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Emergency revascularization procedures for patients with acute
stroke are controversial. Thirty-four patients with acute internal
carotid artery occlusion documented at the time of emergency
endarterectomy were analyzed. Before operation, all these pa-
tients had profound neurological deficits including hemiplegia
and aphasia. There was a 94% success rate in restoring patency.
In follow-up, nine patients (26.5%) had a normal neurological
exam, four (11.8%) had a minimal deficit, 10 (29.4%) had a
moderate hemiparesis, which was improved over their preop-
erative deficit, 4 (11.8%) remained hemiplegic, and seven (20.6%)
died. The natural history of patients with acute carotid occlusion
and profound neurological deficits is dismal. In comparison, 13
patients (38%) made a dramatic recovery. The surgical mortality
rate compares favorably with the natural history. Good collateral
flow was a good prognostic factor, while a simultaneous middle
cerebral artery embolus was associated with a poorer prognosis.
An emergency carotid endarterectomy may be indicated in se-
lected patients with acute internal carotid artery occlusion with
profound neurological deficits. Full preoperative angiography
may identify those patients who would benefit from surgical in-
tervention and reduce the operative mortality rate.

store flow in patients with acute occlusion pro-
ducing profound ischemic neurological deficits
has generally been considered contraindicated. The lack
of proven benefit, the proposed high incidence of second-
ary hemorrhage, and the high perioperative mortality are
the basis for this opinion.''? A few authors suggest that
if the operation is to be contemplated, flow must be re-
stored within | hour from the onset of the ictus.®'?-!
However, the natural history of patients with acute ca-
rotid occlusion and severe ischemic deficits is grave.'® Re-
view of the neurological literature demonstrates that 2—
12% will make a good recovery, 40-69% will be disabled
by severe neurological handicaps, and 16-55% will die
from infarction.'”-?2 There is now good experimental ev-
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idence supporting the concept of a critical period of re-
versible ischemia in which compromised neurons may be
salvaged.?3-26 The brain’s tolerance to oligemia appears
to be a function of both the severity and the duration of
ischemia. Therefore, the extent of collateral flow following
an acute carotid occlusion may provide the opportunity
for reversal of the ischemic process if blood flow can be
restored. In a recent report,”” we analyzed 20 cases of
emergency middle cerebral artery embolectomy per-
formed for acute profound neurological deficits. In that
study, a significant number of patients, seven (35%), made
a dramatic recovery after restoration of flow, supporting
the concept of reversible ischemic neuronal damage. This
prompted us to investigate our surgical results in patients
with acute carotid occlusion and profound neurological
deficits who were treated aggressively with an emergency
endarterectomy to restore flow. Furthermore, it is of im-
portance to examine the information provided by clinical
experience regarding the experimental concepts of toler-
ated periods of vessel occlusion and reversible cerebral
ischemia.

Methods
Case Material

From January 1973 to November 1984, 2036 carotid
endarterectomies were performed by the neurovascular
surgical services at the Mayo Clinic. Out of these, 34 cases
were emergency endarterectomies for acute occlusion with
profound neurological deficits. Thirty-one were stable def-
icits and three were progressing deficits. There were 20
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males and 14 females with an average age of 68. Thirty-
three patients were already hospitalized for the evaluation
of cerebrovascular insufficiency, and one patient was first
evaluated in the Emergency Room. In 20 patients, there
was occlusion of a known high-grade internal carotid ar-
tery stenosis: 10 of these patients were off heparin awaiting
elective endarterectomy, eight were on therapeutic levels
of heparin, one had a documented heparin induced hy-
percoagulopathy, and one had polycythemia vera. In nine
patients, occlusion occurred within 1 hour of cerebral an-
giography, eight of these being performed by the direct
carotid puncture technique. In five patients, the acute
neurological deterioration was due to postendarterectomy
occlusion of the internal carotid artery. Fifteen patients
had preoperative angiography to confirm occlusion, while,
in the other 19 patients, the diagnosis of acute carotid
occlusion was made on the basis of history and clinical
findings (loss of bruit and a decrease in retinal artery pres-
sure). The average follow-up was 5.4 years (range: 1-10
years).

