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Purpose: Vertebrobasilar artery occlusion (VBO) produces high mortality and morbidity

due to low recanalization rate utilization in endovascular therapy. The use of

percutaneous transluminal angioplasty (PTA) to improve recanalization rate additional

to local intra-arterial fibrinolysis (LIF) was investigated in this study. Results obtained

following recanalization therapy in acute intracranial VBO are reported.

Methods: Eighteen consecutive patients with acute VBO underwent LIF with or without

PTA, from August 2000 to May 2006. Eight patients were treated using LIF alone, and

10 required additional PTA. Rate of recanalization, neurological status before treatment,

and clinical outcomes were evaluated.

Results: Seventeen of 18 patients achieved recanalization. One procedure-related

complication of subarachnoid hemorrhage occurred. Overall survival rate was 94.4% at

discharge. Seven patients achieved good outcomes [modified Rankin scale (mMRS) 0-2],

and the other 11 had poor outcomes (MRS 3-6). Five of six patients who scored 9-14 on

the Glasgow Coma Scale (GCS) before treatment displayed good outcomes, whereas 10

of 12 patients who scored 3-8 on the GCS showed poor outcomes. GCS prior to

treatment showed a statistically significant correlation to outcomes (p<0.05). Moreover,

the National Institutes of Health Stroke Scale (NIHSS) before treatment correlated well

with mRS (correlation coefficient: 0.487). No statistical difference between the good



and poor outcome groups was observed for the duration of symptoms, age, etiology and

occlusion site.

Conclusions: Endovascular recanalization can reduce mortality and morbidity of acute

VBO. Good GCS and NIHSS scores prior to treatment can predict the efficacy of

endovascular recanalization.
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percutaneous transluminal angioplasty



Introduction

Acute vertebrobasilar artery occlusion leads to poor morbidity and mortality,

even following anticoagulation and platelet inhibitor therapy, with the mortality rate

with anticoagulation therapy reported to be approximately 90% [1]. Several reports have

shown that local intra-arterial fibrinolysis (LIF) of vertebrobasilar artery occlusion can

improve mortality and morbidity. However, recanalization rates are relatively low and

mortality has remained high, at ~60%, even with the use of LIF [1-5]. In patients with

embolic vertebrobasilar artery occlusion, the embolus is often so large as to be resistant

to LIF, and requires high doses of fibrinolytic agents, which can cause hemorrhagic

complications. In patients with atherothrombotic occlusion, recanalization can rarely be

obtained by LIF alone. Furthermore, residual high grade stenosis usually remains after

recanalization, which often causes reocclusion. The reocclusion rate after LIF has been

reported to be 10-30% [2,6]. Percutaneous transluminal angioplasty (PTA) has been

developed for the treatment of intracranial atherosclerotic stenosis. Some investigators

have applied PTA for acute occlusion, which can lead to higher recanalization rates and

decrease morbidity. However, few reports have described the efficacy and safety of

PTA for the treatment of acute intracranial vertebrobasilar artery occlusion in a large

number of cases. In this study, retrospective analysis of patients with acute



vertebrobasilar artery occlusion treated using LIF with or without PTA, in our

institutions, was performed. This study, therefore, aimed to establish the factors

increasing survival rate and good neurological outcomes.

Methods

Patients

Endovascular treatment of vertebrobasilar artery occlusion included patients admitted

with neurological symptoms who were subsequently found to have vertebrobasilar

artery occlusion using magnetic resonance angiography (MRA) and/or computed

tomography (CT). Exclusion criteria for endovascular recanalization were a large brain

stem infarction [more than half the area of the brain stem on at least one axial slice of

CT and/or magnetic resonance imaging (MRI)], recent history (within 4 weeks) or

presence of intracranial hemorrhage or hemorrhagic infarction, or long duration after

onset (>12 hours). From August 2000 to May 2006, 18 consecutive patients [14 males

and 4 females, aged 50—84 years (mean age 69.9 years)] with acute intracranial

vertebrobasilar artery occlusion underwent endovascular recanalization therapy at our

institutions, including LIF using urokinase, and PTA. Informed consent for

endovascular treatment was obtained from each patient and/or their nearest relatives.



