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New England Medical Center Posterior Circulation
Stroke Registry II. Vascular Lesions
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Among 407 New England Medical Center Posterior Circulation Registry (NEMC-PCR) patients, the extracranial
(ECVA) and intracranial vertebral arteries (ICVA) were the commonest sites of severe occlusive disease followed by
the basilar artery (BA). Severe occlusive lesions were found in >1 large artery in 148 patients; 134 had unilateral
or bilateral severe disease at one arterial location. Single arterial site occlusive disease occurred most often in the
ECVA (52 patients, 15 bilateral) followed by the ICVA (40 patients, 12 bilateral) and the BA (46 patients). Involvement
of the ICVAs and the BA was very common and some patients also had ECVA lesions. Hypertension, smoking,
and coronary and peripheral vascular disease were most prevalent in patients with extracranial disease while
diabetes and hyperlipidemia were more common when occlusive lesions were only intracranial. Intra-arterial
embolism was the most common mechanism of brain infarction in patients with ECVA and ICVA occlusive disease.
ICVA occlusive lesions infrequently caused infarction limited to the proximal territory (medulla and posterior inferior
cerebellum). BA lesions most often caused infarcts limited to the middle posterior circulation territory (pons and
anterior inferior cerebellum). Posterior cerebral artery occlusive lesions were predominantly embolic. Penetrating
artery disease caused mostly pontine and thalamic infarcts. Prognosis was poorest in patients with BA disease. The
best prognosis surprisingly was in patients who had multiple arterial occlusive lesions; they often had position-
sensitive transient ischemic attacks during months or years.
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INTRODUCTION

Less information is reported about the nature,
distribution, and frequency of various cervicocranial
arterial lesions in patients with posterior circulation
ischemia than in those who have anterior circulation
arterial lesions. Pathological, angiographic, and
ultrasound studies of patients with carotid territory

ischemia show that the most common occlusive lesions
are in the internal carotid artery (ICA) near its origin.l'3
Occlusive lesions within the intracranial ICA, and within
the middle and anterior cerebral arteries are much less
common. In blacks, individuals of Asian descent, and
women, intracranial occlusive lesions are commoner than
in white men.*’ Penetrating artery disease is also
common.™® Series and registries of anterior circulation
disease patients define the frequencies of arterial lesions
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and embolism.

Pathological, angiographic, and ultrasound studies of
patients with posterior circulation ischemia show that
atherosclerotic occlusive lesions often involve the
subclavian arteries, the extracranial vertebral artery
(ECVA) origins, the intracranial vertebral arteries
(ICVAs), the basilar artery (BA), and rarely, the

posterior cerebral arteries (PCAs)."”"

Penetrating artery
disease is also common. Important sex and racial
differences occur in the distribution of posterior

6,7,16 . . . .
Intracranial occlusive disease is

circulation lesions.
more common in blacks, individuals of Asian origin, and
women while ECVA origin lesions are commoner in
white men. Dissections most often involve the distal
portions of the ECVAs and the ICVAs>"

Autopsy studies select patients who die of stroke or
its complications. Angiographic studies also contain
selection bias since more severely ill patients have been
studied. Unfortunately, no detailed reports from large
registries of posterior circulation ischemia patients define
the frequency and location of vascular occlusive lesions
using modern vascular imaging techniques. We now
report data from the 407 patients in the New England
Medical Center Posterior Circulation Registry (NEMC-
PCR) about the distribution of vascular lesions within
the vertebrobasilar circulation.

BACKGROUND

Necropsy studies of the craniocerebral arteries during
the third quarter of the twentieth century showed that
atherosclerotic lesions predominantly involved the
proximal ECVAs, the ICVAs, and the BA, L3182
Among 178 thorough necropsy examinations of the
brainsupplying arteries during routine autopsies, Fisher
et al showed that extracranial occlusive disease was
more common in the anterior circulation but more
posterior circulation occlusions were intracranial.' The
proximal BA was a favored site of intracranial
atherosclerosis. Within the carotid arterial system all
symptomatic lesions were extracranial while all posterior
circulation symptomatic lesions were intracranial.' Baker
and Tannone found that intracranial atherosclerosis was
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most severe in the distal BA but also heavily involved
the ICVAs and the proximal BA." Moossy found that
the ICVAs were the most common site of atherosclerotic
disease.”’ Castaigne et al. found that most intracranial
lesions among 44 necropsies involved the ICVAs (22
patients) and BAs (18 paltients).22

Others reported arterial lesions found at necropsy in
patients with particular clinical syndromes, particular
infarct locations, or particular arterial sites. Hutchinson
and Yates showed that atherosclerotic occlusive lesions
were very common in the proximal ECVAs among
Caucasians studied at autopsy in the UK; the frequency
of these lesions paralleled ICA origin disease."”
Studies of cerebellar infarct patients, especially those
within posterior inferior cerebellar arteries (PICAs)
territory showed a very high frequency of occlusive
ICVA lesions.”™ The causative vascular occlusive
lesions involved the ICVAs in patients with lateral

¥ and hemimedullary infarcts.”’ BA

medullary,
occlusions were the usual cause of bilateral pontine
infarcts.”'™ Distal BA occlusions or branch occlusions
of arteries arising from the BA bifurcation were found
in patients with midbrain and thalamic infarcts.”
Occlusion of the mouths of penetrating artery branches
of the BA were found in patients with unilateral basal
or basaltegmental pontine infarcts.”””" Lipohyalinosis
and segmental arterial disorganization were found within
the pontine penetrating arteries in patients with
hemiplegia,” and in penetrating branches of the
thalamogeniculate arteries in patients with pure sensory
stroke and lateral thalamic infarcts.* At necropsy, most
PCA territory infarcts were caused by embolism from
the heart or proximal posterior circulation arteries rather
than intrinsic PCA atherosclerosis.”

The Joint Study of Extracranial Arterial Occlusion
reported the frequency of arterial stenosis and occlusion
among 4,748 patients who had angiography after
transient ischemic attacks (TIAs) and strokes.” The most
common extracranial posterior circulation lesions were
in the proximal ECVA; stenosis or occlusion was found
in 22.4% of right ECVAs and in 28% of left ECVAs.
The innominate artery was stenosed or occluded in 4.8%
and the right subclavian artery in 9.1% of patients while
the left subclavian artery was stenosed or occluded in
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14.9%.” Among 6,534 patients who had neck angio-
graphy, 1,114 (17%) had subclavian or innominate artery
stenosis of >30%."' Among these, 168 (15%) met
criteria for subclavian steal. The extracranial ICAs
showed occlusive abnormalities about twice as often as
the ECVAs. Within the intracranial posterior circulation,
5.4% of right ICVAs were stenosed and 3.2% were
occluded compared to 5.6% stenosis and 4.4% occlusion
of the left ICVA. The BA was stenosed in 7.7% and
occluded in 0.8% of angiograms.2

Other angiographic studies focused on specific arteries
or selected patient groups.42'51 Most reported relatively
good outcomes in patients with ECVA disease, and poor
outcomes in patients with severe intracxranial

. 42-51
disease.

