial hermetism (craniectomy, external ventricular drain, etc.).

	6.	 Ancillary tests for the DNC (including Transcranial Doppler) have their main 
indication when the concept of global brain death is being used or it is not pos-
sible to complete the neurological examination and/or apnea test.
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39.1  �Introduction

Defining and determining death as the loss of circulatory-respiratory or cardiopul-
monary function enjoys near-universal acceptance, across cultures and religious 
traditions. A more recent way of defining and determining death (brain death or 
Death by Neurological Criteria) has a fairly broad international acceptance as a 
medically valid and legal way to determine and define death, but there is a lack of 
international consensus about what diagnostic criteria are appropriate.

In 1968, from the Ad Hoc Committee of the Harvard Medical School, the con-
cept of “brain death” was born [1], although this term probably tries to define “the 
death of the person based on neurological criteria.” In 2010, the American Academy 
of Neurology (AAN) updated a practice guideline to outline the necessary examina-
tion to evaluate a patient for brain death.

The diagnosis of brain death is one of the most important and relevant tasks to 
intensive care unit (ICU) physicians following severe brain injury. In order to deter-
mine Death by Neurological Criteria (DCN), a patient has to have suffered a medi-
cally and surgically irreversible structural brain injury.

39.2  �Concepts of Death by Neurological Criteria (DNC)

There are currently three main concepts of death based on neurological criteria. 
This translates into three different concepts of brain death: a) global brain death, b) 
brainstem death, and c) neocortical death.

39.2.1  �Whole Brain Death

Whole brain death (WBD) is the standard for determining death used in the United 
States and most European countries. WBD is defined as the irreversible cessation of 
all functions of the entire brain, including the brain stem, except the spinal cord. In 
order to establish this diagnosis, a clinical examination must be carried out to dem-
onstrate the absence of brainstem activity, as well as an instrumental test that dem-
onstrates the existence of some of the brain phenomena associated with brain death 
(cessation of brain bioelectrical activity, cerebral circulatory arrest). Global ence-
phalic death occurs either in supratentorial processes in which a face-flow deteriora-
tion is produced or in posterior fossa processes that initially produce a deterioration 
in the activity of the brain stem that follows a complete and irreversible cessation of 
brain activity.
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39.2.2  �Brainstem Death

Brainstem death is the standard for neurological death used in Canada, India, and 
the United Kingdom. Brainstem death is the irreversible loss of the capacity for 
consciousness combined with the irreversible loss of the capacity to breathe. It is 
based on proving the irreversible absence of the brainstem function. The diagnosis 
of brainstem death is based on the clinical examination [2]. In order to establish this 
diagnosis, it is not necessary to prove the absence of brain functions, so it is not 
necessary to perform instrumental tests. Brainstem death may occur as a conse-
quence of the facial-caudal deterioration due to supratentorial lesions, although it 
may also occur as a consequence of primary lesions of the cerebellum and brain 
stem culminating in a complete cessation of the brain activity, without requiring 
rostral-caudal deterioration with involvement of the supratentorial structures.

39.2.3  �Neocortical Death

It is based on the fact that the content of consciousness is the key defining element 
of human life [3]. Therefore, in those circumstances in which there is a complete 
and irreversible absence of the content of the consciousness, the diagnosis of death 
could be established based on neurological criteria. A clinical state equivalent to 
neocortical death would be the situation of a permanent vegetative state with apa-
thetic syndrome.

Of the three concepts mentioned, the most developed at present are: the concept 
of global encephalic death and the concept of brainstem death.

39.3  �Determination of Death by Neurological Criteria (DNC)

When the concept of whole brain death is used, the diagnosis of brain death is based 
on the demonstration of the irreversible absence of neurological activity of the cen-
tral nervous system, except for the spinal cord, as well as the demonstration of some 
of the intracranial phenomena closely associated with brain death, such as the ces-
sation of brain bioelectrical activity or cerebral circulatory arrest.

To establish the irreversible absence of central nervous system functions, a com-
plete clinical examination of the neurological functions with an anatomical sub-
strate in the brain stem is essential.

These criteria apply to adults only in the context of the primary principles:

	1.	 Determination of structural and irreversible cause of brain injury.
	2.	 Determination of the medical and surgical futility.
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	3.	 Exclude confounders.
	4.	 Determination of the brainstem reflexes.
	5.	 Test of apnea.