Definitions

A. Profound ischemia. The acute onset of severe hemi-
spheric neurological deficits including aphasia, hemiple-
gia, often altered sensorium, and conjugate deviation of
the eyes. The ictus was attributed to an acute carotid oc-
clusion, usually of a previously angiographically docu-
mented or clinically suspected internal carotid artery ste-
nosis. One patient included in this group had acute severe
loss of amplitude on electroencephalogram during the
opening of an elective endarterectomy and was found to
have an acute carotid occlusion after exposure.

" B. Progressive ischemia. The patients in this group had
the acute onset of ischemic symptomatology, which pro-
gressed to complete hemiplegia within 2 hours. The
symptoms were progressive and nonfluctuating,

C. Carotid occlusion. All cases had intraoperative doc-
umentation of the acute occlusion with fresh thrombus
causing obliteration of the lumen. There were no observed
intimal dissections. Several cases had zero flow on the
baseline intraoperative xenon'®? cerebral blood flow study,
although this was not routinely done on an emergency
basis.

D. Postoperative outcome. Excellent—defined as an
entirely normal neurological examination without residual
deficits. Good—defined as a minor deficit on examination;
i.e., minimal monoparesis, a decrease in fine finger move-
ments, or a slight anomic aphasia. These patients were
independent and employable. Fair—defined as a mod-
erate hemiparesis or aphasia. This deficit was better than
their preoperative deficit. These patients were indepen-
dent. Poor—defined as a marked residual deficit making
this individual incapable of independent living.
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Surgical Technique

The surgical technique has been fully described else-
where.?? In these cases, 33 had placement of a shunt
after the thromboendarterectomy. When possible, intra-
operative electroencephalogram and xenon'3? cerebral
blood flow studies were used, although the emergency na-
ture of these cases precluded their use in most situations.

Intraoperative angiography was performed at the sur-
geon’s discretion for two reasons: poor backflow following
thromboendarterectomy or to document vessel patency.
Out of the 14 intraoperative angiograms performed, six
were positive for a middle cerebral artery embolus, five
of whom had an emergency embolectomy after comple-
tion of the endarterectomy.

The Fogarty catheter, either #3 or #4, was utilized to
enhance thrombus removal in 10 cases. In one additional
case, a distal internal carotid artery dissection secondary
to the use of this catheter may have been the cause of an
unsuccessful operation. Three out of the nine documented
cases of a middle cerebral artery embolus occurred in pa-
tients in whom the Fogarty catheter was utilized.

In 33 patients, the arteriotomy was repaired with a
saphenous vein patch graft.

Hlustrative Case

The patient was a left-handed, 67-year-old woman with a history of
left hemispheric transient ischemic attacks (TIAs) in the 3 months prior
to admission on 3/22/82. Her episodes consisted of right arm and facial
weakness and expressive aphasia occurring in an upright position lasting
2-3 minutes, In the week prior to admission, she had experienced four
TIAs. Her admission neurological exam was remarkable for venous stasis
retinopathy O.U., bilateral carotid bruits L > R, and bilateral decreased
retinal artery pressures L > R. Significant risk factors included hyper-
tension, obesity, and a 20 pack/year smoking history. After a normal
uncontrasted CT scan, she was administered intravenous heparin with
a PTT of 70. On 3/23/84 at 4:30 A.M., she had the acute onset of a
flaccid hemiplegia involving her face, arm, and leg and a dense aphasia.
She was unable to follow | step commands. This episode was more
severe than her typical TIA, did not resolve, and was associated with a
loss of her previously noted left carotid bruit. The patient underwent an
emergency transfemoral cerebral angiogram (Fig. 1 left), which dem-
onstrated occlusion of the left internal carotid artery and a 95% stenosis
of the right internal carotid artery. The left internal carotid had recon-
stitution of its intracavernous portion through the ipsilateral ophthalmic
artery with filling of the ipsilateral middle cerebral artery. There was also
embolic occlusion of a posterior parietal branch of the middle cerebral
artery. Since her neurological status was unchanged 3 hours after the
onset of the ictus, she underwent a simultaneous endarterectomy and
embolectomy. The time between the onset of ischemic symptoms and
successful restoration of flow through both the internal carotid and middle
cerebral arteries was 8% hours. Six hours after operation, she began to
demonstrate voluntary movements of both her arm and leg, followed 2
step commands, and had partial reversal of her aphasia. Postoperative
angiography (Fig. | right) demonstrated full restoration of flow. Seven
months after surgery, her neurological examination showed no motor
weakness, a mild anomic aphasia, and decreased stercogenesis of her
right hand. A repeat angiogram at that time demonstrated an asymp-
tomatic occlusion of the right internal carotid artery despite Coumadin®
therapy. Currently, she is an active housewife and mother.
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FIG. 1. Left. Internal carotid artery occlusion (black arrow). There is reconstitution of the intracavernous carotid through the ophthalmic artery

