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Intravenous Thrombolysis of Basilar Artery Occlusion
Predictors of Recanalization and Outcome

Tiina Sairanen, MD, PhD; Daniel Strbian, MD, PhD; Lauri Soinne, MD, PhD;
Heli Silvennoinen, MD, PhD; Oili Salonen, MD, PhD; Ville Artto, MD, PhD; Ilkka Koskela, MSc;
Olli Häppölä, MD, PhD; Markku Kaste, MD, PhD; Perttu J. Lindsberg, MD, PhD; for the Helsinki

Stroke Thrombolysis Registry (HSTR) Group

Background and Purpose—Basilar artery occlusion has a high mortality rate (85% to 95%) if untreated. We describe a
large single-center cohort treated mostly with intravenous alteplase and heparin.

Methods—The cohort included 116 patients with angiography-verified basilar artery occlusion. We studied baseline
characteristics, frequencies of recanalization and symptomatic intracranial hemorrhage, and 3-month outcome (modified
Rankin Scale [mRS]).

Results—Thirty patients (25.9%) had mRS 0 to 2, 42 patients (36.2%) had moderate outcome (mRS, 0–3), 26 patients
(22.4%) required daily help (mRS, 4–5), and 48 patients (41.4%) died. Eighteen patients (15.7%) developed
symptomatic intracranial hemorrhage. In patients with post-treatment angiogram available (n�91), 59 patients (64.8%)
had a complete or partial recanalization. Radiological location of basilar artery occlusion was known in 55 of 91
instances, and recanalization was associated directly with clot location at the top-of-basilar (odds ratio, 4.8 [1.1–22];
P�0.048). Independent outcome (mRS 0-2) was associated with lower age and National Institutes of Health Stroke
Scale (NIHSS) score at baseline. Age, nil or minimal recanalization, and symptomatic intracranial hemorrhage were
independently associated with fatal outcome. Sixteen of 71 patients (22.5%) who presented with coma eventually
reached moderate outcome, and additional 8 patients (11.3%) progressed to mRS 4.

Conclusions—Whereas recanalization after intravenous thrombolysis strongly predicts survival and moderate outcome, therapeutic
techniques should concentrate on clot location. Although most adverse baseline variables, age, symptom severity, but also coma are
beyond control, it should not preclude thrombolysis, which may permit independent survival. (Stroke. 2011;42:2175-2179.)
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Close to one fifth of cerebral infarctions occur in the
territory of posterior circulation. A small portion of

these are angiographically verified basilar artery occlu-
sions (BAO). The location and length of the vascular
occlusion determines the clinical picture, ranging from
mild motor deficits to tetraplegia.1 Therapy decisions in
BAO are hampered by the lack of randomized controlled
trials comparing anticoagulants or antiplatelet agents with
thrombolysis. Without recanalization, the likelihood of
independent outcome (defined as mRS 0 –2) is roughly 2%
across a wide range of case series applying thrombolysis
either intravenously (IVT) or intra-arterially (IAT) in
varying protocols.2 Here, we present the outcome of a large
single-center cohort of thrombolysis-treated BAO patients,
representing 10.5% (116/1104) of all stroke thrombolyses
in our hospital between 1995 and 2008.3

Materials and Methods
Patients
This study was approved by local authorities and conducted at the
Department of Neurology, Helsinki University Central Hospital. All
consecutive stroke patients treated with thrombolysis at Helsinki
University Central Hospital are registered prospectively.3 Thrombol-
ysis for clinically suspected BAO was performed in 119 patients
during the study period. Two patients did not have sufficient
angiographic examinations before treatment, and 1 foreign patient
was lost to follow-up. Thus, the final study cohort includes 116
patients with angiography-confirmed BAO and 3-month follow-up.

Data on medical history, acute treatment details, and outcome
were obtained from the Safe Implementation of Treatments in Stroke
(SITS) registry from 2003 onward.4 All data were checked and
additional data were acquired from medical hospital records. The
cohort treated between 1995 and 2003 was described in detail.5

Pretreatment angiography (time-of-flight, computed tomography,
or digital subtraction) was evaluated by a neuroradiologist in a
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blinded fashion. Recanalization in post-treatment angiograms was
dichotomized as complete to partial (corresponding with TIMI 3 or
2), and minimal to nil (corresponding with TIMI 1 or 0).6 Imaging
was repeated at 24 hours after thrombolysis (except for 1 patient who
died within 24 hours) and at any time clinical deterioration occurred
and ICH was suspected. Symptomatic ICH (sICH) was defined
according to ECASS II criteria.7

Although not ideally suitable for vertebrobasilar circulation
strokes, baseline National Institutes of Health Stroke Scale (NIHSS)
was available in 114 of 116 patients (98%). For patients requiring
intubation, NIHSS scores were evaluated before intubation, or
sedation was stopped before the evaluation. The same is true for
NIHSS scoring during follow-up. Modified Rankin Scale (mRS) at 3
months was assessed either by face-to-face appointment or by
telephone interview of patients and their caregivers by video-trained
and certified stroke neurologists.8,9 Stroke etiology was designated
by stroke neurologists according to the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) criteria,10 based on review of all medical
and radiological records.

