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Introduction

Ischemic stroke (i.e., infarction) occurring as a
result of disorders affecting the vertebrobasilar
system, results in ischemic injury to the brain-
stem, the cerebellum, and/or the posterior por-
tions of the cerebral hemispheres [1]. Historically,
these types of cerebrovascular events account for
approximately 30% of all ischemic strokes [2].
The recognition of posterior circulation transient
ischemic attack or stroke is more difficult to
make compared to anterior circulation, mostly
because of the complexity of the vertebrobasilar
system. Current guidelines for the management
of posterior circulation are similar to anterior cir-
culation stroke, although several differences exist
in their presentations, disease mechanism, and
their outcomes [3—7]. The prognosis of posterior
circulation differs depending on stenosis/occlu-
sion, and vertebrobasilar stenosis, for example,
increases the risk by three times [8-10].
Moreover, the etiology of stroke also affects the
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functional outcomes, as shown by Chung et al.,
where large artery atherosclerosis and cardioem-
bolic etiologies carry worse functional outcome
at discharge and 3 months, respectively, in a pos-
terior circulation stroke [11].

Mechanism of Vertebrobasilar
Ischemic Stroke

The most common causes of posterior circulation
ischemia are cardioembolism, large artery ath-
erosclerosis, and small artery disease.
Atherosclerosis often occurs at or near the origin
of the vertebral artery [3]. Caplan et al. in 2004
proposed that the mechanism of ischemic stroke
in anterior and posterior circulation is different.
The conclusion was based on a study of 407
patients between 1988 and 1996 from New
England Medical Center-Posterior Circulation
Registry. Patients with posterior circulation isch-
emic events had a lower frequency of cardioem-
bolic etiology (24%) compared with large artery
disease (32%). In patients with anterior circula-
tion ischemic events, a higher frequency of car-
dioembolic etiology was detected (38%)
compared with large artery disease (9%) [2].
Posterior circulation ischemic stroke inci-
dence rates are different for asymptomatic and
symptomatic vertebrobasilar disease. In New
England Medical Center-Posterior Circulation
Registry, 9% of the 407 patients had complete
occlusion vertebral artery occlusion and 2.7%
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had bilateral vertebral artery occlusion [2].
Atherosclerotic stenosis >50% in either the ver-
tebral artery is found in approximately 25% of
the patients with vertebrobasilar transient isch-
emic attack or stroke. The stenosis is most fre-
quently located in the proximal vertebral artery
[10]. Patients with symptomatic vertebrobasilar
stenosis are at risk of stroke occurrence despite
the medical therapy occurring in 10-15% of the
patients in 2 years [12]. In one study, 7.6% of the
patients with asymptomatic vertebral artery ste-
nosis >50% were followed for mean 4.6 years;
posterior circulation stroke occurred in <0.1% of
the patients. The risk of stroke was higher for
patients with vertebral artery stenosis than in
patients without vertebral artery stenosis [5]. A
study from Taiwan analyzed 286 patients who
presented with posterior circulation stroke and
found that basilar artery branch occlusive dis-
ease (28%) and large artery dissection (25.9%)
were the two most common etiologies, followed
by large artery atherosclerotic stenosis or occlu-
sion (26%), cardioembolism (18.5%), and small
vessel disease (7%) [11].

Early Outcomes: First 90 Days
Recurrent Stroke

A meta-analysis published in 2003 demonstrated
a higher risk of recurrent ischemic strokes in the
posterior circulation in the first 7 days (acute
phase) in patients with vertebrobasilar stenosis
(odds ratio 1.47, 95% confidence interval (CI)
1.1-2.0, p = 0.014) [9]. Conversely, they also
found that the risk of recurrent stroke was low
(odds ratio 0.74, 95% confidence interval 0.7—
0.8) after the first 7 days. This was further con-
firmed in recent studies: Oxford Vascular Study
and 1 hospital register-based study (St. George’s
Study) [8]. Both studies demonstrated that verte-
brobasilar stenosis was a major predictor of
recurrent stroke, particularly in the first month. A
pooled individual patient analysis from the
Oxford Vascular Study and St. George’s Study
demonstrated that 90-day risk of stroke from the
first event was 24.6% in patients with vertebro-

basilar stenosis versus 7.2% in patients without
any stenosis. This was further supported by
another study that showed that risk of recurrence
stroke and the risk of any vertebrobasilar disease
recurrence (including both transient ischemic
stroke and stroke) at 90 days was up to 3 times
higher in patients with stenosis compared with
those without stenosis [12].