(curved arrow) with filling of the middle cerebral artery complex except for posterior parietal branch (white arrow). Right. Full restoration of flow
through both the internal carotid artery (large arrow) and through the middle cercbral artery complex (small black arrow).

Results

Table I lists the follow-up neurological examinations
in these 34 cases. Nine patients (26.5%) returned to nor-
mal, four (11.8%) made a good recovery, 10 (29.4%) made
a fair recovery, four (11.8%) had a poor result, and seven
(20.6%) died. Therefore, 13 patients (38.3%) did extremely
well, considering their profound preoperative neurological
deficits, and a total of 23 patients (67.6%) improved after
operation. Table 2 lists the outcome as related to the etiol-
ogy of occlusion.

Thirty-two patients (94%) had a technically successful
operation in which flow was restored. In the two cases in
which flow could not be restored, death due to cerebral
infarction occurred. One patient developed the syndrome

TABLE 1. Follow-up Neurological Examinations

of postoperative cerebral hyperemia with a postocclusion
xenon'3? cerebral blood flow of 120 cc/minute, over two
times the normal flow. This patient was initially worse
with cerebral edema and paroxysmal lateralizing epilep-
tiform discharges (PLEDS). However, both resolved to
give a long-term good result.

Out of the seven deaths, two were hemorrhagic infarc-
tions, the time for flow restoration being 4%2 hours and 6
hours. One of these hemorrhages was perhaps influenced
by the need to have the patient on heparin on postoper-
ative day #3 for multiple pulmonary emboli and brachial
thrombosis.

Figure 2 compares the outcome in terms of the duration
of internal carotid artery occlusion. There appears to be
no good correlation between time of oligemia and out-

TABLE 2. Outcome

Outcome
Preoperative
Deficits Normal Good Fair Poor Dedd Normal Good Fair Poor Dead

Progressive 2 t Occlusion of a

Severe 7 4 9 4 7* carotid stenosis 5 3 8 0 4
Postangiographic

Total 9(26.5%) 4(11.8%) 10(29.4%) 4(i11.8%) 7(20.6%) occlusion 2 0 2 3 2
Postendarterectomy

Causes of death: hemorrhagic infarctions, 2; infarctions, 4 (two unsuccessful acclusion 2 1 0 1 |

operations); pulmonary embolus, 1.
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FiG. 2. Neurological outcome as a function of duration of carotid oc-
clusion (onset of ictus to time of flow r~storation via arterial repair or
placement of shunt). Time of no flow through the internal carotid artery
was not a good predictor of outcome.

come. Furthermore, many operations were performed af-
ter 6 hours without producing a hemorrhagic infarction.

