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Multiple Intra-Cranial Hemorrhages After
Carotid Endarterectomy

Ashfaq Shuaib, K. Michael Hunter and Melvin A. Anderson

ABSTRACT: Intra-cerebral hemorrhage is an unusual and often fatal complication of endarterectomy (CEA).
Previous cerebral infarction, intra-operative or post operative hypertension, and the use of anti-coagulants are some of
the defined major risk factors. Hemorrhage usually occurs early after CEA, and a second hemorrhage has only once
been reported. We wish to report a patient who developed three separate hemorrhages following CEA. This patient had
a long history of poorly controlled hypertension. We believe that poorly controlled hypertension, in addition to other
reported factors, may be an important separate risk factor for post-CEA hemorrhage.

RESUME: Hémorragies intracraniennes multiples aprés une endartérectomie carotidienne L'hémorragie
intracérébrale est une complication rare et souvent fatale de I’endartérectomie (EAC). Un infarctus cérébral antérieur,
de ’hypertension perou post-opératoire et I’utilisation d’anticoagulants sont considérés comme des facteurs de risque
importants. L’hémorragie survient habituellement t&t aprés ’EAC et une deuxieme hémorragie n’a été rapportée
qu’une seule fois. Nous rapportons le cas d’un patient qui a présenté trois épisodes séparés d’hémorragie aprés EAC.
Ce patient avait une longue histoire d’hypertension mal contrélée. Nous croyons que 1’hypertension mal contrdlée, en
plus des autres facteurs de risque connus, peut constituer une facteur de risque indépendant important de I’hémorragie

post-EAC.
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Carotid endarterectomy (CEA) is a common procedure for
management of symptomatic carotid disease.! Complications
have decreased in recent years due to proper selection of
patients and better surgical techniques. Post-CEA intra-cerebral
hemorrhage is a rare complication that carries a grave progno-
sis.23 Although the time interval between surgery and the hem-
orrhage may vary from a few hours to several months, most
hemorrhages occur within 7 days of surgery. Most hemorrhages
occur if surgery is performed within four weeks of cerebral
infarction.2-6 There are however cases with hemorrhage occur-
ring up to 14 months after the cerebral infarction (Ref 3 case 4).
Hypertension in the post-operative period has been proposed as
a risk factor for post-CEA hemorrhage.” Post-CEA hyperten-
sion occurs in 29-56 percent of patients,39 and unfortunately
cannot be predicted, as it appears to have no relationship to pre-
operative blood pressure, the timing of angiography, the angio-
graphic or operative findings, the use of internal shunts, or the
use of other features of the anesthesia or operation.? The hemor-
rhage commonly occurs within a previous infarction and the ter-
ritory of the artery operated upon.

There is only a single report of a patient in whom two hem-
orrhages developed, two days and 8 weeks after CEA. In this
communication we wish to report a patient who developed mul-
tiple intra-cerebral hemorrhages after CEA. Multiple intra-cere-
bral hemorrhages have not been previously reported with CEA.

CASE REPORT

A 56 year old female was initially assessed by a neurologist at
another hospital for right sided facial and arm weakness. There was a
history of poorly controlled hypertension and a ilio-femoral bypass five
years earlier. General examination showed mild hypertension and a
bruit over the left carotid artery. Mild upper motor neuron weakness
was present in the right arm, otherwise the neurological examination
was normal. Three days later a cranial CT scan was done that showed a
right parietal lobe infarction. Because of progressive right arm weak-
ness, the patient was heparinized and later started on coumadin. Anti-
coagulants were discontinued one month later.

The patient was initially seen by one of us (KMH) 8 weeks after the
episode, and a carotid angiogram 13 weeks after the infarction showed
95 percent stenosis of the left carotid artery in a two centimeter seg-
ment of the internal carotid artery just distal to the bifurcation.
Neurological examination remained unchanged from 13 weeks earlier.
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consciousness, the hematomas in the left basal ganglion and the fronto-
pariatal region were evacuated.

Subsequent course in the hospital was unfortunately downhill and
the patient died 10 days after CEA. Terminally the course was compli-
cated by diabetes insipidus and hypertension. The hypertension and
associated bradycardia were felt to be secondary to the increased intra-
cranial pressure.

At autopsy all three hemorrhages were clearly identified (see Figure
4). Only one hemorrhage involved the previous infarction. The other
two hemorrhages were located in previously normal brain parenchyma.
The right hemisphere was normal and the CEA site was patent. Intra-
cerebral vasculature showed microscopic hypertensive changes in the
normal parenchyma diffusely and in close proximity to the hemor-
rhages. No micro-aneurysms were found in any blood vessels. Blood
vessel walls were negative for amyloid.

DISCUSSION

Post-CEA hemorrhage is uncommon with an incidence of
0.4-0.6 percent,2.!5 and its etiology remains poorly understood.

Figure | — This figure of the initial cranial
CT scan done within 24 hours of the
carotid endarterectomy shows a hemor-
rhage in the basal ganglion and internal
capsule region.