Prior to the complete diagnosis of brain death, it is necessary to rule out the pres-
ence of factors that could confuse the diagnosis and thus fulfill certain prerequisites, 
among which are arterial hypotension, severely induced hypothermia, the effects of 
muscle relaxant drugs or central nervous system depressant drugs, and electrolyte 
disorders. All these factors must be corrected before beginning the clinical and/or 
auxiliary diagnosis.

In order to establish the diagnosis of brain death, the complete and irreversible 
absence of brainstem activity must be confirmed. This requires a complete clinical 
examination of the brain stem, which should include the presence or absence of the 
following brainstem reflexes:

All components of the examination must be tested after all confounders have 
been excluded.

	1.	 Photomotor reflex (absence of pupillary response in both eyes).
	2.	 Corneal reflex.
	3.	 Occulocephalic reflex.
	4.	 Occulovestibular reflex.
	5.	 Absence of facial muscle movements to a noxious stimulus.
	6.	 Absence of pharyngeal and tracheal reflex:

	 1.	 Absence of the gag reflex.
	 2.	 Absence of cough response.

It is also necessary to demonstrate the absence of ventilatory activity by means 
of the apnea test. Stimulation of the respiratory center should be performed by 
increasing carbon dioxide (CO2) levels to more than 20  mmHg (arterial blood) 
above the patient’s baseline values [4–6].

When the concept of death is used by Neurological Criteria based on the irrevers-
ible absence of brainstem activity (brainstem death), it is only necessary to confirm 
the absence of clinical activity by means of a complete clinical examination of the 
brain stem, and it is not necessary to prove the existence of other intracranial phe-
nomena associated with brainstem death, since these refer fundamentally to supra-
tentorial phenomena, which are essentially brain based.

When, on the contrary, we are using the concept of global encephalic death, it is 
necessary not only to carry out a complete clinical examination that demonstrates 
the absence of activity of the encephalic trunk, but it is also necessary to confirm the 
absence of brain activity. At this point, since the brain stem has no activity, it is not 
possible by clinical methods to access knowledge of brain function, so it is essential 
to use auxiliary methods that explore the phenomena associated with brain death.
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39.4  �Intracranial Phenomena and Death by 
Neurological Criteria

The mechanism most frequently involved in the development of brain death 
(although not the only one) is intracranial hypertension, which causes the cessation 
of intracranial circulation. As a consequence of this, a global encephalic ischemia is 
produced, with underlying metabolic disorders that compromise neurotransmission 
(more edema and more intracranial hypertension), to later produce an irreversible 
global brain damage. That is why as phenomena intimately associated with ence-
phalic death (especially when the concept of global encephalic death is used), there 
is the cessation of intracranial circulation as the main actor, the cessation of brain 
bioelectrical activity, and the development of profound metabolic disorders due to 
the resulting ischemic-anoxic process.

Cerebral circulatory arrest, one of the phenomena most frequently associated 
with brain death, is sometimes the mechanism generating brain death, while on 
other occasions it is a consequence of it. Thus, in primary vascular processes, such 
as occlusion of the large arteries at the base of the skull, brain death occurs as a 
consequence of global brain ischemia. In other cases, the existence of large space-
occupying lesions or a large cerebral edema is responsible for the cessation of intra-
cranial circulation. In these patients, the increase in intracranial pressure, equal to 
the average blood pressure, makes the cerebral perfusion insufficient to meet the 
encephalic metabolic needs, and consequently triggers, irreversibly, the cessation of 
all central nervous system functions.

Cerebral circulatory arrest is a progressive phenomenon, not an instantaneous 
one. It is also often asymmetrical when the phenomenon is compared in the two 
cerebral hemispheres. Depending on the mechanism of cessation of circulation, an 
asymmetry of circulatory arrest can also be observed in the period before brain 
death is established when supratentorial regions are compared with infratentorial 
regions.

Therefore, it is important to remember that TCD (in the dynamic evaluation of 
cerebral hemodynamics) is based on the phenomenon of recording systolic patterns 
in intracranial arteries (circle of Willis) without evidence of diastolic flow to deter-
mine a pattern of cessation in cerebral circulation.

39.5  �Transcranial Doppler (TCD): Utility and Prerequisites

Before using the TCD as an ancillary test for DNC diagnosis, the following prereq-
uisites must be present:

	1.	 Coma with a known cause that is irreversible.
	2.	 Imaging that explains the comatose state.
	3.	 Absence of spontaneous respirations.
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	4.	 Exclusion: Hypothermia, major correctable metabolic or endocrine disturbance, 
toxics, sedative medications, neuromuscular blocking agents.

