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Preécis

Racial differences in the distribution of cerebrovascular occlusive disease are well
documented. Extracranial stenosis is more common in Caucasian while intracranial
stenosis is more common in Asian, Hispanic and African-American. The prevalence
of asymptomatic intracranial stenosis in middle age and elderly general population in
China was about 7 %. The frequency of intracranial atherosclerosis among patients
with stroke and TIA is 40 to 50% in Chinese populations. Concurrent extracranial and
intracranial stenoses is common in Asian, the incidence range from 10 to 39% in
patients with stroke. The current population of China is 1.3 billion and it was
estimated that 30% of the population will be aged 60 and above by 2050 in China.
The incidence of stroke in China is 215 per 100000 which is one of the highest among
the world and this burden is expected to escalate in the coming decades. However,
studies of concurrent stenoses among Chinese are scarce. The aim of this précis is to
present my studies that were conducted mainly among Chinese stroke patients on this
particular field. The scope of the studies covers the following 4 areas: (1)
Identification of Long-term prognosis of patients with concurrent stenoses; (2)
Long-term prognosis of patients with concurrent stenoses and ischemic heart disease;
(3) Lesion pattern and stroke mechanisms in concurrent stenoses; and (4) genetic

polymorphisms of ischemic stroke patients with concurrent stenoses. The background,



viil
objectives, subjects, methods, results, and conclusions of these studies will be

presented in this précis.

Background
Study 1: Use of MRA to Predict Long-term Outcomes of Ischemic Stroke
Patients with Concurrent Stenoses
Concurrent atherosclerosis of intracranial and extracranial vessels 1s common in Asian.
However, the long-term prognosis of this group of patients is unclear. Although
conventional contrast angiography provides excellent visualization of the
craniocervical vasculature, the invasive nature of the procedure and the nisk of
perioperative complications hinder its widespread use. Magnetic resonance
angiography (MRA) is a safe and reliable modality in studying intracranial circulation.
The objective of this study is to determine the long-term outcomes of patients with
concurrent atherosclerosis of intracranial and extracranial vessels after acute stroke

using MRA.

Study 2: Long-term Outcomes of Ischemic Stroke Patients with Concurrent
Intracranial, Extracranial Stenoses and Ischemic Heart Disease

Coexisting ischemic heart disease (IHD) is common in patients with stroke and it is






genetic polymorphisms affecting homocysteine and lipid metabolism are associated

with concurrent stenoses.

Objectives

Study 1: To determine the long-term outcomes of patients with concurrent

atherosclerosis of intracranial and extracranial vessels after acute stroke using MRA.

Study 2: To determine the long-term outcomes of ischemic stroke patients with

congcurrent stenoses and IHD.

Study 3: To determine the ischemic lesion pattemns in concurrent stenoses using DWI,

Study 4: To determine whether genetic polymorphisms affecting homocysteine and

lipid metabolism are associated with concurrent stenoses.

Subjects and Methods

Subjects were patients who were admitted to the acute stroke unit of the Prince of
Wales Hospital (PWH) because of stroke or transient ischemic attack (TIA) from June

2001 to December 2004, Brain computed tomography (CT) was performed on all
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patients within 24 hours of admission to rule out intracranial hemorrhage. Carotid
Doppler, Magnetic resonance imaging and magnetic resonance angiography were
arranged within 1 week of stroke. We excluded patients less than 18 years old, those
who had atrial fibriilation, intracranial hemorrhage, vascular malformations, active
cancer, myocardial infarction, liver and renal failure, prothrombotic tendency such as
underlying active lupus disease, antiphospholipid syndrome, factor C/S deficiency
and those who were pregnant. Those who are unfit for MRI study because of

unstable medical conditions and claustrophobia were excluded.

Study 1:
A prospective cohort study conducted at the Prince of Wales Hospital. We recruited
consecutive patients admitted with acute cerebral ischemia, including transient

ischemic attack (TIA) and cerebral infarct within 7 days of symptom onset during

June 2001 to December 2003.

Study 2:
A prospective cohort study conducted at the Prince of Wales Hospital. We recruited
consecutive patients admitted with acute cercbral ischemia, including transient

ischemic attack (TIA) and cerebra!l infarct within 7 days of symptom onset during
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Results

Study 1:
Totally 343 patients with acute ischemic stroke were included, of whom 104 (30%)
had concurrent intracranial and extracranial lesions. The follow-up period was up to
76 months (mean 44.5 months). Overall, fifty-three patients (15.5%) died of any cause
and 91 patients (26.5%) suffered a further non-fatal vascular event. The overall 5-year
cumulative rates of mortality, restroke and poor outcomes (combined death and
further vascular events) were 18%, 27% and 37% respectively. In patients with
concurrent lesions, these rates were 31%, 41% and 51% respectively. The
corresponding rates were 13%, 22%, and 31% in patients without concurrent lesions.
The risks were highest in the first year after stroke. More deaths (log rank, 16.3;
p=0.0001), restrokes (log rank, 9.71; p=0.002) and poor outcomes (log rank, 13.87;
p=0.0001) were found among patients with concurrent lesions. The presence of
concurrent vascular lesions, advanced age, smoking, hyperlipidemia and previous

history of stroke were independent predictors of poor outcomes.

Study 2:
Totally 428 patients were included. The mean follow-up period was 65 months (up to

87 months). Ninety-three patients (22%) died of any cause and 104 patients (22%)
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suffered from non-fatal vascular events. Fifty-four patients (13%) had ischemic heart
disease. Among them, 27 patients (50%) had concurrent stenoses. In patients with
concurrent stenoses and IHD, only 3 (11%) were free of death and recurrent vascular
events. Eight (30%) had recurrent non-fatal stroke, 7 (26%) had non-fatal myocardial
infarct, 11 (41%) died and 4 (22%) due to fatal myocardial infarct. The overall 5-year
cumulative rates of mortality, recurrent vascular events and combined poor outcomes
were 21%, 23% and 43% respectively. In patients with concurrent stenoses and IHD,
these rates were 40%, 50% and 83% respectively. More deaths (log rank, 6.56;
p=0.01), recurrent vascular events (log rank, 25.24; p<0.001) and poor outcomes (log

rank, 27.50; p<0.001) were found among patients with concurrent stenoses and IHD.

Study 3:

Totally 251 patients were included in the analysis. Of these, 109(43%) had concurrent
stenoses. Patients who had concurrent stenoses, as compared with those without
concurrent stenoses, had more symptomatic stenoses (84% vs. 58%; odd ratio, 4.0;
95% confidence interval {CI], 2.1 to 7.3 ; p<0.001) , more concomitant perforating
artery infarct (PAI), pial infarct (PI) and borderzone (BZ) infarct (14% vs. 4%; odd
ratio, 3.6; 95% CI, 1.4 t0 9.7 ; p=0.007), more multiple DWI lesions (55% vs. 37%;

odd ratio, 2.1; 95% CI, 1.3 to 3.4 ; p=0.005) and more infarcts in the territory of the
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leptomeningeal branches of middle cerebral artery (MCA) (26% vs. 13%; odd ratio,
2.2;95% CI, 1.2 to 4.3 ; p=0.01). In multivariate rcgression analysis, smoking, prior
stroke, the presence of concomitant PAI, PI, and BZ infarcts, multiple DWT lesions
and symptomatic stenoses were significantly associated with concurrent stenoses.
Among patients with concurrent stenoses, those who had tandem lesions, as compared
with those who had non-tandem lesions, had more PAI and BZ infarcts (27% vs. 8%,
odd ratio, 4.3; 95% CI, 0.9 to 19.8; p=0.04), more concomitant PAI, PI and BZ
infarcts (18% vs. 0%; p=0.02), and more multiple DWI lesions (65% vs. 23%; odd
ratio, 6.2; 95% CI, 2.2 to 17.2; p<0.001). Infarcts in the territory of MCA
leptomeningeal branches and symptomatic stenoses were more common in patients

with tandem lesions.

Study 4:

Atotal of 191 patients with acute ischemic stroke were included, of whom 47 (25%)
had concurrent stenoses. The genotype distributions of PON1 Q192R and MTHFR
A222V, which affect lipid and homocysteine metabolism, were significantly different
between patients with stroke and controls. The presence of at least one R ailele in
PONI1 Q192R and TT allele in OLR 151050283 were associated with concurrent

stenoses. There was also a tendency toward association between the presence of at
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group of patients and reduce the burden of stroke in our aging society.
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to a single hospital. Caucasians were more likely to have occlusive lesions of extracranial
carotid arteries, whereas African-Americans tended to have tortuous or dilated vessels
with diffuse, non-occlusive atherosclerosis. Heyden et al '* found a ratio of middle
cerebral artery occlusions to intermnal carotid artery occlusive lesions of 13/84 in
Caucasians, whereas in African-Americans, it was reversed at 10:1. In the Joint Study of
Extracranial Arterial Occlusion'®, African-Americans had more occlusive intracranial

1?%2! studied the determinants

diseases and fewer transient ischemic attacks. Gorelick et a
of extracranial versus intracranial atherosclerosis in a series of patients with angiograms
of the anterior and posterior circulations. Caucasians were more likely to have
extracranial carotid lesions, transient ischemic attacks (TIAs) and lesions of the vertebral
artery origin. African-Americans were more likely to have lesions involving the
intracranial carotid artery, MCA main stem and distal basilar artery. In a review of stroke
and races, Caplan et al' pointed out that African-Americans were more likely to have
atherosclerosis involving the intracranial cerebral vessels, whereas Caucasians more
commonly had diseases of the extracranial vessels, particularly the cervical carotid artery.
Inzitari et al®® used discriminant function analysis of data from the
Extracranial/Intracranial Bypass Study to study the influence of race and risk factors on
the location of cerebral atherosclerosis in 1367 patients with cerebral angiography. Race
was the only factor that remained an independent determinant of location of
athcrosclerosis. The effect was much greater in Asians than in African-Americans, with
both groups having more intracranial lesions and fewer extracranial lesions than

Caucasians did. Witky et al * found that the distribution of cerebral atherosclerosis is

influenced by race and sex but not by other vascular risk factors. Caucasians were more



likely tham African-Americans to have extracranial carotid artery lesions. Studies in
Japanese patients also found a high incidence of disease of the middle cerebral artery.*>?®
Intracranial stenosis is common in Chinese. Wong et al *° examined 66 acute ischemic
stroke patients by Transcranial Doppler (TCD), in which 22 patients (33%) had
intracranial occlusive diseases and just 3 (6%) had extracranial carotid stenosis. They
also found that about 7% of asymptomatic community subjects over 40 years of age have
intracranial stenosis in mainland China®®. MCA occlusive disease is more common than

intracranial carotid disease in other studies of Chinese population.*"

Concurrent extracranial and intracranial stenosis is common especially in Asians.
There is little data on the prevalence of concurrent stenoses in general population. Wong
et al. found that 21% the stroke patients had concurrent stenoses in Hong Kong.* Liu et
al. found that 18% of the stroke patients in Taiwan got significant concurrent stenoses.**
Lee et al. reported that 48% of patients with more than 30% extracranial carotid stenosis

had concurrent intracranial stenoses in Korea.>

1.2 Risk factors associated with extracranial and intracranial atherosclerosis

Caucasians with extracranial atherosclerosis have a high frequency of coronary and
peripheral vascular disease, hypertension, hypetlipidemia, and TIA.! Hennerici et al*®
found that 32.8% of patients with symptomatic peripheral vascular disease had significant
associated extracrania! arterial occlusive disease.

