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Abstract

Background—Sonothrombolysis is safe and may increase the likelihood of early recanalization 

in acute ischemic stroke (AIS) patients

Aims—In preparation of a phase III clinical trial, we contrast the likelihood of achieving a 

sustained recanalization and functional independence in a post-hoc subgroup analysis of patients 

randomized to transcranial Doppler monitoring plus intravenous (IV) tPA (sonothrombolysis) 

compared to IV tPA alone in the CLOTBUST trial
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Methods—We analyzed the data from all randomized AIS patients with pre-treatment NIHSS 

scores ≥10 points and proximal intracranial occlusions in the CLOTBUST trial. We compared 

sustained complete recanalization rate (TIBI flow grades 4-5) and functional independence 

(modified Rankin Scale [mRS] 0-1) at 90 days. Safety was evaluated by the rate of symptomatic 

intracranial hemorrhage (ICH) within 72 hours of stroke-onset

Results—Of 126 patients, a total of 85 AIS patients met our inclusion criteria: mean age 

71±11years, 56% men, median NIHSS 17 (interquartile range 14-20). Of these patients, 41 (48%) 

and 44 (52%) were randomized to IV tPA alone and sonothrombolysis, respectively. More patients 

achieved sustained complete recanalization in the sonothrombolysis than in the IV tPA alone 

group (38.6% vs. 17.1%; p=0.032). Functional independence at 90 days was more frequently 

achieved in the sonothrombolysis than in the IV tPA alone group (37.2% vs. 15.8%; p=0.045). 

Symptomatic ICH rate was similar in both groups (4.9% vs. 4.6%; p=1.00)

Conclusions—Our results point to a signal of efficacy and provide information to guide the 

subsequent phase III randomized trial of sonothrombolysis in patients with severe ischemic 

strokes
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Introduction

Intravenous (IV) thrombolytic therapy with tissue plasminogen activator (tPA) is associated 

with functional independence and reduced mortality following acute ischemic stroke [1,2]. 

However, patients with severe stroke (National Institutes of Health Stroke Scale [NIHSS] 

score of ≥ 10 points) predominantly have proximal and large arterial occlusions and 

reperfusion benefit of IV tPA may be limited [3-6]. Hence, these patients frequently 

experience persistent arterial occlusion or re-occlusion after completion of IV tPA infusion, 

decreasing the likelihood for long-term survival and good functional outcome [7-9]. On the 

contrary, results from the third International Stroke Trial (IST-3) suggest that patients with 

severe strokes have great potential for clinical recovery following thrombolytic therapy with 

IV tPA [10]. This reinforces ongoing efforts to explore adjuvant treatment strategies that 

might improve recanalization rate, reperfusion and clinical outcome in this patient 

population [11,12]

Sonothrombolysis, the adjuvant exposure of an intracranial occlusive thrombus to high-

frequency ultrasound, is a promising strategy to augment the reperfusion benefit of 

concomitant IV thrombolytic therapy with tPA. Meta-analyses have concordantly 

demonstrated that sonothrombolysis with or without gaseous microbubbles is safe, triples 

the likelihood of tPA-induced recanalization and doubles the likelihood of achieving 

functional independence in unselected acute ischemic stroke populations when compared 

with IV tPA alone [13-15]. However, no effort has been done yet to particularly investigate 

the effect of sonothrombolysis in patients with severe stroke.
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Aims

In preparation for a phase III pivotal trial of sonothrombolysis (CLOTBUST-ER 

NCT#01098981) [16], we performed a post-hoc subgroup analysis of the CLOTBUST trial 

to determine whether the group of patients with severe strokes could have a better chance for 

recovery if tPA-associated recanalization is amplified with ultrasound. We explored this 

question to see whether there is a signal of efficacy to provide information to guide the 

design of a phase III trial of sonothrombolysis in acute ischemic stroke patients.