	5.	 Achievement of normal systolic blood pressure.

39.5.1  �Preliminary Clinical Examination

Given that a complete clinical examination of the brain stem is essential for the 
diagnosis of brain death, evidencing the absence of brain activity, it is recommended 
that a clinical examination be performed prior to the use of Doppler. The use of 
Doppler would not make sense if clinical data of brainstem activity still persist, 
since in no case could the diagnosis of death be made.

The diagnostic accuracy of transcranial Doppler for brain death has not been 
confirmed in all settings [7].

39.5.2  �Intracranial Pressure Stability

The stability of the intracranial pressure is also an essential element for the diagno-
sis, since it is possible to observe, in a transitory way, phenomena of cerebral circu-
latory arrest coinciding with intracranial hypertension waves which give way when 
these hypertension waves are controlled. It is true that on many occasions, stable 
and maintained intracranial hypertension accompanies brain death, and on many 
instances, this is the main physiopathological mechanism that generates it [8].

39.6  �TCD as Ancillary Test: Determination of Cerebral 
Circulatory Arrest in DNC

If a clinical examination with apnea test is consistent with brain death, an ancillary 
test is not required. The insonation of the blood flow velocities in cerebral basal 
arteries (circle of Willis) for determination of brain death does not differ initially 
from the TCD insonation techniques described for other pathologies:

	1.	 Probe:
Low-frequency probe (2 MHz).

	2.	 Initial acoustic window:
Transtemporal window (bilateral)

	3.	 Insonation depth:
Middle cerebral artery (MCA) is between 45–65 mm and 70–100 mm for the 
basilar artery (BA). The depth will be shallower (30–50 mm) when performing 
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sounding [9, 10] in children. It is important to take into consideration the depth 
at which the scan is performed, the direction and sense of the signal detected, 
and also the response of the sounded artery to the compression maneuvers of the 
carotid arteries at neck level.

However, for the diagnosis of cerebral circulatory arrest in order to establish the 
diagnosis of DNC, it is essential to take into consideration a series of prerequisites 
that will avoid the misinterpretation of the results (blood flow velocities and spectral 
Doppler waveform) from the TCD. It is also necessary to take into account some 
specific technical strategies in the case of cerebral circulatory arrest, since in certain 
circumstances the insonation of intracranial arteries in patients where intracerebral 
flow has ceased requires alternatives to standard insonation techniques [11].

When ancillary test is utilized, only one test is required for the determina-
tion of DNC.

39.7  �TCD: Sonography Patterns of Cerebral Circulatory 
Arrest and DNC

The diagnosis of cerebral circulatory arrest through TCD is supported by the appear-
ance of at least one blood flow velocity pattern characteristic of cerebral circulatory 
arrest in all insonated intracranial vessels [12, 13]. It is important to note that 
although these patterns are usually associated with increased pulsatility index, and 
increased resistance index, these values are not really relevant for diagnosis. It is 
important to consider the trends in the flow patterns of the circle of Willis. The most 
important aspect for the diagnosis of cerebral circulatory arrest is the existence of 
zero blood flow velocity at the end of the diastole (absence of flow at the end of the 
diastole in spectral Doppler wave). In the telediastolic period, in a situation of cir-
culatory arrest, no blood enters into the brain, so the cerebral perfusion pressure 
(CPP) is abolished.

39.7.1  �Description of the Sonographic Patterns

The use of the TCD has allowed us to verify how the cessation of cerebral circula-
tion until brain death is a process that begins (especially in supratentorial pathology 
that occurs with endocranial hypertension) with a progressive decrease in the dia-
stolic blood flow velocity. This is followed by a separation of the diastolic wave (at 
the end of the diastole) and the systolic wave, an inversion of the diastolic blood 
flow velocity wave (reverberant flow), and a disappearance of the diastolic velocity 
wave with persistence only of the systolic spike (CPP ≈ zero) [14].
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39.7.1.1  �The Diastole-Systole Separation Blood Flow Pattern (Fig.39.1)

It is characterized by the absence of positive blood flow velocity (flow to the probe) 
at the end of the diastole. This pattern is the least frequent of the three patterns com-
patible with circulatory arrest, is usually of short duration, and represents the begin-
ning of the cessation of arterial circulation in the vessel examined.