Their clinical findings, angiograms and outcomes are summarized in Table 1. The

duration between the onset of neurological symptoms and endovascular recanalization

therapy ranged from 1 to 8.5 hours. The median Glasgow Coma Scale (GCS) score on

admission was 7 (range 3—14). The median National Institutes of Health Stroke Scale

(NIHSS) were 20.5 (range 3-35). Among the 18 patients, etiology of occlusion was

cardiogenic embolism in 11 patients and atherothrombotic occlusion in 7 patients. All

patients underwent non-contrast brain CT before treatment to exclude hemorrhagic

transformation of brain parenchyma and diffuse brain stem infarction. MRI and MRA

were performed in all but three patients. Neurosurgeons and/or neurologists estimated

neurological status before treatment and scored with the GCS and NIHSS. Clinical

outcomes at 3 months were classified using the modified Rankin scale (mRS). Mean

hospitalization days and follow-up days were 61.4 and 697, respectively.

Angiography and interventions

In most cases, a transfemoral arterial or a brachial arterial approach was taken for

transarterial digital subtraction angiography of the aortic arch, bilateral vertebral arteries,

and bilateral common carotid arteries. The site of vertebrobasilar artery occlusion was

categorized as: distal vertebral artery (VA), intracranial portion of the VA; proximal

basilar artery (BA), from the vertebral arterial confluence to the origin of the anterior



inferior cerebellar artery; mid BA, from the origin of the anterior inferior cerebellar

artery to the origin of the superior cerebellar artery; distal BA, distal to the superior

cerebellar artery. Collateral flow that opacified the BA from the tip inferiorly to the

level of the superior cerebellar arteries was termed distal, while collateral flow that

opacified the BA from the tip to below the level of the anterior inferior cerebellar

arteries was termed distal and middle. The number of collateral opacification of the P1

segment of the posterior cerebral artery (from the basilar tip to the confluence of the

posterior communicating artery: PcoA) was also recorded. At least one P1 segment

could be obtained from nine patients via carotid injections. One P1 segment with

leptomeningeal collateral flow via vertebral injections was also obtained from one

patient.

All procedures were performed under local anesthesia with intravenous injection of

heparin (1500-3000 U), patients with poor GCS required intubation, but no patients

underwent intravenous anesthetics or inhalation anesthetics. A microcatheter was

advanced distally beyond the occlusion site through a guiding catheter which was

placed at the cervical portion of the VA. Urokinase was infused at a rate of 60 000 U

every 5 minutes. During urokinase infusion, the tip of the microcatheter was slowly

pulled back to the proximal portion of the occlusion site, and angiography was



performed after injection of every 60 000 U to estimate recanalization. When no or

minimal thrombus regression was observed on angiography after injection of 120 000 U

of urokinase, PTA was performed using a small balloon catheter with a balloon

diameter 0.5—1 mm less than the estimated arterial diameter, and a low inflation

pressure (<4 atmospheric pressure). Selection of PTA balloon catheter depended on the

operator, i.e. 5 Gateway (Boston scientific, Nathic, MA, USA), 4 fasSTEALTH (Boston

Scientific) and 1 Sasuga (Boston Scientific). When recanalization was obtained after

PTA, additional infusion of urokinase was performed until sufficient lysis of the

residual thrombus in the vertebral BA was obtained, or 360 000 U of urokinase were

infused. Total dosage of urokinase used ranged from 120 000 to 360 000 (mean 228

000) U. Eight patients were treated with LIF alone and 10 patients were treated with

LIF and additional PTA. Six of the seven patients with atherothrombotic occlusion were

treated using LIF and additional PTA. Seven out of 11 patients with cardiogenic

thromboembolism were treated by LIF alone. Follow-up CT scanning was performed

immediately, 12 hours, 24 hours and 3 days after the procedure. Continuous intravenous

infusion of heparin_(10 000 to 15 000 U/day) was performed for 3 days after the

procedure. Antiplatelets were administrated after endovascular procedure for all cases

of atherothrombotic occlusion. In contrast, no cases of cardiogenic thromboembolism




were treated with antiplatets.