Figure 3 demonstrates the poorer prognosis in nine pa-
tients with a documented middle cerebral artery embolus
in association with the carotid occlusion. A simultaneous
embolectomy did not improve the overall outcome, The
one patient with an embolus who made a good recovery
had occlusion of just the posterior parietal branch and
not the main trunk of the middle cerebral artery. Of the
14 cases in which intraoperative angiography was per-
formed, emboli were demonstrated in six, five of whom
underwent an emergency embolectomy. In two patients,
emboli were inferred by the CT finding of multiple infarcts
within the anterior circulation, while in one patient the
diagnosis of embolus was made by history alone. This
patient had acute occlusion during the opening of a rou-
tine elective endarterectomy manifested by severe elec-
troencephalographic changes. Although the time between
EEG changes and placement of a shunt was just 25 min-
utes, this patient only made a fair recovery.

Figure 4 correlates the outcome in terms of collateral
flow as ascertained from the preoperative angiograms. In
29 patients, there was sufficient preoperative angiographic
data to determine if there was good collateral flow during
the occlusion, while in five patients unilateral carotid an-
giography made this impossible. Support for good collat-
eral consisted of the following: angiographic evidence of
collateral to the ipsilateral middle cerebral artery through
the ipsilateral external carotid-ophthalmic route, through
the contralateral anterior cerebral-anterior communicat-
ing route, or through the ipsilateral posterior communi-
cating artery. In the five cases of occlusion of an elective
endarterectomy, intraoperative xenon'** cerebral blood
flows and electroencephalography were used to monitor
the initial surgery. During these elective cases, an occlusion
cerebral blood flow was done prior to the arteriotomy to
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FiG. 3. Neurological outcome as a function of an associated middle ce-
rebral artery embolus. Patients with both a carotid occlusion and middle
cerebral artery embolus had a poorer prognosis. The one patient who
made a good recovery had an occlusion of a parietal branch and under-
went an embolectomy (see illustrative case). In the other five patients
who underwent an embolectomy, there was occlusion of the proximal
middle cerebral artery. These patients either died from severe infarction
or hemorrhage or did poorly.

determine if a shunt would be required during the elective
endarterectomy. These occlusion cerebral blood flow
studies would therefore closely approximate the expected
blood flow at the time of occlusion during the emergency
endarterectomy. In these five cases, the cerebral blood
flow studies confirmed the assessment of either good or
poor collateral flow on preoperative angiograms.?®? Al-
though the surgeon routinely noted carotid backflow after
the emergency thromboendarterectomy, this was not used
in the classification except when the observation of either
good or poor backflow collaborated with the angiographic
criteria.

Figure 4 demonstrates that there was a good correlation
between outcome and collateral flow. With good collateral
flow there was a better surgical result, while with poor
collateral flow the prognosis was poor. In the two patients
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FIG. 4. Neurological outcome as a function of collateral flow as judged
by preoperative angiograms. Collateral flow was associated with a good
prognosis, while patients with poor collateral had a poor prognosis.
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with good collateral in the poor and death outcome
groups, one was associated with an embolus and one with
an intracerebral hemorrhage.

Discussion
Surgical Literature

Whylie et al. in 1964,' presented nine cases of patients
with recent strokes who underwent a carotid endarter-
ectomy, out of which five had subsequent intracerebral
hemorrhage. It is imperative to note that these patients
were operated on 3 to 9 days after the ictus. Hunter in
19652 reviewed 26 patients with either carotid stenosis or
occlusion. In the four patients with carotid occlusions,
three had a poor surgical outcome. The Joint Extracranial
Arterial Occlusive Disease Study Part IV? reviewed 50
cases of patients with an acute carotid occlusion with
neurological deficits. Although the postoperative mortality
rate was 42%, the time between occlusion and operation
ranged from 0-13 days.

Thompson in 19674 discussed 71 patients with frank
stroke, out of which 34 were described as profound. There
were six (17.6%) surgical deaths. In 1970,° he further an-
alyzed 75 cases defining “frank stroke” as a neurological
deficit that was either stable, improving, or worsening.
The time between onset of stroke and operation was not
well specified. After operation, 15 (20%) were normal, 33
(40%) were improved, 17 (27.7%) were unchanged, and
five (6.7%) were worse. He concluded that it was rare for
a patient with a profound deficit to improve and that there
was an unacceptably high surgical mortality rate with this
group.

