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A series comprising 12 patients who had intraarterial local fibrinolysis in the carotid 
territory is reported. A classification is proposed that divides the different types of 
occlusions into three groups on the basis of angiographic location. Group 1 (two cases) 
comprises occlusion of the extra- andfor intracranial carotid artery with patency of the 
circle of Willis and the lenticulostriate arteries. In this group, there is no brain infarction, 
the CT findings are normal, and the clinical signs are mainly hemodynamic and inter
mittent. Fibrinolysis may be performed late and rather safely and completed by surgery 
or angioplasty of the neck vessel stenosis responsible for the occlusion. Group 2 (five 
cases) comprises occlusions of the cortical arteries without involvement of the lenticu
lostriate arteries. The mechanism of the occlusion can be hemodynamic or embolic. 
Group 3 (five cases) comprises occlusions of intracerebral arteries involving the lentic
ulostriate arteries. In groups 2 and 3 with brain infarction, fibrinolysis will only be able 
to restore viability of the area of cerebral tissue surrounding the infarction (penumbra). 
The time factor is particularly critical in group 3 because lenticulostriate arteries are 
terminal vessels whose revascularization may induce hemorrhages with increasing 
frequency as the occlusion time is prolonged. The time factor is less critical in group 2 
because collaterals make the ischemia less severe in the infarcted area and the vital 
and functional consequences of hemorrhage are not as serious as in group 3 because 
of the location. In this series, all the symptomatic complications of hemorrhage (two 
cases) occurred in group 3, in patients treated later than 6 hr after clinical onset. Given 
the time delay inherent in performing CT and angiography and in making the medical 
decision, it is considered dangerous to undertake fibrinolytic therapy in group 3, unless 
it can be started before 4 or 5 hr after clinical onset. 

Cerebral vascular disease is the third leading cause of death in the United States 
[1] and the leading neuropathologic cause of death [2-4]. Survivors with major 
sequelae constitute a considerable burden for their families and society [5]. Most 
strokes are located in the carotid territory and are related to either cerebral 
hemorrhage or, more often, cerebral infarction. The latter may be embolic (coagu
lated blood andjor atherosclerotic) or hemodynamic, and is due to reduction in 
cerebral blood flow distal to an arterial occlusion, in most cases involving a neck 
vessel. Cerebral angiography has demonstrated occlusive lesions whose locations 
have correlated with clinical signs in more than 90% of cases when the angiography 
was performed within the first 12 hr after the onset of symptoms [6, 7]. The 
techniques of cerebral revascularization may be surgical (endarterectomy, embo
lectomy) or endovascular (angioplasty, fibrinolysis). By reducing the duration of 
ischemia, they aim to ameliorate the functional recovery of a maximum of cerebral 
tissue. 

Pilot work done by Fletcher et al. [8] on systemic injection of urokinase has been 
disappointing , owing to the frequent hemorrhagic complications that occurred 
(25%). More recently , local intraarterial therapy has been more encouraging 
[9-14]: the published reports and unpublished experience collected by Del Zoppo 
et al. [13] in 1986 suggest an incidence of postperfusion hemorrhage of 13%. The 
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hemorrhagic risk and the persisting confusion about how to 
select the patients currently limit the widespread use of the 
local intraarterial approach . 

We report 12 new patients who had local intraarterial 
fibrinolysis in the carotid territory and try to clarify when this 
therapy can be beneficial or hazardous, depending mainly on 
the site of the arterial occlusion, its extent, and the delay 
between clinical onset and therapy. 

Materials and Methods 

Twelve patients with vascular occlusive lesions in the carotid 
territory were treated by local intraarterial fibrinolysis. There were six 
men and six women with a mean age of 56 years (range, 32-83 
years) (Table 1). In all cases , CT and cerebral angiography via a 
femoral approach were performed before treatment. Two patients 
had had recurrent unilateral neurologic symptoms for 3 weeks (case 
1) and 5 days (case 2) with normal CT. One patient (case 3) was 
treated 30 min after hemiplegia, which occurred during an angiogram 
obtained to investigate transient lateral hemianopsia of 48 hr duration. 
The other nine patients were treated 2-1 0 hr after clinical onset. The 
decision to treat the patient usually was made when (1) no hemor
rhage was seen on CT, (2) angiography could be performed immedi
ately after CT and showed an occlusive lesion, and (3) the radiologist 
and referring physician were both convinced that revascularization 
could be beneficial to the patient. 

The fibrinolytic drug was delivered into the internal carotid or middle 
cerebral artery. A propulsion chamber* or Tracker cathetert was used 
for catheterization of the middle cerebral artery. Injection in the 
internal carotid alone was performed in four cases (cases 1-3 and 
1 0), in the middle cerebral artery alone in four cases (cases 4, 5, 9, 
and 11 ), and in both arteries in four cases (cases 6-8 and 12). To 
standardize the results, it was decided to use only streptokinase in 
11 patients in this series. In one patient (case 3), after it was decided 
to use fibrinolysis because of a complication during diagnostic an
giography, urokinase was used because it was the only drug readily 
available in the angiographic suite. 

