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Thrombolytic Therapy in Acute Occlusion of the Intracranial Internal
Carotid Artery Bifurcation

Olav Jansen, Rüdiger von Kummer, Michael Forsting, Werner Hacke, and Klaus Sartor

PURPOSE: To evaluate efficacy and clinical benefit of early thrombolytic therapy in intracranial
internal carotid artery occlusion. METHODS: Thirty-two patients (mean age, 56 years) with acute
intracranial internal carotid artery occlusion were studied clinically and with CT and angiography
before and after thrombolytic therapy with intravenous alteplase (n 5 16), superselective intraar-
terial alteplase (n 5 8), and superselective intraarterial urokinase (n 5 8). RESULTS: Initial CT
showed a large parenchymal hypodensity in 11 (34%) patients, a small hypodensity in 15 (47%)
patients, and no hypodensity in 6 (19%) patients. Recanalization after thrombolytic therapy was
observed in 4 patients (12.5% in each treatment group). Follow-up CT showed six hemorrhagic
infarcts and four parenchymal hematomas unrelated to recanalization, alteplase, or urokinase
administration, but commonly associated with intraarterial treatment. Clinical outcome was fatal in
53%, poor in 31%, and moderate or good in 16% of the patients. Outcome was equal in different
treatment groups and closely linked to both the quality of leptomeningeal collaterals and the extent
of parenchymal hypodensity on the first CT. CONCLUSION: Because intravenous or intraarterial
treatment with alteplase or urokinase fails to recanalize the vascular obstruction, it does not
improve the prognosis of intracranial internal carotid artery occlusion over that of the natural
course. Improved results may be possible with novel recanalization techniques.

Index terms: Thrombolysis; Arteries, carotid, internal; Arteries, stenosis and occlusion; Interven-
tional neuroradiology
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Acute occlusion of the distal intracranial seg-
ment of the internal carotid artery causes sud-
den severe hemispheric ischemia. This type of
arterial occlusion most often is embolic (1). It
may extend from the supraclinoid portion of the
carotid siphon into the proximal segments of
the anterior and middle cerebral arteries, thus
obstructing not only the intracranial internal ca-
rotid artery bifurcation (carotid T) with the two
major arteries that supply the cerebral hemi-
sphere but frequently also the ostia of the ante-
rior choroidal artery as well as the lenticulostri-
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ate, or anterior central, arteries. Such occlusion
results in ischemic edema and infarction of
the basal ganglia; internal capsule; and the
frontal, temporal, and parietal lobes, and
causes a severe hemispheric neurologic syn-
drome. In the literature, neither the symptom-
atology of this type of stroke nor its natural
course have received much attention. A few
studies showed that intracranial internal carotid
artery stenosis is a dangerous lesion, being
highly related to stroke and death (2–4). Mor-
tality in patients with middle cerebral artery oc-
clusion ranges between 5% and 45% (5–7). This
wide range of mortality rates, reported in differ-
ent studies, can be explained by the lack of
angiographic control and the analysis of quite
varied types of occlusion. We noted a higher
mortality rate (about 50%) in patients with com-
plete embolic intracranial internal carotid artery
occlusion, particularly if the middle cerebral ar-
tery trunk was included, which resulted in more
severe and more extensive ischemic edema.
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TABLE 1: Patients with acute intracranial internal carotid artery occlusion before different thrombolytic therapy

All
Alteplase/Urokinase

Intravenous
Alteplase

Intraarterial
Alteplase/Urokinase

Intraarterial
Alteplase

Intraarterial
Urokinase

Significance

No. of patients 32 16 16 8 8
Age, y 55.8 6 10.4 53.8 6 11.7 57.7 6 8.9 56.9 6 8.3 58.6 6 9.9 *
Sex, M/F 18/14 10/6 8/8 5/3 3/5
Interval, min,
between symptom
onset and: 146.0 1 72.9 147.6 1 72.5 120.2 1 69.3 111.2 1 31.4 192.2 1 94.8 *