Some reports describe small groups of
patients with severe ICVA or BA occlusive disease who
survived strokes with little or no residual neurologic
deficit. >

graphy results noting “arteriography was not performed

Meyer et al. reported vertebrobasilar angio-

on critically ill patients but was only done on those with
transient symptoms”; nevertheless they found several
patients had severe BA occlusive discase.”

The frequencies of extracranial posterior circulation
stenotic lesions was studied using cervical ultrasound.”
Hennerici et al. used continuous wave Doppler to study
neck arteries in 2,009 patients. None had focal brain
ischemia attacks or strokes; 1,030 (45%) also had
angiography. Posterior circulation lesions were found in
183 patients (9%); 91 had subclavian steal; 34 had
ECVA stenosis or hypoplasia, and 58 had ECVA
occlusions. CW Doppler had a sensitivity of 90% in
those patients who had angiography."

Clinicians recently began to use magnetic resonance
angiography (MRA) and CT angiography (CTA) to
identify vascular lesions. In the Lausanne Stroke
Registry, intracranial MRA effectively identified
vascular lesions in patients with posterior circulation
infarcts.”® Among 70 consecutive patients studied with
MRA, the commonest lesions were BA stenosis (23
patients), BA occlusion (4 patients), unilateral ICVA
stenosis (5 patients), and dolichoectatic intracranial
arteries (10 patients).55 At NEMC, we relied on a
combination of extracranial and transcranial ultrasound
(TCD) and MRA to identify vascular lesions. Experience

- 33 -

shows that these two techniques, when concordant,
>3 Rother et al. studied
MRA utility among 41 patients with cerebellar and

reliably define occlusive lesions.

brainstem infarcts also studied by catheter angiography
and TCD.” Catheter angiography confirmed all 29
occlusive ICVA and BA lesions. MRA failed to detect
one ECVA dissection. The sensitivity of MRA was 97%
and the specificity 98%. For TCD, the sensitivity was
76.4% and the specificity 98.9%.”

At NEMC, we compared TCD and MRA with each
other and with standard angiography in 60 patients with
vertebrobasilar ischemia.”® In 170/180 (94%) arteries,
TCD and MRA agreed on normal vs. stenotic vs.
occluded ICVAs and BAs. In 5 arteries, TCD showed
high grade stenosis while MRA suggested occlusion. In
5 other arteries TCD and MRA did not agree. There was
95% agreement between TCD and MRA and
conventional angiography. No patient was misdiagnosed
when TCD and MRA were both used.

Wentz et al. compared MRA with digital arterial
angiography in 60 vertebrobasilar ischemia patients.58
MRA showed ICVA and BA disease with 100%
sensitivity; MRA distinguished stenosis from occlusion
but the severity of stenosis was overestimated in 63% of
patients. MRA showed 117/120 superior cerebellar
arteries (SCAs), 80/90 PICAs, but only 30/58 anterior
inferior cerebellar arteries (AICAs).

No prior large series of consecutive prospectively
collected posterior circulation ischemia patients have
reported vascular lesions using modern diagnostic
techniques. We initially relied on catheter angiography
(about 80% of the patients had catheter angiography).
More recently vascular lesions were often defined by a
combination of MRA and ultrasound. Cardiac and
hematologic evaluations were performed when clinically
appropriate. We now report the nature, severity, and
locations of occlusive lesions including an analysis of
risk factors, and location of infarcts, Preliminary reports
of specific posterior circulation vascular lesions were

published previously.“"ls'ls’sg'65

METHODS
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Table 1. Investigations according to vascular lesions

Tests ECVA ICVA BA PCA
CT 79% 80% 73% 82%
MRI 80% 82% 80% 69%
EC ultrasound 70% 54% 50% 65%
TCD 91% 82% 80% 74%
MRA 38% 50% 47% 42%
Angiography 84% 85% 83% 62%
TTE 57% 56% 53% 86%
TEE 7% 9% 11% 22%

Heart rhythm monitor 34% 39% 32% 37%

EC; extracranial, TCD; transcranial doppler ultrasound, MRI;
magnetic resonance imaging, MRA; magnetic resonance
angiography, TTE; transthoracic echocardiography, TEE;
transesophageal echocardiography, ECVA-VAO; extracranial
vertebral artery-vertebral artery origin, ICVA; intracranial
vertebral artery, BA; basilar artery, PCA; posterior cerebral
artery

Criteria for the diagnosis of stroke mechanisms and
etiology and localization of brain lesions to the
proximal, middle, and distal intracranial posterior
circulation territories are described in the companion
paper. Each registry patient was thoroughly evaluated
clinically and using modern neuroimaging. Table 1
shows the frequency of various investigations according
to the vascular lesion site. Angiography was less often
and cardiac investigations were more often performed in
PCA territory infarct patients with cardiac embolic

sources.

RESULTS

1. Vascular occlusive lesions

Table 2 lists occlusive lesions showing >50%
stenosis. Table 3 lists the frequency of one arterial level
involvement e.g, vertebral artery origin (VAO) or ICVA.
Some patients had bilateral lesions of these arteries. The
most common occlusive lesions involved the VAOs and
ICVAs. At these sites, occlusive lesions were often
bilateral. BA lesions were also common but subclavian
and innominate artery lesions were rare.

Table 2. Vascular lesions with >50% luminal stenosis

Artery N
Innominate 2
Subclavian 5

Vertebral artery origin (VAO)
Intracranial vertebral artery (ICVA)

131 (29 bilateral)
132 (36 bilateral)

Basilar artery (BA) 109
Posterior cerebral artery (PCA) 38 (4 bilateral)
Posterior inferior cerebellar artery (PICA) 14
Anterior inferior cerebellar artery (AICA) 2
Superior cerebellar artery (SCA) 10
Table 3. Isolated single artery involvement

Artery N
Subclavian 1

Vertebral artery origin (VAO)
Intracranial vertebral artery (ICVA)

52 (15 bilateral)
40 (12 bilateral)

Basilar artery (BA) 46
Posterior cerebral artery (PCA) 14
Posterior inferior cerebellar artery (PICA) 5
Superior cerebellar artery (SCA) 3

A striking and unexpected finding was the prevalence
of extensive occlusive disease. Single arteries were
involved in 134 patients; 148 patients had multiple
occlusive lesions (84 patients had 2 lesions, 53 had 3
lesions, and 11 patients had 4 or more occlusive large
artery lesions). Extracranial arteries were involved in
117 patients and intracranial arteries in 213. The lesions
were extracranial alone in 40, intracranial alone in 136,
and both extracranial and intracranial in 77.