Schonewille et al. did a prospective, observa-
tional study from the “The Basilar Artery
International Cooperative Study” registry of 619
consecutive patients who presented with an acute
symptomatic and radiologically conformed basi-
lar artery occlusion [13]. Patients were divided
into three groups based on the treatment they
received: (1) antithrombotic treatment only,
which comprised antiplatelets or systemic antico-
agulation; (2) primary intravenous therapy
including subsequent intra-arterial thrombolysis;
and (3) intra-arterial therapy including thrombol-
ysis, mechanical thrombectomy, stenting, or a
combination of these approaches. The outcome
was assessed at 1 month, and poor outcome was
defined as a modified Rankin scale score of 4 or
5, or death. They reported that overall, 68%
(492/592) of analyzed patients had a poor out-
come at 30 days. They also showed that com-
pared to antiplatelet or anticoagulant therapy,
patients with a severe deficit had a lower risk of
poor outcomes when received intravenous ther-
apy (adjusted relative risk 0.88, confidence inter-
val 0.76-1.01) or when received intra-arterial
therapy (adjusted relative risk 0.94, confidence
interval 0.86-1.02).

A systematic analysis from Finland by
Lindsberg et al. looked at the outcome of basi-
lar artery occlusion patients treated with intra-
arterial thrombolysis or intravenous
thrombolysis. Modified Rankin scale score 0-2,
Barthel Index 95 to 100, or Glasgow Outcome
Scale 5 was considered as good outcomes [14].
Approximately 3-month outcome was pro-
vided. Of 420 patients, 76/420 were treated
with intravenous therapy and 344/420 were
treated with intra-arterial therapy. Death or
dependency was similar in both groups
(p = 0.82) reportedly in 78% (59/76) of patients
treated with intravenous therapy and 76%



15 Outcomes and Prognosis

233

(260/344) of patients treated with intra-arterial
therapy. Even though recanalization rate was
higher in intra-arterial group (65%, 225/344)
compared to intravenous group (53%,40/76,
p =0.05), survival rates (50% vs 45%, p = 0.48)
were equal. A similar rate of good outcomes
(24% vs 22%, p = 0.82) was seen in both
groups. Without recanalization, the likelihood
of good outcome was close to 2%.

A systematic review and meta-analysis were
done by Schonewille et al. and colleagues to ana-
lyze the efficacy of different methods of acute
basilar artery occlusion. They reviewed 102 arti-
cles to analyze the treatment options. The
weighted pooled rate of mortality was 43.16%
(95% confidence interval 38.35-48.03%) in the
intravenous thrombolysis group, 45.56% (95%
confidence interval 39.88-51.28%) in the intra-
arterial thrombolysis group, and 31.40% (95%
confidence interval 28.31-34.56%) in the endo-
vascular thrombectomy group. The weighted
pooled rate of modified Rankin score 0-2 at
3 months was 31.40% (95% confidence interval
28.31-34.56%) in the intravenous thrombolysis
group, 28.29% (95% confidence interval 23.16—
33.69%) in the intra-arterial thrombolysis group,
and 35.22% (95% confidence interval 32.39—
38.09%) in the endovascular thrombectomy
group [13].

A study from Switzerland looked at the 106
patients treated between 1992 and 2010 with
intra-arterial thrombolysis. At 3 months, clinical
outcome was good (modified Rankin scale score,
0-2) in 33% of the patients and 11.3% had a
moderate outcome (modified Rankin scale score,
3). Mortality was 40.6% [14].

Death or Disability

A Korean study looked at 7718 patients for
minor anterior circulation and minor posterior
circulation stroke and disability at 3-month fol-
low-up. Disability (modified Rankin scale score
2-6) was seen in 32.3% of the patients with
minor posterior circulation stroke (compared to
30.3% of minor anterior circulation stroke,
p = 0.07) and death in 1.3% of the patients

(compared to 1.5% of minor anterior circulation
stroke, p = 0.82) [15].

Prospective data of 116 patients with posterior
circulation stroke who were admitted to a single
Qatar hospital were collected from 2005 through
2008 with mean duration from symptom onset to
presentation of 29 h reported the following: 71%
of the patients were discharged home while 10%
died, and modified Rankin scale score at dis-
charge was <2 in 53% and >4% in 13% of the
patients. The modified Rankin scale score was
<2 in 68% of the patients at 30-day follow-up.
Almost 90% of the patients were alive with a
modified Rankin scale score of <2 seen in 73%
of the patients [16].