Recanalization rate, complications and clinical outcomes were evaluated.
Recanalization was classified with arterial occlusive lesion score (AOL score) [7] which
focused on recanalization of the primary arterial occlusive lesion. The AOL score was
defined as: 0 = no recanalization of the primary occlusion, I = incomplete or partial
recanalization of the primary occlusion with no distal flow, II = incomplete or partial
recanalization of the primary occlusion with distal flow, or Il = complete recanalization
of the primary occlusion with distal flow. We also analyzed the relationship between
neurological outcomes and factors potentially affecting these outcomes, including age,
duration before treatment, sites of occlusion, etiology of occlusion, use of additional
PTA, GCS and NIHSS before treatment. All statistical analyses were performed using
SPSS version 10.0.7] software. Student’s t test, Fisher’s exact test, y* test and Pearson’s

product moment correlation coefficient were used.

Results
Vertebrobasilar artery occlusion as observed with vertebral angiography was found in
the distal VA in 2 patients, mid BA in 6 patients and distal BA in 10 patients. In both

patients with distal VA occlusion, contralateral vertebral angiography showed



hypoplasty of the contralateral VA. Two of the 10 patients with distal BA occlusion

showed concurrent occlusion of the VA at the origin and hypoplasty of the contralateral

VA.

Collateral opacification of the distal BA beyond the occlusion site and the P1 segment

of the posterior cerebral artery are shown in Table 1. Distal BA opacification from

collaterals could be estimated only when the occlusion site was below the mid BA. Six

patients with mid BA occlusion were observed. Three patients displayed no collateral

distal basilar flow, whilst three were observed with retrograde collateral flow via PcoA

or leptomeningeal anastomosis. There was no correlation between the opacification of

the distal BA and mRS (Table 2). Two patients with distal VA occlusion revealed

retrograde distal to middle BA opacification in one patient and no retrograde BA

opacification in the other. The outcomes were the same as mRS 1. There was no

significant correlation between the opacification number of P1s and mRS (Table 2).

However, a trend showed that only 20.0% of patients could achieve good outcomes

when no P1 opacification was observed. By contrast, 50.0% of patients showed good

outcomes when at least one P1 opacification site was present.

Technical results and complications



Recanalization was achieved in 17 of the 18 patients (94.4%). After LIF using 120

000 U urokinase, complete recanalization (AOL III) was obtained in 6 patients, partial

recanalization (AOL II) was found in 5, and no recanalization (AOL 0) was found in 7

patients. No patients had minimal recanalization without distal flow (AOL I).

Additional PTA was performed in all 7 patients of AOL 0, and in 3 of the 5 patients

classified as AOL II. Finally, recanalization of the vertebrobasilar artery was obtained in

17 out of 18 patients, which included 9 complete recanalizations without residual

stenosis or thrombi at the occlusion site (AOL IIT) and 8 incomplete recanalizations

with residual filling defects or stenosis (AOL II). All 9 cases which showed complete

recanalization had cardiogenic embolism due to atrial fibrillation. Among the 8 patients

who showed incomplete recanalization, all except 2 had atherothrombotic occlusion.

The remaining patient suffered subarachnoid hemorrhage caused by penetration of the

microguidewire during its passage through the occlusion site of the BA. The procedure

was, therefore, interrupted in this patient, and resulted in no recanalization (AOL 0).

Acute or subacute reocclusion was not observed. Two patients who had been

recanalized with PTA showed restenosis 1 month after the procedures and were

retreated by stenting. Hemorrhagic infarction after the procedure was observed in 4

patients on follow-up CT. In 3 patients, petechial hemorrhagic changes that did not



affect the outcomes were found in the occipital lobe. Massive symptomatic hematoma

was observed in one patient, which caused severe neurological aggravation. No other

complications relating to the procedures were observed.

Clinical outcomes and related factors (Table 3)

Outcomes at discharge or 3 months after treatment were favorable (mRS 0-2)

in seven patients (38.9%) and poor (mRS 3-6) in 11 patients (61.1%). During a

follow-up period of 0—62 months (mean 22.9 months), one patient died 23 days after the

procedure due to pneumonia. Good outcomes were more frequently observed in patients

with atherothrombotic occlusion (43%) than in those with cardiogenic

thromboembolism (36%); however, there was no statistically significant difference

between both etiologic groups (Table 3).

No statistical relationship was shown between AOL score after treatment and

mRS.

Both patients whose clots were located at the distal VA showed good neurological

outcomes, as did five of the 16 patients (31.3%) with mid or distal BA occlusion.