Risk factors for intracranial stenosis may be categorized as non-modifiable, well






1.3 Natural history of extracranial and intracranial stenoses

1.3.1 Natural history of extracranial carotid stenosis

In the United States, extracranial carotid stenosis is a major cause of stroke. It has
been estimated that carotid artery disease is responsible for 20% to 30% of stroke.®® In
the Nopth American Symptomatic Carotid Endarterectomy Trial (NASCETY®, the
cumulative risk of any ipsilateral siroke at two years were 26% in the 331 medically
treated patients with severe (70-99%) stenosis. The risk of major or fatal ipsilateral
stroke was 13.1% in this medical group. In the European Carotid Surgery Trial (ECST)GB,
the 3-year risk of ipsilateral ischemic stroke was 16.8% for patients with severe (70-99%)
stenosis in the control group. Three-year total risk of surgical death, surgical stroke,
ipsilateral ischemic stroke, or any other stroke was 21.9%. In patients with symptomatic
moderate (50-69%) or severe stenosis™, the five-year rate of any ipsilateral stroke was
22.2% among those treated medically, and the rate of disabling ipsilateral stroke was
7.2%. For those with less than 50% stenosis, the five-year rate of any ipsilateral stroke
was 18.7% and the rate of disabling ipsilateral stroke was 4.7%. The annual stroke event
rate for asymptomatic patients with hemodynamically significant carotid artery stenosis
ranges from 2% to 5%.”%7° Progression of asymptomatic carotid artery stenosis to
occlusion is unpredictable and can be disastrous. At the time of occlusion, disabling

stroke may occur in 20% of patients, and thereafter in 1.5% to 5% annually.’*™









Chapter 2. What are concurrent stenoses?

Concurrent stenoses are concurrent atherosclerosis of intracranial and extracranial
vessels and it is common in Chinese. In this study, we define concurrent stenoses as
presence of more than 30% stenoses in both extracranial and intracranial vessels,
including lesions in the same vascular territories (tandem lesions) and lesions in different
vascular territories (non-tandem lesions). In this Chapter, the fundamental aspects of
concurrent stenoses, which include anatomy, etiologies, plaque pathology and genetics,
will be discussed. Knowledge on these is crucial for understanding the clinical outcomes

and treatments of concurrent stenoses.

2. 1 Anatomy of extracranial and intracramial vessels

The major craniocervical vessels in neck include the carotid and the vertebral
arteries. The aortic arch gives rise to the brachiocephalic, the Ieft common carotid, and
the left subclavian arteries. The brachiocephalic artery in turn gives rise to the right
subclavian and the right common carotid arteries. The two common carotid arteries run
upward lateral to the irachea to approximately the level of the fourth cervical vertebra,
where each bifurcates into the external and internal carotid arieries. The two vertebral
arteries arise from their respective subclavian arteries. Each vertebral artery has four
anatomical segments. It runs from its origin towards the C6 vertebra (first segment),
traverses upwards through the foramina transversaria from C6 to C2 vertebra (second

segment), loops around the atlanto-occipital joint (third segment), and finally pierces the



dura passing through the foramen magnum to enter the intracranial cavity (fourth
segment). The two vertebral arteries join at the pontomedullary junction to form the

basilar artery’”.

The major cerebral large arteries include intracranial internal carotid artery (ICA),
middle cerebral artery (MCA), anterior cerebral artery (ACA), posterior cerebral artery
(PCA) and basilar artery (BA). The pial plexus consists of the terminal branches of the
ACA, MCA, and PCA, forming a network of arteries on the surface of the hemispheres.
In general, the deep perforators supply structures such as thalamus and basal ganglia
while the superficial perforators supply the white matter of the centrum semiovale.*’ The
diameter of the small vessel ranges from 40pm to 1mm while the diameter for MCA

varies from 3-5mm.

2.2 Etiologies

The main underlying mechanism of concurrent stenoses is atherosclerosis which
typically affects large or medium sized arteries. It affects larger vessels ranging from
200-850pm and is characterized by accumulation of subintimal foam cells.”
Atherosclerosis is a systemic disease and tends to affect different parts of body at the
same time.”**° In the carotid artery, high-risk plaques tend to be severely stenotic.”®
Compared with extracranial vessels of a similar size, the adventitia and media of the
intracranial arteries are thinner, and their internal elastic lamina are fenestrated differently

and thicker.”’ Study of intracranial vessels showed that the luminal stenosis, lipid area,
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associated with infarct. Plaques associated with infarct had a higher extent of lipid core
compared with those not associated with infarct, which also had a higher prevalence of
neovasculature and thrombus than those not associated with infarct. This study found that
the luminal stenosis, lipid area and presence of neovasculature were independent risk
factors of ischemic stroke in the MCA territory. The results suggested that luminal
stenosis and lipid core within plaques may play a collaborative role in leading to ischemic

events.

Both artery-to-artery embolism '?' and hemodynamic impairment'* distal to a
stenotic MCA have been proposed as mechanisms for ischemia, and it is probable that
both mechanisms are involved.'” The luminal stenosis and plaque composition are
important parameters to reflect subsequent ischemic stroke. Plaque burden or
composition 1s thought to stratify the risk of an ischemic event more accurately than
luminal stenosis, which may not reflect the true burden of disease as outward expansion
of the vessel wall can disguise large in situ plaques.'** ' As for neovasculature within
plaques, its effect on ischemic events has been reported in coronary and carotid

arteries.'**'%

The inflammatory process favors the onset and development of atheroma plaque
which contributes to the appearance and evolution of atherothrombosis.'* The cascade of
inflammatory reactions related with atherosclerosis involves monocytes, macrophages, T
lymphocytes and vascular smooth muscle cells.”* ' Chen et al.”® showed increased

infiltration of both CD45RO and CD68 in the plaques associated with infarct, which

20






2.4 Genetics

The cause of most common strokes is muiti-factorial and involves both genetic
variants and environmental factors. Studies in families have estimated that the relative
risk of stroke in a first-degree relative of a patient who has had a stroke isbetween 1.5
and 2.5. Common stroke is extremely heterogeneous and most likely results from the
additive or multiplicative effect of a wide spectrum of pathogenic alleles, each of which
confers a small degree of risk. Some of these alleles may predispose persons to specific
subtypes of stroke and some gene variants may modulate the severity of stroke.'*

136-138

Genetic polymorphisms of pathways, including lipid metabolism , methylene

141, 142

tetrahydrofolate reductase '*°, coagulation'*, blood pressure regulation , cellular

adhesion and inflammatory processes' %

are reported to associate with stroke. Genome
wide association showed that two intergenic single-nucleotide polymorphisms on
chromosome 12p13 and within 11 kb of the gene Nerve Injury Induced Protein 2(NINJ2)
were associated with stroke. NINJ2 encodes an adhesion molecule expressed in glia and
shows increased expression after nerve injury '*® and it promotes neurite outgrowth from

. . 14
primary dorsal root ganglion neurons.'*”

22



Chapter 3. Imaging modalities of craniocervical vessels

3.1 Digital subtraction angiography

Digital subtraction angiography (DSA), as used in NASCET and ECST, is still
considered to be the most accurate method for assessment of carotid stenosis.®” '** DSA
is an invasive technique that requires femorat-artery puncture and direct intra-artertal
injection of contrast medium, usually in the common carotid arteries. High-resolution
images of the stenotic lumen can be obtained, as well as estimation of flow dynamics,
such as slow and delayed blood flow. Intracranial views are usually also obtained to
depict tandem lesions, for example at the carotid siphon. The most common method to
measure carotid stenosis is that undettaken in NASCET, which used the diameter of the
healthy distal internal carotid artery as the denominator.”” There was some initial
confusion with regard to measurement techniques as the method chosen in ECST used
the diameter of the unseen estimated carotid bulb at the site of maximal stenosis as the
denominator'™®. Both NASCET and ECST have since been shown to be mostly consistent
with each other, and the mathematical relation between the two methods of measurement
(with 50% and 70% stenosis in NASCET being equivalent to about 70% and 82%

stenosis in ECST) is now well understood. "'+ 1%

Conventional DSA is a two-dimensional modality and multiple orthogonal
projections are necessary to depict the tightest stenosis because of the occurrence of non-
circular lumens."* Although three-dimensional rotational DSA is now possible with

modern angiographic machines, the extent of stenosis can be overestimated compared

23



with results from conventional DSA, which therefore remains the gold-standard

method. >

DSA has several disadvantages—it is invasive, labor intensive, time intensive,

expensive, and requires a period of bed rest.'>

The risk of groin hematoma has been
reported to be up to 8% in large series, although these hematoma rarety cause
considerable morbidity or delay hospital discharge.'*® Moreover, DSA requires skilled
operators and is usually done in specialist neurovascular centers. Therefore, it is much
less readily available, particularly compared with alternative non-invasive tests, and this
can delay definitive management. This poor access is becoming more of a problem given
the impetus to treat patients with transient ischemic attacks or minor strokes rapidly in the
first few weeks after the event, when the risk of subsequent cerebrovascular accident is
the highestlS?.The main concern with DSA, however, is a small, but not negligible, risk of

156. 158173 Even in current times, the rates of permanent

neurological complications.
neurological complications still probably range from 0.09 to 0.50% and those of transient
neurological complications from 0.45 to 1.90%.'%% '%> %17 When DSA is undertaken
for suspected carotid stenosis, results from some studies have suggested that complication
rates might, in fact, be higher because of tortuosity and atherosclerotic disease at the
aortic arch and proximal vessels. In a meta-analysis by Cloft and co-workers' ™", the
overall combined neurological complication rate was significantly higher for patients
with transient ischemic attacks or strokes compared with patients with subarachnoid

hemorrhages, aneurysms, or arteriovenous malformations (3.9 vs. 0.8%), as was the risk

of permanent neurological complications (0.70 vs. 0.07%). In the most recent and largest

24



series to date, the overall rate of neurological complications was, however, only slightly
higher in the subgroup with stroke or carotid stenosis than in the whole population

studied (1.8 vs. 1.3%), as was the rate of permanent stroke (0.6 vs. 0.5%)."*®

Some authors have suggested that arch aortography (where a pump irjection is
done with a pigtail catheter in the ascending aorta) might be safer than common carotid
catheterizations.'” This idea is intuitive, but separation of the diseased artery from
overlapping vessels can occasionally be difficult. Despite advances in catheter
technology and expertise, DSA remains associated with a small, but important, risk of
neurological complications. Such risks potentially reduce any net benefits gained by
revascularization procedures, and these concerns have generated substantial interest in
non-invasive techniques for carotid imaging such as Doppler ultrasound, CT angiography,

and magnetic resonance angiography (MRA).