Predictors of Outcome

Chung et al. looked at the etiologies of posterior
circulation stroke and their association with out-
come. They also suggested age >70 years,
National Institute of Health Stroke Scale >9, and
certain stroke etiologies (large artery atheroscle-
rosis and cardioembolism) as predictors of poor
functional outcomes (defined by modified Rankin
scale score >5), which are associated with poor
functional outcomes at the discharge and
3 months [11, 17].

Etiologies of posterior circulation stroke
affecting the outcomes were further supported in
a study by Glass et al., which found that out-
comes of posterior circulation stroke differed
depending on vascular occlusive lesion, brain
infarct location, and stroke mechanism [18].

Occlusion of the basilar artery led to the worst
outcome (>50% of the patients had poor out-
comes at 30 days, defined by death or severe dis-
ability) [18]. Basilar artery occlusive disease was
responsible for the greatest risk of mortality and
disability followed by intracranial vertebral,
extracranial vertebral, and posterior cerebral
artery. Schonewille et al. reported outcomes in
patients with posterior circulation stroke at
28 days: almost 80% of the basilar artery occlu-
sion patients had poor outcomes with a case fatal-
ity rate of 40%, and 65% of the survivors had
severe residual deficits. They also identified 3
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potential predictors of outcomes in patients
treated by conventional methods (antiplatelets or
anticoagulants or both): age (young vs old),
stroke severity, and presenting symptoms (fluctu-
ating vs maximum deficits from the onset) with
younger age (<60 years), less severe stroke and
fluctuating symptoms favoring better outcomes
[19]. One study looked at 87 patients with pre-
dominantly minor stroke and occlusive basilar
disease documented based on transcranial
Doppler, magnetic resonance angiography, or
conventional angiography and found an overall
case fatality rate of about 2.3%. The low case
fatality rate in this study could be due to a higher
number of patients with minor deficits being
diagnosed with vertebrobasilar disease [20].

A Chinese study combined the National
Institutes of Health stroke scale score and poste-
rior circulation Alberta stroke program early
computed tomography score through diffusion-
weighted imaging in 125 patients with posterior
circulation stroke. Patients with higher baseline
National Institutes of Health stroke scale score
(6.3+7.4) and lower posterior circulation Alberta
stroke program early computed tomography
score (<7) in the first 36 h of stroke onset had
unfavorable outcomes (modified Rankin scale
score at 90 days 3-6). Age >70 years and the
presence of diabetes mellitus were significant
predictors of unfavorable outcomes [21].

Tsao et al. looked at 21 consecutive patients
retrospectively who received either intravenous
or intra-arterial tissue plasminogen activator for
posterior circulation ischemic stroke at University
of California between 1993 and 2001. Results
showed that high presenting Glasgow coma scale
score > 9 was predictive of good patient outcome
(modified Rankin scale score at 3 months =/<2)
[22].

Another study looked at the correlation
between the severity of the neurologic deficit and
posterior circulation stroke. Almost 1200 patients
with anterior circulation stroke and 400 with pos-
terior circulation strokes were included with
median National Institutes of Health stroke scale
scores of 7 and 2, respectively. Of the patients
analyzed, 70% of the posterior circulation stroke
patients had National Institutes of Health stroke

scale score <4, and around 15% of them had a
poor prognosis [23]. Sato et al. in his study of 100
patients showed that the National Institutes of
Health stroke scale score appears to have limita-
tions in predicting outcomes in posterior circula-
tion stroke [24]. The cutoff score of the baseline
National Institutes of Health stroke scale score
for a favorable outcome was relatively low in
patients with posterior circulation stroke com-
pared to patients with anterior circulation stroke.
The National Institutes of Health stroke scale
score seems to be weighted toward anterior circu-
lation stroke and tends to underestimate the
severity of the posterior circulation stroke
[23-25].

Adaptation of the National Institutes of Health
stroke scale score for elements common to the
posterior circulation stroke, such as vertigo, diz-
ziness, or confusion, may increase its sensitivity
[26].

