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UPDATE ARTICLE

Stroke Prevention By Carotid
Endarterectomy

H Lau, FRCS(Edin), FCS(HK). MMed{Surg)(Singapore)
S W K Cheng,* FRCS(Edin), FACS, MS, FHKAM
Division of Vascular Surgery
Department of Surgery
Queen Mary Hospital
The University of Hong Kong

Summary

Cerebrovascular disease is the third leading cause of death in Hong Kong and stroke is a major cause of disability
in the elderly. With increased life span, rehabilitation and care of patients with disabling stroke has become a
substantial economic burden to the society and family. Prevention of stroke by carotid endarterectomy is definitely
more cost-effective than treatment of stroke. Prospective randomized trials in North America and Europe have proven
the benefit of carotid endarterectomy in symptomatic patients with severe carotid stenosis. The diagnosis of carotid
stenosis can be easily confirmed by a duplex scan performed in experienced hands. With increased awareness of
this condition, early identification of at risk patients with referral to a tertiary centre for consideration of carotid

endarterectomy is able to reduce the risk of future stroke or death. (HK Pract 1998;20:484-490)
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Introduction

Carotid endarterectomy was
once the most common vascular
procedure in the USA in the 1980s,"”
However, concern for post-operative
morbidity and mortality of this
prophylactic procedure, particularly
the risks of stroke and death, led to
scepticism of its benefit. The quest

to a number of controlled trials of
carotid endarterectomy in North
America and Europe. The North
American Symptomatic Carotid
Endarterectomy Trial (NASCET),
comparing best medical treatment
and carotid endarterectomy in
symptomatic patients with critical
(>70%) carotid stenosis, demon-

strated that 26% of medically treated
patients (n=331) had a disabling
stroke over 24 months, the stroke rate
was 9% in the surgically treated
group (n=328)." An absolute risk
reduction of 17% was observed. The
trial was terminated early in patients
with symptomatic high grade stenosis
in 1991 because of the strong
evidence of the benefit of carotid
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endarterectomy. The European
Carotid Surgery Trial (ECST), which
recruited 3,024 patients, reported
similar results to NASCET for
symptomatic patients with severe
carotid stenosis. When symplomatic
carotid stenosis was greater than
80%, the frequency of a major stroke
or death at 3 years was 26.5% for the
control group without surgery and
14.9% for the surgery group. The
immediate risk of surgery is worth
trading off against the long-term risk
of stroke without surgery.?

Diagnosis
Presentation

Transient ischaemic attacks
(TIAs) and stroke are the two
commonest complaints encountered
in patients with carotid stenosis.®
TIA is defined as a transient focal
neurologic dysfunction of vascular
origin with rapid onset and complete
resolution within 24 hours.
Neurologic deficits lasting longer
than 24 hours but nevertheless
resulting in complete resolution are
termed reversible ischaemic
neurologic deficits (RIND). TIAs
encompass two major categories of
symptoms based on the arterial
territory, either carotid or vertebro-
basilar. Carotid territory TIAs refer
to those symptoms resulting from

ischaemia to the cerebral hemisphere

supplied by the terminal branches of
internal carotid artery, anterior and
middle

cerebral arteries,

 Embolization to the opthalmic branch

~of anterior cerebral artery gives rise

to transient monocular blindness.
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termed amaurosis fugax, in the
ipsilateral eye.
hemispheric attacks (Table 1) may be
associated with transient alterations

Transient

in speech, motor or sensory
Vertebro-basilar TIAs
are complex and often non-specific.

disturbance.

Clinical evaluation of patients
with history of TIAs should include
the identification of the aftected
arterial territory, the number and
frequency of episodes, evidence of
atherosclerosis and assessment of
cardiac disease. Special attention
should be paid to identify risk factors
such as hypertension, diabetes
mellitus, smoking. hyperlipidaemia
and cardiac disease, especially atrial
fibrillation.

Physical signs

Physical examination would be
normal if there has been complete
neurologic resolution. A carotid
bruit may be the only positive
physical sign in patients with
significant carotid stenosis. Its

presence should alert the clinician to
the possible existence of generalized
atherosclerotic arterial occlusive
disease. However, the presence of a
carotid bruit is not diagnostic of a
hemodynamically significant
stenosis. The absence of a carotid
bruit also does not exclude carotid
artery disease as the turbulence
created by the narrow stream of
blood flow through a critical stenosis
may not be strong enough to produce
an audible bruit. The intensity of a
carotid bruit does not necessarily
relate to the degree of stenosis
although a high-pitched carotid bruit
may indicate a narrower lesion.®

Investigations

Patients who present with
carotid territory TIAs or stroke
should undergo prompt carotid
duplex scan examination. Color
Doppler Duplex scan has an
accuracy of more than 90% in the
detection of carotid stenosis but the
reliability of the result depends on
the skill and experience of the

