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BACKGROUND AND PURPOSE: The goal of this study was to prospectively assess the feasibility, safety,
and efficacy of balloon disruption of the middle cerebral artery (MCA) by using a deflated balloon
catheter combined with an intra-arterial thrombolysis for the treatment of acute ischemic stroke.

MATERIALS AND METHODS: Seven consecutive patients with clinical findings of acute major-vessel
stroke met our criteria and underwent balloon disruption of an MCA thrombus with a deflated balloon
catheter. The balloon disruption was performed with a low-profile microballoon catheter. The micro-
balloon was inflated in the distal carotid artery and then deflated and advanced just distal to the
occlusion site in the MCA. Thereafter, an intra-arterial thrombolysis of the MCA was applied. The
maximum time from the onset of symptoms to the start of treatment and maximum dosage of
urokinase was 6 hours and 600,000 U. The outcome was classified as good for a modified Rankin Scale
(mRS) score of 0 or 1, moderate for a score of 2 or 3, and poor for a score of 4 or 5.

RESULTS: Complete recanalization was achieved in 5 patients and partial recanalization in 3. Three
patients recovered to an mRS score of 0 or 1; 3, to scores of 2 or 3; and 1, to a score of 4. No patients
died. There was no major intracerebral hemorrhage.

CONCLUSIONS: The penetration of the MCA with a deflated balloon catheter combined with an
intra-arterial thrombolysis may be a safe and effective treatment for acute ischemic stroke.

An intravenous thrombolysis using recombinant tissue
plasminogen activator (rtPA) has been shown to be an

effective treatment for the acute occlusion of the middle cere-
bral artery (MCA).1 However, the death or dependency rate of
patients treated with intravenous rtPA beyond 3 hours after
the onset was significantly higher than that of those treated
within 3 hours, according to 3 clinical trials and 1 prospective
observation.1-4 The limitation of the intravenous approach
has led to an evaluation of local intra-arterial thrombolysis
(LIT) because of its ability to perform thrombolysis within a
6-hour therapeutic window.5-8 Other benefits of LIT are sal-
vage therapy for intravenous rtPA poor responders and easy
evaluation by angiography of the degree of recanalization after
treatment.

There are several predicators for LIT, including time to
treatment, National Institutes of Health Stroke Scale (NIHSS)
scores, and patient age. The most important parameter for the
LIT technique itself is to achieve an immediate flow restora-
tion, regardless of the treatment method used. Various tech-
niques have been reported for LIT, including pulse-spray in-
fusion and mechanical disruption by the use of a
microcatheter, guidewire, microballoon catheter, or a snare
wire.9-16 Direct percutaneous transluminal angioplasty (PTA)
using a microballoon catheter is one of the most useful tech-
niques to improve the recanalization rate. However, direct

PTA has a potential risk of vessel rupture and injury by perfo-
rating arteries. To prevent these risks, we tried disruption of
the MCA thrombus with a deflated balloon, which is a simple
modified procedure of PTA. To our knowledge, there have
been no clinical applications of this new technique.

The purpose of this preliminary study was to evaluate the
feasibility, safety, and efficacy of MCA thrombus disruption
with a deflated balloon catheter combined with intra-arterial
thrombolysis for the treatment of acute ischemic stroke.

Materials and Methods
From December 2003 to June 2005, 16 consecutive patients with acute

stroke secondary to cardiogenic emboli underwent emergency an-

giography. Inclusion criteria for emergency angiography were as fol-

lows: 1) clinical diagnosis of acute major-vessel stroke established by

a neurosurgeon, 2) presence of an acute hypoattenuated parenchymal

lesion on CT or effacement of the cerebral sulci in less than one third

of the MCA territory or suspected stroke region, 3) initial NIHSS

score of at least 4 points, 4) expected interval from symptom onset to

intervention within 6 hours, and 5) patient younger than 80 years of

age. Exclusion criteria for emergency angiography were as follows: 1)

presence of a high-attenuation lesion on CT, consistent with a hem-

orrhage of any degree or location, 2) critical general condition, and 3)

recent trauma or surgery. Seven patients who were angiographically

documented with MCA occlusion and who underwent balloon dis-

ruption with a deflated balloon catheter were evaluated for this study.

Embolism was located in various major vessels in the study popula-

tion, including the internal carotid artery (n � 4), the posterior cir-

culation (n � 3), and the M3 portion of the MCA (n � 2). Inclusion

criteria for the balloon disruption were the presence of MCA occlu-

sion in the M1 or M2 portion that correlated with the neurologic

deficit.