Although patients with mid/distal BA occlusion tended to show poorer outcomes than

those with proximal occlusion, statistical analysis showed no correlation between



outcomes and site of occlusion.

The mean duration between onset of symptoms and start of endovascular procedure

was similar in both the good (260 min, 60—445 min) and poor outcome groups (250 min,

110-510 min).

Five out of 6 patients (83.3%) who scored 9—14 on the GCS before treatment showed

good outcomes. By contrast, only two of 12 patients who scored 3—8 on the GCS

recovered well. There was a statistically significant correlation between GCS score

before treatment and neurological outcomes (P=0.013).

Pearson’s correlation coefficient was 0.487 between NIHSS and mRS which

demonstrated a significant correlation. As NIHSS score increased, so did mRS observed.

All the patients who demonstrated a NIHSS greater than 29 returned a mRS of 5 or 6.

No significant correlation between outcomes and age was observed.

Etiology and related factors (Table 4)

No differences were found in ages and mean number of occlusion of PCA and

SCA after procedure in both etiologies. Patients with cardiogenic thromboembolism

tended to be poor GCS score and NIHSS than the patients with atherothrombotic

occlusion. Atherothrombotic occlusion required additional PTA (6 of 7) more




frequently, and therefore, it required longer procedure time (199 minutes) than

cardiogenic thromboembolsm (requirement of PTA, 4 of 11: procedure time, 122

minutes). However, there were no statistically significant differences between both

etiologies in those factors. A significant difference was found in AOL score which

shows lower in atherothrombotic occlusion (1.71) than cardiogenic thromboembolism

(2.73) (p=0.01).

Use of additional PTA (Table 5)

There were & patients treated by LIF alone (LIF group) and 10 patients treated by LIF

and additional PTA (PTA group). PTA group included larger number of

atherothrombotic occlusion (6 of 10 patients) than LIF group (1 of 8 patients). The

mean ages, initial GCS and NIHSS were similar in both eroups. PTA group showed

slightly longer procedure time (164 minutes vs. 143 minutes), slightly lower AOL score

(2.10 vs. 2.63). and better outcome (good outcome: 50% vs. 25%). However, there were

no statistically significant differences.

Discussion

Acute intracranial vertebrobasilar artery occlusion is often associated with high



morbidity and mortality, even when treated with anticoagulation and platelet inhibitors

[1]. During the last two decades, several authors have reported the efficacy of LIF for

the treatment of occluded vertebrobasilar artery. However, reports of recanalization

rates were low (44-65%), and mortality rates were still high (>50%) [1-5]. A higher

recanalization rate was considered to lead to a lower mortality rate. Hacke et al. [1]

reported that the recanalization rate by LIF was 44% and the mortality rate was 69%.

Recently, Arnold et al. [8] reported that the recanalization rate by LIF and PTA was

80% and the mortality rate was 42%. Ezaki et al. [9] reported similar results, with a

recanalization rate for LIF and PTA of 92% and a mortality rate of 27%. Approximately

10% of patients were treated with PTA in these studies [8,9]. More recently, Eckert et al.

[10] reported the results of a multicenter study of aggressive therapy with intravenous

abciximab and intra-arterial rtPA, and additional PTA/stenting, in 47 patients with acute

vertebrobasilar occlusion. Balloon PTA or stenting was performed in 31.9% of patients,

resulting in a 72% recanalization rate and a 38% mortality rate. These results suggest

that higher recanalization rates may be related to lower mortality. Lindsberg et al. [11]

reported the systematic analysis of the treatment for vertebrobasilar artery occlusion.

From their data, successful recanalization was a decisive factor in promoting good

outcomes, as the likelihood of good outcomes in the non-recanalized cases was only 2%.