Anterior circulation arteries were sometimes also
narrowed. Nineteen patients had unilateral and 13 had
bilateral extracranial ICA occlusive lesions. Common
carotid artery (CCA) occlusion or stenosis was present
in 5 patients and 8 had severe middle cerebral artery
(MCA) stenosis. Extracranial ICA disease was most
prevalent in patients who had ECVA disease. Among
136 patients who had only intracranial occlusive disease,
only 17 (12.5%) had ICA occlusive neck disease, and 4
(3%) had MCA disease.

Most non-embolic vascular lesions were related to
atherosclerosis or penetrating artery disease. The next
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most common vascular lesion was arterial dissection.
Dissections were found in 24 patients (6%). Sixteen
patients had ECVA dissections; 6 involving the proximal
artery (Vi) and 10 involving the distal portion (V3).
Extracranial dissections were bilateral in 4. Seven
patients had ICVA dissections; 6 unilateral and 1
bilateral. One patient had an extracranial dissection that
extended intracranially. Two patients had BA
dissections. Brain infarction was attributed to migraine
in 13 patients. Several patients had vertebrobasilar
dolichoectasia. Only occasional patients had thrombi
within extracranial and intracranial aneurysms (1
patient), coagulopathies (4 patients), drug related disease
(1 patient), and systemic hypoperfusion (2 patient).

2. Stroke risk factors

Hypertension was the commonest risk factor occurring
in 250/407 (61%) patients. Diabetes Mellitus (26%),
smoking (36%), and hyperlipidemia (25%) were also
common. Coronary (35%) and peripheral vascular
occlusive disease (10%) were frequent comorbidities.
Table 4 shows risk factors in relation to location of
occlusive vascular lesions. Hypertension, smoking, and
coronary and peripheral vascular occlusive disease were
more common in patients with extracranial disease -
either alone or combined with intracranial disease,

compared to those with only intracranial disease. This
pattern of risk factors is the same as that reported in
extracranial ICA disease.”'"® In contrast, diabetes and
hyperlipidemia were more common when occlusive

lesions were only intracranial.
3. VAO disease

Occlusive lesions were often present within the first
several centimeters of the ECVA origins. VAO stenosis
(>50%) was found in 131 patients; bilateral in 29. In 6,
the lesions were dissections and the remainder were
atherosclerotic. Dissections always occurred above the
origin and before the ECVA entered the vertebral
column. Among patients with atherosclerotic bilateral
ECVA disease, 3 also had bilateral ICVA occlusive
lesions, and 8 had BA occlusive lesions. ICA neck
lesions were also sometimes associated. Among patients
with bilateral ECVA occlusive lesions, 1 also had ICA
occlusion and 1 had innominate and CCA occlusions.
One patient had unilateral VAO and bilateral ICA neck
occlusions.

Fig. 1 displays the posterior circulation territories
involved in patients with only ECVA lesions and in
those who also had occlusive intracranial disease (ECVA
+). The proximal intracranial territory (medulla and
PICA cerebellum) was most often involved followed

Table 4. Risk Factors in the NEMC-PCR in relation to the presence and location of large artery vascular occlusive lesions

HTN DM Smoking CAD PVD Hlipid

EC only 27 (66%) 10 (24%) 18 (44%) 19 (46%) 8 (20%) 9 (22%)
41 (10%)
1€ only 80 (59%) 37 (27%) 44 (32%) 39 (28%) 13 (9%) 45 (33%)
136 (33%)
ECHIC 53 (70%) 22 (29%) 35 (46%) 28 (37%) 8 (11%) 20 (26%)
76 (19%)
None

90 (58%) 36 (23%) 47 (31%) 57 (37%) 11 (7%) 28 (18%)

154 (38%)

Totals

250 (61%
407 (100%) (61%)

105 (25%)

144 (35%)

143 (35%) 40 (10%) 102 (25%)

HTN; hypertension, DM; Diabetes Mellitus, CAD; coronary artery disease, PVD; peripheral vascular occlusive disease, EC; extracranial

occlusive disease (>50% stenosis), IC; intracranial occlusive disease (>50% stenosis), Hlipid; hyperlipidemia. Cholesterol >200
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O Proximal only

401 W Middle only

ECVA alone ECVA+

Table 5. Pathophysiological groups of patients with severe
proximal vertebral artery occlusive disease

Bilateral VA

V, pathophysiology groups
abnormal*

Coexistent intracranial disease 22 (27.5%) 7%

Artery-to-artery embolism 25 (31%) 31%
Possible artery-to-artery embolism 20 (25%) 25%
Hemodynamic TIAs 13 (16%) 92%

closely by the distal territory. ECVA lesions cause
infarction primarily because of artery-to-artery
embolism.** The commonest recipient sites were the
ipsilateral ICVAs causing proximal territory infarcts and
the rostral BA causing distal territory infarcts. At times
emboli caused both proximal and distal territory infarcts
sparing the middle territory (13 patients, 11.5%).

Among 102 VAO disease patients, 80 (78%) had very
severe disease (37 occlusions and the remainder severe
stenosis [>80% luminal narrowing]). Review of these 80
patients allowed separation into 4 groups (Table 5).
More than 1/4" of patients had extensive coexistent
intracranial disease and so the contribution of the ECVA
disease was uncertain. The extracranial lesions could
have been coincidental. Artery-to-artery embolism was
the commonest mechanism of infarction accounting for
more than half of the cases.

Only 13 patients had a hemodynamic mechanism of
ischemia. In 12 of these 13, there was severe bilateral
VA occlusive disease. Six patients had severe bilateral
ECVA disease and 6 had severe ICVA disease
contralateral to severe disease of one ECVA. The only
patient who did not have bilateral VA disease, had
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Distal only

O Proximal included
O Middle included
M Distal included

Figure 1. The distribution of intracranial posterior
circulation infarcts in patients with proximal vertebral
artery occlusive disease. ECVA; extracranial vertebral
artery

bilateral ICA occlusions. All had TIAs. Only two had
brain infarcts, one affecting the occipital lobe and the
other the temporal lobe and cerebellum. TIAs were
multiple and recurred during one week to several
months. Dizziness, often accompanied by veering to one
side and gait ataxia, visual blurring, perioral
paresthesias, and diplopia were the commonest TIA
symptoms.

Patients with disease limited to the ECVA had better
outcomes than those with ICVA and BA disease.”® They
had a relative risk of 0.62 compared to all patients with
poor outcomes (death or severe disability).