Doses of streptokinase ranged from 25,000 to 150,000 units and 
were given in 25,000-unit boluses. An angiographic series was per
formed after each injection of 25,000 or 50,000 units. The total dose 
never exceeded 150,000 units to reduce the risk of systemic hem
orrhagic complications. The dose of urokinase in case 3 was 150,000 
units, followed by 75,000 units, injected intraoperatively. When the 
injection was performed in the middle cerebral artery, the dose 
injected directly was never more than 50,000 units, even when 
angiography did not show a dramatic modification of the occlusive 
pattern. 

At the end of the procedure, an introducer was left in place, 
attached to the skin , and continuously flushed to prevent hemorrhagic 
complications due to decreased fibrinogen levels after fibrinolysis . 
Usually, another angiogram was obtained the next day, and the 
introducer was removed after the procedure. Adjunctive carotid end
arterectomy was performed in two cases (cases 1 and 3) and carotid 
angioplasty in one case (case 2). 

Results 

Restoration of normal neurologic status was obtained in 
six patients (cases 1-3, 5 , 8 , and 9) . Minor neurologic se-

• lngenor, Paris. 
r Target Therapeutics, San Jose, CA. 

quelae persisted in two patients (cases 4 and 7), a complete 
(case 11) or partial (case 6) hemiplegic deficit in two patients , 
and partial monoplegia of the upper limb in one patient (case 
1 0). In the two patients (cases 3 and 8) who had complemen
tary surgery, neurologic symptoms cleared before surgery 
was performed . 

No systemic hemorrhagic complications were encountered. 
Intracranial hemorrhage during fibrinolysis occurred in two 
patients (cases 11 and 12); in one of these (case 12), the 
hemorrhage was followed by cerebral edema resulting in 
death. An asymptomatic limited hemorrhage was demon
strated on CT in one patient (case 9) the day after clinically 
successful fibrinolysis. More detailed information on the pre
and postfibrinolysis clinical status of the patients is given in 
Table 1. Figure 1 illustrates the different types of occlusion 
that occur in the carotid system. 

Representative Case Reports 

Case 1 (Fig. 1A Type) 

A 54-year-old man was referred because of recurrent right brachial 
monoplegia and speech difficulties. The first episode occurred 3 
weeks earlier and cleared in 3 days without residua. Monoplegic 
episodes recurred with normal intervening neurologic status despite 
antiplatelet therapy. CT on admission was normal. Cerebral angiog
raphy showed complete occlusion of the left internal carotid artery 
with revascularization of the left hemispheric vessels by the external 
carotid and vertebral system (Figs. 2A and 28). Four boluses of 
25,000 units of streptokinase were injected into the thrombosed 
internal carotid artery. Angiography performed between each bolus 
showed progressive thrombolysis and demonstrated underlying ste
nosis of the origin of the internal carotid branch responsible for the 
occlusion. Postfibrinolysis angiography showed complete revascular
ization of the internal carotid supplying the left hemisphere (Fig . 2C). 
Thereafter, the neurologic examination and CT findings remained 
normal. Endarterectomy of the ulcerated stenotic internal carotid was 
performed 1 week later. The patient has remained asymptomatic. 

Case 3 (Fig. 1 B Type) 

A 7 4-year -old man was referred after 48 hr of altered mental status 
associated with transient right lateral hemianopia. CT showed a left 
parietooccipital hypodensity (Fig . 3A). An angiogram obtained 2 days 
later showed occlusion of the left internal carotid (Fig . 38). Intracranial 
views showed revascularization of the carotid siphon via the 
ophthalmic artery. The right carotid system revascularized the left 
anterior and middle cerebral arteries. The middle cerebral artery of 
the site of origin of the lenticulostriate arteries was patent but the 
distal cortical branches were poorly demonstrated. During the course 
of the angiogram, complete right hemiplegia with aphasia occurred. 
The angiographic catheter was immediately positioned in the stump 
of the internal carotid and 150,000 units of urokinase were infused 
over 20 min. The right hemiplegia and aphasia cleared completely 
during infusion. A postfibrinolysis angiogram showed revasculariza
tion of the occluded carotid artery; however, a residual thrombus 
was present (Fig. 3C). Surgery was performed with endarterectomy 
of the carotid bifurcation and Fogarty thrombectomy. Progression of 
this catheter was stopped in the intrapetrous segment of the carotid 
artery and no reflux was obtained. Then, 75,000 units of urokinase 
were injected in the carotid artery during the endarterectomy; 25 min 
later, on release of the clamp, excellent reflux was obtained. Neuro-
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A 8 D E F 
Fig. 1.- Schematic of different types of occlusion in carotid system. Only cerebral infarctions involving middle cerebral artery are represented to 

simplify c lassif ication. 
A, Group 1: Occlusion of extra- and/or intracranial internal carotid artery (cases 1 and 2). Occlusion of carotid artery is usually distal and related to 

stenosis at its origin (arrow) . Hemispheric vessels are supplied by collaterals-anterior communicating artery (1), ophthalmic artery (2), and posterior 
communicating artery (3). These collaterals are partially efficient and there is no cerebral infarction. Patients present only with recurrent transient 
hemodynamic neurologic symptoms. 