Table 1: Symptoms of carotid territory transient ischaemic attacks

On the ipsilateral side of carotid stenosis

Amaurosis fugax -

transient loss or blurring of vision

On the contralateral side of carotid stenosis

Motor -
Sensory -
Speech -

clumsiness, weakness, paralysis, hemiplegia
numbness, anesthesia, hemi-paresthesia
dysarthria (non-dominant hemisphere),

motor or perceptive aphasia (dominant
hemisphere)

(Continued on page 487)
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operator (Figure 1).” Duplex scan
incorporates both B-mode ultrasound
imaging and Doppler frequency
analysis. It allows real-time spatial
visualization of blood flow velocity
in the carotid arteries and provides

" both anatomical and physiological
~evaluation. It permits morphological

assessment of the stenotic plaque.
Hypo-echogenic plaques represent
cholesterol deposition or intraplaque
haemorrhage, which may suggest
instability of the plaque. Spectral

- analysis of Doppler frequency allows
. quantification of blood flow velocity

~and degree of stenosis.

For the
detection of a haemodynamic

. significant stenosis (> 70%). a peak
- systolic velocity greater than 270 cm/
© sec and end diastolic velocity greater

_ than 110 cm/sec has a sensitivity of

96% and positive predictive value of
93%.% Carotid duplex scan is a
useful non-invasive screening
method of carotid stenosis.

An arch aortogram with bilateral
carotid and vertebral arteriography
allows full examination of the cxtra-
cranial vessels from ascending aorta
to their terminal intra-cranial
branches (Figure 2). The status of
carotid and vertebral arteries,
adequacy of cerebral circulation and
cross circulation, and the presence of
unusual discase distribution or
atypical anatomy can be delineated.
Intra-cranial lesions, such as intra-

cranial aneurysms and tumors, can

also be detected, However,
arteriography is not without risks and
complications may occur at the
puncture site, viz. bleeding, or
distally. It carries a 1% risk of stroke
and should be performed only if
surgery is contemplated. Alter-
natives to conventional arteriography
includes digital subtraction angio-
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graphy. magnetic resonance imaging
’ Recently, some
centres have advocated performing
carotid endarterectomy on duplex
data alone without an arteriogram.'®"'

or angiography.

Figure 1:

Compuled tomography of the
brain should be performed to detect
recent or old cerebral infarcts, or

[
nonvascular intra-cranial lesions. |
Presentations of intracranial tumors, \

Carotid duplex scan showing a high velocity stenosis in a

patient presenting with repeated episodes of transient

ischaemic attacks

LT
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Figure 2: Carotid arteriography showing the significant stenotic lesion
over the origin of the right internal carotid artery
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| subdural hematomas and vascular

malformations can all simulate TIAs,
| Table 2 shows the differential
. diagnoses of carotid territory TIAs."

| Cardiac evaluation, including
transcutaneous or transocsophageal
| echocardiography, needs to be
, considered in these patients.

Cardiogenic embolism is another
| major cause of TIAs. Thrombi may
form within the heart in the presence

"~ Table 2:

| ischaemic attacks
Carotid stenosis

* Cardiogenic embolism

UPDATE ARTICLE

of atrial fibrillation, valvular discase
and myocardial infarction. In
addition, patients with carotid
stenosis are often associated with
coronary artery occlusive diseasc.

Management (Figure 3)
Control of risk factors and the

use of anti-platelet agents are the
mainstays of conservative treat-

Differential tiiﬁ.gtib_s_'CS' of czil:oti'd_ _t'e':-rri'tor'j" txfén_éiént 1

* Hypoglycemia

* Cerebral tumor

e.g. atrial fibrillation, valvular lesions,

infective endocarditis,
myocardial infarction, etc.

* Hyperviscosity syndrome

* Small vessel disease

Figure 3:

+ Epilepsy
* Subdural hematoma
* Drop attacks

¢ Migraine

Management algorithm for carotid stenosis

TIAs or stroke or carotid bruit

Confirm diagnosis by carotid duplex scan

Optimal control of risk factors

Aspirin
< 70% stenosis >70% stenosis or
FU symptoms and duplex scan plaque ulceration
| Progression of symptoms or Assess for
———

| stenosis

carotid endarterectomy

I3-1d

ment. Optimal control of risk
tactors, viz. hypertension, diabetes
mellitus, hypercholesterolaemia and
cessation of smoking, should be
achieved in all patients. The optimal
dosage of aspirin is unclear but
medium dose aspirin (75-325 mg/
day) is the most widely tested
antiplatelet regimen in the
Antiplatelet Trialists® Collaboration
overview of 145 randomized trials
performed around the world."”
Ticlopidine is another effective
antiplatelet agent but associated with
more adverse effects.'” Antiplatelet
therapy has been shown to confer a
significant reduction in the risk of
non-fatal stroke, myocardial
infarction and vascular death in
patients at high risk of occlusive
vascular disease. The patient should
be instructed about other possible
symptoms of TIAs, with regular
follow up. If the frequency of TIAs
incrcases or the atherosclerotic
occlusive lesion becomes haemo-
dynamically significant on follow-up
duplex scan examination, surgical
intervention should be considered.