CT Thrombolysis 245.1 1 64.7 254.3 1 73.4 235.9 1 55.6 209.0 1 34.7 262.8 1 61.5 †
SSS0 16.8 6 6.2 16.9 6 6.3 16.6 6 6.2 19.8 6 4.3 13.4 6 6.3 *
RS0 4.9 5 4.9 5 4.9 *
Collaterals ‡
Good 12 6 6 2 4
Poor 20 10 10 6 4

CT Hypodensity ‡
None 6 4 2 0 2
Small 15 7 8 5 3
Large 11 5 6 3 3

* P . .05 (unpaired t test).
† P . .05 (Mann-Whitney U test).
‡ P . .05 (x2 test).
Note.—SSS0 indicates Scandinavian stroke score at admission (6SD); RS0, modified Rankin scale at admission.
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The site of intracranial embolic occlusion pri-
marily depends on the size and shape of the
embolus, which along with the fibrin content
within the thrombus determines success or fail-
ure of any type of thrombolytic therapy (8). It
recently was shown that the site of arterial oc-
clusion and the quality of leptomeningeal col-
laterals predict symptoms and clinical outcome
in patients with acute embolic stroke (9, 10). It
was shown further that successful thrombolytic
recanalization of vascular occlusions in the an-
terior cerebral circulation is associated with
good clinical outcome (11–14). The purpose of
thrombolytic treatment in occlusion of intracra-
nial vessels is not, however, to act on the in-
farcted tissue, but to prevent the ischemic core
from increasing and to return the ischemic pen-
umbra to normal function.
Detailed information about thrombolytic ther-

apy in patients with acute hemispheric stroke
and arterial occlusion at different intracranial
sites still is lacking. To analyze various ap-
proaches of early thrombolytic therapy in intra-
cranial internal carotid artery occlusion as to
recanalization rate, safety, and clinical benefit,
we followed prospectively 32 patients treated
with systemic intravenous or superselective in-
traarterial thrombolytic therapy. The clinical
outcome was assessed using two neurologic
scores after 4 weeks.
Material and Methods
From February 1988 to April 1994, we recruited 137

consecutive patients with acute stroke for thrombolytic
therapy. Among these patients were 32 with intracranial
internal carotid artery occlusion plus occlusion of the mid-
dle cerebral artery trunk; these patients are the subject of
this report. All 137 patients were admitted to our hospital
within 4 hours of onset of symptoms. Each patient’s status
was documented by neurologic examination at admission
and after 4 weeks using the Scandinavian stroke scale
(SSS0/SSS4) (15) and the modified Rankin scale (RS0/
RS4) (16), scoring death as 6. Inclusion criteria for this
study were: (a) a precisely defined and witnessed onset of
hemiparesis within the last 6 hours before thrombolytic
therapy; (b) no evidence of intracranial hemorrhage or
tumor or of severe cerebral microangiopathy on pretreat-
ment computed tomography (CT); (c) angiographic evi-
dence of complete occlusion of the carotid T; (d) informed
consent from the patient or relatives.

The first CT was 32 to 311 minutes (mean, 146 min-
utes; SD, 72 minutes) after symptom onset (Table 1). All
CT scans were obtained unenhanced, with axial section
orientation, on a Picker 1200 SX or a Picker PO 2000
scanner (Picker International, Highland Heights, Ohio) us-
ing a section thickness of 8 mm throughout the brain; they
were read prospectively by a neuroradiologist who was
aware of the patient’s clinical status. The interpreter deter-
mined regions of parenchymal hypodensity having an ar-
terial distribution. These hypodensities were not the corre-
late of the final infarct area but, according to recent results
(17), reflect early ischemia as seen on CT. The size of a
hypodense area was called small if it covered less than
50% of the presumed middle cerebral artery territory and
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large if it covered more than 50% (Fig 1A). A second CT
was obtained 1 to 8 days after therapy to assess the size of
infarct as well as to reveal or exclude any intracerebral
lesions indicating intracerebral hemorrhage (Fig 1B).
Hemorrhages were defined as hemorrhagic infarct or as
parenchymal hematoma, according to criteria given by
Pessin et al (18).

