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BRAIN DEATH IS THE IRREVERSIBLE LOSS OF FUNCTION 
OF THE ENTIRE BRAIN INCLUDING THE BRAIN STEM 

Conventional Confirmatory Tests:
EEG, CEREBRAL AGF, BRAIN SCINTIGRAPHY 

LOGISTICAL PROBLEMS

TCD evaluation is used in several countries as 
a confirmatory test to assess CBF arrest



DISADVANTAGES OF CONVENTIONAL 
CONFIRMATORY TESTS

EEGCEREBRAL AGF
BRAIN SCINTIGRAPHY

Commonly require the 
transportation of critic
patients

Unreliable in patients
treated with sedative drugs

Expensive

Time consuming because of 
the required setup time and 
strict technical standards

Invasive





TCD

IAW (8-9%)Repeatable as often as
needed

Bed-side performable

Inexpensive

Depends on the 
examiner’s experience
and skill

Difficult enviromental
conditions and outside
influences

Non-invasive

DISADVANTAGES ADVANTAGES





“Extracranial and intracranial Doppler Sonography are 
useful confirmatory tests to establish irreversibility of 
cerebral circulatory arrest as an optional part of brain death
protocol”

“Doppler-sonography is of special value when therapeutic
use of sedative drugs renders EEG unreliable”
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Copy right 2004 American Academy  of Neurology32

Summary of findings
Increased Intracranial Pressure (ICP) 
and Cerebral Circulatory Arrest 

Recommendation: TCD is a useful adjunct test for the 
evaluation of cerebral circulatory arrest associated with brain 
death (Type A, Class II evidence). 

Conventional 
angiography, EEG, 
clinical outcome

97-10091-100Cerebral 
Circulatory Arrest 
and Brain Death

REFERENCE 
STANDARD

SPECIFICITY 
(%)

SENSITIVITY 
(%)

INDICATION

*



�� SENSITIVITY  91-100 %
�� SPECIFICITY  97-100%

false positives due to:

Complete flow arrest  occurring shortly after 
cardiac arrest in the no reflow phase

Acute intracranial hypertension due to bleeding 
from an aneurysm that can be associated with
transient flow patterns similar to those in 
cerebral circulatory arrest

false negatives due to:

therapeutic decompressive 
craniotomy

ventricular derivation

infratentorial brain damage

severe cerebral atrophy



CPP = MABP - ICP

MABP

CVP

PATHOPHYSIOLOGY OF HEMODYNAMIC CHANGES 
POSSIBLY 
LEADING TO CEREBRAL CIRCULATORY
ARREST



Normale
Assenza di 
segnale

IRREVERSIBLE INTRACRANIAL 
CIRCULATORY ARREST
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VARIATIONS OF TCD PATTERNS OCCURRING AS INTRACRANIAL 
HYPERTENSION PROGRESSES TO BRAIN DEATH

normal diastolic
velocity

systolic
peaks no signalreverberating

flow
systolic
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“La vélocimètrie Doppler transcrânienne
n’a pas de valeur réglementaire pour le 
diagnostic de la ME. 

Cependant, non invasive et facilement
réalisée et répétée au lit du malade, elle

est prédictive de ME avec une spécificité de 
100% et une sensibilité de l’ordre de 90 % 
en visualisant l’arrêt circulatoire cérébral.”
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Decreto Ministeriale 22 agosto, 1994, n° 582

1. Children younger than one year old

2. The presence of concomitant factors (drug depressors of 
CNS, hypothermia, metabolic alterations, systemic
hypotension ) that can interfere on the clinical evaluation

3. Situations that do not allow a sure etiopathogenetic
diagnosis or the evaluation of brain-stem reflexes or the 
EEG recording
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National Council for Transplantation Italian
guidelines (2003) 

update April 11th 2008*

On the use of Confirmatory Tests for cerebral circulatory arrest in particular
situations for the diagnosis of brain death in patients with cerebral lesions. 
(Decreto Ministeriale 22 agosto, 1994, n° 582)
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�SOVRATENTORIAL BILATERAL  
EXAMINATION (through the temporal
acoustic windows)

� INFRATENTORIAL EXAMINATION 
(through the occipital acoustic window)

TRANSCRANIAL DOPPLER PROCEDURE 
FOR THE DIAGNOSIS OF CEREBRAL 

BLOOD FLOW ARREST



IN ORDER TO EXCLUDE CEREBRAL 

BLOOD FLOW TRANSIENT ARREST 

DUE TO HYPOTENSION, DURING THE 

TCD EXAMINATION, SYSTEMIC 

ARTERIAL BLOOD PRESSURE VALUES 

MUST ALWAYS BE CHECKED 

(SYSTOLIC VALUES HAVE TO BE > 70mmHg)



Arterial Hypotension
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1)Reverberating Flow

2) Systolic Spikes

3) No signal

Diagnostic TCD Patterns of cerebral 
circulatory arrest 



I.  I.  WhenWhen through through eacheach of the of the threethree acousticacoustic
windows the windows the signalsignal in at in at leastleast one one vesselvessel isis
detectabledetectable, , withwith one of the one of the patternspatterns describeddescribed at at 
pointpoint 1 or 21 or 2

3) No signal pattern is accepted
only in the two following cases:

II. II. WhenWhen, , duringduring a a previousprevious examinationexamination, , 
performedperformed byby the the samesame physicianphysician in the in the samesame
patientpatient, TCD , TCD signalsignal waswas detecteddetected in in basalbasal arteriesarteries



TCD PATTERNS OF BRAIN DEATH 
MUST BE DETECTED IN AT LEAST TWO 
EXAMINATIONS PERFORMED IN NOT 
LESS THAN THIRTY MINUTES ONE 
FROM THE OTHER

+



“Brain death is the principal requisite for the donation
of organs for transplantation”



CONCLUSIONSCONCLUSIONS

Time delay in the diagnosis of BD is one of the  main causes
for the relatively small number of organ donors

TCD is superior to conventional confirmatory tests in 
reducing the waiting time for a firm diagnosis of 

brain death
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