39.7.1.2  �The Reverberant Blood Flow Pattern (Figs. 39.2, 39.3, and 39.4)

It is characterized by the presence of a retrograde blood flow velocity (moving away 
from the tube) in the diastolic period. It represents retrograde blood flow with no 
effective diastole (increased brain impedance) preventing adequate CPP. It is usu-
ally a pattern that precedes the isolated systolic spike pattern.

39.7.1.3  �The Systolic Spike Blood Flow Pattern (Fig. 39.5)

It is characterized by the existence of antegrade cerebral blood flow velocity (CBFV) 
(which is directed toward the probe) during the systolic phase, with the absence of 
diastolic blood flow velocity (end-diastolic volume (EDV)). (CPP ≈ zero). This pat-
tern represents the final hemodynamic stage of cerebral circulatory arrest.

Fig. 39.1  TCD of Middle 
cerebral artery (MCA): 
Diastole-systole blood flow 
velocity separation pattern
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Several hours, or days, after circulatory arrest is established, it is often impossi-
ble to insulate the arteries at the base of the skull in any period of the circulatory 
cycle. However, the absence of flow in a patient in whom flow had previously been 
recorded is considered by some groups to be a sonographic finding compatible with 
the diagnosis of brain death.

To complete the diagnosis of cerebral circulatory arrest, it is necessary that all 
intracranial vessels have one of the three blood flow velocity patterns compatible 
with circulatory arrest [15]. It is not necessary for the establishment of the diagnosis 
of circulatory arrest that all the sonographic patterns are similar in the insonated 
arteries.

There is no standard recording duration for each of the arteries, although some 
authors recommend a recording duration of 30 seconds. However, what is really 
important is that the blood pressure is normalized and the intracranial pressure sta-
bilized, avoiding recording during transient elevations of intracranial pressure [16].
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39.8  �Transcranial Doppler and Death by Neurological 
Criteria: Some Limitations

There are several situations that must be considered when using Transcranial 
Doppler as an ancillary test:

39.8.1  �Transient Cerebral Circulatory Arrest

Cerebral circulatory arrest is the pathophysiological result of an interaction between 
mean blood pressure (mean arterial pressure (MAP)) and intracranial pressure 
(ICP), variables that define CPP, in a closed compartment such as the skull. Under 
certain circumstances, for example, severe arterial hypotension or the presence of 
transient increases in intracranial pressure (Lundberg waves) [17, 18], a phenome-
non of transient cerebral circulatory arrest may occur, which can be demonstrated 
by means of Transcranial Doppler and which only shows the interrelationship 
between mean arterial pressure and pressure within the intracranial compartment, 
this being neither a situation of irreversible cerebral circulatory arrest nor a false 
positive of TCD in the diagnosis of brain death.

39.8.2  �Cerebral Circulatory Arrest Is Not Synonymous 
with Brain Death

It is important to note that no single instrumental test is sufficient, by itself, to estab-
lish the diagnosis of brain death. The absence of cerebral blood flow velocities and 
the absence of cerebral bioelectrical activity are phenomena intimately associated 
with brain death. However, none of these phenomena are synonymous with brain 
death. They must be supported by a complete clinical examination that explores and 
evidences the absence of brainstem activity. Currently, there is no instrumental test 
that is synonymous with brain death that can replace the clinical diagnosis used to 
establish the diagnosis of brain death.

39.8.3  �Patients with Primary Injury Limited to the Brain Stem

In some cases of patients in whom the neurological impairment is not face-flow, but 
ascending (the initial neurological damage occurs in the posterior fossa), it is pos-
sible to observe the persistence of blood flow velocities at the level of the anterior 

J. M. Domínguez Roldán et al.



671

circulation in patients who meet clinical criteria for brain death. This is due to the 
absence of intracranial hypertension in the supratentorial territory, and should not 
be interpreted as a false negative of ultrasound diagnosis but as an inadequate inter-
pretation and indication of the TCD; conceptually, when the concept of brainstem 
death is used it is not necessary to demonstrate the absence of supratentorial activity.

39.8.4  �Closed-Vault Defects

The existence of a defect in the skull (fractures, hemi-craniectomy, etc.) may cause 
the normal balance between intracranial and extracranial pressures to be modified; 
this may influence the results of the instrumental tests used for the diagnosis of 
brain death, especially those that indirectly explore the cerebral blood flow (or 
blood flow velocities), causing them to lose diagnostic accuracy.