In the present study, we achieved 94% recanalization and 94% survival. PTA was

performed in 55.5% of patients who had residual stenosis/thrombus after LIF with a

small dosage of urokinase (120 000 U). Prolonged infusion of thrombolytic agents in

LIF-resistant patients, such as those with firm clots or atherothrombotic occlusion, may

lead to lower recanalization and increased risk of hemorrhagic complications. PTA can

immediately restore blood flow in the stenotic or occlusive artery by crushing the clots

or dilation of the atherosclerotic stenosis. Additional PTA in the procedure would be a

major contributor to the high recanalization rates and good outcomes in our study. The

dose of urokinase used (mean 228 000 U) was less than that in other reports (400 000—1

800 000 U) [1-6,8,9]. Massive hemorrhagic transformation is one of the most important

complications associated with endovascular recanalization. This complication occurred

after treatment of acute vertebrobasilar artery occlusion in 8-25% of previously

reported cases. Only one case (5.6%) in our study showed symptomatic hemorrhage

after treatment. The lower incidence of hemorrhagic complications may be related to

good outcomes, and may have been caused by the low dosage of urokinase. Therefore,

early judgment of LIF-resistant occlusion and additional PTA could be associated with

good outcome. However, there are potential risks of balloon PTA for acute occlusion of

intracranial arteries, which include arterial dissection, subarachnoid hemorrhage and



acute occlusion, which can be fatal. Nahser et al. [12] have discussed their experiences

of 20 patients with vertebrobasilar artery stenosis treated by balloon angioplasty, and

presented a review of 126 published cases. From their data, angiographic complications

occurred in seven patients (8.2%; five dissections, one acute occlusion of the BA, and

one perforating occlusion), of which four (4.7%) were fatal. No dissection was

encountered in our study. We performed balloon angioplasty using a small caliber

balloon (0.5—-1 mm less than the ideal size) inflated gently with low pressure (<4 atm).

Use of these techniques may reduce the risk of angioplasty-related vessel injury. We

experienced one complication directly related to the procedure, in which a

microguidewire penetrated the BA during navigation through the occluded portion of

the artery. The penetrated portion of the BA was occluded, and CT following the

procedure showed only a small subarachnoid hemorrhage. The complication seemed not

to worsen patient outcomes. However, careful attention should be practiced when

manipulating the catheter and guidewire through the occluded portion of the artery.

Another potential disadvantage of balloon PTA is clot disruption and dislocation

especially in cases of cardiogenic embolism, which can cause distal embolisms and

occlusion of perforators. Recent developing technique of clot retrieve such as

suction catheters technique and mechanical clot retriever might have an




advantage in order to remove large clots without clot disruption in cases of cardiogenic

thromboembolism [13-18]. These reports were consisted with small number of cases

and further investigations would be required. The utility of these extraction and

thrombectomy devices for acute vertebraobasilar artery occlusion is limited to patients

with embolic occlusion, who constitute less than half of patients. It would be easier to

perform LIF with additional PTA than to use extraction/thrombectomy devices for the

treatment of acute vertebrobasilar occlusion.

Other factors may affect patient outcomes. Brandt et al. [3] reported that distal BA

occlusion and atherothrombotic occlusion tended to show high mortality.

Atherothrombotic occlusion also showed significant resistance to recanalization. By

contrast, Cross et al. [19] showed better neurological outcomes in patients with distal

basilar thrombosis, where the survival rate in patients with distal BA occlusion was

significantly higher than in those with proximal and middle BA occlusion (71 versus

15%). Furthermore, this study mentioned that distal BA occlusion is frequently of

embolic origin, and can often be recanalized by LIF. In our study, good outcomes were

more frequently observed in patients with atherothrombotic occlusion than in those with

cardiogenic thromboembolism (43 versus 36%). Regarding the site of occlusion,

mid/distal BA occlusion tended to show poorer outcomes than proximal occlusion.



These differences in outcomes may have been caused by the different techniques used

and the recanalization rates. Our technique using additional balloon PTA achieved a

recanalization rate of 94% and 94% survival. Therefore, duration of ischemia and

collateral blood flow are more important than the nature of the occlusion resistant to

LIF. Cross et al. [4] demonstrated that most patients (83%) who had good collateral

flow also had good neurological prognosis. These results suggest that recanalization of

atherothrombotic occlusion of the vertebrobasilar artery may give good neurological

outcomes when patients have good collateral blood flow. We investigated collateral

flows in relation to distal basilar trunk opacification, PcoA visualization and P1 segment

visualization. There was no significant correlation between the above items and mRS.

However, there was a slight tendency, when a patient had at least one P1 opacification,

5 of 10 patients (50.0%) showed good outcomes, indicating that better outcomes occur

with atherothrombotic occlusion. Cardiogenic thromboembolisms can occlude the distal

portion of the BA, so simultaneous occlusion of the P1 segment of the posterior cerebral

artery can easily occur.