CT angiography, CT perfusion study, MR imaging with diffusion-
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weighted imaging and perfusion study, or brain single-photon emis-

sion CT study were not performed, to minimize the elapsed time to

admission for recanalization therapy.

Angiograms were analyzed, and the locations of the occlusion and

cerebral perfusion were evaluated by a neuroradiologist who was

blinded to the clinical data. The location of the occlusion site in the

MCA was classified as proximal MCA; M1 trunk occlusion at or prox-

imal to the lenticulostriate arteries (LSAs), distal MCA; M1 trunk

occlusion distal to the LSAs and M2; and division occlusion beyond

the bifurcation of M1. The cerebral perfusion before the procedure

and the recanalization of the target vessel after it were assessed on the

control angiograms obtained just before and after the procedure, ac-

cording to Thrombolysis in Myocardial Infarction (TIMI) grades,19

as follows: no perfusion, TIMI grade 0; minimal perfusion, 1; partial

perfusion, 2; and complete perfusion, 3.

Endovascular Technique
Selective intra-arterial digital subtraction angiography was performed

on a high-resolution angiography system (Digitex � plus, Shimadzu,

Ibaraki, Japan) with a matrix of 1024 � 1024 pixels. A 6F guiding

catheter was placed in the internal cerebral artery (ICA). Through the

catheter, a double-lumen microballoon (Gateway PTA balloon cath-

eter, Boston Scientific, Fremont, Calif) with a balloon diameter of 2.0

or 2.5 mm was advanced to the distal ICA. Next, a microballoon was

inflated with minimal hand pressure and then deflated and navigated

into the occluded MCA along a microguidewire. Because the diame-

ter of ICA was much larger than the microballoon profile, the risk of

vessel rupture with balloon inflation was minimal. The penetration

and fragmentation of the thrombus were achieved by gently moving

forward the deflated microballoon beyond the thrombus (Fig 1). Bal-

loon angioplasty was not performed, to avoid rupturing the vessel

walls and perforating arteries. When the embolus was moved to the

distal site within M2, this procedure was repeated at the new occlu-

sion site. When it was moved to beyond M3, an injection of the uroki-

nase solution was performed via balloon catheter that was positioned

in M2 or M3. The initial dose of urokinase was 120,000 U diluted in 10

mL of saline solution and infused over 5 minutes. The total dose was

to be limited to 600,000 U. Thrombolysis was terminated if 1) com-

plete perfusion was re-established by the guiding catheter injection, 2)

time expired on the therapeutic window (6 hours since symptom

onset), or 3) revascularization was not achieved after a maximum

dose of urokinase had been administered.

A control CT scan was routinely obtained within the first 24 hours

after the procedure to evaluate the hemorrhage and infarction. The

outcome was assessed by neurosurgeons, with a clinical examination

3 months after the procedure, by using the modified Rankin Scale

(mRS). mRS scores of 0 or 1 were defined as a good outcome; 2 or 3,

as moderate; and 4 or 5, as poor.

Results
The recanalization of an occluded MCA by using a deflated
microballoon was performed on 7 patients. Their mean age
was 69.1 years (range, 48 –77 years). The median NIHSS score
on admission was 22 and ranged from 17 to 27 (Table). The
mean delay from the symptom onset of cerebral ischemia to
the procedure was 3.44 hours and ranged from 2.1 to 5.0
hours. The occlusion sites of the MCA were the proximal M1
segment, the distal M1 segment, and the M2 segment in 4, 1,
and 2 patients, respectively. Cerebral perfusion before the
treatment was TIMI 0 in all 7. After penetration of the MCA by
a microballoon, an average of 240,000 U (range, 100,000 –
420,000 U) of urokinase was administered to provide throm-
bolysis of the distal emboli.

Fig 1. Disruption of the MCA thrombus by a deflated microballoon catheter; the catheter
navigates into the thrombus in the MCA along the guidewire (A). When it is advanced, the
thrombus is fragmented (B ).

Clinical and angiographic characteristics and procedural results

Case Age(yr/sex) Occlusion site
Interval from onset

to treatment (hr) TIMI Grade

NIHSS Score

Initial 7–30 day mRS
1 48/M Lt. M1 proximal 2.8 3 20 4 1
2 76/M Lt. M1 proximal 4.2 3 18 0 0
3 77/M Rt. M2 3.5 3 17 5 1
4 72/M Lt. M1 proximal 4.5 3 22 9 2
5 76/M Rt. M2 4.5 2 27 10 3
6 72/F Rt. M1 distal 5.0 2 25 15 4
7 63/M Lt. M1 proximal 2.1 3 26 8 2

Note:—TIMI indicates Thrombolysis in Myocardial Infarction; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale.
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The median NIHSS score 7 to 30 days after treatment was 8
and ranged from 0 to 15. Three months after the stroke, 3
patients (43%) had recovered to an mRS score of 0 or 1 (good
outcome) and another 3 (43%), to a score of 2 or 3 (fair out-
come). The outcome was poor (mRS score of 4 or 5) in 1

patient (14%). No patients died. In a 72-year-old woman (case
6) with poor clinical outcome, the procedure was started 5
hours after the stroke onset and the therapeutic time window
expired before sufficient recanalization was attained.