Flowers et al. [19] determine as possible causes of persistent cerebral blood flow 
accompanying the situation of brain death:

	1.	 External or internal drains of the cerebrospinal fluid (CSF).
	2.	 Decompressive craniectomies.
	3.	 Large fractures of the base of the skull.
	4.	 In children, the existence of open fontanelles.

Therefore, in these circumstances the use of tests that attempt to estimate brain 
blood flow, such as TCD by blood flow velocities’ measurement, may determine a 
false negative result for the diagnosis of brain death and the diagnosis of brain death 
should not be excluded. Ancillary tests that measure other physiological variables 
associated with brain death, such as brain electrical activity, are suggested [10, 20].

39.9  �TCD and DNC: Technical Difficulties

There are some clinical situations in which TCD insonation for the diagnosis of 
brain death is especially difficult:

39.9.1  �Elderly Women

In this cohort of patients, in addition to the difficulties inherent in insonation for 
brain death, there is also the difficulty of finding an appropriate acoustic window, in 
the general population, there will be 15–20% of patients who will not have an ade-
quate transtemporal acoustic window.
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39.9.2  �Inadequate Hemodynamic and Intracranial Conditions

For reliable TCD insonation, optimization of the patient’s blood pressure and intra-
cranial pressure is important. A TCD study to complement the brain death study 
should not be performed if the patient does not have an optimized systemic blood 
pressure.

It is also important to avoid performing studies during transitory elevations of 
intracranial pressure (Lundberg waves), since with these it is possible to have a 
transitory cerebral circulatory arrest in the cerebral artery with reversible cessation 
of cerebral blood flow velocities.

39.10  �TCD and DNC: Technical Issues to Consider

When performing TCD for the support of diagnosis of brain death, in addition to the 
limitations mentioned above, certain technical aspects of the equipment used should 
be taken into account that will not only facilitate insonation but also increase the 
diagnostic accuracy of the technique.

39.10.1  �Filter Control

When a TCD is performed in order to establish the persistence or absence of dia-
stolic blood flow velocity, a key element in the diagnosis of cerebral circulatory 
arrest, it is important to avoid the existence of a phenomenon such as signal hyper-
filtration. When high filter levels are used, it is possible not to detect the existence 
of the diastolic blood flow (in the case that it is low) because it is masked by the 
filtering of the equipment.

39.10.2  �Optimization of the Power Ultrasound Beam

During the diagnosis of brain death by TCD, it is important to increase the diagnos-
tic sensitivity of the test to the maximum. To do this, and especially in those patients 
with a difficult acoustic window, it is advisable to increase the power of the ultra-
sound beam during the first phase of the test until the sonographic location of the 
artery is made, and the power can be decreased once the artery is located, and until 
the best quality of insonation is achieved.

J. M. Domínguez Roldán et al.



673

39.10.3  �Orbital Acoustic Window

In cases where it is impossible to sound the arteries of the anterior circulation 
through the temporal window, the use of the orbital window is suggested in order to 
establish the absence of blood flow velocities at the level of the carotid artery [21, 
22]. To do this, the standardized rules for insonation of the carotid artery through 
this acoustic window must be followed, and the optimization of the sample volume 
is important in order to isolate, from a sonographic point of view, the different sec-
tions of the carotid siphon. The absence of telediastolic blood flow velocity at the 
level of both carotid siphons suggests the absence of blood flow in anterior 
circulation.

39.11  �Transcranial Doppler in the Diagnosis of Brain 
Death: Evidence

According to the Task Force Group on Cerebral Death of the Neurosonology 
Research Group of the World Federation of Neurology, transcranial Doppler is a 
reliable method for the diagnosis of brain death [15].

The transcranial Doppler technique has been used for the diagnosis of brain 
death for more than 20 years [23]. In general, the sensitivity and specificity of the 
technique for brain death ranges from 91 to 100% and 97 to 100%, respectively 
[24–27].

In a systematic review of 859 patients [28] (56.1% of whom had confirmed brain 
death using clinical criteria), the diagnostic sensitivity of transcranial Doppler was 
0.90 (95% CI.0.87–0.92) and the overall specificity was 0.98 (95% CI.0.96–0.99).

39.12  �Transcranial Doppler in the Diagnosis of Brain Death: 
Advantages and Disadvantages

The use of TCD in the diagnosis of brain death has advantages and disadvantages 
over other techniques used for the same purpose.

