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Transcranial Sonographic Monitoring during
Thrombolytic Therapy

Manfred Kaps and Andreas Link
Summary: Two patients with acute occlusion of the middle
cerebral artery (MCA) were treated with intravenous alte-
plase. Neurovascular monitoring, which was performed si-
multaneously via transcranial sonography, enabled precise
documentation of MCA recanalization. This information
was used to tailor the dosage and duration of alteplase
treatment. Sonographic information concerning the arte-
rial segments involved in the occlusive process, the actual
hemodynamic status, and the collateral blood supply may
help to identify those patients most likely to benefit from
thrombolysis.

The effectiveness of thrombolytic therapy in the
treatment of cerebral stroke was demonstrated in a
study conducted by the National Institute of Neuro-
logical Disorders and Stroke (NINDS) when alteplase
(rTPA) was given early, within 3 hours of stroke onset
(1). However, in another investigation, carried out by
the European Acute Stoke Study (ECASS), alteplase
(1.1. mg/kg body weight) given intravenously within 6
hours of stroke onset improved neurologic outcome
in a particular subgroup of patients but failed to prove
efficacious when the study population was considered
as a whole (2). The line demarcating the risks and
benefits of thrombolytic therapy is therefore narrow
and, in any case, remains to be established for alte-
plase treatment administered later than 3 hours after
stroke onset.

Complete occlusion of the cervical internal carotid
artery by in situ thrombosis appears to be more resis-
tant to thrombolysis than do occlusions of the stem
and major branches of the cerebral artery (3). There-
fore, assessment of patients’ potential to benefit from
treatment in terms of their particular occlusion pat-
terns should provide better information as to the
applicability of thrombolysis.

The actual hemodynamic state is one of the prin-
cipal determinants of the pathophysiological condi-
tion in patients with acute stroke, and is an early
predictor of outcome. The specific methods used for
neurovascular imaging depend on the equipment
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available in any given institution. Although angiogra-
phy, magnetic resonance (MR) angiography, perfu-
sion, and spiral computed tomography (CT) have
been widely recommended, neurosonologic methods
have rarely been advocated (4). Transcranial Doppler
sonography (TCD) has proved valuable for the as-
sessment of a number of clinical conditions, such as
cerebral vasospasm, middle cerebral artery (MCA)
stenosis, occlusion, and arteriovenous malformations
(5). A number of other potential uses are currently
under investigation (6, 7). The advent of echogenic
contrast agents will no doubt alleviate problems aris-
ing from sonographic attenuation by the skull, which
is currently the most limiting factor for TCD diagno-
sis. Although TCD was recommended as an option in
the ECASS trial (2), Doppler monitoring was per-
formed in only 0.3% of the randomized patients (8).

We believe the case reports documented here es-
tablish the feasibility of hemodynamic monitoring,
and we hope they will encourage the use of TCD in
the monitoring of thrombolytic therapy.

Case Reports

Case 1
A 62-year-old man was admitted after experiencing a tran-

sient right-sided hemiparesis, which lasted approximately 15
minutes. Initial neurologic examination revealed no abnormal-
ities. Three hours later, he suddenly suffered a severe left-sided
hemiplegia with gaze deviation to the right and hemineglect
with a National Institute of Health Stroke Scale score (9) of 14.
Electrocardiography arterial fibrillation, suggesting cardiac
embolism as the underlying mechanism for the stroke. The
initial CT scan showed no sign of an early stroke; however,
angiography, which was performed 90 minutes after stroke
onset, revealed a main-stem occlusion of the MCA (Fig 1A).

In accordance with ECASS protocol (2), systemic thrombol-
ysis was started immediately with a bolus of 9 mg of alteplase,
after which continuous infusion was administered for a total
dose of 1.1 mg/kg body weight (maximum, 90 mg) over 60
minutes. The patient was referred from the radiology depart-
ment to an intensive care unit in order to monitor the ongoing
thrombolysis noninvasively via transcranial color duplex sonog-
raphy (TCCS) (2 MHz sector transducer; Sonos 2500, Hewlett-
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FIG 1. A, Angiogram shows occlusion of the right MCA main stem 90 minutes after stroke onset.
B, Photograph shows subcutaneous ecchymosis during thrombolysis at a dose of 40 mg alteplase.
C, Axial TCCS view shows the circle of Willis and recanalization of the MCA (arrow). Doppler spectrum obtained from the MCA

segment shows no abnormalities (flow velocity: systole 54 m/s, diastole 22 m/s).
FIG 2. A, Faint TCD signal with reduced systolic and diastolic blood flow velocity in
the left MCA before thrombolysis.

B, Online monitoring: abrupt increase of blood flow velocity within one heart cycle
(arrow) indicates recanalization.

C, Restored blood flow after clot lysis.
Packard, Andover, Mass). After a total dose of 40 mg of
intravenous alteplase was administered, ecchymosis occurred
at the upper extremities (Fig 1B) and blood extravasated out of
the urethral catheter and stomach tube. At that time, TCCS
showed no sign of hemorrhage in the brain parenchyma.