4. ECVA dissections

Sixteen patients had ECVA dissections (20 arteries).
In 6 the dissections began in the V) segment, often
extending into the V, segment. Ten patients had
dissections involving the distal ECVAs (V. and V;
segments). Dissections were bilateral in 4. Among 20
dissected arteries, 8 caused stenosis and 12 were
occluded. Infarcts were due to embolism from thrombi
within the ECVAs. Most emboli caused ischemia within
the proximal territory including: 5 PICA cerebellar
infarcts, 2 lateral medullary and 1 hemimedullary infarct,
and 1 infarct that involved the lateral medulla and
PICA-supplied cerebellum. One infarct involved the
proximal, middle, and distal territories (PICA
cerebellum, pons, and SCA cerebellum) and 1 patient
had solely distal territory infarcts (SCA cerebellum and
occipital lobe).

5. ICVA disease
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Figure 2. The distribution of intracranial posterior

50

451

40

35+ O Proximal alone
301 B Middle alone

251 Distal alone

20 O Proximal included
15- B Middle included
10- U Distal included

ICVA alone

Table 6. lesions Lesions among 36 patients with bilateral
intracranial vertebral artery (ICVA) occlusive disease
Angiographic findings N
Bilateral ICVA alone 10
Bilateral ICVA +BA 20
Bilateral ICVA +BA 12
Bilateral ICVA +BA +bilateral ECVA 2
Bilateral ICVA +BA +unilateral ECVA 2
Bilateral ICVA +BA +bilateral ICA 2
Bilateral ICVA +BA +unilateral ICA 2
Bilateral ICVA+ECVA 4
Bilateral ICVA +bilateral ECVA 1
Bilateral ICVA +unilateral ECVA 2
Bilateral ICVA +unilateral ECVA +unilateral MCA 1
Bilateral ICVA +anterior circulation 2

Bilateral ICVA +unilateral ICA
Bilateral ICVA +unilateral MCA

Occlusive lesions of >50% stenosis were present in
132 patients. Seven had ICVA dissections, 1 bilateral.
The remainders were atherosclerotic. Bilateral ICVA
atherosclerotic disease was present in 36 patients. The
vascular lesions in these 36 patients are tabulated in
Table 6. Twenty patients with bilateral ICVA disease
also had BA disease. Risk factors were particularly
prevalent in patients with bilateral ICVA disease in
whom 76% were hypertensive, 52% had elevated
cholesterol, 36% were diabetic, and 36% smoked
cigarettes.62

Fig. 2 shows the infarct distribution. Proximal and
distal territories were about equally involved in patients
who had only ICVA disease. Among patients with
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circulation infarcts in patients with intracranial vertebral
artery occlusive disease. ICVA; intracranial vertebral
artery

ICVA lesions + other occlusive disease the proximal
territory was also more often involved, closely followed
by distal territory. Only 1 in 5 patients with only ICVA
disease had ischemia limited to the proximal territory.
Prior reports of necropsy patients with ICVA disease
were limited to patients with lateral medullary,
hemimedullary, and PICA-cerebellar infarcts. ™™

Proximal territory infarcts in patients with athero-
sclerotic ICVA disease were most often lateral
medullary while infarcts limited to the PICA cerebellum
were most often attributed to cardiac origin embolism
and artery-to-artery embolism from the ECVAs. The
lateral medulla and posterior inferior cerebellum have
different branch artery supply. Penetrating arteries
branch from the ICVA, course through the lateral
medullary fossa, and penetrate into the lateral medulla.
The medial-PICA branch of the ICVA supplies only a
small portion of the dorsal medulla.”” The PICA branch
of the ICVA usually arises more proximally than lateral
medullary penetrators.

Occlusions and severe stenotic segments were most
often located in the distal ICVAs. Most lesions were
distal to the origin of PICA.®"* The commonest ICVA
segment involved was the distal third at or near the
ICVA-BA junction. This segment was involved in about
1/3 of patients with unilateral ICVA disease and in half
of patients with bilateral ICVA disease. We divided
ischemia patterns into 6 groups (Table 7). The most
frequent group, accounting for about half of the patients,
was those with extensive occlusive disease involving the
ICVAs bilaterally sometimes with other occlusive
lesions. Table 6 lists the vascular lesions in patients with
bilateral ICVA disease; many patients with unilateral
ICVA disease also had BA and other occlusive lesions.
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Table 7. Subgroups of patients with ICVA severe occlusive disease (modified from Muller-Kuppers et al, 1997)

Focal hypoperfusion-related TIAs or infarcts limited to proximal territory 19%
Embolism to the ICVA 8%
ICVA/BA junction disease with middle territory infarction 8%
Widespread posterior circulation occlusive disease with multifocal hypoperfusion 52%
Distal territory infarcts due to intra-arterial embolism or hypoperfusion 32%
Infarcts likely not related to ICVA disease 4%

Some patients belonged to more than 1 group e.g those with widespread disease and TIAs who also had distal territory infarcts

Table 8. Frequency of symptoms and signs in patients with bilateral severe ICVA occlusive disease

Symptoms % of patients Signs (%) of patients
Vertigo & dizziness 64% Dysmetria 40%
Dysarthria 50% Ataxia 38%
Weakness 48% Face weakness 31%
Abnormal gait 45% Nystagmus 29%
Diplopia 40% Sensory loss 24%
Headache 36% Babibski sign 24%
Memory loss 29% Arm paresis 21%
Face numbness 29% Leg paresis 19%
Nausea/vomiting 29% Visual field defect 14%
Decreased alertness 21% Horner's syndrome 12%
Transient loss of vision 19% Facial hypalgesia 12%

The commonest clinical pattern in these patients was the
presence of multiple TIAs. These attacks were often
provoked by standing, hypovolemia, and drops in blood
pressure. The commonest symptoms during attacks were
faintness, visual blurring, diplopia, vertigo, and ataxia.
TIAs continued to occur during months and even years.
Table 8 lists the frequency of symptoms and signs in the
patients with severe bilateral ICVA occlusive disease.
These included 36 patients with bilateral ICVA
occlusive disease and 5 who had unilateral severe
disease and hypoplasia of the contralateral ICVA. Some
patients in this group had distal territory infarcts due to
intra-arterial embolism or hypoperfusion. Surprisingly,
patients with extensive vascular posterior circulation
occlusive disease who had predominantly multiple TIAs
had excellent outcomes. Few had disabling brain
infarction.

The next commonest subgroup of ICVA disease
patients were those who presented with distal territory
infarcts, accounting for about 1/3 of patients. Some

patients in this group also had TIAs involving the
vestibulo-cerebellar systems in the medulla and/or
cerebellum. Proximal territory infarcts accounted for 1/5
of patients. Few patients presented with middle territory
infarcts when thrombi within the distal ICVA extended
into the BA, had embolism to the ICVA, or had infarcts
attributable to other lesions (e.g, BA occlusion).