Within 6 hours of onset of symptoms, we performed
arterial digital subtraction angiography of the entire ante-
rior circulation by injecting both carotid arteries. The site
and extent of arterial occlusion (Fig 1C) and the collateral
blood supply were determined semiquantitively by a neu-
roradiologist who graded the collateral circulation as poor
if there were no collaterals (or only a few with slow flow),
and good if there were many leptomeningeal collaterals
from the anterior cerebral artery (Fig 1D). To avoid addi-
tional time-consuming catherization of the vertebral arter-
ies, we did not evaluate potential leptomenigeal collaterals
from the posterior circulation. Recanalization was deter-
mined on the basis of a second angiogram obtained im-
mediately after thrombolytic therapy (Fig 1F). Recanali-
zation was defined as restoration of antegrade blood flow
with adequate washout of contrast material.

Thrombolytic therapy was initiated within 6 hours of
symptom onset in all patients. We treated the first 16
patients with intravenous alteplase infusion. After an initial
bolus of 15 mg, 50 mg of alteplase dissolved in distilled
water was infused over 30 minutes and another 35 mg
over the next 60 minutes. Because we found that with
intravenous treatment few vessels recanalized, we
switched to superselective intraarterial infusion in the re-
maining 16 patients. The first 8 of these patients received
alteplase; the subsequent 8 patients received urokinase.
The agents were applied through a microcatheter (Tracker
18, Target Therapeutics, Fremont, Calif) placed next to
the thrombus. By way of repeated angiography every 30
minutes, we checked the position of the microcatheter and
simultaneously assessed the effect of the thrombolytic
agent; if necessary, we corrected the catheter position. In
about 30%, we were able to pass the thrombus with the
microcatheter without effort once to explore the length of
the obstruction and the degree of circulation beyond it (Fig
1E). Despite this manipulation, we did not observe signif-
icant fragmentation of the thrombus or any change in the
overall angiographic appearance.

Alteplase (100 mg) was dissolved in 100 mL of distilled
water; after a bolus injection of 10 mg of alteplase, we
injected alteplase by hand in doses of 2 to 5 mg every 5
minutes until either recanalization or an upper dose limit of
100 mg was reached. We dissolved 500 000 IU of uroki-
nase in 50 mL of distilled water. After a bolus dose of
100 000 IU injected through the guide catheter into the
internal carotid artery by hand, 1 000 000 IU of urokinase
per hour was infused through the microcatheter until either
recanalization or an upper dose limit of 1 500 000 IU
urokinase was reached. At the end of the procedure, the
introducer sheath was left in place for 24 hours, fixed to the
skin to avoid hemorrhage at the puncture site; the sheath
was continuously flushed with heparinized saline solution
to avoid local thrombosis. Along with the thrombolytic
agent, a bolus of 5000 IU of heparin was injected intrave-
nously. Heparinization then was continued by infusion of
1000 to 1500 IU/h with the goal of doubling the activated
partial thromboplastin time. If the second CT revealed
parenchymal cerebral hemorrhage, heparinization was
discontinued.

Recanalization was assessed by transcranial Doppler
ultrasonography 24 hours later. After 4 weeks, clinical
outcome again was scored by SSS4 and RS4. The relation-
ship between neuroradiologic baseline characteristics and
arterial recanalization was determined by x2 tests, Mann-
Whitney U test, and unpaired t tests using StatView 4.0
(Abacus Concepts, Berkeley, Calif).