Statistical Analysis
Distributions of the continuous variables were studied and tested for
normality. Univariate comparisons were performed with Student t test or
Mann-Whitney U Rank Sum test for continuous variables, and with
Pearson �2 test for categorical variables. Three-month outcome of mRS
0 to 2 was defined as independent, mRS 3 to 5 as dependent, mRS 0 to
5 as alive, and mRS 6 as deceased. For moderate outcome (mRS 0 to 3),
see Supplemental Table S1, http://stroke.ahajournals.org. For multivar-
iate analysis testing associations of baseline parameters with
3-month outcome and recanalization, a model of logistic regression
was constructed, including potential confounders as identified by
previous research. In case of 3-month outcome, all of the previously
recognized predictors were highly significant also in our univariate
analysis. In addition, highest blood glucose within 24 hours was also
included because of high level of significance. In case of regression
model for recanalization, only sparse data exist from previous

research, for which covariates were chosen based on the univariate
analysis (P�0.1). The data are given as OR (95% CI) with the
corresponding probability value. Two-sided values of P�0.05 were
considered significant. SPSS 17.0 software (SPSS Inc) was used.

Results
The demographics, medical history, baseline, and follow-up
clinical and radiological characteristics are summarized in
Table 1. According to the TOAST criteria, the etiology was
large-artery atherosclerosis in 38/116 patients (32.8%), car-
dioembolism in 30 patients (25.9%), other determined etiol-
ogy in 12 patients (10.3%; including vertebral dissection,
n�11), and undetermined (including multiple potential etiol-
ogies) in 36 patients (31%). The proportion of patients with
undetermined etiology is sizeable; otherwise, the etiologic
grouping is in balance with other reports.5,11

BAO was diagnosed using digital subtraction angiography
in 3 patients, with magnetic resonance angiography in 64
patients (55.2%), and computed tomographic angiography in
49 patients (42%). The majority of BAO patients were treated
with only IVT (109/116, 94%). Seven patients (6%) received
only IAT. None of the patients received mechanical intra-ar-
terial treatment. According to our written institutional BAO
therapy protocol, 96% patients (111/116) also received full-
dose anticoagulation with either intravenous unfractionated
heparin (102/111; 92%) or low molecular weight heparin
(9/111). Anticoagulation treatment was initiated either imme-
diately after or before thrombolysis after exclusion of ICH on
the admission head scan. The activated partial thromboplastin
time target was between 75 and 100 seconds.

Table 1. Demographics, Medical History, Baseline, and Follow-Up Clinical and Radiological Characteristics of Thrombolysis-Treated
BAO Patients

Characteristic
All Patients

N�116
mRS 0–2

N�30
mRS 3–5

N�38
Dead
N�48

Alive
N�68

Alive vs Dead
P Value

Age (y); mean (median) 63 (64, 19) 54 (59, 30) 63 (62.5, 20) 69 (69, 18) 59 (61, 22) �0.0001

Male sex; n (%) 83 (71.6) 25 (83.3) 26 (68.4) 32 (66.7) 51 (75.0) 0.327

Diabetes; n (%) 12 (10.3) 0 (0) 26 (68.4) 8 (16.7) 4 (5.9) 0.060

Atrial fibrillation, n (%) 25 (21.6) 1 (3.3) 9 (23.7) 15 (31.3) 10 (14.7) 0.033

NIHSS score*; median (IQR) 23 (18) 10 (10) 24 (18) 29 (10) 14 (17) �0.0001

OTT, min; median (IQR) 523 (730) 423 (545) 689 (1041) 531 (557) 525 (788) 0.691

Intubation/mechanical ventilation; n (%) 71 (61.2) 12 (40) 21 (55.3) 38 (79.2) 33 (48.5) 0.001

Convulsions; n (%)* 12 (10.5) 2 (6.7) 2 (5.4) 8 (17) 4 (6%) 0.058

Blood glucose before treatment†, mmol/l; median (IQR) 7.1 (3.1) 7.1 (2.9) 6.7 (1.5) 7.7 (3.7) 6.8 (2.2) 0.056