3.2 Carotid Doppler ultrasound

Doppler ultrasound is well established as an accurate, non-invasive method to
assess carotid stenosis. This technique is inexpensive and portable, and provides reliable
information on the localization and extent of stenosis, flow dynamics, plaque structure,
and vessel-wall characteristics. Several studies have shown the accuracy of this
technique' ™ 1™, but have also indicated its limitations: high operator variability'®, inter-
hospital variability'”’, susceptibility to artifacts from calcified plaques, and difficulty in

distinguishing a subtotal occlusion from a total occlusion.'™ Additionally, Doppler

25



ultrasound relies on extrapolating changes in flow measurements 1o an anatomical
stenosis and does not provide an overview of the vascular anatomy and surrounding
structures. Stenosis is mainly graded by assessing the Doppler spectral waveforms in the
stenotic region and in the common carotid artery where specific measurements are
usually made, such as the peak-systolic velocity, end-diastolic velocity, and peak-systolic

. .1
velocity ratio.'”

Accurate measurement of flow velocity is dependent on several factors such as
accurate placement of the sampling volume within the area of greatest stenosis, adequate
size of sampling volumes, appropriate use of Doppler angles, as well as correct cross-
checking with color flow ultrasound to prevent diagnostic errors.!” These factors
introduce much infer-observer variability in the assessment of carotid stenosis.'*° Doppler
ultrasound is reliable when used by those experienced in this technique, with sensitivities
of 85-92% and specificities of 77-89% for severe stenosis reported in some systematic
reviews, and is used as the sole investigative technique in some centres.'®’ Worrying rates
of misclassification have, however, been reported in some large series, and, in many
centers, there is lack of confidence with regard to the use of Doppler ultrasound as the

182,183 The low false-negative rate of Doppler

sole preoperative imaging technique.
ultrasound, however, makes it an ideal screening test before use of a confirmatory test

such as MRA or CT angiography, and some centers are willing to accept two repeat

independent Doppler ultrasound studies without any further investigations.

3.3 Magnetic Resonance Imaging and Angiogram
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resonance contrast medium, such as those with renal failure, and image quality can be

excellent, particularly at high field strengths (e.g. 3 Tesla).

Contrast-enhanced MRA is thought to be a substantial technical improvement over
time-of-flight MRA and is the MRA technique of choice for carotid stenosis.'”* Contrast-
enhanced MRA relies on injection of a paramagnetic agent such as gadolinium to reduce
the T1 relaxation time of tissue and Lo generate contrast between the intravascular lumen
and surrounding tissues. Unlike time-of-flight MRA, vascular contrast is therefore
relatively independent of flow dynamics, and problems associated with saturation effects
are substantially reduced. This results in a lumen that is much less sensitive to dephasing
artifacts, enabling accurate delineation of the true diameters of vessels, even in high-
grade stenosis and in morphologically complex ulcerated plaques'94. A large volume
from the aortic arch to the circle of Willis can be obtained in less than | min'® The multi-
segmental vascular coverage enables potential assessment of tandem stenosis that is
proximal or distal to the bifurcation.’*® " Contrast-enhanced MRA can also be more
sensitive than time-of-flight MRA and Doppler ultrasound in depicting plaque
ulceration.'*> %% '*° Several studies have shown the technical advantages of contrast-
enhanced MRA over time-of-flight MRA techniques.’®*% A systematic review found
contrast-enhanced MRA to be the most accurate of non-invasive diagnostic techniques,
with sensitivities of 88-97% and specificities of 89-96% for detection of severe stenosis.
The main problem with contrast-enhanced MRA is its relatively low spatial resolution,
which despite being submillimeter, is still two-to-three times less than that offered by

conventional DSA or CT angiography. The resolution of contrast-enhanced MRA is,
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made from the basal intracerebral vessels. Although Doppler ultrasound was first applied

to patients in the 1960s”"

, it was not appreciated for many years that sufficient
ultrasound could pass through the skull to allow recording from intracercbral vessels. It
was only in the 1980s that successful insonation of the middle cerebral artery was
described by Aaslid e af .*”° To enable sufficient transmission of ultrasound through the
skull, a tow frequency transducer (usually 2 MHz) is used. This has the consequence that
the spatial resolution is poor and, therefore, the technique is primarily useful for giving
Doppler information on blood flow velocity. Even using state-of-the-art TCD ultrasound
equipment, it is impossibie to successfully insonate the intracerebral vessels in
approximately 25% of Chinese due to the lack of an acoustic window.” A number of
acoustic windows are used to provide access to different intracerebral vessels™'®. Most
commonly, a temporal window above the zygomatic arch is used, through which the
terminal internal carotid artery, middle cerebral artery, anterior cerebral artery, and
proximal posterior cerebral artery can be insonated. The distal vertebral arteries and

basilar artery can be insonated via an occipital window. Access can be obtained to the

distal internal carotid artery and the ophthalmic artery via the orbit.

Duplex ultrasound machines have been adapted for transcranial imaging. The B-
mode modality does allow some delineation of structure, and lesions such as intracranial
hemorrhage and mid-line shift have been identified; however, the spatial resolution is
much inferior to computed tomography or magnetic resonance imaging.217 Nevertheless,
this imaging modality does have advantages for studying intracerebral vessels, primarily

due to the use of the color coded modality. It can be casier to identify certain intracranial
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workers~"

showed that the presence of thinned or ruptured fibrous caps, intraplaque
hemorrhage, or large lipid cores was associated with an increased occurrence of
subsequent neurological complications over a mean follow-up period of 38 months.
Case—control studies have also shown that plaques of symptomatic patients were more
likely to have similar vulnerable features, as defined by MRI, than were plaques of

asymptomatic patients with a similar level of carotid stenosis.?*

Although promising and well established as a robust research tool, more clinical
data from randomized controlled trials, as well as improved histological reporting
methods in carotid morphology studies®**, will be necessary before plaque imaging and
MRI become routinely used in clinical practice for risk stratification. MRI is also of use
as a non-invasive tool to monitor the effect of drug interventions such as high-dose statins
on atheroma, and might have a major role in the setting of future anti-atheroma drug

development trials.”*®

Another promising research approach is the use of PET, which can be combined
with CT or MRI for structural information. 18F-fluorodeoxyglucose (FDG) is a PET
contrast agent that competes with glucose for uptake into metabolically active cells,
where it accumulates in proportion to metabolic activity. By use of CT-FDG-PET, Rudd
and colleagues246 assessed uptake of FDG within carotid-artery atherosclerotic plaques in
patients with recently symptomatic severe carotid stenosis, with substantially less uptake
being shown in contralateral asymptomatic arteries. Combined use of FDG-PET with

MRI is also possible to provide both structural and metabolic information about the
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plaque status.2*”-2*® Furthermore, 18F-FDG-PET has been used to monitor the
therapeutic effect of statins on the stabilization of vulnerable atherosclerotic plaques,
which is of potential use in future anti-atheroma drug trials.'” Consecutive patients
randomly assigned to receive either simvastatin or dietary management underwent FDG-
PET for cancer screening and had FDG uptake in the thoracic aorta or carotid arteries™ .
Results from repeat PET examinations at 3 months showed that simvastatin, but not diet
alone, attenuated plaque uptake of FDG, which correlated with increases in plasma HDL

cholesterol concentration.

3.7 Characterization of intracranial atherosclerotic plague

Arterial wall characteristics studied with spin-echo MRI with contrast*
demonstrated definite and thick enhancement in 37% of patients with intracramial
vertebral artery disease and 21% of patients with intracranial internal carotid artery

disease.

There is also increasing interest in the use of intravascular ultrasonography (IVUS)

L . =251, 252
in intracranial arteries

to better understand plaque morphology and progression
based on data derived from coronary arteries.”> IVUS provides accurate real-time
dynamic measurements and virtual histology maps of the plaque, and detects
inflammation within plaqucs.254 [VUS can also provide two-dimensional images, which
55

are then post-processed into longitudinal three-dimensional or volume reconstructions’

resembling angiographic images that can be viewed as three dimensional images in
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assessments of new imaging technologies tend to be excessively enthusiastic and positive,
but might become less positive as use of the technology becomes more widespread
outside well controlled research settings. This moderation might partly account for
conflicting reports in the literature.'* For example, before carotid endarterectomy, some
centers base their decision making on the results of Doppler ultrasound alone, and several

265, 266
==** However, Johnston and co-

reports have advocated the safety of this approach.
workers found that Doppler ultrasound had a specificity of 46% for detection of only

severe stenosis and that DSA would have alered the decision to proceed to surgery in up
to 28% of cases when compared with Doppler ultrasound alone.?*’ Similar confusing and

conflicting reports can be found for both MRA®™” and CT angiography.m’ 268

Not surprisingly, these uncertainties have resulted in a wide range of different

. o 184-186, 269
practices between centers and between countries.'3*'%2

Some practices rely on one
Doppler ultrasound study alone, whereas others use screening with Doppler ultrasound
plus a further confirmatory test such as CT angiography, MRA, DSA, or even a repeat
independent Doppler ultrasound examination. Although the variability in practices might
be partly due to availability of local expertise, the lack of robust evidence on the optimum
imaging strategy could also be a contributing factor. Nonetheless, the fact that the routine
use of DSA for carotid imaging worldwide has substantially decreased since its peak in
the 1980s is undeniable.'* 1n 1997, Dawson and colleagues'® surveyed members of the
Peripheral Vascular Surgery Society in the USA and found that up to 82% of respondents

still used DSA as a confirmatory test after screening with Doppler ultrasound. In France,

a 2002 survey showed that, although the use of DSA was declining, up to 51.5% of
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centers still routinely used this technique.'® In the UK, results from a 2005 postal survey
showed that nearly 100% of centers use Doppler ultrasound as a first-line technique and,
for up to 64% of centers, CT angiography or MRA were the preferred methods for

confirming equivocal Doppler ultrasound results.””

Many centers now place emphasis on reducing the misclassification rates by use of
combinations of non-invasive strategies; for example, decision making is based on
Doppler ultrasound and MRA if the results are concordant, but confirmatory DSA is then

used if the results are discordant.?”!

Although several small studies could potentially be
combined into a meta-analysis to increase precision, uniformity and high standard of
reporting are essential. Such uniformity could be ensured by, for example, adhering to
guidelines such as those developed by the Standards for Reporting of Diagnostic
Accuracy (STARD) steering group.®”? A meta-analysis of studies published between
1980 and 2004 included 41 studies (2541 patients, 4876 arteries) that met the STARD
criteria, and concluded that non-invasive tests could replace DSA if used with caution
with appropriate radiological expertise and local governance.'®' Contrast-enhanced MRA
was more sensitive (0.94, 95% CI 0.88-0.97) and specific (0.93, 0.89-0.96) for 70-99%
stenosis than Doppler ultrasound, time-of-flight MRA, and CT angiography (sensitivities
0.89, 0.88, 0.76; specificitics 0.84, 0.84, 0.94, respectively). Data for 50—69% stenosis

. . . . . 194
and combinations of non-invasive tests were, however, sparse and unreliable. ?