Results

Patient Baseline Characteristics in Different
Treatment Groups

Patient baseline characteristics are listed in
Table 1. Age, sex, intervals between symptom
onset and first CT scan and start of thromboly-
sis, neurologic status at admission, state of col-
laterals, and extent of parenchymal hypoden-
sity as shown by first CT did not differ
significantly between treatment groups (P .
.05). All patients presented with a severe hemi-
spheric syndrome; the mean SSS0 was 16.8 6
6.2 (range, 6 to 25).
In most cases, the carotid occlusion extended

from the origins of the ophthalmic or posterior
communicating arteries to the internal carotid
artery bifurcation (Fig. 1C).
We suspected a cardiogenic embolus in 17

patients who had a history of cardiac dysrhyth-
mia or valve disease and in 1 patient with an
open foramen ovale. As a source for distal em-
bolic occlusion, spontaneous dissection of the
internal carotid artery that supplied the symp-
tomatic cerebral hemisphere was found in 6
patients; in one patient who had severe athero-
sclerosis including both carotid bifurcations, we
suspected a local thrombosis of the internal ca-
rotid artery bifurcation. In 7 patients, the cause
of carotid occlusion remained unknown. Differ-
ent causes were homogeneously distributed in
the three treatment groups.

Clinical Outcome

Seventeen (53%) patients died within 24 days
(mean, 4 days) after the onset of symptoms: 11



Fig 1. Images obtained in a 64-year-old man with history of cardiac dysrhythmia and acute right-hemispheric syndrome.
A, Noncontrast CT 4.5 hours after onset of symptoms shows effacement of right-sided cerebral sulci and parenchymal hypodensity

(arrows) covering more than 50% of the middle cerebral artery territory.
B, Second CT 1 day after thrombolytic therapy shows well-demarcated infarction with space-occupying effect.
C, Right carotid arteriogram, lateral view, obtained 5 hours after onset of symptoms shows complete occlusion of the intracranial

internal carotid artery including the ostium of the anterior choroid artery.
D, Left carotid arteriogram, anteroposterior view, shows crossfilling of the right anterior cerebral artery but poor leptomeningeal

collaterals without evidence of retrograde filling of the right middle cerebral artery territory.
E, Superselective middle cerebral artery arteriogram during intraarterial thrombolysis with the tip of the microcatheter (black arrow)

temporarily placed in the proximal M-1 segment shows the embolus to extend from the carotid T to the middle cerebral artery bifurcation
(open arrows).

F, Lateral right carotid injection arteriogram after superselective intraarterial thrombolysis (1 500 000 IU urokinase/90 min) shows
only minor thrombolytic effect at the proximal embolus surface with persistence of total occlusion of the carotid T.
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TABLE 2: Outcome of patients with acute intracranial internal carotid artery occlusion after different thrombolytic therapies

All Alteplase/
Urokinase

Intravenous
Alteplase

Intraarterial
Alteplase/
Urokinase

Intraarterial
Alteplase

Intraarterial
Urokinase

Significance

No of patients 32 16 16 8 8
Recanalization
at 8 h 4 2 2 1 1
at 24 h 4 2 2 1 1

Hemorrhage
Hemorrhagic infarct 6 0 6 4 2
Parenchymal hematoma 4 1 3 1 2

Outcome* †
Good (RS 1–3) 5 3 1 1 0
Poor (RS 4–5) 10 5 6 2 4
Fatal (RS 6) 17 8 9 5 4

SSS4 14.2 6 18.9 17.3 6 20.4 13.5 6 17.9 13.3 6 20.8 13.8 6 15.8 ‡

* Clinical status after 4 weeks measured by Rankin scale (RS).
† P . .05 (x2 test).
‡ P . .05 (unpaired t test).
Note.—SSS4 indicates Scandinavian stroke score after 4 weeks (6SD).
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patients died because of malignant brain edema
followed by transtentorial herniation; 4 patients
died frommassive intracranial hemorrhage; one
patient had renal failure after decompressive
craniectomy and died on day 24; and another
patient died from cardiac failure (on day 4).
Among the patients who survived, clinical out-
come was poor (RS, 4 to 5) in 10 (31%) and
good (RS, 0 to 3) in 5 (16%). As to clinical
outcome, there was no difference in the various
treatment groups (P . .2).