Peak blood glucose within 24 h*, mmol/l; median (IQR) 6.8 (2) 5.9 (2.0) 6.8 (2) 7.2 (3) 6.6 (2) 0.004

Systolic blood pressure before, mm Hg; median (IQR) 147 (38) 139 (40) 149 (34) 158 (39) 145 (31) 0.200

IV antihypertensive before; n (%) 25 (21.6) 3 (10) 13 (34.2) 9 (18.8) 16 (23.5) 0.538

Nil or minimal recanalization‡; n (%) 32 (35.2) 4 (13.8) 10 (31.3) 18 (56.3) 14 (43.8) 0.001

Complete or partial recanalization‡; n (%) 59 (64.8) 25 (86.2) 22 (68.8) 12 (20.3) 47 (79.7) 0.001

sICH per ECASS§, n (%) 18 (15.7) 0 (0) 2 (5.3) 16 (34.0) 2 (2.9) �0.0001

Moderate outcome (mRS 0–3) vs 4–6 is displayed in Supplemental Table S1, http://stroke.ahajournals.org.
mRS indicates modified Rankin scale; BAO, basilar artery occlusion; NIHSS, National Institutes of Health Stroke Scale; OTT, onset-to-treatment time; IV, intravenous;

sICH, symptomatic intracranial hemorrhage; IQR, interquartile range.
*n�114.
†n�102.
‡Post-treatment angiography available in 91 patients (78.4%).
§n�115, 1 patient died within 24 hours post-thrombolysis without repeated head scan.
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Recanalization
Post-treatment angiograph was performed in 78.4% of pa-
tients (91/116) and not in 25 patients (21.6%), 4 of whom
died within 24 hours from treatment onset. In 84% of the
patients with no follow-up angiogram (21/25), the 3-month
outcome was nonindependence or death (Figure). Of 91
patients, 66 patients (72.5%) underwent magnetic resonance
angiography, 24 patients (26.4%) underwent computed tomo-
graphic angiography, and 1 patient (1%) had digital subtrac-
tion angiography. Fifty-nine patients (64.8%) showed a com-
plete or partial recanalization, and 32 patients (35.2%) had nil
or minimal recanalization. Demographic characteristics, med-
ical history, and physiological variables of patients with
different level of recanalization are shown in Table 2.

Starting in 2002, radiological data were recorded digitally
and permitted a detailed investigation of the whole basilar

artery length in 74 patients, Of these, both pre- and post-
treatment angiographs were available from 55 patients (Table
2). In multivariate analysis adjusted for diabetes, NIHSS at
baseline, and onset-to-treatment time �6 hours, only the
top-of-basilar clot location (n�23) was associated with par-
tial or complete recanalization with OR 4.8 (1.1–22),
P�0.048.

Rates of sICH
Eighteen of 115 patients (15.7%) with control head scan
developed sICH,7 which was strongly associated with mor-
tality (Tables 1 and 3).

Outcome
The 3-month mRS distribution is shown in Figure. Univariate
and multivariate analysis of the parameters associated with
independent outcome is shown in Tables 1 and 3. For
moderate outcome mRS 0 to 3, see Supplemental Table S2.
The impact of recanalization (n�91) on 3-month outcome is
given in Figure.

Figure. Outcome at 3 months. Patients with post-treatment angiography are additionally dichotomized in to those with and without re-
canalization. The vast majority of patients with missing post-treatment angiography (n�25) died (n�18) or had dependent outcome
(n�6).

Table 2. Univariate Analyses on Recanalization of
BAO (n�91)

Parameter
TIMI 0–1
(n�32)

TIMI 2–3
(n�59) P Value

Age, y; median (IQR) 62 (23) 63 (22) 0.962

Male sex; n (%) 18 (56.3) 43 (72.9) 0.107

Diabetes; n (%) 6 (18.8) 2 (3.4) 0.013

Atrial fibrillation; n (%) 3 (9.4) 11 (8.6) 0.242

NIHSS, median (IQR) 29 (15) 14 (17) 0.001

OTT, min; median (IQR) 556 (587) 447 (785) 0.124

OTT�6 h; n (%) 8 (25) 26 (44.1) 0.073

Glucose before; median (IQR) 7.1 (2.6) 6.9 (3.0) 0.207

Highest glucose in 24 h; median
(IQR)

6.8 (2.0) 6.6 (2.0) 0.992

Only top-of-basilar clot location
(n�23); n (%)*

3 (15.8) 20 (55.6) 0.004

Caudal BAO location (n�3), n (%)* 2 (10.5) 1 (2.8) 0.229

Midbasilar included (n�29), n (%)* 14 (73.7) 15 (41.7) 0.024

From the year 2002 on, the radiological data is in electronic format and the
quality of the head scans and the angiograms allowed a detailed investigation
of the whole length of the basilar artery (n�74). Both a pre-and post-treatment
angiograph were available in 55 patients.