A complete recanalization (TIMI grade 3) was achieved in 5
patients (71%), and a partial recanalization (TIMI grade 2), in
2 (29%). On a CT scan obtained within the first 24 hours after
the procedure, there were no patients with intracranial hem-
orrhage, including minor hemorrhage. A low-attenuation
area was demonstrated only in the basal ganglia in 1 patient, it
was only minimal in the cerebral cortex excluding the primary
motor area in 3 patients, and there was no cerebral low-atten-
uation area in 3 patients.

Representative Cases
Case 2. A 76-year-old right-handed man with atrial fibril-

lation presented with a sudden onset of right hemiplegia and
motor aphasia. A CT scan on admission revealed no apparent
early finding of low density area (LDA), without small lacunar
infarction in the left basal ganglia (Fig 2A). An emergency
angiography was performed 4.2 hours after the onset of symp-
toms and diagnosed an occlusion of the proximal portion of
the left MCA (Fig 2B). A thrombus disruption of the left MCA,
by using a deflated 2.5-mm Gateway balloon catheter, was
performed (Fig 2C). After thrombus disruption of the M1 por-
tion of the left MCA, 120,000 U of urokinase was infused via a
Gateway balloon catheter. Just after the treatment, hemiplegia
and aphasia were well recovered, and angiography demon-
strated complete recanalization, including the LSAs (Fig 2D).
A follow-up CT scan obtained 24 hours later revealed no ap-
parent cerebral low-attenuation area, without previous lacu-
nar infarction in the left basal ganglia.

Fig 2. A 76-year-old man (case 2).

A, A CT on admission shows no LDA, without small lacunar infarction in the left basal
ganglia. B, A preprocedural angiogram shows an occlusion of the left MCA trunk. C, A
deflated microballoon is gently advanced to the embolus. D, An angiogram obtained
immediately after the treatment shows complete recanalization. E, On the CT scan obtained
24 hours after treatment, there is no change compared with the initial CT on admission.

Fig 3. A 63-year-old man (case 7).

A, A CT on admission shows no LDA. B, A preprocedural angiogram shows an occlusion of
the left MCA trunk. C, An angiogram obtained immediately after the treatment shows
complete recanalization. D, On the CT obtained 24 hours after the treatment, LDA was
demonstrated in the left basal ganglia.
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Case 7. A 63-year-old right-handed man with atrial fibril-
lation presented with a sudden onset of drowsiness, right
hemiplegia, and motor aphasia. A CT scan revealed no abnor-
mality (Fig 3A). An emergency angiography was performed
2.1 hours after the onset of symptoms and diagnosed an oc-
clusion of the proximal portion of the left MCA (Fig 3B). A
thrombus disruption of the left MCA, by using a deflated
2.5-mm Gateway balloon catheter, was performed with
420,000 U of urokinase. Just after the treatment, hemiplegia
and aphasia were well recovered, and angiography demon-
strated complete recanalization, including the LSAs (Fig 3C).
A follow-up CT scan performed 24 hours later revealed no
LDA in the cerebral cortex, though the infarction in the left
caudate head and putamen could not be avoided. Conscious-
ness, right hemiplegia, and aphasia were well improved.

Discussion
Intra-arterial thrombolysis and intravenous rtPA have been
shown to be effective for the treatment of patients with acute
stroke resulting from an occlusion of the MCA.1,6-8,18

One of the most important and immediate parameters for
assessing treatment success of the recanalization therapy of the
MCA is to evaluate the achieved flow restoration. Recanaliza-
tion rates with LIT are superior to those for intravenous rtPA
for major cerebrovascular occlusions. Recanalization rates for
major cerebrovascular occlusions average 70% for LIT, com-
pared with 34% for intravenous rtPA.19 However, recanaliza-
tion is unsuccessful in approximately 30% of patients treated
with LIT alone. This study demonstrated that the present tech-
nique resulted in an excellent recanalization rate, with all 7
patients achieving partial or complete recanalization. This
contrasts with other studies of MCA recanalization with LIT
and intravenous thrombolytic agents, in which recanalization
rates ranged from 42% to 100%6,20-25 and with studies of ag-
gressive mechanical embolus disruption series with microgu-
idewire, microcatheter, snare wire, or direct balloon angio-
plasty, in which partial or complete recanalization rates were
from 50% to 100%.9-16