Recanalization of the MCA was observable by TCCS after a
total dose of 50 mg alteplase (Fig 1C). The Doppler velocity
spectrum revealed normal hemodynamics in the recanalized
MCA; postischemic hyperperfusion did not occur. It was there-
fore possible to finish thrombolysis 30 minutes earlier than had
initially been calculated; that is, when an accumulated dose of
only 50 mg (instead of 90 mg) alteplase had been given. Re-
covery from hemiplegia ensued within a few minutes after the
cessation of alteplase treatment.

The only persistent neurologic deficit was a mild paresis of
the left arm with hyperactive tendon reflexes, which produced
a score of 55 on the Scandinavian Stroke Scale (10). A CT scan
showed no sign of hemorrhage. As a result of the extracerebral
bleeding, low-dose heparin was administered for 2 days, and
appropriate anticoagulation was initiated thereafter to ensure
secondary prevention of arterial fibrillation.

Case 2
A 56-year-old man suffered an acute right-sided hemiparesis

and sensorimotor aphasia (NIHSS score of 9). Doppler exam-
ination 3 hours after stroke onset revealed a severe stenosis
(classified as 81% to 90% by Steinke et al [11]) at the origin of
the left internal carotid artery. Peak and diastolic blood flow
velocity in the left MCA main stem were markedly reduced
(Fig 2A), indicating hemodynamic blockage in the MCA vas-
cular territory.

Left anterior cerebral artery flow was in the antegrade di-
rection. The contralateral A1 segment and anterior communi-
cating artery contributed via crossflow to the augmented blood
flow velocity in the left anterior cerebral artery. Angiography
confirmed almost complete distal occlusion of the MCA, in
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which only one insular branch was spared. CT 2 hours after
stroke onset showed no significant anomalous findings.

Thrombolytic therapy was established intravenously while
TCD monitoring was enacted (2 MHz PW Doppler device TC
2000S; EME Überlingen, Germany) with a bolus of 10 mg
alteplase followed by delivery of 90 mg as a constant infusion
over a period of 120 minutes. After application of 90 mg
alteplase, a sudden increase in MCA blood flow velocity indi-
cated dissolution of the clot (Fig 2B and C). Normalization of
left MCA perfusion was paralleled by a decrease in blood flow
velocity in the contralateral A1 segment. Clinically, the patient
made a good recovery, and a neurologic examination 3 weeks
later revealed only slight weakness of the right arm without
aphasia (Scandinavian Stroke Scale score of 54). A CT scan
showed a small infarction of the basal ganglia in the territory of
the lenticulostriate arteries.

Discussion
Whether it is necessary to prove artery occlusion

before instituting thrombolytic therapy in the carotid
territory remains a subject of discussion. Opinions
range from “no need,” since even minor strokes ben-
efit from alteplase therapy, to more differentiated
approaches, in which the presence and site of artery
occlusion are considered. To widen the gap between
the risks and benefits of thrombolytic therapy, simple
and rapidly available tests have been suggested (12),
by which patients with carotid occlusions or no occlu-
sions at all could be excluded from consideration.

Sonography allows a rapid and reliable analysis of
hemodynamic status even in drowsy patients who are
unable to cooperate. Diagnosis is possible for internal
carotid artery occlusion, distal carotid T-occlusion,
MCA stenosis, and MCA occlusion (13, 14). It is par-
ticularly effective for the immediate identification of
stroke patients who have an unobstructed MCA (ap-
proximately 41%) (15) and normal hemodynamics.

Because the individual dose of alteplase needed for
recanalization cannot be predicted, sonography offers
the possibility of tailoring the thrombolytic proce-
dure. Only 56% of the precalculated alteplase dose
was needed to recanalize the MCA in our first pa-
tient, in whom infusion was maintained for only half
the time as that calculated and deemed necessary at
the beginning of treatment. The limited dosage had
clearly positive safety implications, since extracranial
bleeding complications had already developed. Intra-
cranial hemorrhage, which can also be monitored by
TCCS (16), was not observed.

Clot dissolution in the second study took place
abruptly, within one heart cycle, and hyperperfusion was
not observed. Patients with delayed or deferred recan-
alization and postischemic hyperperfusion have been
reported elsewhere (13). Sonographic monitoring offers
the unique opportunity to study the interactions among
dissolution, postischemic hyperperfusion, reperfusion
injury, and hemorrhagic complications, which are poorly
understood to date. Early collateral blood supply has
been proposed as a factor that may predict good clinical
outcome (17). Collateral activation along the ipsilateral
anterior and posterior cerebral artery before thrombol-
ysis together with normalization thereafter was shown in
our second patient.

The significance of our findings in terms of prog-
nosis remains to be determined in larger clinical stud-
ies. As with all investigative procedures, the true ben-
efit of TCD in thrombolysis will be defined by its
clinical context.
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