Methods

We selected patients with severe stroke (pre-treatment NIHSS scores ≥10 points) and 

proximal intracranial occlusions on pre-treatment transcranial Doppler (TCD) defined as 

Thrombolysis in Brain Ischemia (TIBI) flow grades 0-3 from the previously published phase 

II randomized controlled CLOTBUST (Combined Lysis of Thrombus in Brain Ischemia) 

trial [17]. The CLOTBUST trial utilized commercially available hand-held TCD technology 

at diagnostic 2-MHz ultrasound frequencies to test safety and signal of efficacy of 

sonothrombolysis. Specifically, acute ischemic stroke patients were randomized into two 

treatment groups: the sonothrombolysis group received IV thrombolytic therapy with tPA in 

a standard dose (0.9 mg/kg) initiated within 3 hours from stroke-onset in combination with 2 

hours of continuous TCD ultrasound monitoring (i.e., IV tPA + 2-MHz ultrasound). Patients 

in the control group received standard intravenous tPA with 2 hours of continuous placebo 

monitoring (i.e., IV tPA alone). In both groups, follow-up TCD measurements were 

performed to assess vessel patency at 30, 60, 90 and 120 minutes after the tPA bolus. 

Further details of the CLOTBUST study design are published elsewhere [18].

Patients who were additionally treated with intra-arterial thrombolysis were excluded from 

our analysis since endovascular procedures are not allowed in the subsequent phase III trial. 

Each participating center had IRB approval and all subjects gave written informed consent 

to participate in the original trial.

We included the following outcome variables in our analysis. Sustained complete 

recanalization was defined as TIBI flow grade 4-5 assessed by TCD at 2 hours after tPA 

bolus. Re-occlusion on TCD was diagnosed as worsening of flow by at least one TIBI grade 

following complete recanalization within 2 hours from tPA bolus. Symptomatic intracranial 

hemorrhage (ICH) was assessed using ECASS-2 definition as imaging evidence of ICH with 

an increase of 4 points or more in the NIHSS score within 72 hours from stroke onset [19]. 

Functional independence was defined as modified Rankin scale (mRS) score of 0 to 1 at 3 

months.

Statistical analysis

Statistical comparisons were performed between subgroups of patients using the χ2 test, 

Fisher's exact test, unpaired t test, and Mann-Whitney U test as indicated for dichotomous or 

continuous variables. Univariate and multivariate analysis was performed with the use of 

logistic regression assessing if the treatment groups were independently associated with 

complete vessel recanalization 2 hours after tPA bolus and functional independence at 3 
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months. Baseline variables that were significantly different between the two study groups 

were built into the adjusted models. Significance level was set at p<0.05. Odds ratios (OR) 

and frequencies are presented with corresponding 95% confidence intervals (CI). The 

statistical software package STATA (Version 12.1, StataCorp., College Station, TX) was 

used for statistical analysis.

Results

Of 126 randomized patients in the CLOTBUST trial, 105 had severe strokes and proximal 

occlusions of the middle cerebral artery. A total of 20/105 (19%) patients were additionally 

treated with intra-arterial thrombolysis and excluded from further analysis, leaving 85/105 

(81%) patients for our subanalysis: mean age was 71±11years, 56% were men, median 

NIHSS score was 17 (interquartile range 14-20) points. Of these patients, 41/85 (48%) were 

assigned to the IV tPA arm and 44/85 (52%) to the sonothrombolysis arm. Data on 90-days 

mRS outcome was available in 81/85 patients (IV tPA: n=38; sonothrombolysis: n=43). 

Except for sex (men 44% vs. 68%, p=0.024) groups were balanced in terms of age, vascular 

risk factors, baseline stroke severity and TIBI flow grades, onset-to-treatment time and 

occlusion site (Table 1).

More patients achieved sustained complete recanalization in the sonothrombolysis than in 

the IV tPA group: 38.6% (17/44; 95%CI: 0.24-0.53) versus 17.1% (7/41; 95%CI: 

0.05-0.29), p=0.032 Fisher's Exact Test (Figure 1, A). Sonothrombolysis was associated 

with a higher likelihood of complete recanalization (OR: 3.06; 95%CI: 1.11-8.44; p=0.03). 

After adjusting for significant baseline imbalances (i.e. sex), this association remained 

unchanged (OR: 3.65; 95%CI: 1.29-10.33; p=0.015). The rate of re-occlusion within 2 hours 

after tPA bolus did not differ between the sonothrombolysis and the IV tPA alone group 

(4.6% vs. 4.9%; p=1.0).