Najafi et al. in 1971,'3 analyzed 32 patients undergoing
emergency surgery for acute neurological deficits: 10 pa-
tients had carotid stenosis, 15 patients had postangio-
graphic carotid occlusion, and seven had postendarter-
ectomy occlusion. In the postangiographic group, eight
(53%) improved, three (20%) were unchanged, four (27%)
did poorly, and one (6%) died. In the postendarterectomy
group, three (43%) improved, two (28%) were “un-
changed”, two (28%) did poorly, and two (28%) died. Since
a better prognosis was associated with a short occlusion
time, they concluded that restoration of flow must be ac-
complished within 1 hour for a successful outcome.

In their review of carotid endarterectomy, Ojemman
et al.® discussed 21 cases of acute carotid occlusion in
patients with either TIAs or stroke in evolution. Fifteen
patients had a technically successful operation, out of
which eight (53%) had marked improvement, four (27%)
improved, two (13%) were unchanged, and one (6.5%)
died. The six patients with a technically unsuccessful op-
eration did worse, with only one showing improvement.
They concluded that patients with a sudden profound
deficit, especially if there was an altered sensorium, should
not be operated on. '

Ann. Surg. « January 1986

Kwaan et al. in 1979,'4 reported on three patients with
acute occlusion after an elective endarterectomy. With
successful restoration of flow, two had complete resolution
and one partial reversal of their neurological deficits. The
time between occlusion and flow restoration was 20-45
minutes in these cases. They also discussed six additional
cases in which restoration of flow was delayed for longer
than 3 hours because of angiography. In these cases, two
died and four remained hemiplegic. Therefore, they con-
cluded that the operation must be performed within 1
hour and recommended no angiogram for the purpose of
saving time.

Hafner et al. in 1981, reported on three patients with
acute stroke, all of whom improved after emergency end-
arterectomy to restore flow. However, they recommended
that no patient should be operated on after 2 hours or if
they had an altered consciousness. DeWeese in 1982!!
reported on 19 patients with progressive strokes secondary
to either carotid stenosis or occlusion treated with an
emergency endarterectomy. Nine (47%) patients were
worse and eight (37%) died after operation. He therefore
recommended that no patient with profound deficits
should be considered a surgical candidate. Finally, Don-
aldson et al.'® recently reported on six patients with carotid
occlusion, three of whom presented with TIAs and three
with hemiparesis. In the latter group, two improved and
one was unchanged in follow-up.

There is general agreement that patients with fluctuating
deficits due to acute carotid occlusion are good candidates
for an emergency endarterectomy. Papers by Goldstone
and Moore,®® and Mentzer et al.,’' are examples of the
improvement in patients with fluctuating deficits as com-
pared to the natural history. Furthermore, the ability to
re-establish flow if the endarterectomy is performed early
after occlusion®? is well documented.

Therefore, review of the literature yields controversial
views on the benefits of surgery, partially due to the lack
of a well-defined preoperative neurological status, the
documentation of occlusion versus stenosis, and the tim-
ing of surgery.

Natural History

The natural history of patients with acute carotid oc-
clusion with profound neurological deficits is poorly de-
fined in most studies because of the lack of angiographic
documentation of carotid occlusion or a short follow-up.
In 1961, McDowell'” reviewed 40 patients with angio-
graphic or autopsy proven internal carotid artery occlu-
sion. Twenty-two presented with severe neurological def-
icits, out of which one made a good recovery, nine (41%)
were permanently disabled, and 12 (55%) died from the
ischemic insult. The follow-up in this study was 2 years.
Millikan in 1973,'® reported on 204 cases of stroke in
evolution of the carotid system. However, the diagnosis
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was made by history and examination without angio-
graphic documentation, and the follow-up was only 2
weeks. He noted that 12% were normal, 5% were mono-
paretic, 69% were hemiparetic, and 14% died. In 1976,
Jones and Millikan'® reported on 179 patients with carotid
territory infarctions by examination and history but again
without angiographic documentation. They found that if
the patient was hemiplegic with an altered consciousness,
18 out of 44 (41%) died, but if there was normal con-
sciousness, the mortality was only 2%. They also noted
that if hemiplegia developed within 3 hours and persisted
for 36 hours, there was a 90% chance of a permanent
incapacitating motor deficit.