Among the 7 patients with ICVA dissection (1
bilateral), 4 arteries were stenotic and 4 occluded.
Among the dissection patients with brain infarcts, 2 had
lateral medullary infarcts and 3 had infarcts attributed to
embolism to the distal territory (I SCA cerebellum,
midbrain; and thalamus, 1 PCA territory; and 1 SCA
cerebellum and PCA).

Mortality was highest among patients who had
embolism to the distal territory arising from the ICVA
1/4™ of these patients died. The mortality and morbidity
in all other groups was very low. Upon hospital
discharge 1/4 of the patients had moderate or severe
disability but 1/2 had no disability. At follow-up
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Table 9. Modified Rankin scale score at discharge and at
follow-up among 41 patients with severe ICVA occlusive disease

i ) At hospital At

Modified Rankin scale i
discharge follow-up

0 no symptoms 14 (34%) 13 (32%)
1 no significant disability 11 (27%) 10 (24%)
2 slight disability 11 (27%) 8 (20%)
3 moderate disability 1 (2%) 1 2%)
4 moderate to severe disability 3 (7%) 2 (5%)
5 severe disability 1 (2%) 0
6 dead 0 7 (17%)

examinations 3 years after discharge, 38% had no
symptoms and 78% had no or only slight disability.”"
Most surprising was the relatively good outcomes in
patients with bilateral ICVA disease (Table 9). These
patients with the most severe occlusive disease had the
best outcomes, indicating the adequacy and durability of
their collateral circulation.

6. BA disease

Among patients with BA occlusive disease (>50%
stenosis), 2/3 were hypertensive, and about 1/3 had
diabetes, smoked cigarettes, and /or had high cholesterol.
1/3 also had coronary artery disease. Nearly all patients
had atherosclerotic lesions. Two had BA dissections.
Dolichoectasia of the BA was common but was not
included among patients with severe occlusive disease.

Fig. 3 shows the infarct distribution among the 109
patients with BA occlusive disease. Most infarcts were
in the middle intracranial territory in patients with
lesions limited to the BA and also when other arteries
were also compromised. The distal territory was

Table 10. Patients with Basilar artery (BA) occlusive disease +
occlusive disease in other arteries

O Proximal alone

E Middle alone
Distal alone

M Proximal included
O Middle included
O Distal included

Angiographic findings N
BA +Bilateral ICVA 20
BA +bilateral ICVA 12
BA +bilateral ICVA +bilateral ECVA 2
BA +bilateral ICVA +unilateral ECVA 2
BA +Bilateral ICVA +bilateral ICA 2
BA +bilateral ICVA +unilateral ICA 2
BA +unilateral ICVA 25
BA +unilateral ICVA 6
BA +unilateral ICVA +unilateral ECVA 12
BA +unilateral ICVA +bilateral ECVA 1
BA +unilateral ICVA +ICA 2
BA +unilateral ICVA +bilateral PCA 1
BA +unilateral ICVA +unilateral ECVA +ICA 1
BA +unilateral ICVA +bilateral ICA 1
BA +unilateral ICVA +bilateral ECVA +ICA 1
BA ECVA (but no ICVA) 9
BA +bilateral ECVA 5
BA +bilateral ECVA +bilateral ICA 1
BA +unilateral ECVA 3
BA +bilateral ICA 2

often infarcted along with the middle territory indicating
spread of disease to the rostral BA and its distal
branches or embolism to these branches. Among the two
patients with BA dissections, one had pontine infarction
and the other had pontine, midbrain, and SCA cerebellar
infarcts.

Many patients with BA occlusive disease (56 patients)
also had severe disease of other posterior circulation
arteries (Table 10). Patients who had bilateral ICVA
occlusive disease were already included in Table 5.

Figure 3. The distribution of intracranial posterior
circulation infarcts in patients with Basilar artery occlusive
disease. BA; basilar artery
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Table 11. Subgroups of patients with severe bBasilar artery occlusive disease

In-situ occlusive diseased often with superimposed thrombosis*

Extensive posterior circulation occlusive disease including the BA with mostly TIAs

Embolism to the BA- cardiac or proximal artery donor source

39 (45%)
36 (41%)
12 (14%)

*includes two patients who had extension of threombus from one ICVA into the BA

Among 109 patients in whom ischemia and infarction
could be reasonably attributed to BA disease, 87 had
moderate (50~80% stenosis), severe stenosis (>80%
narrowing), or occlusion.”® We divided these patients
into 3 subgroups (Table 11). Intrinsic occlusive disease
limited to the BA and extensive multifocal occlusive
disease including the BA were the commonest groups.

The largest group of BA disease patients was those
with pontine and often rostral brainstem infarction
related to BA thrombosis. Two patients had extension of
thrombus from an ICVA into the BA. Infarcts in this
group usually involved the bilateral pons and signs were
often motor and oculomotor. Hemiparesis was more
common than tetraparesis but usually there were minor
motor abnormalities on the non-hemiplegic side. Among
all patients with severe BA disease, 44 had hemiparesis
(51%) while only 5 (5.7%) were tetraparetic. Bulbar or
pseudobulbar weakness was very common occurring in
nearly 3/4ths of patients. The frequency of TIAs was
similar to that in the group with extensive posterior
circulation disease; 33% had only TIAs while 39% had
TIAs preceding stroke and 28% had strokes without
preceding TIAs. The average duration during which
TIAs occurred was 2.1 months.

Thirty six patients had extensive occlusive disease
including but not limited to the BA. These patients with
extensive multifocal occlusive disease represented the
second commonest patient group. The symptoms and
signs in this group were those described in the ICVA
section. TIAs were reported in 78% of these patients;
31% of patients had only TIAs while 47% had TIAs
preceding stroke; 22% had only stroke without preceding
TIAs. The average duration during which TIAs occurred
was 7.8 months (excluding one patient whose TIAs
lasted more than 5 years). Unexpectedly, these patients
with extensive occlusive vascular disease had better
outcomes than those with disease limited to the BA.

Proximal Middle Distal

Figure 4. The distribution of intracranial posterior circulation
infarcts in patients with penetrating artery occlusive disease.

A small number of patients with BA disease had
embolism to the BA with mostly distal territory infarcts.
Emboli arose from the heart or ECVAs.

The frequency of poor outcome (mortality or severe
disability at 30 days after hospital discharge) was higher
among patients with BA disease than with ECVA and
ICVA disease; 30% had poor outcomes yielding a
relative risk of poor outcome of 3.64 (1.9~7.0 95%
confidence interval).”® The worst outcomes occurred
among patients with embolism to the BA; 58% of these
had major deficits.