DSA was used in the large randomized controlled trials of carotid endartercctomy

and is thus the gold standard method against which non-invasive techniques have to be
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validated 2"

DSA is, however, an imperfect gold standard, as this technique is subject to
a substantial amount of inter-observer and intra-observer variability.'®> Therefore, no test
will ever be completely consistent with DSA, and all tests will have a level of
misclassification rate associated with them. Therefore, the core of the problem is whether
the misclassification rates associated with non-invasive tests outweigh the benefits of
more accurate imaging with DSA. Such types of analysis have been done in the context
of cost-effectiveness modeling, and such studies have confirmed that the neurological
risks incurred with DSA were outweighed by the usc of non-invasive tests, despite the

occurrence and consequences of the associated misclassification.™*%

Additionally, when the true economic effect of the use of non-invasive strategies
from a societal and hospital perspective were incorporated into the analysis, routine DSA
was no [onger cost-effective in the assessment of carotid disease.””* DSA, however,
might stil] have a role in selected cases when there is disagreement between non-invasive
techniques.”™ Despite the initial controversy, most centers now consider non-invasive
techniques, alone or in combination, to be sufficiently accurate to replace DSA in the
routine assessment of carotid disease. This belief is lent suppoirt from the recent meta-
analysis of the available evidence by the Health and Technology Assessment review on

carotid imaging in the UK.*™

Use of non-invasive diagnostic strategies also enable
patients to receive endarterectomy more quickly, and prevent more strokes and produce
greater net benefit compared with DSA ** The use of DSA continues to decline across

the world and is mostly replaced by contrast-enhanced MRA and CT angiography. With

the continuing improvement of non-invasive technology, DSA will probably soon be
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done only as a prelude to carotid angioplasty and stenting, rather than as a pure diagnostic

test.! 94

Another consideration is the extent to which non-invasive techniques can be used
to distinguish complete occlusion from near-occlusions. A near-occlusion is a critical
stenosis with characteristic reduction in the distal internal carotid artery caliber and slow
flow on DSA, and is difficult to image reliably with Doppler ultrasound or time-of-flight
MRA techniques. CT angiography and contrast-enhanced MRA can both be used to
reliably image near-occlusions, although CT angiography is probably more robust

71277 Re-analysis of data from the large carotid

because of its higher spatial resolution.
surgery trials, however, suggests that the benefit of surgery for near-occlusions might be
attenuated because these occlusions might be associated with lower rates of stroke than

previously thought.”™
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AHA/ASA Coronary Risk Evaluation recommends routine testing for coronary artery

disease in patients with carotid or other large-vessel disease.”®

4.1.2 Prevention of intraluminal thromboembolism

The initial retrospective Warfarin—Aspirin Symptomatic Intracranial Disease
(WASID) Study suggested that warfarin was more effective than aspirin in preventing
recurrences.”* However, the prospective WASID trial was stopped early owing to safety
concerns about a significant increase of hemorrhagic complications in the warfarin-
treated group.”’ In Hong Kong, Wong et al. compared the efficacy of a low-molecular-
weight heparin (LMWH), nadroparin, with aspirin in Asian acute stroke patients with
mainly intracranial large artery occlusive disease.”™ The study found no significant
benefit of LMWH over aspirin, except that secondary outcome measures showed a

benefit in outcome for LMWH versus aspirin on the modified Rankin scale.”®

4.1.3 Plaque stabilization and regression

Atherosclerosis includes atherosis caused by intracellular and extracellular lipid
infiltration, and sclerosis secondary to connective tissue deposition and endothelium
dysfunction, leading to reduced arterial compliance.”®> %% Cilostazol, a phosphodiesterase
inhibitor, reduces restenosis rate after perculaneous coronary intervention. A Korean

287

study“®’ randomized 135 patients with acute symptomatic intracranial stenosis on aspirin

100mg/day to either cilostazol 200mg/day or placebo for 6 months and found that the
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4. 1.5 Recommendations on medical treatment from Professional Organizations

In patients with “noncardioembolic” ischemic stroke and TIA, the American Heart
Association (AHA )Y/ American Stroke Association (ASA) *’recommend aspirin
monotherapy, aspirin/extended-release dipyridamole combination, and clopidogrel
monotherapy (rather than oral anticoagulants) as acceptabie options. The
aspirin/extended-release dipyridamole combination is recommended over aspirin alone.
Clopidogrel may be preferenttally considered over aspirin alone by direct-comparison

trials and is also a reasonable alternative for patients allergic to aspirin.293

Medical treatment for patients with symptomatic intracranial stenosis is often
unsatisfactory. In the Prospective Study of Symptomatic Atherothrombotic Intracranial
Stenosis (GESICA Study)™, despite optimal medical treatment, 38.2% of patients
experienced a recurrent cerebrovascular event in the territory of the stenotic artery at 2-
year follow-up (13.7% ischemic stroke and 24.5% TIAs). Recurrent cerebral ischemic

events occurred in a median of 2 months following the first event.

4.2 Surgica) treatment
4.2.1 Carotid Endarterectomy

After Fastott showed in 1954 that carotid surgery was possible*®

, the popularity
of the procedure increased and two landmark studies, NASCET and ECST, have

confirmed the role of carotid endarterectomy (CEA } in patients with severe stenosis.

47



In the North American Symptomatic Carotid Endarterectomy Trials (NASCET) ¢
® the 2-year cumulative risks of any ipsilateral stroke in severe symptomatic carotid
stenosis >70% diameter reduction were 26% in the medical group and 9% in the surgical
group. In other words, the number needed to treat to prevent one ipsilateral stroke over 2
years by carotid endarterectomy in severe symptomatic stenosis was 6. For a major or
fatal ipsilateral stroke, the corresponding cstimates were 13.1% and 2.5% in medical and

surgical groups respectively, with an absolute risk reduction of 10.6 +/- 2.6%.

Among patients with moderate stenosis of 350 to 69%, the five-year rate of any
ipsilateral stroke was 15.7% among patients treated surgically and 22.2% among those
treated medically. To prevent one ipsilateral stroke with moderate stenosis during the
five-year period, 15 patients would have to be treated with carotid endarterectomy.
Among patients with less than 50% stenosis, the failure rate was not significantly lower
in the group treated with endarterectomy (14.9%) than in the medically treated group

(18.7%).

They concluded that CEA is highly beneficial to patients with recent hemispheric
and retinal transient ischemic attacks or non-disabling strokes and ipsilateral high-grade
stenosis (70 to 99%) of the internal carotid artery. Endarterectomy in paticnts with
symptomatic moderate carotid stenosis of 50 to 69% yielded only a moderate reduction in

the risk of stroke. Patients with stenosis of less than 50% did not benefit from surgery.
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thousand and two hundreds patients were randomized between stenting and surgery. It
did not prove non-inferiority of carotid artery stenting compared with carotid
endarterectomy for the 30-day complication rate. However, the study showed that
ipsilateral ischemic strokes up to 2 years after the procedure and any peri-procedural
stroke or death do not differ between the carotid artery stenting and the carotid
endarterectomy groups. Recurrent stenosis of 70% or more is significantly more frequent
in the carotid artery stenting group compared with the carotid endarterectomy group, with

a life-table estimate of 10.7% versus 4.6% (p=0.0009)2%**

4.2.3 Carotid endarterectomy vs. stenting

A recent meta-analysis of 11 randomized trials performed through 2009 (not
including CREST) showed that carotid endarterectomy was superior to carotid-artery
stenting with regard to short term outcomes but not longer-term outcomes.”™ Clearly,
more long-term data are needed before a full appreciation of the relative risks and
benefits of the two procedures can be made.**® In addition, more information concerning
the intriguing effect of age, which may indicate greater equipoise in the choice of
interventions in younger patients, is needed. Local complications, particularly cranial-
nerve palsies, are mainly associated with carotid endarterectomy. Though it appears that
the increased risk of stroke with carotid-artery stenting is offset by an increased risk of
myocardial infarction with carotid endarterectomy, stroke has greater long term health
consequences than myocardial infarction. The risk—benefit issue is complex and should

be discussed with patients.
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fatal and nonfatal strokes than those patients who were treated medically.*™ In short, the
trial demonstrated that EC-IC bypass resulted in no benefit with regards to stroke
prevention over best medical management. This immediately led to a dramatic decrease
in the use of the EC-IC bypass.’'> Further analysis of the EC-IC bypass study, however,

revealed considerable deficiencies with regard to study design and implementation.*"

Recent studies have demonstrated that PET measurement of oxygen extraction
fraction {OL:F) can identify patients at high risk for recurrent stroke based on assessment
of hemodynamic compromise.’’®>'® Specifically, the 2-year rate of ipsilateral ischemic
stroke is 5% in patients with a normal OEF and 26% in patients with increased OEF
distal to a symptomatically occluded carotid artery. Additionally, superficial temporal to
middle cerebral artery (STA-MCA) anatomizes have been shown to return OEF values to

normal on PET studies."?

The Carotid Occlusion Surgery Study (COSS) trial, initiated to assess the
relationship between cerebral hemodynamics as defined by OEF and cognitive function
in patients undergoing treatment for unilateral carotid artery occlusion with EC-IC bypass.
317319 The study was stopped prematurely in 2011 because of slow recruitment and
because of a very low incidence of ipsilateral symptomatic ischemic events in patients
assigned to the medical arm. An unrealistic high number of patients would have been

required to show any difference between the 2 groups®®’.

Additionally, the Japanese LC-1C Bypass Trial (JET study) is also in progress to
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SAMMPRIS trial, the Data Safety Monitoring Board of ESASIS study reviewed the 30-
day safety data (combined stroke and death) for 77 patients randomized and found the
safety data for the medical group is comparable to the 6% reported for the medical arm of
the SAMMPRIS study, whereas the safety data for the stenting group is not comparable
to the 14% reported for the stent arm of the SAMMPRIS study and they recommended

that the ESASIS trial continues recruitment but with close monitoring of safety.

The jury is still out on the benefit/risk ratio of angioplasty and stenting for
intracranial arterial stenosis and we are waiting for more evidence to support the use of

intracranial stenting in patients with significant intracranial stenosis.