Leptomeningeal Collaterals and Parenchymal
Hypodensity

Collateral blood flow via the anterior commu-
nicating artery and leptomeningeal vessels was
rated good in 12 patients and poor in 20 pa-
tients. Poor collaterals were associated with fa-
tal or poor clinical outcome (P 5 .0004); 16
(80%) patients died, and 3 (15%) patients had
poor outcomes. The positive predictive value of
poor collaterals for death was 80% (16 of 20).
The positive predictive value of good collaterals
for survival was 92% (11 of 12); 4 (30%) pa-
tients had good and 7 (58%) patients had poor
outcomes. Four of 5 patients with good clinical
outcome had good collaterals.
Poor collaterals also were associated with

more extended parenchymal hypodensities as
shown by initial CT (P 5 .0024); large hypo-
dense areas were seen only in patients with poor
collaterals. Eleven (34%) patients had large pa-
renchymal hypodensities, and 15 (47%) pa-
tients had small hypodensities. No hypodensity
was seen in 6 (19%) patients. The extent of
parenchymal hypodensity correlated with clini-
cal outcome (P 5 .0045); all 11 patients with
large hypodensities died, whereas only 29% of
patients with no or small hypodensity died. The
positive predictive value of large hypodensity
for death was 65% (11 of 17).

Recanalization

We observed complete recanalization in four
patients within 8 hours of onset of symptoms
(Table 2); the frequency of recanalization was
the same (12.5%) in all treatment groups.
Doppler examination after 24 hours docu-
mented no delayed recanalization and no reoc-
clusion. Two patients with recanalization had
good clinical outcomes (RS , 4), one patient
had severe neurologic deficits (RS 5 5), and
one died. Recanalization was observed in two
patients with cardiogenic emboli and in one pa-
tient with carotid artery dissection. In one pa-
tient, the cause of occlusion remained unclear.
In the recanalization group, three patients had

poor and one had good collaterals. Two patients
had small hypodensities, whereas one patient
had no hypodensity and another had a large
hypodensity on initial CT. The latter patient
died; the patient with no hypodensity and one
patient with small hypodensity had good clinical
outcomes (RS , 4).



Hemorrhage

The second CT showed intracerebral hemor-
rhage in 10 patients (Table 2). These hemor-
rhages, all occurring on the side of the carotid
occlusion, were classified as hemorrhagic in-
farct in 6 patients and as parenchymal hema-
toma in 4. In none of the patients did we see
significant hemorrhage at the puncture site or
elsewhere in the body, during or after thrombol-
ysis. Intracranial hemorrhage was more fre-
quent after intraarterial thrombolysis (9 pa-
tients) than after intravenous thrombolysis (1
patient) (P 5 .0071). We observed two hemor-
rhagic infarcts and two parenchymal hemato-
mas with intraarterial urokinase, four hem-
orrhagic infarcts and one parenchymal hema-
toma with intraarterial alteplase, and one paren-
chymal hematoma with intravenous alteplase.
As for parenchymal hematoma, there was no
significant difference between the three treat-
ment groups (P . .5). The time interval between
symptom onset and onset of therapy was the
same for patients without hemorrhage, patients
with hemorrhagic infarct, and patients with pa-
renchymal hematoma (P . .3). Likewise, the
time between the onset of symptoms and the
second CT did not differ between patients with-
out hemorrhage (138 hours; SD, 77), patients
with parenchymal hematoma (137.3 hours; SD,
57), and patients with hemorrhagic infarct (117
hours; SD, 63) (P . .5). In patients with hem-
orrhage, the second CT was obtained in 1 case
within the first 48 hours of thrombolysis; in the
other 9 patients, the second CT was obtained
later (median, 140 hours; range, 32 to 190). In
20 patients with good collaterals we saw five
hemorrhagic infarcts and three parenchymal
hematomas, whereas in 12 patients with good
collaterals we saw one hemorrhagic infarct and
one parenchymal hematoma (P . .3). In 11
patients with large parenchymal hypodensity as
shown by initial CT, we observed two hemor-
rhagic infarcts and three parenchymal hemato-
mas, whereas in patients with small hypoden-
sity, we saw three hemorrhagic infarcts and one
parenchymal hematoma. Without hypodensity
there was only one hemorrhagic infarct in 5
patients (P . .4). In the patient group without
recanalization, 4 of 28 patients showed hemor-
rhagic infarcts and 4 parenchymal hematomas;
with recanalization, 2 of 4 patients had hemor-
rhagic infarcts (P . .2). All 4 patients with pa-
renchymal hematoma died; 3 of 6 patients with
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hemorrhagic infarct died. Two had poor (RS 5
5) and 1 had good (RS 5 2) clinical outcome (P
. .3).