Figure 3 — Cranial CT scan after the third
hemorrhage; this time the hemorrhage
involves the area of the previous cere-
bral infarction.

Figure 2 — This cranial CT scan reveals
the second hemorrhage. involving the
area adjacent to the inter-hemispheric
fissure on the left side.

Carotid endarterectomy was done without complications. Post-oper-
ative examination showed no new deficits. One and a half hours later
the patient developed a right hemiplagia and aphasia. Blood pressure
was monitored during this period and had remained normal. Immediate
return to surgery showed the carotid artery to be patent. Cranial CT
scan done 24 hours later showed a hemorrhage in the left internal cap-
sule and putamen region (see Figure 1). Gradual improvement in
strength was followed by a second episode of weakness on the right
side. Repeated CT scan showed a second hemorrhage in an area adja-
cent to the inter-hemispheric fissure, medial to the area of infarction
(see Figure 2).

Four days after the CEA, the patient developed a seizure that began
focally on the right side and then rapidly generalized. Cranial CT done
after the seizure showed a third hemorrhage (see Figure 3), separate

from the previous two hemorrhages, this time in the region of the old Figure 4 — This brain section shows the extent of the hematomas in
cerebral infarction. Because of a progressive decrease in the level of the brain tissue at autopsy.
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Factors that increase the risks for post-CEA hemorrhage include
surgery soon after a stroke or a T.I.A.,1.2 peri-operative hyper-
tension,2.7.14.18 hypertension after CEA,4.16 the use of anti-coag-
ulants!0 and the presence of severe long standing carotid steno-
sis prior to CEA3

Several mechanisms have been proposed to explain the intra-
cerebral hemorrhage after CEA. Most hemorrhages
develop in regions of previously infarcted brain tissue. It has
therefore been suggested that damaged blood vessels within this
region are susceptible to rupture after blood flow is restored.2.6
This has led to the practice of not performing CEA early in the
post-infarction period. Caplan et al. in 1978 reviewed the litera-
ture on post-CEA hemorrhage.” They postulated that a sudden
increase in the blood pressure in the immediate post-CEA may
be an important factor leading to post-CEA hemorrhage.
Therefore rigid control of blood pressure in the immediate post-
operative period would help in decreasing the frequency of this
complication. Several studies have shown an increase in blood
flow, sometimes as much as 200% after CEA.!5 In many cases
there is an increase in headache or the new onset of “vascular”
headaches after CEA (Cluster{ 11}, Migraine{15}) and convul-
sions!2.13 and these are believed to be secondary to the increase
in cerebral perfusion. More recently Bernstein et al.4 reported a
case where the post-CEA hemorrhage had occurred in previous-
ly normal brain tissue. Prior to the hemorrhage the patient had
developed severe headaches, facial pain and convulsions imme-
diately after the CEA. A break down in the auto-regulation sim-
ilar to that seen with hypertensive encephalopathy was suggest-
ed as a possible mechanism. From the spectrum of neurological
symptoms it would appear that there may be a continuum of
severity with the mildly affected cases presenting with only
headache while more seriously affected patients develop intra-
cerebral hemorrhage. In cases developing hemorrhage the pres-
ence of a previous cerebral infarction, hypertension (peri or post
operative), and the tightness of the carotid occlusion are addi-
tional risk factors.

Most reported cases have had a single hemorrhage after the
CEA. In our patient, three separate hemorrhages, with two in
previously normal parenchyma, were seen. We propose an addi-
tional possible risk factor that could explain this. Autopsy stud-
ies of intra-cerebral arteries in patients with long standing
hypertension have shown the presence of multiple micro-
aneurysms on the blood vessels. These are located on the 100-
300 micron branches of the striate and cortical perforating
branch arteries.!9:20 These aneurysms are commonly located in
the basal ganglion and up to 30 percent may be found in the
gray-white junction of the cerebral cortex.20 In hypertensive
subjects their numbers range from 15-25, and measure up to
two mm in size. The walls of the aneurysms are composed of
connective tissue only.!? It has been previously suggested that
deficiency of blood flow, accompanying high grade carotid
stenosis, creates a situation where the resistance vessels of the
cerebral circulation maximally dilate to increase local blood
flow.3 With time these blood vessels become atonic and lose
their capacity for auto-regulation. After CEA there is a sudden
rise in the intra-arterial pressure within these small vessels and
the associated micro-aneurysms that had remained protected
during the time of low blood flow. The increase in blood flow
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could then possibly result in disruption of the aneurysm wall
and subsequent hemorrhage. As patients with hypertension have
multiple aneurysms, it is possible that more than one hemor-
rhage could also be seen. The presence of long standing poorly
controlled hypertension prior to CEA may thus be an additional
risk factor that in combination with other risk factors mentioned
earlier may increase the potential for post-CEA hemorrhages.
As was seen in our case, these hemorrhages could rarely be
multiple. No aneurysms were however seen in our case, and
therefore the possibility of multiple hemorrhages secondary to
rupture of micro-aneurysm remains only a speculative hypothe-
sis.
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