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Acute stroke results in unstable cerebral blood circulation and a brain in crisis. Should we
be satisfied with a snapshot X-ray image on admission, or do we also need to monitor
cerebral blood circulation over time?
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Illustration: Lisbéth Moen

When patients with symptoms of acute cerebral infarction or cerebral haemorrhage arrive
at a hospital, CT or MRI diagnostic radiological imaging is performed immediately to
ensure the correct acute treatment. When the patient subsequently arrives at the stroke
ICU, abundant information is available on the arteries, blood circulation in the brain and
brain tissue. However, stroke monitoring has traditionally been limited to monitoring
support functions such as heart function, blood pressure, oxygen saturation, temperature,
blood sugar and fluid balance, while cerebral circulation is not systematically monitored.
The basis for further treatment therefore consists of a pathophysiological status on
admission, but little or no information on vascular developments through the following
critical hours.

Transcranial ultrasound

Transcranial ultrasound is a non-invasive method of bedside monitoring of cerebral
circulation (1-3). Repeated duplex scans or continuous Doppler monitoring enable
pathophysiological monitoring over time, which in practice cannot be done with CT or
MRI. Ultrasound examinations can be adapted to the patient’s disease and the severity of
the disease.

The examination starts with a transcranial duplex scan, which shows colour-coded blood
flow through the arteries, while a Doppler curve shows flow velocities and haemodynamics.
This scan is repeated as needed. Continuous transcranial Doppler monitoring with
bilaterally or unilaterally fixed ultrasound probes (on a headband) yields a continuous
Doppler curve which reflects haemodynamic changes, such as recanalisation and
reocclusion (4, 5).

Cerebral infarction

Intravenous thrombolysis in the event of arterial occlusions results in extensive
recanalisation, haemodynamic normalisation and clinical improvement. However, the
condition is unstable, and around 10 % of patients experience early clinical deterioration.
Haemodynamic factors play a key part here, but in most cases the cause remains
undetermined (6). Around 30 % of patients with confirmed early recanalisation may
experience reocclusion with haemodynamic crisis and clinical deterioration (7, 8). With
Doppler monitoring, it is possible to follow the degree of recanalisation and any
reocclusion in real time over a period of hours. Although approved guidelines state that
platelet inhibitors are contraindicated for the first 24 hours after thrombolysis, Doppler
findings may strengthen the indication for early antithrombotic therapy. Case reports
indicate that repeated intravenous thrombolysis may also be safe in cases of clinical
deterioration in the initial hours following the first dose (9g).
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As arule, intra-arterial thrombectomy results in good recanalisation, but not always in
adequate tissue perfusion (the no reflow phenomenon). Nor is recanalisation always
unproblematic, and it may result in cerebral hyperperfusion syndrome, with haemorrhagic
complications, cerebral oedema, infarct growth and clinical deterioration. Clinical
symptoms are often delayed and unclear in cerebral infarction. Early haemodynamic
information in the initial hours is therefore crucial (10). Doppler monitoring may reveal
such haemodynamic changes, and prompt rational treatment.

A precerebral occlusion results in focally reduced blood flow, but the degree of perfusion
failure and risk of cerebral ischaemia depend on the collateral circulation. A transcranial
Doppler scan can show whether the circle of Willis is functionally intact as central
collaterals, and whether there is flow diversion to leptomeningeal peripheral collaterals
(11). The degree of collateral circulation has a bearing on the intensity of blood pressure
therapy.

Ultrasonography can be used for continuous general bedside monitoring, can be used
frequently and does not cause patient stress

In cases of precerebral occlusion and reduced cerebral perfusion, the degree of residual
capacity for vasodilatation (autoregulation) may be crucial. Doppler velocity measurement
in proximal artery segments during dilatation of peripheral artery segments with the aid of
intravenous acetazolamide injection (Diamox test) yields answers about the degree of lost
dilatation capacity (vasoreactivity) (12). In the absence of vasomotor reactivity, cerebral
perfusion is passively dependent on systemic blood pressure, and the blood pressure must
therefore not be lowered.

Acute cerebral infarction is generally due to thromboembolism, but the origin of the
embolus is unknown. Doppler monitoring is the only means of registering circulating
microemboli in vivo (13). Ongoing embolisation occurs most frequently immediately after
the cerebral infarct, and the examination should therefore be conducted as early as possible
(14,15). Bilateral emboli indicate a cardiac or systemic source, while unilateral emboli point
to a carotid stenosis. Detection of microemboli is thus of significance both for the choice of
antithrombotic therapy and for treatment intensity.

Cerebral haemorrhage

In cerebral haemorrhage, an initially growing haematoma volume leads to increasing
cerebral injury. There is very close correspondence between transcranial duplex scans of the
volume of bleeding and CT scans, and repeated duplex scans provide satisfactory
information about early haematoma growth and midline displacement (16, 17). The
information has prognostic significance and may provide a basis for attempting
haemostatic treatment or intensified blood pressure treatment.

Vasospasm and subsequent ischaemic brain damage are uncommon in primary cerebral
haemorrhage, but frequent when there is also intraventricular haemorrhage (18, 19). The
ventricles communicate with the subarachnoidal space, and a very unstable condition can
develop, as with primary subarachnoidal haemorrhage. Neurosurgical monitoring here
encompasses repeated ultrasound scans to pick up signs of increasing vasospasm and to
guide nimodipine therapy (20, 21). In a stroke unit, patients with cerebral haemorrhage and
intraventricular blood should be offered similar ultrasound monitoring to avoid possible
additional ischaemic injury to the brain.

Monitor the brain with ultrasound

Acute neurovascular disease can be life-threatening, and immediate intensive monitoring
and treatment is necessary. Milder cases are not necessarily life-threatening, but cerebral
circulation is always unstable and brain function is always threatened. In the early hours,
repeated radiological scans would be desirable. However, CT has limitations because of the

Transcranial ultrasound monitoring in acute stroke | Tidsskrift for Den norske legeforening



radiation and contrast medium burden, MRI is usually not available at short notice and
both CT and MRI involve moving patients. Radiological methods therefore do not lend
themselves to monitoring. By way of comparison, ultrasonography can be used for
continuous general bedside monitoring, it can be used frequently and does not cause
patient stress. In an acute situation with rapid pathophysiological changes, transcranial
diagnostic ultrasound may, however, be difficult. Diagnostic workup presupposes correct
measuring methods and a thorough knowledge of neurovascular anatomy and physiology.
The end product is a spectral pulse curve and physiological flow variables that must be
interpreted. These are probably some of the reasons why relatively few clinicians really
master the method, and why many remain sceptical regarding the value of the test (22).

Clinical neurosonology is criticised for being very operator-dependent. The criticism
underscores the need for systematic training to be incorporated into daily clinical practice
and in theoretical education (23, 24). Ultrasound results are open to interpretation, but in
combination with information from initial CT/MRI and a pathophysiological
understanding of the complexity of vascular neurology, the results provide support for
therapeutic decisions and prognostic assessments. In experienced hands, the methods
provide practical useful information about and for the patient over time.

In our experience from the Norwegian Stroke Association, clinical neurosonology and
transcranial ultrasound monitoring are not widely used in Norway. It is time to upgrade
Norwegian stroke units to assume greater responsibility for the first critical hours of stroke.
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