Discussion

In acute embolic occlusion of the intracranial
internal carotid artery bifurcation, thrombolysis
with intravenous or intraarterial alteplase and
intraarterial urokinase as used in this study ap-
pears to be largely ineffective. Rather than com-
paring the effects of these agents in a controlled
randomized fashion, we observed them sequen-
tially. We began by administering intravenous
alteplase, having in mind that intravenous
thrombolysis was potentially more useful in
acute stroke than a treatment that required ar-
terial catheterization. Thus, the results may
have been biased while our experience with this
new approach of stroke therapy increased. On
the other hand, treatment groups did not differ
with regard to their baseline characteristics.
Metaanalysis of controlled clinical trials has

shown that early recanalization of the ob-
structed vessel is a promising way of actively
treating acute ischemic stroke (19). The pur-
pose of thrombolytic therapy in intracranial vas-
cular occlusion is, however, to preserve threat-
ened brain tissue, not to repair tissue that is
already damaged. After sudden embolic occlu-
sion of a major cerebral artery, cortical and
subcortical structures can be prevented from
becoming infarcted by rapid opening of lepto-
meningeal collaterals. Progressive brain swell-
ing in the unrepairably damaged area may
cause secondary failure of these collaterals to
function and thus may increase the size of the
infarct. Because early recanalization may help
to prevent enlargement of the infarct by com-
pensating for the failure of collaterals to function
properly, early signs of infarct in CT are not
contraindications to thrombolytic therapy per
se. Increased radiolucency of gray matter rep-
resents irreversibly damaged brain tissue which
becomes detectable within the first 2 hours of
onset of symptoms (17). If the volume of pa-
renchymal hypodensity covers only a propor-
tion of the tissue volume at risk, recanalizing
therapy may be beneficial (20).
We explained the low recanalization rate after

intravenous treatment by the inability of blood
flow to transport adequate amounts of alteplase
to the thrombus, and thus switched to intraar-

AJNR: 16, November 1995
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terial treatment. Angiography regularly showed
that blood within the intracranial internal carotid
artery was stagnant or near stagnant, because
the major outflow vessels were obstructed. Nei-
ther alteplase nor urokinase directly applied to
the proximal surface of the thrombus improved
the recanalization rate. This observation is in
keeping with the few existing accounts of
thrombolytic therapy in intracranial internal ca-
rotid artery occlusion (12, 14, 21–26); by meta-
analysis of the heterogeneous data from these
reports, we calculated a mean recanalization
rate of 11% (7 of 64 patients) in intracranial
internal carotid artery occlusion. This rate of
recanalization is considerably lower than that
reported for middle cerebral artery occlusion
(12, 14, 21–24, 26–28) or basilar artery occlu-
sion (29). In these types of occlusion, the mean
recanalization rates are 32% with intravenous
alteplase and 63% with intraarterial urokinase or
streptokinase, respectively (30). Because we
did not study untreated control patients, we
cannot state in our 4 patients in whom the ves-
sel reopened, whether recanalization was spon-
taneous or caused by therapy. We are unaware,
though, of any published report on spontaneous
recanalization of the intracranial internal carotid
artery (carotid T) occlusion, and we did not
observe any delayed spontaneous recanaliza-
tion in our patients.
We believe the low recanalization rate in ca-