With a 21.4% absolute increase, patients in the sonothrombolysis group more frequently 

attained functional independence at 90 days than in the IV tPA alone group: 37.2% (16/43; 

95%CI: 0.22-0.52) versus 15.8% (6/38; 95%CI: 0.04-0.28), p=0.045 Fisher's Exact Test 

(Figure 1, B). On univariate analysis, sonothrombolysis was associated with a higher odds of 

functional independence (OR: 3.16; 95%CI:1.09-9.20; p=0.035). This association was no 

longer significant after adjusting for sex (OR: 2.89, 95%CI: 0.97-8.59; p=0.057). 

Sonothrombolysis with diagnostic ultrasound frequency was associated with a similar 

symptomatic ICH rate when compared with IV thrombolysis alone: 4.6% (2/44; 95%CI: 

0.02-0.11) versus 4.9% (2/41; 95%CI: 0.02-0.12), p=1.00 Fisher's Exact Test.

These data suggest that it may be reasonable to expect functional independence (the planned 

primary outcome for the anticipated trial) in 16% of patients with systemic thrombolysis, 

and that it may be reasonable to anticipate that treatment with sonothrombolysis could 

increase this proportion by 21% to a rate of 37%. With this assumption, the subsequent trial 

would require a continuity-corrected sample size of 202 patients (101 in each group) to 

provide 90% power. Further sample size justification of the CLOTBUST-ER trial and its 

methods are outlined elsewhere [16].

Barlinn et al. Page 4

Int J Stroke. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Discussion

Our results indicate that sonothrombolysis can augment tPA-associated recanalization in 

patients with severe stroke and proximal middle cerebral artery occlusion, and it may lead to 

better functional outcome in this group of patients compared with IV tPA alone [5-8]. Our 

analysis further adds to the available literature supporting the safety of monitoring with 2-

MHz frequency transcranial ultrasound. Most notably, safety does not seem to be 

compromised in patients with presumably large cerebral ischemic lesions and greater stroke 

severity as these patients are naturally deemed at high risk for intracerebral hemorrhage after 

IV thrombolysis with tPA [20]. Our subgroup analysis showed that 21.4% more patients 

with severe strokes achieved functional independence (mRS 0-1) at 3 months, a rate slightly 

higher than the overall trend for benefit seen in all CLOTBUST patients [17]. These findings 

suggest that the most significant benefit of sonothrombolysis can be expected in patients 

with severe strokes since these patients can experience most dramatic clinical recovery 

following early recanalization of a proximal middle cerebral artery occlusion. This 

essentially parallels the results of the recent IST-3 trial that pointed to a significant trend 

towards pronounced treatment effects with IV tPA in patients with severe strokes [10].

Our study is in concordance with other previous reports documenting neurological 

improvement after systemic thrombolysis augmented by mechanical and pharmacological 

treatments [11, 12]. The rationale why we decided to analyze patients with severe stroke 

severity is based on the fact that these patients most commonly (> 80%) have an underlying 

proximal major occlusion [3, 4], and hence, only modest benefits with IV tPA therapy [5]. 

Also, even though the continuous exposure of cerebral ischemic tissues to ultrasound seems 

to have additional effects [21], it benefits patients mostly by improving early recanalization 

of a large thrombo-embolic occlusion. Rapid arterial recanalization and restoration of 

perfusion belong to the most important independent predictors of good functional outcome 

after acute ischemic stroke [22, 23]. In our analysis, complete recanalization rate after 2 

hours from initiation of sonothrombolysis was twice that of IV tPA alone, and compares 

favorably with tPA-induced recanalization rates in the literature [24]. Yet it needs further 

study whether such upfront treatment effect can be ultimately translated into good clinical 

outcomes. In fact, improved recanalization rates thought to represent potential advantages of 

endovascular approaches did not meet such expectations [25-27] likely due to significant 

time delays in endovascular treatment initiation associated with poor outcomes [28]. 