4.2.3.1 Periprocedural Management after intracranial stenting

A meta-analysis of 25 trials comparing antiplatelet therapies after percutaneous
intervention (PCI) demonstrated that clopidogrel and aspirin combination are superior to
aspirin alone or warfarin and aspirin combination in preventing major cardiac adverse
events.**? Other medications before stent placement such as cilostazol and dipyridamole
have shown some benefit over single agent alone in preventing thrombotic events after
stent placement.>** Based on cardiac data, practitioners are continuing dual antiplatelet
agents for a total of 3 months after the intracranial stenting, although the range of 4 to 12
weeks 1s common and accepted practice. Clopidogrel 75mg daily with aspirin (81-325mg)
for at least 72 hours before the intervention is recommended. If not feasible, loading dose

of 300mg within 6 and 24 hours or 600mg within 6 hours is reasonable®®. In patients
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infarction, liver and renal failure, prothrombotic tendency such as underlying active lupus
disease, antiphospholipid syndrome, factor C/S deficiency, post-interventions including
carotid endarterectomy (CEA) and stenting and those who were pregnant. Those who are
unfit for MRI study because of unstable medical conditions and claustrophobia were

excluded.

All patients underwent computer tomography (CT) and magnetic resonance
imaging (MRI) of brain to establish the diagnosis of acute ischemic stroke, and vascular
imaging including MRA of brain and carotid duplex to look for vascular stenosis.
Baseline data, including age, sex, medical history, and physical examination, were
collected on admission. Scoring of pre-stroke disability was estimated with the modified
Rankin Scale (mRS), and severity of neurological deficits of index stroke was assessed
with the National Institutes of Health Stroke Scale (NIHSS). Vascular risk factors were
noted, in particuiar any history of smoking, hypertension, diabetes mellitus, ischemic
heart disease and previous TIA or stroke. Blood biochemisiry, full blood count, ECG, and

chest x-ray were checked routinely.

5.3.2 MRI and MRA

All patients were scanned within one week of symptom onset with a Siemens

Sonata (Erlanger, Germany) with a head coil. The three-dimensional time-of-flight

images were acquired with a repetition time of 40 ms, time to echo of 7.15 ms, flip angle

of 25°, 20-cm field of view, [92x512 acquisition matrixes, and one signal average fora
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references, which had a quality assurance program with supplementary angiographic

studies.

Concurrent stenoses were defined as presence of more than 30% stenoses in both
extracranial and intracranial vessels, including lesions in the same vascular territories

(tandem lesions) and lesions in different vascular territories (non-tandem lesions).

5.3.4 Outcome measures

All survivors were followed up regularly by telephone or personal interviews, in
addition to routine medical outpatient clinic attendance. If patients could not be reached,
we found their medical records and fried fo contact their relatives for more information
about the patient’s condition. All telephone and personal interviews were performed by a

stroke specialty nurse using a standardized questionnaire.

The specified outcomes were the occurrence of a further vascular event (including
TIA, stroke, or acute coronary syndrome) or death. Poor outcome was defined as the
occurrence of either death or a further vascular event. If death and a further vascular
event were recorded as occurring simultaneously, one event was categorized into the
analysis. The nature of the vascular event and the cause of death were based on medical
records and death certificates when possible. Recurrent events were based on the
diagnosis on the discharge summary according to the treating physician. The definite and

detailed description of the cause of death by the patient’s relative was used if the cause
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The long-term outcomes of ischemic stroke patients with < 70% extracranial
stenosis and concurrent intracranial stenosis are unclear in the literature. Our study
showed that this group of patients had poor prognosis. Forty-nine percent of the patients
had further vascular event or death by 5 years. The patients with concurrent intracranial
and > 70% extracranial stenoses had the worst outcomes. Their S-year cumulative
mortality was 53%. The risks were highest in the first year as 41% of had restroke and
29% died. However, the number of patient was small and most of them could not
undergo CEA due to poor premorbid state or total occlusion of the extracranial carotid

arteries, which might partly explain the poor ouicomes in this group.

The poor outcomes of patients with concurrent vascular lesions may be attributed
to the burden of atherosclerosis and synergistic effect of concurrent stenoses. When
compared with the group with no vascular stenosis, patients with intracranial, extracranial
or concurrent lesions had more death, restroke and combined poor outcome events. In
patients with concurrent lesions, those with multiple intracranial stenoses also had higher
mortality, This agreed with previous findings that the number of occlusive vessel is an
independent predictor of death and recurrent vascular events in patients with intracranial

stenosis.” 2

Symptomatic stroke was significantly more common in patients with concurrent
stenoses. Although this may be a simple reflection of bigger disease burden in this group
of patients, the combination of hypoperfusion and high risk of artery-to -artery

embolization is a possible explanation. Previous study showed that patients with high-
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Table 5.1 Basic Characteristics of the 343 patients

Vascular study results

Characteristics Total Concurrent vascular  Concurrent vascular
lesion absent lesion present

(N=343) (N=239) (N=104) p
Age, y 68.6+/-11.6  66.8+-122 72.6+/-8.8 0.36
Male sex, n (%) 195(57) 139 (58) 56 (54) 0.46
Risk factors, n (%)
Ischemic heart disease 25(7) 14(6) 11(11) 0.12
Diabetes 102(30) 69(29) 33(32) 0.59
Hypertension 211(62) 140(59) 7H69) 0.09
Ever smoker 164(48) 113(47) 51(49) 0.36
Hyperlipidemia 198(58) 135(57) 63(61) 0.09
Prior stroke 79(23) 46(19) 33(32) 0.01
Prior TIA 12(4) 8(3) 4(4) 0.52
Pre-stroke Rankin scale, n (%) 0.001
01 322(94) 229 (96) 93(89)
2-5 21(6) 10(4) 11(11)
NIHSS in hospital, n (%) 0.56
0-1 31(9) 24(10) 7(7)
2-8 230(67) 163(68) 67(64)
>0 82(24) 52(22) 30(29)
Acute treatment with
Anticoagulation, n (%) 40(12) 25(11) 15(15) 0.29
Mean SBP at FU,mmHg(SD) 138(20.2) 137 (20.8) 139 (19.0) 0.54
Mean DBP at FU,mmHg (SD} 74(12.6) 75(12.9) 71(11.3) 0.01
Use of Statins 171(50) 117(49) 57(55) 0.29
Use of Anti-hypertensives 305(89) 208(87) 97(93) 0.1
Use of Anti-thrombotics 329(96) 229(96) 100(96) 0.76
Use of warfarin 10(3) 6(3) 4(4) 0.50

Values are mean ~/- SD or as indicated. NIHSS indicates National Institutes of Health Stroke Scale,
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Table 5.2 Causes of Further Vascular Events or Death

Concurrent vascular

Concurrent vascular

lesions lesions
Outcome total absent present
(N=343) {N=239) {(N=104)
Survival free of vascular 224 (65.3) 170(71.1) 54 (51.9)
events, n (%)
Nonfatal vascular events, n
TIA/stroke 73(21.3) 44(18.4) 29(27.9)
Acute myocardial infarction 18(5.2) 10(4.2) 8(7.7)
Death, n (%) 53(15.5) 25(10.5) 28(26.9)
Vascular
Index stroke 3(0.9) 1(0.4) 2(1.9)
Recurrent stroke-ischemic 8(2.3) 3(1.3) 5(4.8)
Recurrent stroke- hemorrhagic 3(0.9) 2(0.8) {1.0)
Ischemic heart disease 4(1.2) 2(0.8) 2(1.9)
Ruptured aortic aneurysm 1)) H{1)] 0(0)
Nonvascular
Gastrointestinal bleeding 1{0.3) 1(0.4) o)
Renal failure 3(0.9) 1{0.4) 2(1.9)
Congestive heart failure 00y 0(0) 0(0)
Carcinoma 3(0.9) 2(0.8) 1(1.0)
Pneumonia/Sepsis 21(6.1) 11(4.6) 10{9.6)
Unknown 7(2.0) 2(0.8) 5(4.8)
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Table 5.3 Cumulative risks of death, cerebrovascular event and combined poor
outcomes

Total,%  Concurrent Concurrent Concurrent Concurrent
lesions lesions lesioni{<70% lesions { =710%
absent, %o present, % extracranial extracranial

stcnosis), % stenosis), %

(N=343) (N=239) (N=:104) {(N=83) N=21)

Cumulative Mortality

Yearl 8 4 16 13 29
Year 2 i1 ] 22 17 30
Year 3 16 12 27 22 45
Year d (B} 3 31 25 33
Year 5 18 13 31 25 33
Cumnlative risks of

cerchrovascular event

Year1 19 16 27 23 41
Year 2 23 19 34 33 41
Year 3 26 22 36 35 41
Year 4 27 22 41 41 41
Years 27 22 41 41 41
Cumudative Combined pogr

outcomes

Year 1 24 19 36 33 418
Year2 30 24 46 43 58
Year 3 36 30 49 47 3R
Year 4 37 3 51 49 58

Year5 37 31 51 49 58







Chapter 6: Long-term Outcomes of Ischemic Stroke Patients with Concurrent

Imtracranial, Extracranial Stenoses and Ischemic Heart Disease (study 2)

Chapter 6.1 Abstract

Background and Purpose: Coexisting ischemic heart disease (IHD) and concurrent
atherosclerosis of intracranial and extracranial vessels is common in Asians. This study
aims to investigate the long-term outcomes of ischemic stroke patients with concurrent

stenoses and IHD.

Method: This was a prospective cohort study in Hong Kong. Consecutive Chinese

patients with acute ischemic stroke underwent MRI, MRA and carotid duplex.

Results: Totally 428 patients were included. The mean follow-up period was 65 months
{up to 87 months). Ninety-three patients (22%) died of any cause and 104 patients (22%)
had non-fatal vascular events. Fifty-four patients (13%) had ischemic heart disease.
Among them, 27 patients (50%) had concurrent stenoses. In patients with concurrent
stenoses and IHD, only 3 (11%) were free of death and recurrent vascular events. Eight
(30%) had recurrent non-fatal stroke, 7 (26%) had non-fatal myocardial infarct, 11 (41%)
died and 4 (22%) due to fatal myocardial infarct. The overall 5-year cumulative rates of
mortality, recurrent vascular events and combined poor outcomes were 21%, 23% and
43% respectively. In patients with concurrent stenoses and IHD, these rates were 40%,

50% and 83% respectively. More deaths (log rank, 6.56; p=0.01), recurrent vascular

87



events (log rank, 25.24; p<0.0¢01) and poor outcomes (log rank, 27.50; p<0.001) were

found among patients with concurrent stenoses and IHD.

Conclusion: Ischemic stroke patients with concurrent stenoses and THD had high risks of

death and recurrent vascular events. Future studies on aggressive medical therapy and

early cardiac interventions in this high-risk group of stroke patients are warranted.
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6.2 Introduction
Coexisting ischemic heart disease (IHD) is commeon in patients with stroke?®* >

and it is associated with increased risk of cardiac death.’®® " Previous studies in

371,372 367

Caucasian and Korean™ ' showed that IHD was more common in patients with

extracranial carotid artery disease. Concurrent atherosclerosis of intracranial and

373-378 373,

extracranial vessels is common in Asian and it is associated with poor outcomes.
1 The impact of coexisting IHD in this group of patients was unknown. Given the
difference in vessel involvement, concurrent stenoses with ischemic heart disease may
have different prognosis from pure intracranial or extracranial stenosis. This study aims

to investigate the long-term outcomes of ischemic stroke patients with concurrent

stenoses and IHD.