Sorimachi et al14 reported good technical and clinical out-
comes with the mechanical embolus disruption, by using a
j-shaped guidewire and microcatheter in the carotid territory.
Their partial or complete recanalization rate was 100% in pa-
tients with MCA occlusion and 91% in those with ICA occlu-
sion. However, iatrogenic perforation by their method was
demonstrated in 2 of 23 patients. Direct PTA is now accepted
as the standard mechanical disruption technique. Nakano et
al17 reported a 91.2% recanalization rate by direct PTA for
MCA trunk occlusion. In their report, the clinical outcome
was significantly better, and massive hemorrhage was signifi-
cantly lower than that in the LIT series.

However there are some potential risks associated with di-
rect PTA, including arterial rupture, injury of the perforating
artery, and spasm. Our new procedure to disrupt the MCA
thrombus, the use of a deflated microballoon instead of a mi-
crocatheter, can prevent the potential risks of direct PTA and
accomplish clinical results comparable to a direct PTA. Me-
chanical penetration by using a microcatheter is not efficient
to disrupt the embolus because the area of the tip of the cath-
eter is small.26 A microballoon has more surface area com-
pared with a microcatheter. A deflation of the microballoon

after the inflation creates more surface area and an irregular
surface shape, which makes it possible to disrupt the embolus
effectively. Similar to the direct PTA, the total urokinase dose
is needed for a successful recanalization, thereby reducing the
risk of intracerebral hemorrhage (ICH). Indeed, none of the
patients in the present study experienced ICH, and of the 4
patients with M1 proximal occlusion, only 1 demonstrated
infarction in the basal ganglia. This might be explained by the
balloon effectively removing the embolus beyond the orifice of
the LSAs and little urokinase infused into the LSAs, and unlike
the direct PTA, a dilation force causing injury to LSAs was not
added.

Our study has some limitations. First, it was a preliminary
study and our sample size was small. Second, it was a retro-
spective study. Third, the neurologic examinations were per-
formed by a neurosurgeon substituting for a neurologist. Yet
our clinical results were compared with published data for
LIT, other variable mechanical disruption techniques, and in-
travenous rtPA infusion. The comparison showed that our
method may be an alternative option to LIT, previous me-
chanical disruption including PTA, and intravenous rtPA.

References
1. [No authors listed] Tissue plasminogen activator for acute ischemic stroke:

The National Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group. N Engl J Med 1995;333:1581– 87

2. Hacke W, Kaste M, Fieschi C, et al. Intravenous thrombolysis with recombi-
nant tissue plasminogen activator for acute hemispheric stroke: The Euro-
pean Cooperative Acute Stroke Study (ECASS). JAMA 1995;274:1017–25

3. Hacke W, Kaste M, Fieschi C, et al. Randomised double-blind placebo-con-
trolled trial of thrombolytic therapy with intravenous alteplase in acute isch-
aemic stroke (ECASS II): Second European-Australasian Acute Stroke Study
Investigators. Lancet 1998;352:1245–51

4. Clark WM, Wissman S, Albers GW, et al. Recombinant tissue-type plasmino-
gen activator (alteplase) for ischemic stroke 3 to 5 hours after symptom onset:
The ATLANTIS Study—a randomized controlled tria. Alteplase Thromboly-
sis for Acute Noninterventional Therapy in Ischemic Stroke. JAMA
1999;282:2019 –26

5. Albers GW, Bates VE, Clark WM, et al. Intravenous tissue-type plasminogen
activator for treatment of acute stroke: the Standard Treatment with Alte-
plase to Reverse Stroke (STARS) study. JAMA 2000;283:1145–50

6. Furlan A, Higashida R, Wechsler L, et al. Intra-arterial prourokinase for acute
ischemic stroke: The PROACT II study—a randomized controlled trial. Pro-
lyse in Acute Cerebral Thromboembolism. JAMA 1999;282:2003–11

7. Qureshi AI, Ringer AJ, Suri MF, et al. Acute interventions for ischemic stroke:
present status and future directions. J Endovasc Ther 2000;7:423–28

8. Suarez JI, Sunshine JL, Tarr R, et al. Predictors of clinical improvement, angio-
graphic recanalization, and intracranial hemorrhage after intra-arterial
thrombolysis for acute ischemic stroke. Stroke 1999;30:2094 –100

