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ABSTRACT

BACKGROUND

Transcranial Doppler ultrasonography thatis aimed at residual obstructive intracranial
blood flow may help expose thrombi to tissue plasminogen activator (t-PA). Our objec-
tive was to determine whether ultrasonography can safely enhance the thrombolytic
activity of t-PA.

METHODS

We treated all patients who had acute ischemic stroke due to occlusion of the middle
cerebral artery with intravenous t-PA within three hours after the onset of symptoms.
The patients were randomly assigned to receive continuous 2-MHz transcranial Dop-
pler ultrasonography (the target group) or placebo (the control group). The primary
combined end point was complete recanalization as assessed by transcranial Doppler
ultrasonography or dramatic clinical recovery. Secondary end points included recovery
at 24 hours, a favorable outcome at three months, and death at three months.

RESULTS

A total 0f 126 patients were randomly assigned to receive continuous ultrasonography
(63 patients) or placebo (63 patients). Symptomatic intracerebral hemorrhage oc-
curred in three patients in the target group and in three in the control group. Complete
recanalization or dramatic clinical recovery within two hours after the administration
of a t-PA bolus occurred in 31 patients in the target group (49 percent), as compared
with 19 patients in the control group (30 percent; P=0.03). Twenty-four hours after
treatment of the patients eligible for follow-up, 24 in the target group (44 percent) and
21 in the control group (40 percent) had dramatic clinical recovery (P=0.7). At three
months, 22 of 53 patients in the target group who were eligible for follow-up analysis
(42 percent) and 14 of 49 in the control group (29 percent) had favorable outcomes
(as indicated by a score of 0 to 1 on the modified Rankin scale) (P=0.20).

CONCLUSIONS
In patients with acute ischemic stroke, continuous transcranial Doppler augments
t-PA-induced arterial recanalization, with a nonsignificant trend toward an increased
rate of recovery from stroke, as compared with placebo.
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ALF OF PATIENTS WHO HAVE HAD IS-
chemic stroke remain moderately or se-
verely disabled despite treatment with
intravenous tissue plasminogen activator (t-PA).*
Major reasons for incomplete recovery include a se-
vere initial ischemic insult and slow and incomplete
thrombolysis.?2 Successful thrombolysis depends
on the delivery of t-PA to the thrombus through re-
sidual blood flow around the arterial obstruction.*>
In experimental models, ultrasound has been
shown to facilitate the activity of fibrinolytic agents
within minutes of its exposure to a thrombus and
to blood that contains t-PA.%* The mechanisms
of ultrasound-enhanced thrombolysis include im-
proved drug transport, reversible alteration of
the fibrin structure, and increased binding of t-PA
to fibrin®**® when ultrasound frequencies rang-
ing from kilohertz to those used in diagnostic ul-
trasonography are used.*®** Although kilohertz
frequencies penetrate better with minimal heat-
ing,*>13 a combination of t-PA and an experimen-
tal kilohertz-delivery system resulted in an exces-
sive risk of intracerebral hemorrhage in patients
with stroke.'®1> Diagnostic 2-MHz transcranial
Doppler ultrasonography is routinely used in pa-
tients with stroke to obtain spectral velocity mea-
surements in intracranial arteries.*®*” Transcra-
nial Doppler can be aimed at the interface between
residual flow and the intracranial thrombus by de-
tecting abnormal wave forms.*®
In a pilot study, we had found that complete re-
canalization coupled with dramatic clinical recov-
ery from stroke occurred during transcranial Dop-
pler monitoring of blood flow after t-PA infusion®®
at rates that were higher than expected from stud-
ies of t-PA infusion alone.* We therefore performed
a randomized trial with a predetermined sample
size to evaluate rates of recanalization and clinical
recovery with intravenous t-PA administered with
or without continuous monitoring with transcra-
nial Doppler ultrasonography. Our hypothesis was
that continuous exposure to diagnostic ultrason-
ic waves would not result in an increased rate of
symptomatic intracerebral hemorrhage and that
such exposure might aid recanalization and clini-
cal recovery from ischemic stroke. The purpose of
this phase 2 trial was to determine the safety and
biologic activity of this method and to obtain an
estimate of the magnitude of the potential clinical
benefit in order to plan a subsequent phase 3 effi-
cacy trial.