BAO indicates basilar artery occlusion; OTT, onset-to-treatment time; NIHSS,
National Institutes of Health Stroke Scale; IQR, interquartile range.

*Nineteen patients had TIMI 0–1 (59.4%) and 36 had TIMI 2–3 (61.0%).

Table 3. Multivariable Models Testing Association With
Independent 3-Month Outcome (mRS 0–2) and With Death

Parameter

Independent Outcome Death

OR (95% CI) P OR (95% CI) P

Age per y 0.95 (0.9–0.999) 0.044 1.09 (1.0–1.17) 0.008

NIHSS per point 0.92 (0.85–0.99) 0.024 1.08 (0.99–1.2) 0.102

Intubation/ventilator
support

0.57 (0.13–2.5) 0.454 6.6 (0.8–52) 0.074

Peak blood glucose
within 24 h
per mmol/l

0.9 (0.6–1.4) 0.648 1.3 (0.86–1.9) 0.211

Partial or complete
recanalization

3.9 (0.8–19) 0.098 0.12 (0.02–0.59) 0.009

sICH per ECASS Indefinite 0.998 14.6 (1.4–157) 0.027

Adjusted for variables known from previous research.11,12,15,16

For associations with moderate outcome (mRS 0–3), see Supplemental
Table S2.

NIHSS indicates National Institutes of Health Stroke Scale; sICH, symptom-
atic intracranial hemorrhage; OR, odds ratio; CI, confidence interval.
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Discussion
Clinical decisions on management approaches to recanalize
BAO depend on the immediately available resources in a
given hospital. They should be guided by high-quality patient
registries and representative case series because randomized
controlled trials are lacking. To our knowledge, the present
report describes the largest single-center BAO cohort
(n�116) treated in a strictly homogenous way (ie, according
to a written institutional protocol with IVT combined with
intravenous heparin). The main findings of this study are that
the frequency of recanalization depended on the clot location
(Table 2) and that sICH was associated with fatal outcome
(Table 3). In addition, recanalization was essential for mod-
erate outcome (see Supplemental Table S2). The outcome
results are similar with the largest multinational BAO registry
(BASICS),17 which includes patients treated with both IVT
and/or IAT protocols.

The frequency of recanalization (65%) exceeds that in
other studies,18 including our own previously published
recanalization percentage of 52%,5 and reaches the efficacy
of IAT.11,12 In the present study, of the patients with nil or
minimal recanalization, 60% died. Good medical care in our
semi-intensive stroke unit could partly explain low mortality
of BAO patients compared with historical cohorts of 75% to
90% mortality.19,20 Overall mortality of 41% equals the case
fatality with conventional treatment with antithrombotic
agents or anticoagulation.17 Hence, aiming at recanalization
with intravenous thrombolysis did not lead to excessive
mortality, but it is unclear why 65% recanalization rate was
not accompanied with higher survival rate than with conven-
tional treatment. There might be profound differences in the
study cohorts. Only one fifth of our patients with recanaliza-
tion died. The location of the BAO was associated with the
frequency of recanalization, the highest being for occlusion at
the top-of-basilar artery (87%). This is in line with some
smaller series.12,13 The more extensive BAO could also
explain the more severe condition of the patient on admission
(ie, requiring intubation and ventilator support), which was
associated with nonindependence or death.

Symptomatic ICH was observed in 18 patients (15.7%) and
was independently associated with mortality (OR, 14.6; 95%
CI, 1.4–157). In the multinational BASICS registry, the rate
of sICH was 6% after IVT and 14% after IAT, but recognition
of sICH was based entirely on the investigators’ judgment in
each of the participating 48 centers and was not a predefined
outcome.11 A recent prospective single-center registry (IAT;
76 patients with/without bridging treatment) reported a rate of
sICH similar to ours, 19%.12 Based on common empirical
knowledge of pre-emptive anticoagulation to prevent reoc-
clusion, our treatment protocol for BAO instructs to start
concomitant standard anticoagulation. This seems to be
reasonably safe in terms of sICH because 84% of our patients
with full-dose anticoagulation did not have sICH. Therefore,
we believe that the frequency of sICH in our cohort was not
predominantly caused by anticoagulation, a treatment used in
almost all stroke centers.2,11

