Transcranial Doppler in brain death assessment

Perspective and implications in the Saudi Arabian health system
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Transcranial Doppler is a non-invasive, non-
ionizing ultrasound-based imaging modality that
is inexpensive with a short learning curve. It can
be performed and interpreted at the bedside. This
review explores the value of the transcranial Doppler
technique as a confirmatory tool for brain death. The
early confirmation of brain death enables the treating
physicians in early decision-making and family
counseling toward better care approaches, including
the option of organ donation for transplantation at
the appropriate time. We recommend this modality
be incorporated as part of the brain death criteria in
the Saudi Arabian health care system guidelines and
utilized in different tiers of our hospital system.
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W‘lth the improvement and refinement of critical
care medicine and care of trauma victims,
there are compelling ethical and practical reasons
for physicians to be acquainted with the criteria of
brain death and apply them precisely. This is for the
most part due to the fact that our aggressive medical
management of patients in critical conditions tends to
be preferentially protective of the organ systems other
than the brain. The determination of brain death has
assumed its importance for the dramatic alteration it
implies in the care of our patients, and the overwhelming
need for organ donations for transplantation.'” Many
families would probably benefit from a short period of
time to accept the sudden tragedy and cope with the
hopelessness of the situation prior to being introduced
to the idea of organ donation.*> They may need this
opportunity also to develop trust in their physician and
their diagnosis.

Brain death as a concept was first introduced in
1959 with the term coma “depasse” (beyond coma) that
was reappraised as “irreversible cessation of all functions
of the entire brain.”®” The assessment of brain death
starts by excluding factors that may alter consciousness
such as; temperature changes, O2 desaturation,
blood pressure changes, electrolyte disorders, and
intoxication.*” Brainstem assessment as represented
by pupillary, corneal, and oculocephalic reflexes,
and corticospinal motor response assessment must
be performed."” If these examinations are suggestive
of brain death, then the more aggressive caloric and
apnea testing are performed. The evaluation of brain
death is highly variable among different institutions
and bodies of practice."*”!" The key clinical elements
of brain stem reflexes and apnea testing are dependant
on the expertise of the evaluating physician and the
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allied health professionals involved in performing the
tests, and on the general clinical status, and the values
of the biochemical tests of each patient, in addition to
the significant hemodynamic risks associated with the
apnea test.'?

The protocols and logistics of repeat testing vary
worldwide, reflecting the cultural and religious
predispositions of different regions as well as the
variability in the medical technology available in each
medical system.”!¢ International bodies of neurology
and critical care medicine recognize, in order to minimize
false positive brain death diagnoses, that a repeat brain
death assessment is required for confirmation.'”'8
Recent reports argue against repeat testing because of its
lack of added confirmatory benefits, with the significant
potential for patient hemodynamic deterioration that
could lead to loss of organ preservation for donation.'”"

Confirmatory testing in brain death. To be able
to confirm the clinical assessment of brain death,
several ancillary tests are suggested for confirmation
of brain death.*?! The available confirmatory tools
for evaluation are either difficult to interpret at the
bed side due to confounding factors, or not readily
available at every medical institution.” These include
electroencephalography, CT with stable xenon, MR
spectroscopy, positron emission tomography, 3D CT
angiography, somatosensory evoked potentials, and
brain stem auditory evoked potentials, and ultimately
digital subtraction angiography.

An EEG can be obtained at the bedside with
minimal risk to the patient, and may be instrumental
in evaluating the overall cortical activity supporting the
diagnosis of brain death. The new and improved units
offer mobility to this test, combined with experienced
and dedicated neurologists who are vital in confirming
the diagnosis. Brain death confirmed by documenting
the absence of electrical activity during at least 30
minutes of recording with a minimum sensitivity
of at least 2 microvolt/mm is the minimal technical
criteria for EEG recording in suspected brain death
as adopted by the American Electroencephalographic
Society, including 16-channel EEG instruments.” It
is important to recognize that EEG assesses cortical
electrical discharges and does not assess brainstem
function, and it might still show activity when patients
meet the clinical criteria of brain death. To overcome
this pitfall, somatosensory evoked potentials were
used in combination with brain stem auditory evoked
potentials and were found to be helpful in the evaluation
of comatose patients. Median somatosensory evoked
potential involves the stimulation of the median nerve
distally with recording electrodes along the sensory
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pathway at: the Erb point overlying the brachial plexus,
at the second cervical vertebra posteriorly where gracile
and cuneatus nuclei are, and on the scalp overlying
the parietal lobe contralateral to the stimulated limb.
Recorded waves are P9, N13, N20/P22 sequentially.
Brain death is confirmed by bilateral absence of the
N20-P22 response.* Although cerebral electrical
activity precludes the diagnosis of brain death, cerebral
electrographic silence does not exclude reversible coma,
such as from intoxication or hypothermia, which has to
be diligently ruled out by the evaluating team.