METHODS

STUDY DESIGN

The Combined Lysis of Thrombus in Brain Ische-
mia Using Transcranial Ultrasound and Systemic
t-PA (CLOTBUST) trial was a phase 2, multicenter,
randomized clinical trial. Patients received stan-
dard intravenous t-PA therapy (i.e., 0.9 mg per ki-
logram of body weight [maximum, 90 mg], with
10 percent given as a bolus and 90 percent by con-
tinuous infusion). Therapy was initiated within
three hours of the onset of symptoms of stroke,
either with continuous monitoring with the use of
transcranial Doppler ultrasonography (the target
group) or with placebo monitoring (the control
group).

The treating physicians administered t-PA (pro-
vided by Genentech) according to published crite-
ria,” irrespective of the ultrasonographic findings.
Patients who were eligible for the CLOTBUST trial
also had evidence of obstructive residual flow in
the middle cerebral artery, as observed on trans-
cranial Doppler sonography before the t-PA bolus
was given. An experienced physician-sonographer,
who was not aware of the treatment assignment,
diagnosed these occlusions with the use of pre-
viously validated criteria, including the Throm-
bolysis in Brain Ischemia (TIBI) flow-grading sys-
tem.®2%21 (On the TIBI scale, acute occlusions
can present with absent, minimal, blunted, or
dampened residual-flow wave forms.) Before the
initiation of the study at each site, sonographers
completed a computerized tutorial and passed
(290 percent of the questions answered correctly)
avalidated multiple-choice examination on the in-
terpretation of TIBI wave forms. In a prospective,
multicenter validation study, our criteria for the
detection of occlusions of the middle cerebral ar-
tery by transcranial Doppler ultrasonography had
a rate of accuracy of greater than 90 percent, as
compared with the results of invasive angiogra-
phy.?? We used an insonation depth of 45 mm or
more with the transcranial Doppler equipment for
the identification of presumed proximal (i.e., M,)
occlusions of the middle cerebral artery and
depths of 30 to 45 mm for presumed distal (i.e.,
M,) occlusions. Eligible patients had abnormal
flow through the middle cerebral artery, with a
grade of 0, 1, 2, or 3 on the TIBI scale (a grade of 5
indicates complete recanalization), before the ad-
ministration of a t-PA bolus.
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STUDY PROTOCOL

Approval was obtained from the institutional re-
view board (IRB) at each clinical site. Written in-
formed consent for participation in the trial was
provided by all patients or their legal representa-
tives. In all patients, transducers were positioned
over the temporal bone at a constant angle with a
standard head frame (Marc series, Spencer Tech-
nologies). The depth with the worst residual flow
signal as measured on the TIBI scale was selected
for display. All centers had power-motion Dop-
pler units (PMD 100, Spencer Technologies). The
use of other portable transcranial Doppler units
(EZ-Dop, Multi-Dop T, DWL; 100 M, Multigon; and
Companion III, Nicolet) was also permitted. All
units were equipped with 2-MHz pulsed-wave diag-
nostic transducers approved by the Food and Drug
Administration (FDA).

For each patient, after the head frame was po-
sitioned, sonographers opened a sealed envelope
containing the random assignment to the target
group or the control group. Randomization was not
stratified by center. Randomization at a 1:1 ratio
was performed in blocks of 10 patients at each site.
In the target group, ultrasonographic monitoring
was initiated before administration of the t-PA bo-
lus and was continued for two hours. Emitted-pow-
er output was set at the maximal achievable level
with selected insonation depths under the FDA-
allowed threshold of 750 mW. Sample volumes, or

gates of insonation, were set at 3 to 6 mm for pow-
er-motion Doppler?3 units and 10 to 15 mm for all
other single-channel transcranial Doppler units.
For patients in the control group, the probe was re-
plugged into an inactive channel with no continu-
ous insonation. In both groups, sonographers mut-
ed the volume on transcranial Doppler units and
turned the visual displays away from the treating
physicians in order to keep the physicians blinded
to the patients’ study-group assignments. Further
details of blinding procedures have been published
previously.?*