Griro and Patterson?’ reported on 44 patients with an-
giographic documented acute carotid occlusion, out of
which seven (16%) died in the first 2 weeks secondary to
infarction. However, in this group, 15 patients presented
with TIAs, 23 with a completed stroke, and three with
stroke in evolution.

Oxbury et al.?' reported on 93 patients with carotid
territory infarction without angiographic confirmation of
occlusion. Fifteen patients (16%) died in the first 3 weeks
secondary to infarction.

Norrving et al.?? reported on 59 patients with acute
carotid occlusion, 54 angiographically documented and
five by autopsy. Nine patients (16.6%) died in the acute
stage. Unfortunately, there was no information as to the
outcome of the survivors.

Therefore, if we collate the above reports recognizing
their deficiencies, 2-12% make a good recovery, 40-69%
have a profound deficit, and 16-55% will be dead in fol-
low-up. In our surgical results, 26.5% were normal, and
11.8% made a good recovery with minimal deficits.
Therefore, 13 patients (38%) did remarkably well and bet-
ter than what the reported natural history would have
predicted. A mortality rate of 20.6% compares favorably
with the natural history. Therefore, it appears that an
emergency endarterectomy for acute occlusion may sal-
vage some patients without increasing the overall mor-
tality rate. Since collateral flow on the preoperative an-
giogram was a good prognostic factor, while an associated
middle cerebral artery embolus was a poor prognostic fac-
tor, full preoperative angiography may enhance the sur-
gical success rate while decreasing operative mortality by
preoperative identification of these factors.

Experimental Correlations

The physiological and functional integrity of neurons
is dependent on the delivery of substrates for energy me-
tabolism. The net result in oligemia is equivalent to the
severity and duration of reduced flow divided by tissue
vulnerability.?” These three factors, namely, occlusion
time, reduction of flow, and tissue vulnerability, have all
been evaluated experimentally.
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Multiple studies by many researchers including
Sundt, %33 Crowell,* Watanabe,***” Dujovny,*® and
Morawetz* using various animal models have demon-
strated a permissible period of temporary occlusion of the
middle cerebral artery in the production of focal ischemia,
This range extends from 2 hours to 7 hours, depending
on the animal model used, in which temporary occlusion
will be tolerated without infarction. Furthermore, most
of these studies suggest that restoration of flow after the
tolerated time of occlusion increases the likelihood of
hemorrhagic infarction presumably due to increased per-
meability secondary to ischemic damage to the endothe-
lium. Clinically, 6 hours has been traditionally proposed
as the time of permissible middle cerebral artery occlusion
in humans after which infarction is likely to occur. As
noted in the introduction, several authors have stated that
if an endarterectomy is to be considered it must be per-
formed within [ hour. Although most experimental stud-
ies with middle cerebral artery occlusion are models of
focal ischemia, the basic element of time of no flow or
reduced flow is the same. However, as demonstrated in
Figure 2, the time of no flow through the internal carotid
was not a good prognostic factor. Furthermore, many of
the operations were done after 4-6 hours without pro-
ducing a hemorrhagic infarction. Therefore, time of no
flow is a less important factor in the criteria for surgical
selection.