Another study of 88 patients in Switzerland
reported statistically significant association of
certain admission clinical characteristics with an
outcome in patients presenting with stroke or
transient ischemic attacks in the basilar artery
stenosis or occlusion. Dysarthria, pupillary disor-
ders, lower cranial nerve involvement, and con-
sciousness disorders at admission were strongly
(P < 0.001) associated with poor outcomes,
defined by severe disability or death. A multivari-
ate analysis showed that the outcome was poor in
100% of cases with either consciousness disor-
ders or other 3 clinical characteristics [27].
Interestingly, in the absence of these factors, a
poor outcome (severe disability or death) was
reported in only 11% of the patients.

Sommer et al. used propensity-score matching
to balance patient characteristics and stroke
severity between 4604 patients of posterior circu-
lation and 4604 patients of anterior circulation
stroke enrolled within the Austrian Stroke regis-
try [28]. A total of 477 (10.3%) patients within
the posterior circulation stroke group were treated
with tissue plasminogen activator compared to
4433 (~19%) of anterior circulation stroke
patients. Patients with posterior circulation stroke
had 19% higher odds of poor functional outcome
(p <0.0001) as assessed by the modified Rankin
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scale at 3 months. Patients who got tissue plas-
minogen activator did not show a significant dif-
ference in the functional outcome irrespective of
infarct localization. However, more deficits in the
posterior circulation stroke group were found to
be driven by patients who could not receive tissue
plasminogen activator and had presented after
4.5 h of the symptom onset. These patients had
34% odds of poor functional outcomes compared
to anterior circulation stroke patients. These
results were independent of stroke severity tissue
plasminogen activator treatment, demographic,
and vascular risk factors. This observation sup-
ported the findings of other few studies that
showed the effectiveness of tissue plasminogen
activator for stroke irrespective of localization
[29-31]. The effect of time delays on the thera-
peutic outcomes of tissue plasminogen activator
in posterior circulation stroke is further supported
by the retrospective study of 95 patients done in
China, which demonstrated that for patients with
an onset-to-treatment time of 0-90 min, the rate
of favorable outcome (defined by modified
Rankin Scale<2) was 100% as opposed to 73.7%
of favorable outcome for patients with an onset-
to-treatment time of 181-237 min [32].

Only a few studies have looked at the direct
relationship between the initial Glasgow coma
scale score and clinical outcomes in the patients
with posterior circulation stroke [33-35].
Schwarz et al. described 45 patients with poste-
rior circulation stroke and found that those who
had lower presenting Glasgow coma scale scores
had worse clinical outcomes [35]. A few studies
found tetraparesis and coma as independent pre-
dictors of poor outcomes [20, 36].

Late Outcomes: Beyond
the First Year

Qureshi et al. and the group did a cohort study
looking at the risk of recurrent stroke and death
associated with vertebrobasilar stenosis and
occlusion in 10,515 patients, diagnosed either by
computed tomography, magnetic resonance angi-
ography, or catheter angiogram [37]. Patients
were selected from the Taiwan Stroke registry.

They found 66% of the patients with none-to-
mild stenosis and 29.8% with moderate-to-severe
stenosis, and occlusion was identified in 3.8% of
the patients. There was a significantly higher risk
of recurrent stroke at 1 year (hazard ratio 1.21,
95% confidence interval 1.01-1.45) among the
patients with moderate-to-severe vertebrobasilar
stenosis. There was a nonsignificantly higher risk
of recurrent stroke (hazard ratio 1.49, 95% confi-
dence interval 0.99-2.22) and a significantly
higher risk of death (hazard ratio 2.21, 95% CI
1.72-2.83), among the patients with vertebrobas-
ilar occlusion.

Another retrospective study looked at 102
patients diagnosed with symptomatic vertebro-
basilar stenosis and followed up with them for
the development of stroke and disability/death
for 15+15.9 months (range 1-60 months).
Recurrent stroke and mortality were reported in
14% and 21% of the patients, respectively, during
the follow-up period.

Stroke-free survival was 76% and 48% at
12 months (95% confidence interval, 66—-83%)
and at 60 months (95% confidence interval,
27-65%), respectively. The risk of recurrent
stroke was 11% per year, and the risk of recurrent
stroke and/or death was 24% per year. Older
patients had decreased stroke-free survival.
Treatment with either antiplatelet agents in 41%
or coumadin in 32% improved stroke-free sur-
vival [38].