In both groups, follow-up measurements were
taken 30, 60, 90, and 120 minutes after the t-PA bo-
lus was given. Arterial recanalization, as evident on
transcranial Doppler wave forms, was determined
with the use of the previously validated TIBI sys-
tem.'®2* Sonographers determined that there was
complete recanalization of the middle cerebral ar-
tery if a flow grade of 5 on the TIBI scale was iden-
tified (Fig. 1). Concomitant and persisting severe
stenosis or occlusion of the proximal internal ca-
rotid artery was established by carotid duplex ul-
trasonography or by angiography. In patients with
these conditions, complete recanalization of the
middle cerebral artery was considered to have
been achieved if on transcranial Doppler ultraso-
nography blunted but low-resistance wave forms
were seen over both M; and M, segments,?! with an
improvement in mean flow velocity to more than

Before t-PA bolus 30 min 60 min 90 min
. Proximal MCA
Doppler
Spectral
Transcranial
Doppler
16 16
NIHSS Score

Figure 1. Complete Recanalization with the Use of Power-Motion Transcranial Doppler Ultrasonography.

Spectral wave forms from the proximal middle cerebral artery (MCA) were obtained at a depth of 58 to 60 mm (left-hand image, arrow) from
the left transtemporal window. A minimal, grade 1, signal as measured on the TIBI scale, with absent diastolic flow is seen on power-motion
Doppler images (top) and spectral-transcranial Doppler images (bottom) obtained before the administration of a t-PA bolus. Thirty minutes
after the t-PA was given, TIBI grade 3 dampened signals (i.e., cycles with positive end-diastolic flow) indicate the beginning of the recanali-
zation of the proximal middle cerebral artery. TIBI grade 3 signals remain at 60 and 90 minutes. At 120 minutes, embolic tracks are shown
by power-motion Doppler display (top, arrows), followed by restoration of low-resistance normal flow in both proximal and distal parts of
the middle cerebral artery. Normal flow through the unaffected middle cerebral artery is shown in the far right-hand image for comparison.
Corresponding National Institutes of Health Stroke Scale (NIHSS) scores are provided below each frame. (In the general population with
stroke, scores range from 0 to 34, with higher scores indicating greater neurologic deficits.) At 24 hours, this patient had an NIHSS score
of 4. At three months, he had no residual neurologic deficits, and his modified Rankin score was 0.
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20 cm per second. These criteria predict grade 3
flow, as measured on the angiographic Throm-
bolysis in Myocardial Infarction (TIMI) scale,? in
the middle cerebral artery with a rate of accuracy
above 90 percent.?* The TIMI scale is an angio-
graphic scale that is applied to coronary and cere-
bral vessels, with grade 3 indicating unobstructed
flow to affected tissues with or without proximal
residual narrowing of the artery after thromboly-
sis. The principal investigator also reviewed digi-
tized wave forms to confirm the readings from each
study site. Partial recanalization was diagnosed if
flow improved by one grade or more from the base-
line but not to the level of grade 5 on the TIBI scale.
Reocclusion was diagnosed if flow worsened by
at least one grade.?®

The treating physicians assessed neurologic
status without knowledge of random assignment
and the results on transcranial Doppler monitor-
ing at 30, 60, 90, and 120 minutes and at 24 hours
with the use of the National Institutes of Health
Stroke Scale (NIHSS). Modified Rankin scores were
obtained at three months.

END POINTS

The prespecified primary-activity end point was
the occurrence of complete recanalization accord-
ing to TIBI criteria*®?* or early or dramatic clinical
recovery from stroke.?* Early clinical recovery was
defined as a reduction of 10 or more points on the
NIHSS, and dramatic recovery as a total NIHSS
score of 3 or less within two hours after adminis-
tration of the t-PA bolus.

If no early recanalization was observed, the
CLOTBUST protocol permitted, at the discretion of
the treating physician, rapid transport of the pa-
tient to the angiography unit for intraarterial in-
tervention. A separate written informed-consent
release, approved by the IRB at each site, was ob-
tained in these circumstances. Participation in other
clinical trials was prohibited.

The primary safety end point was intracerebral
hemorrhage with clinical worsening (indicated
by an NIHSS score of >4) within 72 hours of the
onset of stroke. Secondary end points were clini-
cal recovery at 24 hours, which was defined as a
reduction of 10 or more on the NIHSS score or a
total NIHSS score of 3 or less; a favorable out-
come at three months (i.e., a modified Rankin score
of 0 to 1); and death within three months after
treatment.