The second element is the level of reduced flow that
can be tolerated. Analysis of human and experimental
models suggests that there are two thresholds of cerebral
ischemia—the thresholds of electrical failure and mem-
brane failure. Normal cerebral blood flow is approxi-
mately 50 ml/100 g/min.*® Sundt®®#' and Trojanborg*
demonstrated in man a change in the electroencephalo-
gram if total cerebral blood flow fell below 16 to 18 ml/
100 g/min. Branston et al.*? further showed in the baboon
a change in evoked somatosensory potentials if flow fell
below 15 ml/100 g/min. This range of flow from 18 ml/
100 g/min to 15 ml/100 g/min has been termed the flow
threshold of electrical failure and appears to be relatively
uniform in various animal models.** The second threshold
of membrane failure or pump failure occurs at about 10
ml/100 g/min, which experimentally is demonstrated by
an increase in extracellular potassium secondary to a lack
of ATP for the Na*-K* pump.**-4’ Other metabolic ab-
normalities also occur, including an increase in intracel-
lular calcium,* the liberation of free fatty acids,? and a
profound intracellular acidosis.?* The assumption is that
membrane failure is irreversible cell damage. Between the
threshold of electrical failure and membrane failure exists
a potential zone of reversible cell damage—the “ischemic
penumbra.” Our surgical results support the concept of
an ischemic penumbra. Since all these patients had severe
neurological deficits, they were presumably below the
threshold of electrical failure. However, 13 patients (38%)
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made a remarkable recovery implying that what flow ex-
isted after the carotid occlusion maintained neurons above
the threshold of membrane failure. This best explains why
collateral flow was an important prognostic factor. Pre-
sumably, collateral flow maintained a percentage of neu-
rons within the ischemic penumbra, thereby enhancing
the salvaging effects of an emergency carotid endarter-
ectomy. In addition, this also explains the poorer results
when there was an associated middle cerebral artery em-
bolus, since an embolus would significantly decrease po-
tential collateral flow. This confirms our previous report
in which an associated ipsilateral carotid occlusion with
a middle cerebral artery embolus was a poor prognostic
factor despite simultaneous embolectomy and endarter-
ectomy.?

Analysis of Results

Although most authors have argued against an emer-
gency carotid endarterectomy for acute occlusion with
severe neurological deficits, we would suggest that in se-
lected patients it may be a viable alternative treatment.
In this series, nine patients (26.5%) made an excellent
recovery and four patients (1 1.8%) had a very good result.
Therefore, 13 patients (38.3%) had a dramatic improve-
ment from their preoperative deficits. The 10 (29.4%) pa-
tients in the fair group are probably a better reflection of
the natural history in which, after the infarct, there is a
partial reversal of the neurological deficit. Our mortality
rate of 20.6% approximates the expected mortality without
surgical intervention.

The two most important prognostic factors were the
absence of an associated middle cerebral artery embolus
and the presence of demonstrated collateral flow. If the
preoperative identification of these factors could be im-
proved, then perhaps the surgical success rate could be
enhanced while decreasing the operative mortality. An
embolus would be a relative contraindication to surgery,
whereas good collateral flow would be an encouragement.
Therefore, we would recommend, if possible, complete
angiography prior to surgical intervention and accept both
the inherent 1-2 hour time delay and the risks of angiog-
raphy in the setting of cerebral ischemia. The patients
with occlusion after an elective endarterectomy may be
a subgroup in which exploration should be considered
early if occlusion is clinically suspected. Furthermore,
these results emphasize that angiographic opacification of
intracranial vessels cannot be equated with the exact level
of cerebral blood flow.

In nine patients (26.5%), there was a documented mid-
dle cerebral artery embolus. Presumably the emboli orig-
inated from the carotid artery. Whether this was a primary
event or secondary to surgical or angiographic manipu-
lation is unknown. However, because of the apparent
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thrombogenicity of the occluded carotid artery, great care
must be exercised during the surgical procedure.
Although time was not a good prognostic factor, we
would not recommend operating after a prolonged delay,
as the net result must be a reflection of the time of reduced
flow. Our inability to show a good correlation between
outcome and time of occlusion reflects the complexity of
factors involved in cerebral ischemia and infarction.
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