A study from Greece reported 10-year out-
comes in posterior circulation stroke patients,
and 185 patients were followed up during 1998—
2009. They divided their patients into pure poste-
rior cerebral artery infarction group (pure cortical
and combined cortical and deep posterior cere-
bral artery infarct) and posterior cerebral artery
infarction-plus group (including posterior cere-
bral artery stroke and > 1 concomitant infarction
outside posterior cerebral artery territory). Of
them, 56% of the patients of cortical-only infarct
had no or minor disability compared to 26-36%
in the posterior cerebral artery-plus group at
6-month follow-up. The 10-year probability of
death was 55% for the pure posterior cerebral
artery group vs 73% for posterior cerebral artery-
plus (p = 0.001), showing that posterior cerebral
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artery strokes with concomitant infarction out-
side the posterior cerebral artery territory was
associated with an increased risk of disability and
long-term mortality [39].

In another study of 51 patients with posterior
circulation stroke, 30-day and 3-year survival
rates were found to be 96% and 73% for top of
the basilar group vs 100% and 71% in the group
with involvement of either single penetrating or
branch artery involvement, respectively [40].

Ottomeyer et al. looked at the long-term func-
tional outcome and quality of life of patients who
presented with acute basilar artery occlusion and
got multimodal recanalization therapy. Ninety-
one patients were treated during December 2002
and December 2009 by such therapy that included
intravenous thrombolysis with consecutive on-
demand intra-arterial therapy or intra-arterial
therapy alone. The overall recanalization rate was
89%. Long-term survival (median follow-up for
4.2 years) was achieved in approximately 41% of
the patients. Among survivors, 74% of the patients
had a favorable functional long-term outcome
(defined as modified Rankin scale score < 3) [41].

Lindsberg et al. studied 50 consecutive
patients between 1995 and 2003 with proven bas-
ilar artery occlusion who were treated with intra-
venous thrombolysis with recombinant tissue
plasminogen activator. Recanalization was stud-
ied in 43 patients and was verified in 26 patients
(52%). In the first 3 months, 40% [20] of the
patients died and 11 patients had good outcomes
(modified Rankin scale score, 0-2); 12 (24%)
were independent of activities of daily living
(Barthel Index score, 95-100), and 6 (16%)
patients were severely disabled (Barthel Index
score, 0-50). After a median follow-up for
2.8 years, 15 (30%) patients reached good out-
comes (modified Rankin scale score, 0-2) while
23 (46%) patients died [42].

Jung et al. looked at 3-month and long-term
outcomes and their predictors in acute basilar
occlusion treated with intra-arterial thromboly-
sis. Between 3-month and long-term follow-up,
40.8% survivors showed clinical improvement of
at least 1 point on the modified Rankin scale
score, 53.7% were functionally unchanged, and
5.7% showed functional worsening (P < 0.0001).

Low baseline National Institutes of Health stroke
scale score was identified as a predictor of good
or moderate outcome (modified Rankin scale
score, 0-3, p < 0.0001) and survival (p = 0.001)
at 3 months. Younger age was identified as an
additional predictor of survival (p = 0.012). Age
was also an independent predictor (p = 0.018) for
long-term clinical outcome [43].

Cognitive and Functional Outcomes

The information regarding the neuropsychiatric
outcomes in patients with vertebrobasilar terri-
tory stroke is scarce, and patients with heteroge-
nous arterial lesions were included [44—46].

A case—control study from Brazil compared
the cognitive statuses of basilar artery occlusion
disease survivors (28 patients) and healthy con-
trols (27 patients). They also looked at the corre-
lation of functional capacity outcomes (modified
Rankin scale score) with the cognitive profiles of
basilar artery occlusion disease patients.
Functional capacity was moderately correlated
with the presence of cognitive impairment, indi-
cating that functional results were due to poorer
scores on cognitive tests. They found that 75% of
the patients (21/28) had no functional disability
(modified Rankin scale score of 0—1) at 4.2 years
after the stroke suggestive favorable outcomes.
Only 25% (7/28) of the patients had mild-to-
moderate functional disability (modified Rankin
scale score 2-3). Compared to controls, basilar
artery occlusion disease patients presented with
impairments in selective, sustained, and set-
shifting action, processing speed, visuospatial
skills, mental flexibility, and monitoring rules.
Significant deficits in verbal episodic memory
(immediate and delayed recall) and visuospatial
episodic memory (immediate and delayed recall
and recognition) were noted [47].

Patients with posterior circulation infarctions
were noted to have abnormal neuropsychiatric
profiles. The impairments were noted in execu-
tive function, attention, memory, visuospatial
ability, and language [17, 48, 49]. Neural links
connecting anterior and posterior regions of the
brain may be attributed [45, 46].
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