STATISTICAL ANALYSIS

Before the trial began, we determined that a sam-
ple of 126 patients, with 63 in each of the two
groups, was necessary for the study to detect a 20
percent absolute benefit in terms of the composite
primary outcome at two hours after the t-PA bolus,**
assuming a two-sided type I error of 0.05. Missing
data on the outcome during the two hours of treat-
ment were imputed by carrying forward the last
available score. TIBI scores at 120 minutes were
unavailable for seven patients (three in the control
group and four in the target group) because these
patients were undergoing cerebral angiography.
In these cases, the TIBI scores at 60 minutes (five
patients) or 90 minutes (two patients) were car-
ried forward. Missing baseline glucose levels were
imputed for six patients with the use of an inter-
nal-regression model that was based on age, sex,
presence or absence of diabetes, time from the on-
set of symptoms to treatment, and the presence or
absence of hypertension. Preplanned interim safe-
ty analyses evaluated the rate of symptomatic intra-
cerebral hemorrhage after every 10 patients enrolled
in the trial. Descriptive statistics were used to sum-
marize the data. The equality of proportions was
compared with the use of Fisher’s exact testand the
chi-square test. Logistic-regression models were
used to test for interaction between variables and
to provide risk estimates adjusted for the varia-
bles of treatment center, age, sex, NIHSS score, time
from onset of symptoms to the administration of
the t-PA bolus, baseline TIBI score, and glucose
concentration. Conventional levels of statistical sig-
nificance («=0.05) and two-sided tests were used
in all analyses.

RESULTS

All 126 patients received treatment with intrave-
nous t-PA: 63 were randomly assigned to receive
continuous monitoring (the target group; median
NIHSS score before the t-PA bolus, 16 points; 84
percent had scores of 10 or higher) and 63 were as-
signed to the control group (median NIHSS score,
17; 83 percent had scores of 10 or higher). The pre-
treatment characteristics of the two groups were
similar (Table 1).

Overall, one-hour follow-up was complete for
99 percent of patients, two-hour follow-up for 96
percent, and three-month follow-up for 97 percent.
No patients withdrew from the study. No serious
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Table 1. Pretreatment Characteristics of Patients.*

Variable

Age (yr)

Systolic blood pressure (mm Hg)
Serum glucose (mg/dl)

Median NIHSS score 17 16 0.37
Occlusion of MCA (%)

Proximal 70 79 0.41
Distal 30 21 0.41
Tandem 70-100% stenosis 27 38 0.25
of proximal ICA (%)
Median depth of residual flow 50 50 0.47
signals (mm)
TIBI grade 1611 1.6+0.9 0.86
Median time from onset of symptoms 130 150 0.37
to t-PA bolus (min)
Treatment within 2 hr of onset (%) 43 27 0.09

Control Group Target Group P

(N=63) (N=63)  Value

70213 67+12 0.19
158+22 160+22 0.68
14669 138461 0.58

3%

Plus—minus values are means +SD. NIHSS scores range from 0 to 34, with

higher scores indicating greater deficits. TIBI scores range from 0 to 5, with
higher scores indicating completeness of recanalization. MCA denotes mid-
dle cerebral artery, and ICA internal carotid artery.

T Tandem indicates concomitant MCA and ICA obstruction.

Table 2. Recanalization, Clinical Recovery, and Reocclusion.*
Target  Control
Group  Group P
Findings (N=63) (N=63) Value
no. (%)
Primary-activity end point 31 (49) 19 (30) 0.03
Complete recanalization within 2 hr 29 (46) 11 (18) <0.001
Clinical recovery within 2 hr 18 (29) 13 (21) 0.4
Total NIHSS score <3 9(14) 5(8)
Reduction in NIHSS score by =10 points 9(14) 8(13)
Both clinical recovery and complete recanali- 16 (25) 5 (8) 0.02
zation within 2 hr
Reocclusion within 2 hr{ 11 (18) 14 (22) 0.7
Sustained complete recanalization at 2 hr 24 (38) 8 (13) 0.002

%

* The prespecified primary-activity end point was complete recanalization, early

clinical recovery from stroke (defined as improvement to a total score on the
NIHSS of <3 or a reduction in the score of =10) or both.

i Rates of reocclusion were determined in patients with complete and partial

recanalization after administration of a t-PA bolus.