In general, half of BAO patients presented with coma at the
time of treatment.2 Seventy-one of our patients (61%) were
intubated and needed mechanical ventilation at the time of

thrombolysis treatment decision. Despite the fact that coma
and mechanical ventilation were independently associated
with nonindependence or death, 34% of these patients (24/71)
achieved mRS 0 to 4 (ie, avoided institutionalization or
death), and 16 patients (22.5%) reached mRS 0 to 3. These
results are in line with the BASICS registry, where in
thrombolysed patients with coma, tetraplegia, or locked-in
state on presentation, good outcome at 1 month was noted
in 17% (34/196 patients, IAT) to 26% (19/72 patients, IVT).11

Therefore, withholding thrombolysis in the absence of con-
traindications is a self-fulfilling prophecy leading to bad
outcome in such patients.21

Our study has some limitations. The multivariate models
used to study associations of baseline parameters with out-
come and recanalization are likely overgeneralized because
of small number of events. Such overgeneralization of the
model may lead to overestimation of the variance in outcome
explained by baseline predictors. Yet, our cohort is the largest
single-center data on BAO published to date. Another limi-
tation is lack of post-treatment angiography in 25 patients;
however, most of these patients were deceased (Figure). In
addition, although activated partial thromboplastin time val-
ues, which are relevant for frequency of sICH, were routinely
followed up frequently, they were not systematically stored in
our registry.

To conclude, recanalization of BAO with intravenous
alteplase decreased mortality and showed a trend in associa-
tion for independent outcome, and it was associated with
higher likelihood of moderate outcome. Present data suggest
that the selection of the route of administration of
thrombolytics and/or mechanical recanalization could be
decided according to clot location and its length. Although
coma on presentation is a negative prognostic variable,
recanalization therapies should not be withheld from coma-
tose and intubated patients with BAO, given that almost one
fourth of such patients end up with independent outcome.
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Table S1. Demographics, medical history, baseline and follow-up clinical and radiological 

characteristics of thrombolysis-treated BAO patients by dichotomized outcome (mRS 0-3 vs. 

4-6). 

 All patients 

n=116 

mRS 0-3; 

n=42 

mRS 4-6; 

n=74 

P Value 

Age, years; mean*
 63 (64,19) 56 (61, 23) 67 (67, 19) <0.0001 

Gender, n (%) of males 83 (71.6) 32 (76.2) 51 (68.9) 0.404 

Diabetes, n (%) 12 (10.3) 1 (2.4) 11 (14.9) 0.034 

Atrial fibrillation, n (%) 25 (21.6) 5 (11.9) 20 (27) 0.057 

NIHSS score†,*
 

 

 

 

 

 

23 (18)  13 (16) 28 (12) <0.0001 

OTT, min* 523 (730) 490 (748) 541 (745) 0.644 

Intubation/mechanical ventilation, n (%) 71 (61.2) 16 (38.1) 55 (74.3) <0.0001 

Convulsions, n (%)† 12 (10.5)  2 (4.8) 10 (13.9) 0.126 

Blood glucose before treatment‡, mmol/l* 7.1 (3.1) 6.8 (2.8) 7.1 (3.4) 0.204 

Peak blood glucose within 24 h†, mmol/l* 6.8 (2)  6.2 (2.0) 7.2 (3.0) 0.001 

Systolic blood pressure before, mmHg*  147 (38) 146 (32) 155 (39) 0.486 

IV antihypertensive before, n (%) 25 (21.6) 8 (19) 17(23) 0.621 

Nil or minimal recanalization§, n (%) 32 (35.2) 6 (15.8) 26 (49.1) 0.001 

Complete or partial recanalization§, n (%) 59 (64.8) 32 (84.2) 27 (50.9) 0.001 

sICH per ECASS, n (%)** 18 (15.7) 0 (0) 18 (24.7) <0.0001 
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Table S2. Multivariable models for prediction of moderate 3-month outcome 

 Moderate outcome 

mRS 0-3 

Parameter OR (95% CI) P Value

Age, per year 0.95 (0.9-0.998) 0.043 

NIHSS, per point 0.95 (0.9-1.03) 0.190 

Intubation/ventilator support 0.137 (0.03-0.6) 0.011 

Peak blood glucose within 24 h, per mmol/l 0.97 (0.68-1.4) 0.868 

Partial or complete recanalization 5.1 (1.2-22.3) 0.031 

sICH per ECASS Indefinite 0.998 
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