7. Penetrating and branch artery disease

In this category, brain infarcts are limited to the
distribution of single branch penetrating arteries, clinical
symptoms and signs are explained by involvement of
this region, and vascular imaging shows no important
compromise of the parent artery feeding the involved
branch. Examples include: a paramedian pontine infarct
in a patient with contralateral pure motor hemiplegia in
whom MRA shows a normal BA; an infarct in the right
ventrolateral thalamus in a patient with left hemisensory
paresthesias and left arm incoordination and a normal
right PCA. Using these strict criteria, 14% of patients
(range 14~17%) were considered to have infarcts due to
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penetrating or branch artery disease. We can not be sure
that some patients did not have small emboli that
blocked branches. Fig. 4 shows the distribution of these
branch lesions.

8. PCA territory infarcts

The vast majority of PCA territory infarcts were
embolic. This finding corroborates prior reports.B’M’64
Most patients had cardiac or ECVA, ICVA, or BA
disease that was the likely source of emboli to the PCA.

Among the 119 patients with PCA territory infarcts,
61% had infarcts limited to PCA-supplied regions, while
39% also had involvement of other supply zones (PCA
+). Cortical infarcts were more common than cortical
and deep infarcts but patients with PCA+ lesions had
more cortical and deep infarcts indicating embolic
occlusion of the proximal PCA. The occipital lobe was
the most frequent cortical territory involved (92%) while
the temporal lobe was involved in 39%; only 5 patients
had temporal lobe infarcts without occipital lobe
infarction. All patients with somatosensory symptoms
and signs, usually hemisensory paresthesias, had lateral
thalamic infarction or PCA occlusion before the
thalamogeniculate pedicle origin.” Visual field defects

were present in 84% of patients while only 15% had
sensory symptoms or signs. Motor signs, usually slight
and contralateral were present in 29% and 25% had
cognitive and/or behavioral abnormalities.”® Hemiplegia
is attributable to proximal PCA disease causing ischemia
to the cerebral peduncle.70

In only 7 patients could we be confident that the PCA
occlusive lesion represented in-situ atherostenosis rather
than embolic occlusion. One of these patients had
stenosis of the distal BA and the PCA. Six patients with
intrinsic PCA disease had TIAs preceding strokes. The
TIAs occurred during 2 weeks to a year and were
mostly visual or somatosensory. Four of these 7 patients
had a prolonged period of fluctuating symptoms and
signs that evolved during 2~17 days. All 7 patients had
visual symptoms and visual field loss. PCA stenosis has
been reported but is rare.”’ The patient with distal BA
and PCA stenosis had sensory symptoms and bilateral
thalamic infarcts.
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Four PCA territory infarcts were classified as
migrainous. One of these patients also had a high serum
calcium level, a factor known to promote cerebral
vasoconstriction. Among patients with embolic PCA
occlusion, 65 had a cardiac donor source, 38% had a
proximal arterial source (equally divided among the
ECVA, ICVA, and BA), and 15% were classified as
cryptogenic embolism.

DISCUSSION

1. Risk factors

Hypertension was a prevalent risk factor being noted
in 61% of patients. Diabetes mellitus was slightly more
common in patients with intracranial compared to
extracranial disease while coronary and peripheral
vascular disease were more often associated with
extracranial disease.

Prior studies showed that extracranial ICA lesions are
highly associated with white race, male sex, hyper-
tension, smoking, and coronary and peripheral artery

. . 5,6,11,72,73
occlusive disease.

Studies of populations of
white and black patients confirmed that this pattern was
also true for VAO occlusive disease.” NEMC-PCR
patients with occlusive VAO disease were most often
white and male and had risk factors similar to ICA
disease patients. Hypertension was more common in
patients with only ECVA disease compared to those
with intracranial disease. ICA and VAO occlusive
disease often coexist.”?’

Intracranial occlusive lesions are most common in
blacks, individuals of Asian origins, and women, 74T
The NEMC-PCR includes more Asian patients,
predominantly Chinese, than the Harvard and Lausanne
Registries, and the Stroke Data Bank. The risk factor
profile was consistent with that previously reported for
intracranial disease; a relatively high frequency of

diabetes and hyperlipidemia.
2. Frequency of various vascular lesions

Necropsy studies of posterior circulation vascular
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lesions differ in the nature of the patients studied and on
their focus of interest. Some studied unselected
autopies.l’lg’21 Castaigne et al. studied patients with
posterior circulation infarcts and emphasized intracranial
arteries.”” Hutchinson and Yates studied the ECVAs."*
These necropsy studies showed that although ECVA
lesions were common, most posterior circulation infarcts
were attributable to intracranial occlusive disease. This
contrasted with anterior circulation occlusive disease in
which the extracranial ICA more often caused brain
infarction than intracranial disease.

In the NEMC-PCR, the VAs were the commonest
vessels involved and the ECVAs and ICVAs were
involved with about the same frequency. When only
single vascular regions were involved, the VAO was
more often severely stenotic or occluded than other
vascular regions. BA disease was also very common.
The most important and surprising finding was the
frequency of multiple vascular involvement. Often
extracranial and intracranial arteries were narrowed. In
many patients multiple intracranial arteries were
compromised. When one ICVA was narrowed or
occluded by atherosclerosis, the contralateral VA was
often hypoplastic or narrowed extracranially or
intracranially, and the BA was also often severely
compromised.

3. Subclavian and innominate artery disease rarely
caused posterior circulation infarcts

In 1961, Reivich et al”® and Fisher” described the
“subclavian steal syndrome”. Physicians were alerted
and patients with the syndrome often had subclavian
artery surgery. Subsequent studies showed that most
patients with subclavian artery disease are asymptomatic,
even those with subclavian steal shown by ultrasound or

4,41,80,81 . .
Subclavian artery disease

vascular imaging.
patients often have coexistent I[CA disease that is usually
responsible for brain ischemia. Patients with innominate
artery disease, most often have anterior circulation
infarcts related to thrombi within the right ICA

. . 4,82
innominate artery branch.

Subclavian artery lesions
may cause minor ischemic arm symptoms e.g. coolness,

cramping, and inability to sustain prolonged arm

exercise. These symptoms are important in athletes but
are rarely important otherwise. Vertebro basilar territory
ischemic symptoms are unusual and posterior circulation
infarction attributable to subclavian or innominate artery
disease is rare.

Two NEMC-PCR patients had innominate artery
stenosis and 5 had subclavian arrtery disease, but only
one patient with isolated subclavian artery disease had
posterior circulation ischemia attributable to the extra-
cranial occlusive lesion. The single patient with isolated
subclavian artery disease had transient spells of dizziness
and diplopia but no brain infarct. Subclavian artery
disease is an important marker of atherosclerosis but a
rare cause of posterior circulation infarction.