2174

adverse effects were noted during ultrasonography.
Reasons for incomplete follow-up included intuba-
tion due to the severity of clinical stroke and trans-
fer to urgent diagnostic angiography. Nine patients
in the target group (14 percent) and 11 in the con-
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trol group (18 percent) underwent additional intra-
arterial thrombolysis with mechanical manipulation
of the thrombus; differences in outcomes between
the groups were not influenced by these interven-
tions. All patients whose condition worsened by 4 or
more NIHSS points during the two hours after the
bolus was given (five patients in each group [8 per-
cent]) underwent urgent computed tomography
(CT) of the head without the use of contrast mate-
rial. These scans showed no intracerebral hemor-
rhage during exposure to ultrasonic waves.

Repeated CT scans or magnetic resonance im-
ages of the brain were obtained when clinically in-
dicated between 5 and 72 hours after the onset of
symptoms. Symptomatic intracerebral hemorrhage
occurred in three patients in the target group and
three in the control group (4.8 percent; difference
in risk, 0.0 percent; 95 percent confidence interval
for the difference in risk, —0.07 percent to 0.07 per-
cent). No patient had intracerebral hemorrhage be-
fore undergoing intraarterial angiography. One
symptomatic intracerebral hemorrhage occurred
in each group after intraarterial procedures. When
these patients were excluded, symptomatic intra-
cerebral hemorrhage occurred in 2 of 62 patients
(3 percent) in both groups.

Within two hours of the administration of the
t-PA bolus, the primary combined end point was
reached by 31 patients in the target group (49 per-
cent) and 19 in the control group (30 percent;
P=0.03; relative risk, 1.6; 95 percent confidence
interval, 1.03 to 2.6). Complete recanalization oc-
curred within two hours after the t-PA bolus in 29
patients in the target group (46 percent) and 11 in
the control group (18 percent; P<0.001) (Table 2).
Reocclusion occurred in 11 patients in the target
group (18 percent) and 14 in the control group (22
percent). Complete recanalization was sustained
at two hours after administration of the t-PA bo-
lus in 24 patients in the target group (38 percent)
and 8 patients in the control group (13 percent;
P=0.002) (Fig. 2). All on-site readings were con-
firmed by central reading. The principal investi-
gator reviewed all wave forms, irrespective of group
assignment, for consistency of on-site interpre-
tation with the use of TIBI flow-grade definitions.
Clinical recovery occurred in 18 patients in the target
group (29 percent) and in 13 in the control group
(21 percent) within two hours of the t-PA bolus.

Patients who had complete recanalization at
120 minutes were more likely to have a complete
recovery at 90 days (relative risk, 1.9; 95 percent con-
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fidence interval, 1.1 to 3.0), with 22 percent more
patients recovering completely, as compared with
patients with partial or no recanalization. Complete
recanalization at 120 minutes was predicted by as-
signment to active transcranial Doppler moni-
toring (relative risk, 2.6; 95 percent confidence in-
terval, 1.4 to 4.8). In a logistic-regression model,
complete recanalization was less likely among pa-
tients who had ipsilateral obstruction of the in-
ternal carotid artery (odds ratio, 0.35; 95 percent
confidence interval, 0.14 to 0.90), a higher serum
glucose level (odds ratio per additional 50 mg per
deciliter, 0.57; 95 percent confidence interval, 0.37
t0 0.99), and higher NIHSS scores (odds ratio per
5-point increase, 0.60; 95 percent confidence inter-
val, 0.41 to 0.89). Although 49 percent of patients
were treated and randomly assigned at a single hos-
pital, there was no evidence of an interaction be-
tween site and treatment (P=0.2). Similarly, there
was no evidence of an interaction between the treat-
mentand the device (five types of transcranial Dop-
pler units were used) (P=0.8).

Ultrasonographic monitoring was interrupted
before two hours had passed after the t-PA bolus in
the cases of 4 of the 20 patients who underwent in-
traarterial interventions. The randomization code
was not broken in these cases, but the patients were
excluded from secondary analyses. At 24 hours, 24
of 54 patients in the target group who were eligi-
ble for follow-up analysis (44 percent) and 21 of 52
in the control group (40 percent) had total NTHSS
scores of 3 points or lower or had improved by 10
points or more (P=0.7).

Four patients did not return for the three-month
follow-up visit (three patients in the control group,
who had 24-hour NIHSS scores of 9, 10, and 15,
and one in the target group, who had a 24-hour
NIHSS score of 22). Patients who did not return for
follow-up were excluded from the outcome analy-
sis. At three months, 22 of the 53 patients eligible
for analysis in the target group (42 percent) and
14 of the 49 eligible patients in the control group
(29 percent) had modified Rankin scores of 0 or
1 (relative risk, 1.45; 95 percent confidence interval,
0.84 to 2.51; P=0.2). The mortality rates were 15
percentand 18 percent, respectively (P=0.4) (Fig. 3).