rotid T occlusion to be explainable by the size
and composition of the blood clot that obstructs
the intracranial internal carotid artery lumen. A
large organized and rigid clot likely occludes a
large proximal vessel or the bifurcation itself.
Without stenosis of the common or internal ca-
rotid artery, the carotid T is the first significant
normal arterial narrowing of the anterior cere-
bral circulation, comparable to the bifurcation
of the basilar artery, which also cannot be
passed by large rigid emboli. Small emboli or
large soft emboli capable of passing the narrow
vascular segment by squeezing through or by
fragmenting will result primarily in middle cere-
bral artery (and not intracranial internal carotid
artery) occlusion. Although the neuroradiologist
gains some information as to the rigidity of the
thromboembolus by probing it with the guide
wire or microcatheter, the exact size and com-
position of the lesion (whether organized, calci-
fied, platelet-rich, or rich in fibrin) are presently
impossible to verify before therapy. Another
reason why even intraarterial thrombolytic ther-
apy fails in these patients might be that much of
the agent simply flows away through the poste-
rior communicating or ophthalmic arteries.
Contrary to previous findings (31), recanaliza-
tion was not associated with good collaterals in
our study. When one considers the high mortal-
ity (53%) associated with the absence of reca-
nalization, the two patients in our study who had
a good outcomes after recanalization, as well as
the total of three survivors in the recanalization
group, suggest that recanalization of intracra-
nial internal carotid artery occlusion might be
clinically beneficial. However, the available
numbers are too small to determine statistical
significance.
Intracerebral hemorrhage after ischemic

stroke is commonly observed if patients are
studied with serial CT (32, 33). Following the
example of others (18), we subdivided the
bleeding as hemorrhagic infarction or paren-
chymal hematoma. Hemorrhagic infarct is pe-
techiae or confluent hemorrhage in the area of
ischemic injury; parenchymal hematoma is ho-
mogeneous bleeding with circumscript clot for-
mation and mass effect. In our patients, we ob-
served a frequency of hemorrhage of 31.3%,
including the four patients (12.5%) with paren-
chymal hematoma. These numbers are similar
to those described for the natural course of
hemorrhagic transformation of ischemic cere-
bral infarcts (32, 33). The frequency of hemor-
rhage was unrelated to presence or absence of
recanalization, quality of leptomeningeal collat-
eralization, interval between symptom onset
and infusion of thrombolytic agent, and type of
agent; the three treatment groups had similar
frequencies of parenchymal hematoma. Hem-
orrhagic infarction, on the other hand, clearly
occurred more often with intraarterial than with
intravenous thrombolysis, suggesting that
higher intraarterial concentrations of alteplase
or urokinase might be responsible for an in-
creased hemorrhagic infarct rate. Because re-
canalization and hemorrhage appeared to be
unrelated, the concept of hemorrhagic transfor-
mation as a consequence of reperfusion injury
is not supported by our observations. Parenchy-
mal hemorrhage had a tendency to occur more
often in patients with poor collaterals and con-
sequently large infarctions; it invariably led to
death caused by hemorrhage, extended isch-
emic edema, or both. In 9 of 10 patients with



hemorrhage, the second CT was obtained more
than 48 hours after thrombolysis. Because of
this delay, we could not exactly define the time
point of cerebral hemorrhage and could not
show whether or not the hemorrhage occurred
immediately after thrombolysis. However, late
CT scans give us the opportunity to differentiate
between parenchymal hyperdensities caused
by blood and those by contrast extravasation:
contrast extravasation occurs in up to 60% of all
patients with intraarterial thrombolysis but
clears on CT within 24 hours, whereas hemor-
rhages persist for several days (34).
To avoid reocclusion or recurrent embolism,

we treated all patients with full-dose heparin
both during and after thrombolysis. In our expe-
rience, this therapeutic approach proved safe.
The majority of our patients had acute em-

bolic intracranial internal carotid artery occlu-
sion, giving collaterals no chance to develop, as
often occurs in slowly progressive arterial ste-
nosis; the entire cohort was free of asymptom-
atic cases. These factors explain the extremely
poor prognosis, with mortality and severe mor-
bidity combined amounting to 84%. Previous
reports on the prognosis of intracranial internal
carotid artery stenosis or occlusion (2–4)
mainly dealt with atherosclerosis and stenosis
of the infraclinoid carotid in older patients
(mean age, 62 years versus 56 years in our
study). These reports include asymptomatic
patients and exclude patients who died from
stroke (3) and thus are unsuited for compari-
son.
As noted by others (9, 10), prognosis after