39.12.1  �Advantages

	1.	 It is performed at the patient’s bedside. Transcranial Doppler devices are 
portable.

	2.	 The TCD shows the cerebral circulatory arrest as a process. It is not uncommon 
to observe asynchronies in cerebral circulatory arrest in different intracranial 
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territories. It is possible to see circulatory arrest in one hemisphere, without it 
having yet been completed in the contralateral; or circulatory arrest in supraten-
torial territory [29], without it having yet manifested itself in infratentorial 
territory.

In either case, it should be taken into account that to complete the diagnosis of 
brain death, by this auxiliary test, the absence of circulation in all intracranial arte-
rial territories must be confirmed.

	3.	 It is a technique of simple interpretation. It is sufficient to observe the absence of 
telediastolic blood flow velocity in all intracranial territories (presence of some 
of the three sonographic patterns compatible with absence of blood flow 
velocity).

	4.	 It is a technique of easy replication. The technique can be performed repeatedly 
without the need to mobilize the patient outside the intensive care unit (ICU).

	5.	 Blood flow velocity rate measurements per se with the TCD are not interfered by 
central nervous system depressant drugs.

39.12.2  �Disadvantages

	1.	 Possible existence of blood flow velocity rates by TCD in patients who are in a 
situation of brain death; that is to say, a “false negative” for the diagnosis of brain 
death. This may occur in cases of absence of cranial hermetism due to decom-
pressive craniectomies, external or internal drainage of the cerebrospinal fluid, 
or large base fractures of the skull. These potential disadvantages are shared with 
other instrumental tests that analyze cerebral blood flow in similar 
circumstances.

	2.	 The absence of acoustic window. This is especially possible in older female 
patients, or in any patient where several days have elapsed since the cessation of 
intracranial arterial circulation. The use of the orbital window for carotid siphon 
insonation [21] may be a suitable option to overcome this problem when anterior 
circulation cannot be insonated through the transtemporal window.

	3.	 Dependence on the operator technique. There are no significant differences in 
sonographic findings between two operators adequately trained in TCD.

39.13  �Conclusion

Transcranial Doppler is an extraordinarily useful technique to support the diagnosis 
of Death by Neurological Criteria (DNC). As other diagnostic techniques, it requires 
adequate operator training to be performed correctly.

In order to know the usefulness of the technique, its indication must be clearly 
established, and it must be fundamentally used in the diagnosis of brain death when 
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the concept of whole brain death is being used. An adequate physiopathological 
knowledge of the intracranial phenomena associated with whole brain death helps 
to understand the sonographic expression of the circulatory arrest that accompanies 
brain death.

�Algorithm

Intensive Care Unit (ICU)

Clinical Status of the Patient
ABCD
Level of Consciousness (GCS)?
Bilateral Pupillary reactivity?
Hemodynamic Stability?
Oxygenation?
Non-contrast Brain CT-scan ?

DIAGNOSIS DNC CONFIRMED

Brainstem Death

YES
SUSPECT

DEATH BY NEUROLOGICAL CRITERIA

PREREQUISITES
Coma

Irreversible and Structural Brain Injury CLINICAL EXAMINATION NO
Brain Imaging explains the state APNEA TEST

Stable ICP Brainstem Reflex Activity ? 
Non sedative Drugs / Non NMB agents

Non spontaneous respirations

Stable ABP YES
No-hypothermian WHOLE BRAIN DEATH

OR

REPEAT NON-DIAGNOSIS ABORTED APNEA TEST
Clinical Exam / Apnea Test DNC OR

NON CLINICAL EXAM

EEG YES CLOSED-VAULT

DEFECT ANCILLARY TEST

CCA NO

Transcranial Doppler (TCD)
Transcranial Color-Coded duplex Sonography (TCCS)

Select Probe (Transducer): Low Frequency (2MHz)
Transtemporal Acoustic Window Suboccipital Acoustic Window

Artery: MCA Artery: BA
Depth: 45 – 65 mm Depth: 70 – 100 mm

TCD/TCCS: Technical Issues
Filter Control Optimize the Power US Beam

FLOW PATTERNS
Diastole – Systole Separation blood flow

Reverberant blood flow
Systolic Spikes blood flow  

ABCD  Airway-Breathing-Circulation-Disability, ABP Arterial blood pressure, 
EEG:   Electroencephalogram, ICP Intracranial pressure, NMB Neuromuscular blockers, CCA 
Cerebral circulatory arrest, MCA Middle cerebral artery, BA Basilar artery, US Ultrasound
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