DISCUSSION

Our results show that continuous monitoring of
intracranial occlusion with the use of 2-MHz, single-
element pulsed-wave ultrasonography had a posi-
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Figure 2. Rate of Sustained Complete Recanalization within Two Hours
after Administration of a t-PA Bolus.

A trend toward the achievement of complete recanalization was observed
over time with active treatment with the use of transcranial Doppler ultraso-
nography. Complete recanalization had occurred at 30 minutes after the t-PA
bolus in 4 patients in the control group (6 percent; 95 percent confidence
interval, 1.8 to 15.5) and in 11 patients in the target group (18 percent; 95 per-
cent confidence interval, 9.0 to 29.1). At 60 minutes, 8 patients in the control
group (13 percent; 95 percent confidence interval, 5.6 to 23.5) and 17 in the
target group (27 percent; 95 percent confidence interval, 16.6 to 39.7) had
complete recanalization. At 90 minutes, 7 patients in the control group

(11 percent; 95 percent confidence interval, 4.6 to 21.6) and 16 in the target
group (25 percent; 95 percent confidence interval, 15.3 to 27.9) had complete
recanalization. At 120 minutes, 8 patients in the control group (13 percent;
95 percent confidence interval, 5.6 to 23.5) and 24 in the target group (38 per-
cent; 95 percent confidence interval, 26.1 to 51.2) had complete recanaliza-
tion. All 63 patients per group were accounted for at each time point.

tive effect on the primary-activity end point, with
no increase in the rate of bleeding. Our findings in-
dicate a biologic effect of diagnostic ultrasonog-
raphy that aids systemic thrombolytic therapy in
patients with acute ischemic stroke, since the com-
bination of these techniques may facilitate clinical
recovery. No patient left the trial despite monitor-
ing with the head frame tightly fixed and ultrasonic
waves delivered through the temporal bone at the
full power settings that are allowed for diagnostic
Doppler units. A previous study had shown that
transmission of 2-MHz ultrasonic waves through
the temporal bone of cadaver skulls caused an en-
ergy loss of 65 to 90 percent due to ultrasound ac-
cumulation in the bone.?” Even these low energy
levels appeared sufficient to enhance t-PA-induced
thrombolysis with transcranial Doppler monitor-
ing in an experimental skull model.**
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Figure 3. Outcomes at Three Months.

Favorable outcomes were defined as a score of 0 to 1 on the modified Rankin
scale, indicating little or no disability. A total of 42 percent of patients in the
target group who were eligible for follow-up and 29 percent of those in the
control group met these criteria. Other outcomes included a modified Rankin
score of 2 (9 percent in the target group vs. 8 percent in the control group);
a score of 3 to 5 (34 percent in the target group vs. 45 percent in the control
group); and death (15 percent in the target group vs. 18 percent in the control
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In our randomized trial, there was a 38 percent
rate of complete arterial recanalization that was
sustained two hours after the administration of a
t-PA bolus — a finding that is consistent with ob-
servations from the phase 1 trial.*® Previous stud-
ies also pointed to the possibility that diagnostic
ultrasound equipment such as transcranial du-
plex units may enhance thrombolysis both with
and without t-PA therapy.?®2° However, the small
sample sizes in these studies precluded definitive
conclusions from being drawn. Recent experimen-
tal work using ultrasound in the kilohertz range3°
points to a possibility that combined-frequency
transducers may also be developed, although there
is concern about safety with frequencies outside
the range used in diagnostic ultrasonography.’#*>

Our data suggest that continuous monitoring
with transcranial Doppler ultrasonography induced
adetectable improvement of residual flow and prob-
ably converted partial recanalization with t-PA ther-
apy into more complete early recanalization. The
detectable flow improvement, in turn, produced
a nonsignificant trend toward faster and near-com-
plete clinical recovery from stroke within two hours
after the administration of a t-PA bolus and com-
plete recovery at three months. The National Insti-
tute of Neurological Disorders and Stroke Recom-
binant Tissue Plasminogen Activator (NINDS rt-PA)
Stroke Study and a subsequent phase 4 trial dem-
onstrated a rate of complete recovery from stroke at
three months of 31 percent.™>3* In our trial, 29 per-
cent of patients in the target group had early dra-
matic recovery shortly after they received the t-PA

bolus, an effect not previously detected in patients
with stroke.3?

