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Transcranial dopplers after cardiac arrest: Should we

ride this wave?

Check for
updates

Development of tools that allow assessment of individual physiology
as it evolves over time is a prerequisite for precision medicine in the
intensive care unit (ICU). Although non-invasive bedside measure-
ment of many parameters including oxygen saturation, arterial blood
pressure and cardiac output bedside monitors has existed for many
years, strategies for brain monitoring have lagged behind. This limits
clinicians’ ability to minimize secondary brain damage among patients
admitted to the ICU after cardiac arrest, brain trauma, stroke, and a
myriad of other acute neurological injuries. Transcranial doppler
sonography (TCD) has been used in neurocritical care for decades,
but research exploring its ability to interrogate the integrity of
cerebrovascular autoregulation or optimize individual cerebral perfu-
sion is comparatively recent. TCDs can be performed at the bedside
with little to no risk to patients and have a temporal resolution of ~5 ms.
Important to titration of care, TCDs allow measurement of key
parameters (cerebral blood flow velocity, pulsatility index [PI]) that
allow ongoing real-time assessments of patients’ autoregulatory
indices, intracranial pressure, compliance and cerebral blood flow
(CBF)." Prior studies of TCDs after cardiac arrest has been largely
limited to small cohorts with conflicting results.>” Given the potentially
transformative therapeutic implications of successfully harnessing
this tool, studies evaluating TCDs for predictive and prognostic
enrichment are urgently needed.

In this issue of Resuscitation, Rafi et al., explore the prognostic
value of TCD parameters to predict functional recovery after out-of-
hospital cardiac arrest (OHCA).% The work builds on a longstanding
and growing body of literature indicating cerebrovascular autoregu-
lation is variably right-shifted or absent for several days following
return of spontaneous circulation (ROSC).>'® The authors hypothe-
sized that the magnitude of this pathology, quantified using TCD-
derived estimates of cerebral vascular resistance, would reflect injury
severity and therefore influence outcome at hospital discharge. The
authors measured systolic and diastolic flow velocities (SFV and DFV)
within 12 h of intensive care unit admission, and calculated mean flow
velocity (MFV) and PI. They did not assesse autoregulatory index.
Their main finding was that a higher PI resulting from reduced DFV
predicted unfavorable outcome. This observation is consistent with
findings from previous TCD-based studies. ' A strength of this work
is the timeframe in which TCD values were obtained (26-464 min after
ROSC); it is the first report to identify the potential prognostic utility of
Pl and DFV this early post-arrest. If validated in larger studies, prompt
recognition of patients at risk for unfavorable outcome based on these
parameters may provide an opportunity for early intervention.

The interpretation of an elevated Pl is complex, yet crucial to
identifying future management strategies designed to improve
outcome. Pl values >1.19 are typically associated with increased
downstream cerebrovascular resistance (CVR), identifying potential
treatment targets that might attenuate this pathology directly, such as
nitric oxide or endothelin, or a potential need for blood pressure
augmentation to preserve CBF in the face of increased CVR."® Pl not
always inversely proportional to CVR — indeed, there are clinical
situations where Pl increases in the context of decreasing CVR and a
vasodilatory cascade e.g. during an intracranial hypertensive crisis
represented by an intracranial pressure plateau wave.'® This situation
would warrant a different management strategy than patients with high
flow velocities and low CVR (as observed in early post-arrest
hyperemia'”), or those with global cerebral hypoperfusion where
velocities may be driven primarily by low flow rather than primary
changes in resistance.

While these nuances may contribute to different strategies in
optimizing management between patients, they are also important
considerations within an individual post-arrest patient based upon the
timing at which the measurements are obtained. Compounding
differences in age, mechanism of cardiac arrest, insult duration, and
brain-region specificity (cortical, subcortical, thalamic), classic
preclinical cardiac arrest models and subsequent clinical data suggest
temporal variability in CBF: in most patients, there is an immediate
period of hyperemia, followed by a hypoperfusion stage with low CBF,
likely uncoupled from metabolic demand.'® 214151828 Thig ynder-
scores the need for future research to evaluate the prognostic value of
serial TCD measurements and their potential to inform targeted
management at different temporal stages.

TCD-parameters may complement other available neuromonitoring
tools such as intracranial pressure monitors and near-infrared
spectroscopy, both of which have also been used to successfully
interrogate CVR and autoregulation.?*° Unlike magnetic resonance
imaging, xenon/computerized tomographic imaging or other advanced
radiographic studies of CBF, TCDs are portable and easily performed in
serial measurements at the bedside. Unlike pressure monitoring, TCDs
are also non-invasive and their validity may be superior to near-infrared
spectroscopy.®! Unlike ultrasonographic measurement of optic nerve
sheath diameter or quantitative pupillometry,®>® both of which may
predict outcome after cardiac arrest, TCDs may reveal not only
prognostic data but also identify potentially treatable derangements in
CBF or CVR. Despite these advantages, translation to routine clinical
practice may be challenging. TCD interpretation and acquisition are
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operator dependent and require acoustic windows amenable to
insonation. The technique is further limited by its focality (TCDs are
typically acquired from the middle cerebral artery), which may not
adequately reflect heterogeneous regional variability in CBF and CVR
observed after cardiac arrest'®?%. Serial measurements are resource
intensive and can currently be obtained only intermittently. Real-time
data interpretation requires substantial bioinformatic infrastructure and
clinician expertise.

The complexity of cerebrovascular hemodynamics is humbling.
Even under normal conditions in a single patient, cerebrovascular
autoregulation and hemodynamics are spatiotemporally variable,
influenced by a network of neurogenic, myogenic, metabolic and
endothelial pathways, and modulated by an interplay between
genetics and environmental influences. This complexity is amplified
after devastating injuries like cardiac arrest. Development and
validation of accurate, non-invasive proxies for CBF, resistance,
and autoregulation such as the TCD parameters identified by this
study, are incremental but essential foundational steps towards
understanding underlying pathophysiology and targeting manage-
ment to improve patient-outcomes.
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