6.3 Methods

6.3.1 Patients

This was a prospective cohort study conducted at the Prince of Wales Hospital in
Hong Kong. The study was approved by local ethics committee. We recrnited
consecutive patients admitted with acute cerebral ischemia, including transient ischemic
attack (TIA) and cerebral infarct within 7 days of symptom onset during January 2002 to
June 2004. We excluded patients less than 18 years old, those who had intracranial
hemorrhage, vascular malformations, active cancer, liver and renal failure, prothrombotic

tendency such as underlying active lupus disease, antiphospholipid syndrome, factor C/S
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6.4.2 Occurrence of recurrent vascular events

In the 428 patients, recurrent vascular events occurred in 155 patients (36%) which
included 167 T1As/strokes and 39 MIs. The overall 5-year cumulative risk of recurrent
vascular events was 23% (Figure 6.2). Patients with concurrent stenoses and [HD had
maore recurrent vascular events and their 5-year event-free survival was only 50%. The
risk of recurrent MI was much higher in patients with concurrent stenoses and IHD
(Figure 6.3) and their risk of recurrent stroke was also higher. Concurrent stenoses and
THD was associated with higher risk of recurrent vascular events (log rank, 25.24;
p<0.001). Other risk factors include previous history of stroke {log rank, 10.16, p=0.001)
and hypertension (log rank, 7.61; p=0.006). In Cox proportional-hazard regression model,
the adjusted hazard ratio of recurrent vascular events in patients with concurrent stenoses

and THD was 2.68 (95% CI 1.66 to 4.32, p<0.001).

6.4.3 Combined poor outcomes

Both death and further vascular event represent poor outcomes after stroke. When
these were combined, the overall 5-year cumulative risk of combined poor outcomes was
43 % (Figure 6.4). The occurrence of combined poor outcomes was higher in patients
with concurrent stenoses and IHD and their 5-year event-free survival was only 17%.
Concurrent stenoses and JHD was associated with higher risk of combined poor outcomes
(log rank, 27.50; p<0.001). Other risk factors include male sex (log rank, 7.25; p=0.007),

previous history of stroke (log rank, 23.19, p<0.001), smoking (log rank, 5.97; p=0.02)

95






IHD. Twenty-five percent of them had recurrent non-fatal Ml and 22% of them were died
of fatal ML. This can be explained by the high prevalence of coronary artery disease in
this high-risk group of stroke patients. Future studies on aggressive medical therapy and

early cardiac interventions in this high-risk group of stroke patients are warranted.

6.6 Conclusions

This was the first relative large MRA-based prospective cohort study to investigate
the long-term outcomes of ischemic stroke patients with concurrent stenoses and IHD.
Ischemic stroke patients with concurrent stenoses and [HD had high risks of death and
recurtent vascular events. Future studies on aggressive medical therapy and early cardiac

interventions in this high-risk group of stroke patients are warranted.

6.7 Strengths and limitations

The strengths of this study are the large number of patients and the small number
lost to follow-up. The limitations are firstly, the lack of conventional cerebral angiogram
which is the ‘gold standard’ to confirm the diagnosis of occlusive disease. However,
MRA and carotid duplex are acceptable alternatives since their role in detection of
occlusive vascular lesions is well determined and they are safe and non-invasive.
Secondly, coronary angiogram was not done in all patients with IHD to confirm the
diagnosis. However, it is difficult to have coronary angiogram in all patients especially

those with renal impairment and poor premorbid states. Thirdly, the small absolute
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number of patients with concurrent intracranial, extracranial and ischemic heart disease

may cause potential bias.
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Table 6.1 Basic Characteristics of the 428 patients

Characteristics Total No concurrent Concurrent
lesions and THD* lesions with THD*

(N=428) (N=401) (N=27) p
Age, yH-SD 73.1+/-11.4 73.0+/-11.5 76.5+/-9.5 0.13
Male sex, n (%) 248 (58) 228(57) 20 (74) 0.08
Risk factors, n (%)
Diabetes 140{33) 129(32) 11{41) 0.36
Hypertension 281(66) 264(66) 17(63) 0.74
Ever smoker 191(45) 175(44) 16(59) 0.12
Hyperlipidemia 248(58) 233(58) 15(56) 0.78
Prior stroke 88(21) 81(21) 7(26) 0.50
Prior TIA 13(3) 13(3.2) 0(0) 0.34
Treatment after stroke
Antihypertensives 3B1(89) 354(89) 27(100) 0.06
Antithromhbotics 409(96) 382(96) 27(100) 0.27
Statins 235(55) 217(54) 18(67) 0.21
* p=<0.05

TIA indicates transient ischemic attack; [HD, ischemic heart disease.

#included patients with normal vessels, intracranial stenosis only and extracranial stenosis only

*included patients with stenoses in both intracranial and extracranial vessels
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Table 6.2 Causes of Further Vascular Events or Death

No Concurrent Concurrent
Total lesions and [HD* lesions and IHD*

Outcome (N=428) (N=401) (N=27)
Survival free of vascular 231(54.2) 229(57.1) 3(11L.1)
evernts, o (%)
Wonfatal vascular events, n
TIA/stroke 51(21.3) 83(20.7) 8(29.6)
Acute myocardial infarction 22(5.1) 15(3.7) 7(25.9)
Death, n (%) 93(21.7) 82(204) 11(40.7)
Yascular

Index stroke 5(1.2) 4(1.0) (3.7

Recurrent stroke-ischcmic 9(2.1) 9(2.2) (]

Recurrent stroke- hemorrhagic 7(1.6) 7(1.7) H{1)]
Ischemic heart diseasc 10(2.3) 6{1.5) 6(22.2)
Ruptured aortic aneurysm 1(0.2) 1(0.2) 0(0)
Nonvascular
Gastrointestinal bleeding 2{0.5) 2(0.5) 1EI
Renal failure 3(0.7) 30.7) 0}
Carcinoma 10(2,3) 9%2.2) 1(3.7)
Pncumonia/Sepsis 31(T.2) 30(7.5) 3.7}
Unknown 15(3.5} 13(3.2) 2(7.4)

TIA indicates transient ischemic attack; IHD, ischemic heart disease

¥ included patients with normal vessels, intracranial stenosis only and extracranial stenosis only
"included patients with stenoses in both intracranial and extracranial vessels
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antiphospholipid syndrome, factor C/S deficiency and those who were pregnant. Those
who were unfit for MRI study because of unstable medical conditions and claustrophobia

were excluded.

All patients underwent computer tomography (CT) and magnetic resonance
imaging (MRI} of brain with DW! to define the patterns of acute infarcts, and vascular
imaging including magnetic resonance angiography (MRA) of brain and carotid duplex
to look for vascular stenoses. Baseline data, including age, sex, medical history and
physical examination, were collected on admission. Vascular risk factors were
determined, in particular any history of smoking, hypertension, diabetes mellitus,
ischemic heart disease and previous TIA or stroke. Blood biochemistry, full blood count,

electrocardiogram and chest x-ray were checked routinely.

7.3.2 MRI, DWI and MRA

All patients were scanned within one week of symptom onset with a Siemens
Sonata (Erlanger, Germany) with a head coil. The three-dimensional time-of-flight
images were acquired with a repetition time of 40 ms, time to echo of 7.15 ms, flip angle
of 25°, 20-cm field of view, 192x512 acquisition matrixes, and one signal average fora
total imaging time of 5 minutes 35 seconds. Acute infarcts on DWI were diagnosed when
these lesions were shown to be hyperintense on the DWI] integrated for the 3 diffusion
sensitivity directions and hypointense on the apparent diffusion coefficient map. For

images showing motion artifact in 1 diffusion sensitivity direction, infarct or subacute
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infarct was diagnosed only if the lesion showed all of the following features: (1) it had a
much higher signal than on the image map with b=0, (2) it was not caused by normal
anisotropy of diffusion or artifact, and (3} it was seen on the DWIs in both of the
remaining orthogonal diffusion sensitivity directions. DWI lesion pattems were analyzed
by an investigator (W. Lam) who was blinded to clinical data. The topography of
ischemic lesions was determined using published templates.’*! The vascular territories
were divided into perforator, pial, and borderzone regions. Perforating artery infarct (PAI)
included striatocapsular infarct or perforating vessel infarct of the cerebral arteries. Pial
infarct (PI) was defined as an infarct occurring in the vascular territories supplied by the
main leptomeningeal branches of the cerebral arteries. Borderzone (BZ) infarcts were
defined as anterior or posterior cortical BZ or internal BZ. Multiple DWI lesions referred
to multiple noncontiguous hyperintense lesions occurring in the vascular territories
described above, DWI lesions were allocated to 1 of the following 10 patterns (Table 2):
Single lesion [(1) small PAI (diameter <2 cm), (2) Jarge PAI (diameter >2 cm), (3) P1, (4)
large territorial infarct, (5) BZ infarct ] and multiple lesions [{6) PAI and P, (7) PAIL PI,
and BZ, (8) PAI and BZ, (9) PI and PI, (10) PI and BZ]. The MRA films were read by
experienced neuroradiologists (W. Lam)} who was blinded to the results of the clinical
examination. Intracranial stenosis was graded according to the following criteria: grade 1,
normal or mild stenosis (0% to 29% diameter stenosis); grade 2, moderate stenosis (30%
to 69% diameter stenosis); grade 3, severe stenosis (70% to 100% diameter stenosis). The
percentage of stenosis of MCA and other intracranial vessels was measured by visual

inspection.
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almost half of them (49%) had BZ infarcts in any combination. Infarcts in the territory of
MCA leptomeningeal branches were more common in patients with tandem lesions than
those with non-tandem lesions {33% vs. 4%; odd ratio, 12.1; 95% CI, 1.6 to 93.7;
p=0.003). In contrast, single small PAI was the most common infarct pattern in patients
with non-tandem lesions (73% vs. 23%; odd ratio, 9.1; 95% CI, 3.3 to 25.0; p<0.001).
Patients who had tandem lesions, as compared with those who had non-tandem lesions,
had more PAI and BZ infarcts (27% vs. 8%; odd ratio, 4.3; 95% CI, 0.9 to 19.8; p=0.04),
more concomitant PAL PI and BZ infarcts (18% vs. 0%; p=0.02), and more multiple

DWI lesions (64% vs. 19%; odd ratio, 6.2; 95% Cl, 2.2 to 17.2; p<0.001). (Table 7.4)