9. Barnwell SL, Clark WM, Nguyen TT, et al. Safety and efficacy of delayed in-
traarterial urokinase therapy with mechanical clot disruption for thrombo-
embolic stroke. AJNR Am J Neuroradiol 1994;15:1817–22

10. Qureshi AI, Siddiqui AM, Suri MF, et al. Aggressive mechanical clot disruption
and low-dose intra-arterial third-generation thrombolytic agent for ischemic
stroke: a prospective study. Neurosurgery 2002;51:1319 –27

11. Edwards MT, Murphy MM, Geraghty JJ, et al. Intra-arterial cerebral throm-
bolysis for acute ischemic stroke in a community hospital. AJNR Am J Neuro-
radiol 1999;20:1682– 87

12. Nesbit GM, Clark WM, O’Neill OR, et al. Intracranial intraarterial thrombol-
ysis facilitated by microcatheter navigation through an occluded cervical in-
ternal carotid artery. J Neurosurg 1996;84:387–92

13. Sorimachi T, Fujii Y, Tsuchiya N, et al. Recanalization by mechanical embolus
disruption during intra-arterial thrombolysis in the carotid territory. AJNR
Am J Neuroradiol 2004;25:1391– 402

14. Tsai FY, Berberian B, Matovich V, et al. Percutaneous transluminal angio-
plasty adjunct to thrombolysis for acute middle cerebral artery rethrombosis.
AJNR Am J Neuroradiol 1994;15:1823–29

15. Ringer AJ, Qureshi AI, Fessler RD, et al. Angioplasty of intracranial occlusion
resistant to thrombolysis in acute ischemic stroke. Neurosurgery
2001;48:1282– 88

16. Nakano S, Iseda T, Yoneyama T, et al. Direct percutaneous transluminal an-

516 Ikushima � AJNR 28 � Mar 2007 � www.ajnr.org



gioplasty for acute middle cerebral artery trunk occlusion: an alternative op-
tion to intra-arterial thrombolysis. Stroke 2002;33:2872–76

17. [No authors listed] The Thrombolysis in Myocardial Infarction (TIMI) trial:
Phase I findings—TIMI Study Group. N Engl J Med 1985;312:932–36

18. Ueda T, Sakaki S, Kumon Y, et al. Multivariable analysis of predictive factors
related to outcome at 6 months after intra-arterial thrombolysis for acute
ischemic stroke. Stroke 1999;30:2360 – 65

19. Higashida RT, Furlan AJ, Roberts H, et al, for the Technology Assessment Com-
mittee of the American Society of Interventional and Therapeutic
Neuroradiology; Technology Assessment Committee of the Society of Interven-
tional Radiology. Trial design and reporting standards for intra-arterial cere-
bral thrombolysis for acute ischemic stroke. Stroke 2003;34:e109 –137. Epub
2003 Jul 17

20. del Zoppo GJ, Higashida RT, Furlan AJ, et al. PROACT: a phase II randomized
trial of recombinant pro-urokinase by direct arterial delivery in acute middle
cerebral artery stroke—PROACT Investigators. Prolyse in Acute Cerebral
Thromboembolism. Stroke 1998;29:4 –11

21. Theron J, Courtheoux P, Casasco A, et al. Local intraarterial fibrinolysis in the
carotid territory. AJNR Am J Neuroradiol 1989;10:753– 65

22. Mori E, Tabuchi M, Yoshida T, et al.. Intracarotid urokinase with thrombo-
embolic occlusion of the middle cerebral artery. Stroke 1988;19:802–12

23. Sasaki O, Takeuchi S, Koike T, et al. Fibrinolytic therapy for acute embolic
stroke: intravenous, intracarotid, and intra-arterial local approaches. Neuro-
surgery 1995;36:246 –52

24. Casto L, Caverni L, Camerlingo M, et al. Intra-arterial thrombolysis in acute
ischaemic stroke: experience with a superselective catheter embedded in the
clot. J Neurol Neurosurg Psychiatry 1996;60:667–70

25. Jahan R, Duckwiler GR, Kidwell CS, et al. Intraarterial thrombolysis for treat-
ment of acute stroke: experience in 26 patients with long-term follow-up.
AJNR Am J Neuroradiol 1999;20:1291–99

26. Noser EA, Shaltoni HM, Hall CE, et al. Aggressive mechanical clot
disruption: a safe adjunct to thrombolytic therapy in acute stroke? Stroke
2005;36:292–96

AJNR Am J Neuroradiol 28:513–17 � Mar 2007 � www.ajnr.org 517