Symptomatic patients with
carotid stenosis of 70-99% are now
clearly indicated for surgical inter-
vention.**'" Carotid endarterectomy
significantly reduces the mortality

rate and increases stroke-free |

survival. Removal ol the stenotic
atherosclerotic plaque removes the
source of embolization and prevents
hypoperfusion. However, the
operation carries a small risk of intra-
operative stroke or death. The
justification of this procedure
therefore depends on the balance
between the benefit and the risk of
this operation. Surgical complication
rates must be lower than the accepted



limits, i.e. a perioperative stroke/
mortality rate of less than 6% for
symptomatic patients and 3% for
asymptomatic patients.'**

Although the benefit margin
seems narrow in asymptomatic
patients with significant carotid
stenosis, some patients do suffer
from disabling stroke or even death
without prior warning.”'** There is
a clear correlation between the risk
of stroke and the degree of stenosis.
The Asymptomatic Carotid
Atherosclerosis Study (ACAS)
results suggested that carotid
endarterectomy combined with
aspirin and risk factor reduction is
superior to aspirin and risk factor
reduction alone in preventing
ipsilateral stroke in asymptomatic
patients with diameter stenosis of the
carotid artery of 60% or more.” The
5-year risk of stroke was 1% for the
medical group (n=834) and 5.1% for
the surgical group (n=825). A
relative risk reduction of 53% was
observed. Early surgical intervention
should also be considered in patients
with ulcerative plaque, multiple
vessel disease and poor collateral

. reserve.

Operative technique

Under general anaesthesia, an
incision is made along the anterior
border of the sternomastoid muscle.
After opening the carotid sheath,
carotid arteries arc gently mobilized
and controlled. The vagus nerve and
hypoglossal nerve should be
identified and safeguarded. An

- arteriotomy is made over the site of

occlusion and a shunt is inserted
whenever feasible. Endarterectomy
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Figure 4: Atherosclerotic carotid plaque removed after carotid
endarterectomy

e

is performed, with great care in
completing the endpoint in the
internal carotid artery (Figure 4).
The arteriotomy is closed with
continuous 6/O Prolene after removal
of shunt. A suction drain is applied
and the wound is closed in layers.

Close neurc-observation is
necessary to look for neurologic
complication after operation. Post-
operative stroke or death is the major
concern of this procedure. Other
early complications include cervical
hematoma, blood pressure
abnormalities and nerve palsies.
Patients should have bimonthly
follow up after discharge.
Surveillance carotid duplex scan is
performed to monitor recurrence of
stenosis half yearly.

Carotid angioplasty and stenting
Carotid angioplasty and stenting

has recently been performed as an
alternative treatment to carotid

cndartcrectomy. However, the safety
and efficacy of carotid angioplasty
and stenting have not been well
proven. Published results were
associated with significantly higher

stroke and death rates than those of

carotid endarterectomy.™ Above all,
the atherosclerotic plaque, a potential
embolic source. is left behind even
after successlul stenting. Its current
application should be limited to
clinical trials only until the long term
benefits can be resolved by large
scale randomized controlled
studies.”

In summary

Carotid endarterectomy is a
proven means of stroke prevention in
symptomatic patients with 70-99%
carotid stenosis. Identification of at-
risk patients plays an important role
in the primary health care. Patients
with carotid stenosis should be
referred for further assessment and
follow up. W
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Key messages

1. Recognition of transient ischaemic attacks (TIAs) requires careful attention to patient’s history.

2. Carotid territory TIAs have 4 main features: amaurosis fugax, motor, sensory and speech disturbance.

3. The absence of carotid bruit does not exclude the presence of significant carotid stenosis.

4, Duplex scan by an experienced staff is an accurate non-invasive method for diagnosing carotid arterial disease.

5. Carotid endarterectomy by a qualified surgeon with low peri-operative morbidity and mortality is of proven
benefit in reducing the incidence of stroke in patients with severe carotid stenosis.

References

Thompson JE. History of carotid artery surgery.
Surg Clin Nosth Anr 1986:66:225-231,
Williams N, Bell PR. Surgery for stroke: an
update. BrJ Hosp Med 1992:47:105-110.
Bencficial effect of carotid endarterectomy in
symptomatic patients with high-grade carotid
stenosis. North American Symptomatic Carotid
Endarterectomy Trial Collaborators, N Engl J
Med 1991:325:445-453.