7.4.4 Severity of Tandem Lesions

Among 83 patients with tandem lesions, 34 % had non-significant (<70%)
intracranial and extracranial stenoses, 48% had a significant (>70%) stenosis in one
vessel, and 18% had significant stenoses in both vessels. Patients who had significant
stenoses of both vessels, as compared with those who had no significant stenosis, had
more concomitant PAI PI and BZ infarcts (47% vs. 7%,; odd ratio, 11.4; 95% CI, 2.0 to
66.1; p=0.002) and more multiple DWI lesions {93% vs. 50%; odd ratio, 14.0; 95% CI,
1.6 to 121.4; p=0.004). Single small PAI was more common in patients who had no
significant stenosis than those who had significant stenoses of both tandem lesions (36%

vs. 0%, p=0.01).
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7.5 Discussion

Concurrent atherosclerosis of intracranial and extracranial vessels is common in
Asian.**?%3% 1t is associated with higher mortality and risks of recurrent
cerebrovascular events.””*”* The underlying mechanisms are thought to be burden of
atherosclerosis and hemodynamic compromise atiributable to concurrent stenoses of

374.3% However, the exact mechanism remains

intracranial and extracranial arteries.
unclear. DWI has been used for exploration of stroke mechanisms in previous studies of
ICA, MCA stenosis and BZ infarcts.***%!3** 4% Our study was the first MRI study using
DWI to define stroke mechanisms in concurrent stenoses. Concerning the risk factor
profiles, patients with concurrent stenoses were older and more likely hypertensive.
There were non-significant trends for patients with concurrent stenoses to have other
vascular risk factors including diabetes, hyperlipidemia, smoking and more prior stroke.
QOur data agreed with previous studies which suggest a possible role for diabetes mellitus,
metabolic syndrome and other cardiovascular risk factors in the development of larger

H 401
artery disease.>’* 256401402

Concomitant PAI, PI and BZ infarcts were more common in patients with
concurrent stenoses while a single small PAI was more common in patients with non-
concurrent stenoses. This can be accounted by the difference in vascular territory
involved as patients with concurrent stenoses had more infarcts in the leptomeningeal
branches of MCA while patients without concurrent stenoses had more infarcts in the

perforating branches of MCA. Previous study suggested that internal BZ infarcts are
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caused mainly by hemodynamic compromise389

. We found that pure BZ infarct was rare
(only 0.8% of the cohort). Most BZ infarcts were accompanied by multipie concomitant
infarcts. Most of the patients with concurrent stenoses, especially those had severe
tandem lesions, got concomitant PAI, PI and BZ infarcts. The multiple DWI lesions may
be markers of embolism. Qur findings suggested that the combination of hemodynamic
compromise attributable to concurrent stenoses and artery-to -artery embolization is a
common stroke mechanism in concurrent stenoses. The results of an autopsy series
revealed that embolic materials were observed frequently within borderzone areas that
contained infarcts.***** Caplan and Hennerici had postulated that the combination of
embolism and hypoperfusion can lead to impaired clearance of emboli and produce
infarcts in BZ where perfusion is most impaired, especially in patients with severe
internal carotid stenosis.*” Previous study also suggested that patients with high-grade
stenosis or occlusion of MCA have a higher risk of artery-to-artery embolization than
those with milder stenosis.*”' There was an experimentally proven case of border-zone
infarct induced by microemboli.**® Another study had shown that the number of
microembolic signals on transcranial Doppler predicted the number of acute infarcts on
DWI.** All these evidence support our hypothesis of the stroke mechanism in patients

with concurrent stenoses.

7.6 Conclusion

Infarcts in the leptomeningeal branches of MCA, concomitant PAI, Pl and BZ

infarcts, as well as multiple DWI lesions were significantly associated with concurrent
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stenoses. This study suggested that the combination of hemodynamic compromise
attributable to concurrent stenoses and artery-to -artery embolization is a common stroke
mechanism in patients with concurrent stenoses. A more precise elucidation of the
pathophysiological mechanisms leading to concurrent stenoses helps to plan future

clinical trials for prevention and treatment of this disorder.

7.7 Strengths and limitations

The strength of this study included that, firstly, MRI and MRA which are safe and
non-invasive imaging were used to evaluate stroke mechanism and vascular etiology.

Secondly, a relatively large number of patients were recruited.

Limitations of this study included that, firstly, the samples were hospital-based and
might not be representative of all patients with concurrent stenoses. Secondly,
differentiating multiple pial infarcts from multiple BZ infarcts can sometimes be difficult.
Thirdly, conventional cerebral angiogram which is the ‘gold standard’ to confirm the
diagnosis of occlusive disease was not used. However, it would be impossible to conduct
a large study with catheter conventional angiography because of the cost and risks

associated with this procedure.
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Figure 7.1 Diffusion-weighted images of different lesion patterns

A, Small perforating artery infarct; B, Internal borderzone infarct;

C, Pial infarcts; D, Multiple diffusion-weighted image lesions
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Table 7.1 Basic Characteristies of the 251 patients

Vascular study results

Characteristics Total Non-Concurrent Concurrent

stenosis® stenoses™

(N=251) (N=142) (N=109) p

Age, year +/-SD 68.0+/-11.3 662+/-11.9 70.2+/-10.0 0.005 *
Male sex, n (%) 142(57) 78(55) 64 (59) 0.55
Risk factors, n (%)
Ischemic heart disease 16(6) 20(7) 6(6) 0.62
Diabetes 86(34) 44(31) 42(39) 0.21
Hypertension 171(68) 39(63) 82(75) 0.03*
Ever smoker 108(43) 60(42) 48(44) 0.78
Hyperlipidemia 146(68) 79(36) 67(62) .35
Prior stroke 42(17) 23(16) 19(18) 0.76
Prior TIA 7(3) 3(2) 4(4) 0.46
MRI findings, n (%5}
Presence of microbleeds 66(26) 37(26) 29(27) 0.92
Number of microbleeds +/- SD 1.2+/-3.4 1.2+/-3.6 1.1+-3.0 0.88
Presence of hemorrhage 27(11) 15(11) 12(11) 091
Symptomatic stenosis 174(69) 82(58) 92(84) 0.0001*
* p=<0.05

*included patients with normal vessels, intracranial stenosis only and extracranial stenosis only

#included patients with stenoses in both intracranial and extracranial vessels
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Table 7.3 Association between Vascular Territory of Stroke and the Presence of

Concurrent Stenoses

Non-concurrent

Concurrent

Vascular Territory Total (%) stenosis (%)*  stenoscs (%)™
N=251 N= 142 M= 109 p

1. Leptomcningeal branchcs

of ACA 8(3) 5(4) 3(3) 0.73
2. Leptomeningeal branches

of MCA 47(19) 19(13) 28(26) 0.01*
3. Leptomeningeal branches

of PCA 2711 12(%9) 15(14) n.18
4, Basilar Artery 49(20) 30(21) 19017 0.46
5. Pcrforating branches

of ACA 1(0.4) 0(0) 1) 0.25
6. Perforating branches

of MCA 105(42) 67(47) 38(35) 0.05
7. Perforating branches

of PCA 2N (1) 0(0} 021
" p<0.05

ACA indicates Anterior cerebral artery; MCA, Middle cerebral artery; PCA, Posterior cerebral artery.

*included patients with normal vessels, intracranial stenosis only and extracranial stenosis only
*included patienis with stenoses in both intracranial and extracranial vessels
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Q192R and TT allele in OLR rs1050283 were associated with concurrent stenoses. There

was also a tendency toward association between the presence of at least one V allele in

MTHFR A222V and concurrent stenoses.

Conclusions: This study showed that genetic polymorphisms affecting homocysteine and

lipid metabolisms are possible risk factors for stroke and concurrent stenoses.
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8.2 Introduction

Concurrent stenoses of extracranial and intracranial vessels is common, especially
in Asians, where the incidence ranges from 10 to 39% in patients with symptomatic
cerebrovascular disease.’”’% The etiology of concurrent stenoses is poorly understood,
but hereditary factors are believed to play important roles.*'® Given the difference in
vessel involvement, concurrent stenoses may have different genetic polymorphisms from
pure intracranial or extracranial stenosis. Both hyperhomocysteinemia and

hyperlipidemia promote atherosclerosis®' - *'?

. The objective of this study is to determine
whether genetic polymorphisms affecting homocysteine and lipid metabolism are
associated with concurrent stenoses. Paraoxonase 1 (PON1) Q192R,
methylenetetrahydrofolate reductase (MTHFR) A222V, glutamate-cysteine ligase
catalytic-subunit (GCLC) 129C>T, and oxidized low-density lipoprotein receptor (OLR)
3° UTR C>T (rs1050283) polymorphisms have been associated with cardiovascular

disease and stroke*>*!°, therefore we genotyped these polymorphisms in 167 control

subjects and 191 stroke patients, of whom 47 had concurrent stenoses.

8.3 Methods

8.3.1 Study Design and Patients
This case-control study was conducted at a university hospital, the Prince of Wales

Hospital, in Shatin, Hong Kong and was approved by the local ethics committee. Since

most stroke patients in Shatin are treated at the Prince of Wales Hospital, our stroke unit
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population is fairly representative of the general community. We recruited consecufive
patients admitted with acute cerebral ischemia, including transient ischemic attack (TTA)
and cerebral infarct. The following exclusion criteria were used: intracranial hemorrhage,
pregnancy, unstable medical conditions, unfit for MRI study and claustrophobia. Controls
were non-cardiovascular disease patients, such as those with migraine and Parkinson

disease, who were unrelated to the cases. All cases and controls were ethnic Han Chinese.

All stroke patients underwent computer tomography (CT) and magnetic resonance
imaging (MRI) of brain to establish the diagnosis of acute ischemic stroke, and vascular

imaging including MRA of brain and carotid duplex to look for vascular stenosis.

8.3.2 MRI and MRA

All stroke patients were scanned within one week of symptom onset with a
Siemens Sonat‘a (Erlanger, Germany) with a head coil. The three-dimensional time-of-
flight images were acquired with a repetition time of 40 ms, time to echo of 7.15 ms, flip
angle of 25°, 20-cm field of view, 192x512 acquisition matrixes, and one signal average
for a total imaging time of 5 minutes 35 seconds. Intracranial stenosis was graded
according to the following criteria: grade 1, normal or mild stenosis (0% to 29% diameter
stenosis); grade 2, moderate stenosis (30% to 69% diameter stenosis); grade 3, severe
stenosis (70% to 100% diameter stenosis). The percentage of stenosis of MCA and other

intracranial vessels was measured by visual inspection by one of the authors (W. Lam),

who was blinded to the clinical findings.
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A set of primers was used to amplify a 613-base pair (bp) fragment of the GCLC
promoter by polymerase chain reaction (PCR). After restriction enzyme digestion,
subjects with the CC genotype were identified by the presence of 500-, and 113-bp
products on 3% agarose gel electrophoresis, while those with the CT genotype were
identified by the presence of 500-, 302-, 198-, and 113-bp fragments; and those with the

TT genotype were identified by the presence of 302-, 198-, and 113-bp fragments.