4. The importance of ECVA disease as a cause of
posterior circulation infarction.

Fisher et al. concluded from their autopsy study that
atherosclerosis affected the ECVA and the intracranial
posterior circulation arteries equally but that extracranial
lesions were seldom symptomatic.] They did note that
proximal ECVA atherosclerotic lesions occasionally
became ulcerated, and that 3 of their patients may have
had artery-to-artery emboli arising from the ECVA.
Moossy also encountered an ulcerative ECVA plaque.21

Fisher commented on the usual benignity of ECVA
disease.” He reported 5 patients with bilateral ECVA
occlusions who had transient symptoms but no persistent
neurological signs. All had reconstitution of the distal
ECVAs from collateral neck vessels. The benignity of
atherosclerotic VAO lesions was attributed to: 1) the
capacity to develop collateral reconstitution of the
ECVAs; 2) the usual presence of two viable arteries that
join together intracranially, so that if one became
compromised, the contralateral artery could compensate
adequately; and 3) the slow development of luminal
compromise by atherosclerotic plaques allowing time for
collateral development. A Cleveland Clinic analysis also
supported benignity of ECVA atherosclerosis.” None of
their 89 VAO disease patients developed strokes and
only 19 had TIAs, many not localizable.

Other studies showed that VAO lesions were more
often the cause of posterior circulation infarcts than
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previously thought. Labauge et al. reported their
experience among 100 patients in whom angiography
had shown VAO lesions.*” Posterior circulation ischemia
was the indication for angiography;” 59 patients had
posterior circulation strokes and 29 vertebrobasilar
territory TIAs. The predominant symptoms and signs
were vestibulo-cerebellar. Embolism from the ECVA
lesion was the presumed mechanism of medullary and
cerebellar infarcts.”

Artery-to-artery embolism from a VAO donor source
was also reported in small series of patients.*"™ A key
observation was reported by Pelouze who showed that a
VAO specimen removed from a patient with repeated
posterior circulation TIAs, contained a typical ulcerated
plaque, similar to plaques found within ICA surgical
specimens.88 Caplan et al. reported 10 patients who had
artery-to-artery embolism arising from occlusive VAO
lesions; the commonest recipient site was the ICVA
causing PICA-cerebellar infarcts.”

In the NEMC-PCR, VAO atherosclerosis was very
common. Infarcts in patients with VAO disease were
mostly attributable to artery-to-artery embolism arising
from the ECVA. A thrombus-containing ECVA
aneurysm and ECVA dissections were other donor
sources of embolism. Extracranial aneurysms® and
dissections™'® have been reported to be potential sources
of artery-to-artery emboli. Only two patients considered
to most likely have artery-to-artery emboli arising from
proximal ECVA occlusive disease also had potential
cardiac embolic sources. The commonest recipient
region for emboli arising from the ECVAs was the
ICVA causing PICA cerebellar infarcts. Recipient sites
in some patients were in the distal territory or the
proximal and distal territories.

Hypoperfusion related to VAO occlusive lesions was
usually transient causing brief spells of dizziness,
veering, visual blurring, and ataxia. Attacks were
self-limited probably reflecting reconstitution of the
ECVA distal to the occlusion. In 13 patients (12 with
bilateral ECVA occlusive disease, and one with bilateral
ICA and unilateral ECVA occlusions), hypoperfusion-
related TIAs occurred over a prolonged period but did
not cause brain infarcts. Unilateral ECVA stenosis or
occlusion did not cause persistent TIAs.
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ECVA disease is a very important cause of strokes
and TIAs. A variety of treatments are available. Surgery,
(direct endarterectomy or reconstruction using an ECVA
to ICA bypass,)% angioplasty with or without stents,”
and medical therapy using drugs that alter platelet
functions or anticoagulants. Unfortunately, no trial to
date compares the effectiveness and safety of these
various strategies or defines indications for these
treatments.

5. ICVA occlusive disease

There is general agreement that severe ICVA and BA
occlusive lesions are not benign and frequently cause
strokes. The closer an artery is to the brain, the more
likely that occlusion will lead to brain infarction. Most
reports of ICVA occlusive disease relate to necropsy and
angiographic studies of patients with brain infarcts
within the proximal intracranial territory. Patients with
PICA 23-25
infarcts,”” and hemimedullary infarcts™" show a very

cerebellar infarcts, lateral medullary
high frequency of occlusive ICVA lesions.

Few reports concern patients selected because they
had ICVA disease discovered by vascular imaging.,
Moufarrij et al. reported findings among 44 patients with
ICVA and/or BA stenosis; 16 with bilateral ICVA
stenosis.* The vertebro-basilar junction was a frequent
disease site. Strokes and vertebro-basilar TIAs were
common in follow-up. Many patients had multiple artery
involvement. Caplan reported 9 patients with severe
bilateral ICVA occlusive disease, 8 of whom died of
brainstem infarction and the remaining patient survived
with severe bulbar paralysis and quadriplegia.92 In
contrast, Bogousslavsky et al. reported 10 patients who
had bilateral severe ICVA occlusive lesions and a
benign course.” These patients were selected from
candidates for anterior circulation extracranial to
intracranial bypass.

In the NEMC-PCR, only 1/5" of patients with severe
ICVA occlusive disease had infarcts limited to the
proximal intracranial posterior circulation territory. More
common were emboli arising from the ICVA causing
distal territory infarction. Proximal territory infarcts were
more often related to ECVA occlusive disease with
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artery-to-artery embolism to the ICVA than from
intrinsic ICVA occlusive disease. The commonest group
of patients with ICVA disease, accounting for more than
half of the patients, had extensive atherosclerosis in
multiple intracranial arteries (Table 6). These patients
with severe multifocal disease most often had benign
courses usually characterized by multiple TIAs but few
serious strokes. The seven patients with ICVA
dissections had proximal or distal territory infarcts.
Relatively few NEMC-PCR ICVA disease patients
had isolated lateral medullary or PICA cerebellar
infarcts. Most ICVA occlusive lesions involved the distal
ICVA at or near the ICVA-BA junction beyond the
ICVA branches that penetrate the lateral medullary fossa
and beyond PICA. Occasional patients had thrombi
originating in one distal ICVA and extended into the BA
causing pontine, middle intracranial territory infarction.
When an ICVA thrombus extended into the BA, the
occluded ICVA was always dominant. Some patients
with a single functional distal ICVA (the other ICVA
being hypoplastic or ending in PICA) had middle and/or
distal territory ischemia. Many patients with extensive
combined bilateral ICVA and BA disease had TIAs or
minor strokes within the middle and distal intracranial

territories.
6. BA disease

BA occlusive disease has been considered a highly
mortal condition since publication of the necropsy
findings of Kubik and Adams.* Labauge. et al. reviewed
personal and previously reported cases and noted that
only 31 among 348 patients with BA occlusion
survived.”” Ferbert et al. reported 48 patients who had
angiographically documented BA occlusion.” Some had
headache and episodic TIAs during the weeks preceding
an acute stroke. Tetraparesis or tetraplegia and decreased
consciousness were common findings on hospital
presentation. Mortality was high despite thrombolytic
therapy.49