Sonothrombolysis can be deployed with minimal time delays compared to endovascular 

approaches. Moreover, while the majority of severe stroke patients still present to the closest 

emergency rooms largely lacking skilled neuro-endovascular expertise, amplification of the 

only approved systemic therapy with ultrasound could be initiated in the pre-hospital setting 

and continued during patient transport [29]. Pre-hospital assessment of the intracranial 

vasculature using a portable ultrasound device has been shown to be feasible and reliable in 

acute stroke patients when compared with neurovascular imaging on admission [30].

Our results are limited by the relatively small number of patients and the use of exclusive 

data from the CLOTBUST trial, which is several years old. During this decade general 

stroke management and outcomes have improved. Also, as this was a post-hoc analysis our 

subgroup differences should be interpreted cautiously and cannot be generalized to other 
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sonothrombolysis approaches (e.g. low-frequency ultrasound, transcranial color-coded 

duplex) as well as occlusions other than middle cerebral artery territory. Furthermore, as the 

benefit of IV tPA diminishes with increasing time to treatment, it should be acknowledged 

that our exploratory results on good functional outcome refer only to tPA delivery in the 3 

hour time window [23]. Our subsequent CLOTBUST-Hands-Free phase II trial, however, 

included acute ischemic stroke patients with any intracranial occlusion site treated within 4.5 

hours from symptom onset and showed promising results in terms of recanalization and 

functional outcome [31]. The CLOTBUST-ER trial allows enrollment of both anterior and 

posterior circulation stroke patients and tPA delivery according to national labels within 4.5 

hours from stroke onset. Lastly, we cannot comment on the potential efficacy of 

sonothrombolysis according to thrombus length since this specific information was not 

collected in the original CLOTBUST trial. Strengths of our analysis include the set of 

randomized patients with severe stroke subjected to sonothrombolysis and sample 

homogeneity in terms of patient characteristics and procedure (e.g., duration of insonation, 

time points of recanalization assessment).

Conclusions

Sonothrombolysis with 2-MHz pulsed wave ultrasound is a safe adjuvant treatment to IV 

tPA in patients with severe ischemic strokes attributable to middle cerebral artery occlusion. 

Based on the observed absolute increase in the three-month functional independence rate 

with sonothrombolysis compared to IV tPA, our data point to a signal of efficacy and 

provide information to guide the subsequent phase III randomized controlled trial of 

sonothrombolysis in these patients (CLOTBUST-ER NCT#01098981) [16].
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Figure 1. 
(A) Course of complete recanalization during two hours after tPA bolus and (B) functional 

independence (%, 95%CI) at 90 days according to treatment group.

Barlinn et al. Page 9

Int J Stroke. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Barlinn et al. Page 10

Table 1

Baseline characteristics of the two study groups.

Variable IV tPA (n=41) Sonothrombolysis (n=44) P value

Sex, male, n (%) 18 (44) 30 (68) 0.024

Age, years (mean±SD) 73±12 70±10 0.35

Vascular risk factors, n (%)

 Arterial hypertension 22 (54) 28 (64) 0.35

 Nicotine 7 (17) 12 (27) 0.26

 Diabetes mellitus 12 (29) 9 (20) 0.35

 Atrial fibrillation 11 (27) 11 (25) 0.85

NIHSS, median (IQR) 18 (14-20) 17 (14-21) 0.85

TIBI, median (IQR) 2 (1-3) 2 (1-2) 0.75

M1 MCA occlusion, n (%) 32 (78) 35 (80) 0.87

M2 MCA occlusion, n (%) 9 (22) 9 (20) 0.87

ICA obstruction*, n (%) 10 (24) 15 (34) 0.35

Pretreatment SBP, mmHg (mean±SD) 156±23 160±22 0.38

Insonation depth, mm (mean±SD) 51±8 50±7 0.45

OTT time, min (mean±SD) 135±32 144±30 0.19

IV indicates intravenous; tPA, tissue plasminogen activator; SD, standard deviation; IQR, interquartile range; NIHSS, National Institutes of Health 
Stroke Scale; TIBI, Thrombolysis In Brain Ischemia; MCA, middle cerebral artery; ICA, internal carotid artery; OTT, onset to treatment; SBP, 
systolic blood pressure

*
concomitant greater or equal than 70% stenosis or complete occlusion of the proximal ICA
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