Randomised trial of endartercctomy for recently
symptomatic carotid stenosis: tinal results of the
MRC European Carotid Surgery Trial (ECST).
European Carotid Surgery Trialists®
Collaborative Group. Lancer 1998:351:1379-
1387,

Humphrey PR. Munagement of transicnt
ischaemic attacks and stroke. Postgrad Med J
1995, 71:577-584.

Kistler JP, Buonanno FS, Gress DR. Carotid
endarterectomy-—specific therapy based on
pathaphysiology. N Engl J Med 1991;325:505-
507.

Tavlor DC. Current noninvasive diagnosis of
carotid artery stenosis: indications and
limitations. Can J Surg 1994;37:114-123.
Neale ML, Chambers JL, Kelly AT, er «l.
Reappraisal of duplex criteria to assess
significant carotid stenosis with special
reference to reports from the North American
Symptomatic Carotid Endarterectomy Trial and
the European Carotid Surgery Trial. J Vase Surg
1994:20:642-649.

Chakera TMH. Radiological investigations in
stroke and transient ischaemic attacks. Awust
Fam Phy 1991:20:1581-1584.

490

10).

11

Ranger WR, Glover JL, Bendick PJ. Carotid
endarterectomy based on preoperative duplex
ultrasound. Am Surg 1995:61:548-554.
Gelubert HA. Moore WS. Carotid endarter-
ectomy without angiography. Surg Clin Norel
Am 1990:70:213-223,

. Davis §. Manggement of transient ischaemic

attacks. Awst Fam Physician 1991:20:1600-
1603.

. Endarterectomy for moderate symptomatic

carotid stenosis: interim results from the MRC
European Carotid Surgery Trial. Lancer 1996;
347:1591-1593.

. Moore WS, Barnett HJ. Beebe HG, er ul.

Guidelines for carotid endartercctomy. A
multidisciplinary consensus statement from the
Ad Hoc Committee, American Heart
Association. Cirewlation 1995:91:566-579.

. Collaborative overview of randomised trials of

antiplatelet therapy — I: Prevention of death,
myocardial inlarction, and stroke by prolonged
antiplatelet therapy in various categories of
patients. Antiplateler Trialists” Collaboration.
BMJ 1994:308:81-106.

. Gent M, Blakely JA, Easton ID, er al. The

Canadian American Ticlopidine Study (CATS)
in thromboembolix stroke. Lancer 1989:1:
1215-1220.

. Mayberg MR, Wilson SE, Yatsu F, er al.

Carotid endarterectomy and prevention of
cerebral ischaemia in symptomatic carotid
stenosis, Veterans Affairs Cooperative Studies
Program 309 Trialist Group. JAMA 1991:266:
3289-3294.

. Moore WS, MohrJP. Najafi H, eral. Carotid

endarterectomy: practice guidelines. Report of
the Ad Hoc Committee to the Joint Council of
the Saciety for Vascular Surgery and the North
American Chapter ol the International Sociely

20,

21.

3
[

25.

for Cardiovascular Surgery, J Mase Surg 1992;
15:469-479,

. Rothwell PM. Slattery J, Warlow CP. A

systematic comparison of the risks of siroke and
death due to carotid endarterectomy for
symptomatic and asymptomatic stenosis. Stroke
1996:27:266-269.

Rothwell PM, Slattery J. Warlow CP. A
systematic review of the risks of stroke and
death due to endarterectomy for symptomatic
carotid stenosis. Stroke 1996:27:260-265.
Hobson RW2d, Weiss DG, Fields WS, er al.
Elficacy of curotid endarterectomy for
asymptomatic carotid sienosis. The Veterans
Aftairs Cooperative Study Group. N Engl J
Med 1993:328:221-227.

. Carotid surgery versus medical therapy in

asymplomatic carotid stenosis. The
CASANOVA Study Group. Stroke 1991:22:
1229-1235.

. Risk of stroke in the distribution of an

asymptomatic carotid artery. The European
Carotid Surgery Trialists Colluborative Group.
Lancer 1995:345:209-212,

. Eikelhoom BC. Carotid endarterectomy:

confidence restored. 8r J Surg 1993:80:821-
822,

Endarterectomy lor asymptomatic carotid artery
stenosis. Executive Committee for the
Asymptomatic Carotid Atherosclerosis Study.
JAMA 1995:273:1421-1428.

. Yadav JS, Roubin GS, Iyer S, er al. Elective

stenting of the extracranial carotid arteries.

Circulation 1997;95:376-381.

. Statement regarding carotid angioplasty and

stenting. Society for Vascular Surgery.
International Society for Cardiovascular
Surgery, North American Chapter. J Vase Surg
1996:24:900.