Other neuroimaging tests include CT angiography
and CT perfusion,” MRI and MR angiography, and
more recently the MR diffusion-weighted imaging.?¢2*
However, the utilization of these imaging modalities is
hindered by the cumbersome setup required to transfer
a critically-ill patient to the imaging scanner and back,
in addition to the high startup cost, which limits the
widespread use of these tests in the diagnosis of brain
death. Cerebral angiography is considered the gold
standard test for confirmation of brain death; however,
it has not gained popularity because of the risks
associated with it; namely, the risk of contrast-induced
renal failure and the theoretical risk of interference with
residual brain function.>*?!

Transcranial Doppler in brain death determination
in the Saudi health system. In the Saudi Arabian health
system, the potential for organ donation exists, but
one of the major impediments is the lack of ability
to confirm brain death due to complexity of the
logistics to conduct such assessment. In a recent report,
Aldawood et al** reported the protocol of determination
of brain death in a tertiary care center in Saudi Arabia.
In their report, they presented the criteria of brain
death, including 2 brain death assessments at least 6
hours apart, and they relied on EEG, brain nuclear scan
or digital subtraction angiography as their ancillary
tests without the implementation of the non-invasive
transcranial Doppler in their study. This fact reflects the
current practice in brain death assessment in leading
medical centers in Saudi Arabia.

Transcranial Doppler (TCD) application is non-
invasive, and a simple method of evaluating the
cerebrovascular circulation.*®* It is an ultrasound-
based technology that measures blood flow velocity
in the major intracranial arteries. This technique uses
a low frequency ultrasonic signal with the ability to
penetrate the acoustic windows of the skull within
the thin temporal bone squama.’**” In TCD, spectral
analysis of the reflected ultrasound signal uses the
Doppler shift principle to calculate the velocity of
intracranial blood flow. The TCD has the advantage
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of being a safe examination with no contrast material
or ionizing radiation. Furthermore, it is portable and
may be performed in the emergency room, intensive
care unit, wards, radiology department, and even in the
operating room. The TCD has proven to have a short
learning curve. This combined with the relatively lower
purchase and operation costs, make it an ideal test to
incorporate on a large scale among different tiers of
health care facilities. One of the drawbacks of TCD is
being operator-dependant. This can greatly influence
the interpretation of the examination through faulty
identification of vessels or lack of accurate interpretation
and identification of Doppler patters. This is important
for interpretation when we consider the confounding
effect of age, PaCO,, and cardiac output as well as the
angle of insonation on the interpretations of the TCD
velocity and patterns. Another difficuley with TCD
is the lack of insonation window in 10-15% of the
population due to thickened temporal bones obscuring
the acoustic windows and hindering the TCD.?”*® The
Therapeutic and Technology Assessment Subcommittee
of the American Academy of Neurology established
that TCD is of value in detecting severe stenosis with
simultaneous assessment of the patterns and extent of
collateral circulation, in monitoring for vasospasm after
subarachnoid hemorrhage, and detecting arteriovenous
malformation, and studying their feeding arteries and
flow patterns as well as its utilization in brain death
assessment.” Recent reports have addressed TCD as a
promising and reliable test in brain death, but TCD
has yet to be included in the routine criteria for brain
death evaluation.*”** We conducted a prospective
study to evaluate the current use and the specificity
and sensitivity of transcranial Doppler in confirming
brain death.”’ In patients who are diagnosed clinically
to be brain dead, 90% of them had characteristic high-
resistance to-and-fro waveform abnormality in their
TCDs.

Studies have demonstrated a characteristic pattern
of blood flow velocity on TCD in patients with
increased intracranial pressure who are clinically brain
dead, including systolic spikes, to-and-fro pattern,
reverberating, and flat Doppler spectrum with no
signal on serial examination previously detecting flow
patterns.>** Measurements are easily performed at the
bedside and can be repeated or continuously monitored
(using dedicated head-holding systems) to follow up the
trend of the tracing of the TCD. This proves valuable in
cases where the clinical exam does not conform to the
rest of the biochemical and neuroimaging workup, as in
the case of intoxication or hypothermia.
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Given its versatility and practical discriminatory
specificity, we recommend the incorporation of the TCD
as a non-invasive and informative test for the diagnosis
of brain death. Given our vast country and complex
referral patterns, we recommend the training of critical
care physicians in secondary and tertiary care facilities
on the performance and interpretation of TCD’s to
better identify patients in whom escalation of therapy
is detrimental, yet are candidates for organ donation.
This practice paradigm shift will facilitate the process of
family discussion towards organ donation in an efficient
and expedient manner and prove of great benefit to our
health care system. If widely implemented in the Saudi
medical centers, this would allow for early prediction of
case outcome. In a well-organized clinical protocol, this
would enable the reliable confirmation of brain death
assessment, providing valuable information to the brain
dead-patients’ relatives and expedite communication
with the Saudi center for organ transplant for possible
organ donation.

In conclusion, the use of transcranial Doppler in
the ancillary testing for brain death confirmation is a
promising tool that fits the needs and setup in the health
care system in Saudi Arabia. Widespread implementation
would allow for better family discussions regarding
critical issues such as organ donation and allocation of
health care resources.
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