Woolfenden et al. reported their findings among 28
patients with BA stenosis.” TIAs were present in 19
(68%) patients, and 19 (68%) had posterior circulation
infarcts on admission MRI. Hemiparesis was more
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common than tetraparesis. The annual stroke rate on
follow-up was 10.3% and the annual death rate 6.2%.
All patients were treated with anticoagulants and/or
anti-platelet aggregants and 6 had angioplasty. All
patients with recurrent strokes were either not treated
with warfarin or had subtherapeutic INRs.”

A Lausanne Stroke Registry analysis compared 43
patients who had severe BA occlusive disease
determined by vascular imaging (37 by MRA, 6 by
catheter angiography) with 45 patients who had severe
BA occlusive disease at necropsy.% Among the vascular
imaging group, 54% had mortality or severe disability,
34% had moderate disability, and 12% had no or minor
disability. Poor outcome was predicted mostly by
decreased level of consciousness on admission but
dysarthria, abnormal pupils, and bulbar symptoms also
significantly predicted poor outcome.”

BA disease was associated with the poorest outcome
among all NEMC-PCR vascular occlusive lesions but
outcomes were better than prior reports. Most patients
had intrinsic atherosclerotic lesions in the proximal or
middle BA or embolism from the heart or VA.
Occasional patients had dolichoectasia, or dissection. BA
aneurysms sometimes harbor thrombi that can cause
middle and distal territory infarcts.”” Hemiparesis with
minor motor abnormalities in the limbs contralateral to
the hemiparesis was common. Stupor and coma were
less frequent than in prior series as was tetraplegia. The
case mix of our patients with BA disease likely included
more patients with less severe ischemia than in other
reports. We evaluated more patients with minor posterior
circulation ischemia using presently available
noninvasive vascular and brain imaging than was
possible in the past. Undoubtedly this led to discovery
of BA disease in many patients who would likely have
not been exposed to catheter angiography in the past so
that BA disease would have been missed.

Patients with BA disease mostly had infarcts
involving the paramedian pontine base sometimes
extending into the paramedian tegmentum. These infarcts
are in the territory of the large median penetrators; flow
in these penetrators is most compromised by BA
thrombi and stenotic plaques. The tegmentum of the
rostral pons derives supply from distal BA branches that
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descend into the tegmen‘[um.35 Collateral blood flow
through circumferential cerebellar arteries (PICA, AICA,
and SCA) allows perfusion of the lateral pontine
tegmentum. Flow from the distal BA allows perfusion of
the rostral pontine tegmentum, the location of the
reticular activating system. Survival is common when
there is a short segment of occlusion and when the distal
BA is spared.

This distal BA is occasionally the site of intrinsic
atherosclerotic narrowing but more often distal

. - 98,99
occlusions are embolic.

Decreased alertness,
dysmemory, and oculomotor signs predominate and
motor and bulbar symptoms are uncommon. The
relatively good outcome from emboli to the top-of-the

basilar likely relates to passage of small emboli.
7. Multiple intracranial large artery compromise

This report documents the frequent coexistence of
multiple arterial constrictive lesions, most often
involving the ICVAs bilaterally, often with accompa-
nying BA and ECVA stenosis. Prior reports contain
hints of this group of patients although none describes
this group in detail.*** TIAs dominated the clinical
findings in these NEMC-PCR patients. Few had severe
strokes despite months or years of TIAs. The most
frequent TIA components were dizziness, faintness,
visual blurring, and ataxia. Ischemic attacks were usually
multiple and brief and often were precipitated by rising
from a supine or seated position, prolonged standing,
defecating, and new or increased antihypertensive
treatment. Despite severe vascular occlusive disease,
these patients had surprisingly good outcomes. Adequate
collateral circulation developed and stabilized. Patients
with multiple occlusive vascular lesions might have been
the basis of the early reports of so-called vertebrobasilar
insufficiency in patients in whom vascular lesions were
not studied.'*'”

8. Penetrating artery disease
The pathology within penetrating arteries consists of

lipohyalinotic disruption of the arterial lumen” or
atheromatous branch disease in which plaques within
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parent arteries obstruct the orifice of penetrating

37,38
branches.

Ischemia due to penetrating artery disease
is important to recognize and to differentiate from larger
artery disease since the causes, prognosis, and treatment
are different. Nearly the entire brainstem is supplied by
arteries that penetrate into the brainstem from the
ICVAs, anterior spinal arteries, BA, and PCAs.

In the NEMC-PCR, as in other reports, most branch
territory infarcts were located in the pons (middle
intracranial territory) and the thalamus (distal intracranial
territory). Paramedian pontine infarcts causing pure
motor hemiparesis or ataxic hemiparesis and lateral
thalamic infarcts causing contralateral hemisensory
symptoms occasionally accompanied by contralateral
limb ataxia and extrapyramidal abnormalities were the
commonest syndromes encountered. Occasional patients

. - 104,105 13,106
had midbrain

or medullary branch territory
infarcts.

More than half of 70 Lausanne Stroke Registry
patients with branch territory distribution infarcts had
large artery occlusive lesions on MRA that could have
obstructed branches.” In contrast, in the NEMC registry,
only 1 example of a protruding or stenotic large artery
intracranial occlusive lesion was found in patients with

infarcts limited to single penetrating branches.
9. Outcomes in relation to vascular lesions

Outcomes in the NEMC-PCR were better than in
prior series of posterior circulation disease patients.‘m’”’66
Patients with embolism had the highest frequency of
death and severe disability. Short-term outcomes were
better in patients with non-cardioembolic infarcts than
previously thought. Vascular occlusive disease caused
more severe signs and persisting neurological deficits
when artery-to-artery embolism was present, mimicking
the experience in patients with anterior circulation large
artery disease. Hemodynamic insufficiency rarely caused
severe neurological deficits. Even patients with severe
bilateral occlusive disease involving intracranial and/or
extracranial large arteries had good short-term
neurological outcomes. BA severe occlusive disease was
the only arterial lesion that conveyed a more severe risk
of disability or death compared to other arterial
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occlusive sites.
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