A set of mismatch-forward and reverse primers was used to amplify a 314-bp
fragment of the OLR1 gene in order to establish a restriction enzyme site. The amplified
fragment contains the C>T polymorphic site in the 3'UTR of the non-coding exon 6, 188-
bp from the stop codon. After restriction enzyme digestion, the CC genotype was
identified by the presence of a 314-bp band on 3% agarose gel electrophoresis, while the
CT genotype was identified by 314- and 280-bp bands; the TT genotype was identified

by a 280-bp band.

For PON1 genotyping*'®, the Q192 allele remained uncut at 99 bp, while the R192

allele was cut,

For MTHFR genotypingm, the A222 allele remained uncut at 245 bp, while the

V222 allele was cut to 173 bp.

8.3.5 Statistical Analysis
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All data were analyzed using SPSS software (version 16.0 for Windows). Age,
blood pressure and lipid profiles were recorded as continuous variables. Sex, vascular
risk factors and genetic polymorphisms were recorded as categorical variables. In
univariate analysis, independent-sample t test and either ¥.” test or Fisher’s exact test
were used. P-values < 0.05 (two-sided) were considered statistically significant. Where

noted, the Bonferroni correction was used to adjust for multiple comparisons.

8.4 Results

A total of 191 stroke patients were recruited into the study. Among them, 55 (29%)
had normal vessels {(no stenosis), while the rest had at least some degree of stenosis (>0%
diameter): 44 (23%) had intracranial stenosis only, 45 (24%) had extracranial stenosis
only, 40 (21%) had concurrent intracranial and <70% extracranial stenoses, and 7 (4%)
had concurrent intracranial and >70% extracranial stenoses. One hundred and sixty-seven
control subjects without history of cardiovascular diseases were recruited. The baseline

characteristics of patients and controls are summarized in Table 8.1.

The genotype distribution of PON1 Q192R was significantly different between
patients with stroke and controls (i °=4.43, p=0.036) (Table 8.2). The presence of at
least one R allele of PON1 Q192R was significantly associated with stroke (J51>=5.96,

p=0.015).

The genotype distribution of MTHFR A222V was significantly different between
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patients with stroke and controls (51>=4.03, p=0.031). There was a significant association
between the presence of at least one V allele of MTHFR A222V and stroke (=492,

p=0.023).

There was no significant difference in genotype distribution of OLR rs1050283 and
GCLC -129T between the two groups. Since four polymorphisms were analyzed,
Bonferroni correction for multiple comparisons would require a significance level of

0.05/4=0.0123, a test which none of the above associations passed.

8.4.1 Concurrent stenoses and controls

There was no significant difference in genotype distribution of PON1 Q192R
between patients with concurrent stenoses and controls (p=0.12) (Table 8.3). The

presence of at least one R allele was significantly associated with concurrent stenoses

(52=7.34, p=0.007).

There was no significant difference in genotype distribution of MTHFR A222V
between patients with concurrent stenoses and controls (p=0.22) (Table 8.3). There was a
tendency toward association between the presence of at least one V allele and concurrent

stenoses (7712=3.79, p=0.053).

The genotype distribution of OLR rs1050283 was no significantly different

between patients with concurrent stenoses and controls (p=0.07) (Table 8.3). There was a
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provide important information for future treatment trials in this high-risk group of

patients.

133



Table 8.1 Basiec characteristics of stroke patients and controls

Characteristics Total Controls Stroke patients

(N=358) (N=167) {N=191} P
Age, y (8D} 70.9(9.8) 71.8(6.8) 70.1(11.7) .12
Male sex, n (%) 183(51) B0O(48) 103 (534) 0.26
Risk factors, n (%)
Diabetes 76(21) 25(15) 5127 0.01*
Hypertension 203(57) 78(47) 125(65) <0.001*
Mean systolic BP, mmHg (SD) 158.8 (27.9) 144.1{20.1) 166.4(28.3)  <0.001*
Mean diastolic BP, mmHg {8D) 81.2(17.1 72.3(12.0) 85.8(18.4) <0.001*
Mean total cholesterol, mmol/L. (SD) 5.5(1.0) 5.5(0.9) 5.6(1.1) 0.51
Mean LDL., mmol/L (8I}) 3.5(0.9) 3507 3.5(0.9) 0.85
Mean TG, mmol/L (SD) 1.7 (1.0% 1.5(0.8) 1.8(1.0) 0.047*
Mean HDXL, mmol/L (SD}) 1.3(0.4) 1.3 (0.4) L4 (0.4) 0.19

BP, blood pressure; LDL, low-density lipoprotein; TG, triglycerides; HDL, high-density

lipoprotein.
* p<0.05
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Table 8.2 Genetic polymorphisms in patients with stroke and controls

Genotype Stroke patients Controls P
PON 1 Q192R, n 191 162 0.036*
QQ, n (%) 22(11.5) 34(21.0)

QR, n (%) 95(49.7) 75(46.3)

RR, n (%) 74(38.7) 53(32.7)

MTHFR A222V, n 191 153 0.031*
AA, n (%) 101(52.9) 99 (64.7)

AV, n (%) 73(38.2) 45(29.4)

VV, n (%) 17(3.9) 9(5.9)

GCLC -129C>T, n 189 162 0.48
CC, n (%) 150(79.4) 127(78.4)

CT, n (%) 37(19.6) 27(17.9)

TT, n (%) 2(1.1) 6(3.7)

OLRI1 r51050283, n 190 163 0.59
CC, n (%) 108(56.8) 91(55.8)

CT, n (%) 69(36.3) 68(41.7)

TT, n (%) 13(6.8) 4 (2.9

* p<0.05

PON 1, paraoxonase |; MTHFR, methylenetetrahydrofolate reductase; GCLC, glutamate-cysteine ligase
catalytic-subunit; OLR1, oxidized low-density lipopretein receptor 1.
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Table 8.3 Genetic polymorphisms in patients with concurrent stenoses and controls

Genotype Concurrent stenoses Controls P
PON 1 Q192R, n 47 162 0.12
QQ, n (%) 2(4.3) 34(21.0)

QR, n (%) 29(61.7) 75(46.3)

RR, n (%) 16(34) 53(32.7)

MTHFR A222V, n 47 153 0.22
AA n (%) 23(48.9) 99 (64.7)

AV, n (%) 23(48.9) 45(29.4)

VV, n (%) 1(2.1} 9(5.9)

GCLC -129C>T, n 47 162 0.78
CC, n (%) 35(74.5) 127(78.4)

CT, n (%) 11(23.4) 29(17.9)

TT, n (%) 1(2.1) 6(3.7)

OLRI1 rs1050283, n 47 163 0.07
CC, n (%) 22(46.8) 91(55.8)

CT, o (%) 20(42.6) 68(41.7)

TT, n (%} 5(10.6) 4(2.5)

* p<0.05

PON 1, paraoxonase 1; MTHFR, methylenetetrahydrofolate reductase; GCLC, glutamate-cysteine ligase
catalytic-subunit; OLR 1, oxidized low-density lipoprotein receptor 1.
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PART II1 CONCLUSION
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patients with concurrent stenoses is poor. They are at high risks of further vascular event
or death. Our findings provide important data for planning future randomized clinical

trials for this high-risk group of stroke patients.

2. Long-term outcomes of ischemic stroke patients with concurrent stenoses and ischemic

heart disease ( Study 2)

Coexisting ischemic heart disease (IHD) is common in patients with stroke and it is
associated with increased risk of cardiac death. This study aims to investigate the long-
term outcomes of ischemic stroke patients with concurrent stenoses and THD. Totally 428
patients were included. Fifty-four patients (13%) had ischemic heart disease. Among
them, 27 patients (50%) had concurrent stenoses. In patients with concurrent stenoses and
THD, only 3 (11%) were free of death and recurrent vascular events. Eight (30%) had
recurrent non-fatal stroke, 7 (26%) had non-fatal myocardial infarct, 11 (41%) died and 4
(22%) due to fatal myocardial infarct. The overall 5-year cumulative rates of mortality,
recurrent vascular events and combined poor outcomes in patients with concurrent
stenoses and [HD were 40%, 50% and 83% respectively. Ischemic stroke patients with
concurrent stenoses and IHD had high risks of death and recurrent vascular events. Based
on findings of current study, we suggested that future studies on aggressive medical
therapy and early cardiac interventions in this high-risk group of stroke patients are

warranted.

3. Lesion patterns and stroke mechanisms in concurrent atherosclerosis of

intracranial and extracranial vessels (Study 3)
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This study aimed to investigate the ischemic lesion patterns in concurrent stenoses
using DWI, and to identify the mechanisms of stroke. Forty-three percent of the patients
had concurrent stenoses. Concomitant PAIL, PI and BZ infarcts, multiple DWI lesions and
infarcts in the leptomeningeal branches of MCA were more common in patients with
concurrent stenoses, especially those with tandem lesions. This study suggested that the
combination of hemodynamic compromise attributable to concurrent stenoses and artery-

to-artery embolization is a common stroke mechanism in these patients.

4. Genetic polymorphisms affecting homocysteine and lipid metabolism in ischemic stroke
Dpatients with concurrent stenoses ( Study 4)

The etiology of concurrent stenoses is poorly understood and hereditary factors are
believed to play important roles. The objective of this study is to determine whether
genetic polymorphisms affecting homocysteine and lipid metabolism are associated with
concurrent stenoses. Twenty-five percent of the patients had concurrent stenoses. The
genotype distributions of PON1 Q192R and MTHFR A222V, which affect lipid and
homocysteine metabolism, were significantly different between patients with stroke and
controls. The presence of at least one R allele in PON1 Q192R and TT allele in OLR
rs1050283 were associated with concurrent stenoses. There was also a tendency toward
association between the presence of at least one V allele in MTHFR A222V and
concurrent stenoses. This study showed that genetic polymorphisms affecting
homocysteine and lipid metabolisms are possible risk factors for stroke and concurrent

stenoses.
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Chapter 10  Strengths and Limitations of the Studies

Most of the strengths and limitations of the studies had been mentioned already in
the thesis. Some of the more important strengths and limitations of the studies will be
highlighted here. First, the strength of our studies included that consecutive patients
admitted to our acute stroke unit were being recruited into the studies. This reduces
selection bias and hence increases the validity of our findings. Second, our cohort
consisted of a large homogenous group of Chinese patients and the drop-out rate was low.
Third, we used MRI, MRA and DWI in the evaluation of stroke and its vascular etiology.

MRI with DWI is very sensitive in detecting acute infarct.

Limitations of the studies included that the samples were hospital-based and may
not be representative of all patients with concurrent stenoses. Secondly, conventional
cerebral angiogram which is the ‘gold standard’ to confirm the diagnosis of occlusive
disease was not done in most of our patients. However, MRA and carotid duplex are
acceptable alternatives since their role in detection of occlusive vascular lesions is well
determined and they are safe and non-invasive. Thirdly, coronary angiogram was not
done in all patients with IHD in Study 2 to confirm the diagnosis. However, it is difficult
to have coronary angiogram in all patients especially those with renal impairment and

poor premorbid states.
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