The relatively low rate of complete recovery at
three months in our control group may be attribut-
able to the exclusion of patients with lacunar strokes
and to the presence of more severe stroke before
treatment, as compared with the severity in patients
in the NINDS rt-PA Stroke Study.! Also, the rate of
complete recanalization in patients in the control
group was low and similar to that with intravenous
treatment with duteplase in a pilot study, involving
patients with middle-cerebral-artery occlusions, in
which outcome was measured by angiography.33
Furthermore, a trend in baseline characteristics fa-
vored the control group, since more patients in that
group were treated within two hours of the onset of
symptoms and fewer patients had tandem obstruc-
tions of the internal carotid artery.

Previous studies do not provide estimates of the
rate of recovery in patients with occlusions of the
middle cerebral artery who were treated with t-PA
within three hours after the onset of stroke. One
objective of this study was to derive estimates of the
sample size for a pivotal efficacy trial. On the basis
of the rates of complete recovery at three months
(42 percent and 29 percent in this trial), 274 pa-
tients per group will be needed for such a study to
be able to demonstrate the effect of thrombolysis
enhanced by ultrasonography on the outcome of
stroke, with a two-sided « level of 0.05 and 90 per-
cent power.

There are several limitations to this study. The
assessment of the end point of early recanalization
on transcranial Doppler ultrasonography could not
be blinded, since the sonographers were aware of
the group to which each patient was assigned. Our
results are not easy to generalize owing to the ex-
treme dependency on the skill of the operator who
performs examinations with the use of transcranial
Doppler equipment. Vascular tests that require the
use of such equipment are among the most diffi-
cult to perform, and it is unrealistic to expect that
an average clinician can quickly develop skills for
the rapid location of occlusions with this nonimag-
ing, hand-held method. This difficulty is evident
from our trial, since only a small number of treat-
ment centers had experienced sonographers on
hand before t-PA therapy was begun. These skills,
however, can be acquired through available tutori-
als in a reasonable length of time.

In conclusion, the enhancement of t-PA therapy
with ultrasonography can be achieved safely and

N ENGL ) MED 351;21 WWW.NEJM.ORG NOVEMBER 18, 2004

Downloaded from www.nejm.org by D GIRIS JACOB MD on April 17, 2006 .
Copyright © 2004 Massachusetts Medical Society. All rights reserved.



ULTRASOUND-ENHANCED THROMBOLYSIS FOR ACUTE ISCHEMIC STROKE

noninvasively at the bedside. Our phase 2 trial dem-
onstrates the potential of diagnostic ultrasonog-
raphy to improve the efficacy of systemic therapy
with t-PA in cases of acute ischemic stroke due to

occlusion of the middle cerebral artery.
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APPENDIX

The CLOTBUST Investigators were as follows (numbers of patients enrolled are given in parentheses): Memorial Hermann Hospital (62) and
St. Luke’s Episcopal Hospital (8), Houston: E. Al-Senani, S. Burgin, S. Calleja, M. Campbell, C-I. Chen, O. Chernyshev, J. Choi, A. El-Mitwalli, R.
Felberg, S. Ford, Z. Garami, W. Irr, J. Grotta, C. Hall, Y. Iguchi, J. Ireland, L. Labiche, M. Malkoff, L. Morgenstern, E. Noser, N. Okon, P. Piriya-
wat, D. Robinson, H. Shaltoni, S. Shaw, K. Uchino, E. Yatsu; Vall d’Hebron Hospital, Barcelona (51):J. Alvarez-Sabin, J.F. Arenillas, R. Huertas,
C. Molina, J. Montaner, M. Rib6, M. Rubiera, E. Santamarina; University of Alberta Hospital, Edmonton, Alta., Canada (3): M. Saqqur, N.
Akhtar, F. O’'Rourke, S. Hussain, A. Shuaib; Calgary Foothills Hospital, Calgary, Alta., Canada (2): E. Abdalla, A. Demchuk, K. Fischer, M.D.
Hill, J. Kennedy, J. Roy, K.J. Ryckborst, M. Schebel.
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