Pretreatment GCS can reflect severity of brain stem ischemia, and was significantly

correlated to outcomes in our study and in previous studies. We found that patients who

scored >8 on the GCS had significantly better outcomes than patients who scored 3-8.



Arnold et al. [8] reported that low NIHSS scores (<20) are predictive of favorable

outcomes. Our results also showed NIHSS had a significant correlation coefficient with

mRS. Ezaki et al. [9] reported that patients with a GCS score of <10 upon admission

had a worse prognosis. The present study demonstrated that the initial condition of a

patient is a predictor of outcomes.

The duration of ischemia before treatment may influence patient outcomes. Eckert et

al. [5] reported that early treatment within 6 hours of onset leads to significantly better

neurological outcomes than delayed treatment. Arnold et al. [8] also reported that

recanalization could be performed more frequently in cases treated within 6 hours, and

that recanalization itself is an independent predictor of favorable outcomes. However,

our results showed no difference in the mean duration of ischemia between the good

outcome and poor outcome groups. Further investigations are necessary to determine

the therapeutic time window that will achieve the best results.

Stenting for acute occlusion was not performed in our study, although two patients

were treated using stenting for vertebrobasilar artery restenosis. Spreer et al. [20]

reported three cases of primary stenting for residual stenosis immediately after LIF.

There have been a few reports [10,20-22] of intracranial stenting for vertebrobasilar

artery occlusion after LIF. Eckert et al. [10] reported that additional PTA/stenting was



performed after LIF in 31.9% of patients. However, they did not describe these cases in

detail, such as the number of cases, efficacy and complications. Levy et al. [23,24]

compared the safety of intracranial stenting for severe vertebrobasilar artery stenosis

using three different methods: direct stenting without predilatation, stenting with

predilatation, and staged stenting following balloon PTA. Direct stenting for acute

vertebrobasilar artery occlusion was shown to possibly have a higher risk of

complications than LIF with additional balloon PTA using a low inflation pressure.

There are possible factors affecting the results of this study. First. we use MR images

for exclusion of patients. Evaluation by MRI, especially when using diffusion weighted

image before treatment, might increase patients who met excursion criteria compared

with CT evaluation alone. Second, we perform all procedure under local anesthesia

because it can be performed immediately after diagnostic angiography without duration

of preparing general anesthesia. Shorter duration after onset (within 12 hours) than other

articles (within 18-79 hours) [1-5] might influence our good survival rate.

Conclusion

PTA can feasibly be performed after LIF in patients with acute vertebrobasilar artery

occlusion. Although our study was limited by the small number of cases, we achieved a



high recanalization rate and low mortality. Furthermore, a notable strong correlation of

pretreatment GCS score with outcomes was observed.
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Figure legends

Fig. 1. A 77-year-old man (case 12) with sudden onset loss of consciousness and

quadriparesis at the time of presentation. Pretreatment GCS score was 5. (A) Initial

non-contrast CT shows the high density of the basilar tip. (B) Diffusion-weighted image

showing the absence of high signal intensity area in the brain stem. (C) MRA shows

occlusion of the distal portion of the basilar artery. The right posterior cerebral artery

shown was most likely supplied via the right posterior communicating artery. (D)

Cerebral angiography, started 3.5 hours after onset, shows that the tip of the basilar

artery was occluded with a thrombus. Both posterior cerebral arteries and the right

superior cerebellar artery cannot be seen. (E) A microcatheter was introduced beyond

the thrombus. 120 000 U urokinase were injected slowly. The right posterior cerebral

artery and the superior cerebellar artery could not be seen after this procedure; however,

the residual thrombus occluded the left posterior cerebral artery. PTA was performed

from the distal basilar artery to the left posterior cerebral artery. Recanalization was

achieved immediately. Another 60 000 U urokinase were injected to resolve the distal

embolism. (F) Final angiography shows complete recanalization of the basilar artery;

however, the slow blood flow caused by the distal embolism can be seen in the right

superior cerebellar artery and left posterior cerebral artery. (G,H) Diffusion-weighted



images performed 8 days after the procedure show no brain stem infarction and minimal

left thalamic infarction. The cortical infarction of the left posterior lobe is an old

infarction which existed before onset. The patient had mild right hemiparesis and an

mRS of 3.
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