acute occlusion of the carotid T is closely linked
with the state of collaterals, not with the success
of thrombolysis in recanalizing the vessel. A
patient’s chance of surviving the occlusion was
20% if collaterals were of poor and 92% if they
were of good function; of the five patients with
favorable clinical outcomes, four were judged to
have good leptomeningeal collaterals. The only
patient with a good clinical outcome despite
poor collaterals had successful intracranial in-
ternal carotid artery recanalization. Because all
patients with good outcome showed only a
small hypodensity or none at all on the first CT
scan, CT appears to be the more sensitive indi-
cator for good prognosis; however a “good” first
CT scan was of low specificity for good clinical
outcome. Sixteen patients with no or just small
parenchymal hypointensity had poor or fatal
outcomes. It remains unclear why most patients
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with normal or near-normal initial CT scans and
unsuccessful recanalization were in poor clini-
cal condition on follow-up, and few patients
showed good clinical outcome. We can only
surmise that sufficient collateral circulation is
the prerequisite for successful thrombolytic
therapy with good clinical outcome. Insufficient
collaterals or failure of collateral pathways to
function before recanalization occurs seem to
promote irreversible tissue damage; thrombo-
lytic recanalization of the occluded artery then
has no beneficial effect on the clinical course of
the disease.
The mortality rate of 53%, caused mainly by

transtentorial herniation attributable to exten-
sive brain edema, shows the primary insuffi-
ciency or the secondary failure of collateral
blood supply in carotid T occlusions. Three of
four patients with successful recanalization sur-
vived, two of them with only minor neurologic
deficit. Although these results are based on a
small number of patients, it seems that reopen-
ing of the occluded carotid “T” might be effec-
tive if good collateral blood supply exists. Fur-
ther experience must be gained, though, to
improve the recanalization rate in carotid T oc-
clusion; particular attention should be directed
to the properties of blood clots in this location.
We believe that recanalization itself is safe and
not responsible for clinical deterioration caused
by cerebral hemorrhage. With suitable devices,
endovascular thrombectomy in carotid T occlu-
sion may be feasible. Infusing thrombolytic ma-
terial at both the proximal and distal end of the
thrombus may be more efficacious for dissolv-
ing thrombus than infusing thrombolytic mate-
rial proximal to the thrombus alone. However, in
only 30% were we able to pass the microcath-
eter beyond the area of occlusion; thus this
technique can be used only in the minority of
patients. Novel thrombolytic agents also may
improve recanalization rates; their efficacy
should be investigated in further studies. In pilot
studies, the addition of plasminogen during
thrombolytic therapy with alteplase (plasmino-
gen lysis) shortened recanalization times and
improved recanalization rates (35).
Our study also underlines the great signifi-

cance collateral blood flow has for clinical out-
come. We suggest, however, that even in pa-
tients with initially good loptomeningeal
collaterals, progressive brain swelling did occur,
causing secondary failure of collateral blood
supply followed by increased tissue necrosis.
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Enhancing blood flow and oxygen transport
through leptomeningeal collaterals are other
approaches to improve clinical outcome in pa-
tients with carotid T occlusions.
In summary, sudden occlusion of the intra-

cranial internal carotid artery bifurcation is a
life-threatening cerebrovascular event that can-
not be treated effectively with intravenous or
intraarterial thrombolysis under the protocols
used in this study. Although our approach ap-
pears to be safe in terms of not producing dan-
gerous intracranial hemorrhage, the recanaliza-
tion rates are unacceptably low. Improved
results may be possible with novel thrombolytic
agents (as in so-called plasminogen lysis) or
with endovascular thrombectomy. A better con-
trol of brain swelling may improve clinical out-
come in those patients who have good lepto-
meningeal collaterals. In patients without such
collaterals, the outcome is poor, regardless of
whether thrombolysis was effective.
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