8 , Group 2, subgroup 1: Occlusive lesion identical to that in group 1, except collaterals (broken arrows) and other compensatory systems, is insufficient 
to maintain necessary cerebral blood flow. Cerebral infarction (stippled area) usually arises in watershed area (case 3). 

C, Group 2, subgroup 2: Embolic occlusions of distal cortical branches without involvement of lenticulostriate arteries. There is a cerebral infarction 
(stippled area) whose extension is limited by collaterals arising from anterior (4) and posterior (5) cerebral arteries (cases 4-7). 

D, Group 3, subgroup 1: Occlusion of middle cerebral artery with partial occlusion of lenticulostriate arteries, caused by embolization. Extent of cerebral 
infarction (stippled area) depends on retrograde revascularization of cortical branches of middle cerebral artery via collaterals arising from anterior and 
posterior cerebral arteries (arrows) (cases 8 and 9). 

E, Group 3, subgroup 2: Occlusion of middle cerebral artery with involvement of whole lenticulostriate territory. Variable revascularization of branches 
distal to occlusion by collaterals (arrows) changes extent of infarction (stippled area) (cases 10 and 11). 

F, Group 3, subgroup 3: Same occlusion of middle cerebral artery as in subgroup 2, but located distal to occlusion of extra- and intracranial carotid 
artery and usually related to stenosis at its origin (open arrow). Variable revascularization via circle of Willis (straight solid arrow) and cortical collaterals 
(curved arrows) (case 12). 

A 8 c 
Fig .. 2.-Case 1: 54-year-old man with recurrent transient right brachial monoplegia and speech disorder. First episode occurred 3 weeks earlier. 

Complete neurologic recovery between episodes. CT was normal (see Fig. 1A). 
A, Left common carotid angiogram, lateral projection, shows occlusion at origin of internal carotid (large arrow). No string sign on late phase. 

Revascularization of carotid siphon and middle cerebra l artery via retrograde fi lling of ophthalmic artery (small arrows) by external carotid . 
B. Left vertebra l angiogram, lateral projection, shows opacification of middle cerebral artery branches via cortical collaterals. Origins of middle cerebral 

and lenticulostriate arteries were not occluded. Contralateral carotid system only supplied left anterior cerebral artery. 
C, Left common carotid angiogram after fibrinolysis. Complete revascularization of left internal carotid and left hemispheric vessels. The ulcerated 

stenosis of internal carotid (arrow) responsible for occlusion was surgically treated 1 week later. The patient remained asymptomatic; CT findings were 
normal. 
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A B C 
Fig. 3.-Case 3: 74-year-old man referred for altered mental status lasting 48 hr and associated with transient right lateral hemianopia (see Fig. 18). 
A, Admission CT scan shows parietooccipital hypodensity (arrow). 
B, Left common carotid angiogram, lateral projection. Internal carotid artery is occluded (arrow). On late phase, partial opacification of carotid siphon 

is seen without opacification of hemispheric branches. No string sign is present. Contralateral carotid angiogram showed revascularization of left middle 
cerebral artery, whose distal branches were poorly demonstrated. 

C, Complete right hemiplegia with aphasia occurred during angiography. Fibrinolysis of carotid occlusion (150,000 units urokinase) resulted in complete 
regression of deficit. Angiography shows revascularization of internal carotid with persistent intraluminal thrombus (arrows), which led to immediate 
endarterectomy and intraoperative fibrinolysis. 

logic status was normal over the following days, except for lateral 
hemianopia, which cleared completely within a few weeks. Postsur
gery Doppler confirmed restoration of flow in the internal carotid 
artery. CT 17 days after surgery showed marked attenuation of the 
occipital hypodensity. Three years later, CT showed a residual hy
podensity. The patient's neurologic status has remained normal. 

Case 7 (Fig. 1C Type) 

A 42-year-old man was referred because of complete lett hemiple
gia, which occurred during the course of an angiogram at another 
hospital. Angiography immediately after the onset of the deficit 
showed occlusion of one anterior cortical branch of the middle 
cerebral artery and some embolic material in the carotid siphon. The 
patient was referred to our institution. Admission CT 9 hr after onset 
(Fig. 4A) showed a superficial right hemispheric hypodensity. A right 
carotid angiogram showed multiple embolic occlusions of cortical 
branches of the middle and anterior cerebral arteries in the arterial 
phase (Fig. 48); the lenticulostriate arteries were normal on the 
anteroposterior projection. In the capillary phase, an extensive avas
cular area was demonstrated. Fibrinolysis was performed 10 hr after 
clinical onset by injection of 75,000 units of streptokinase in the 
internal carotid and 50,000 units directly in the middle cerebral artery 
after repositioning the catheter. An immediate postfibrinolysis angio
gram (Fig . 4C) showed revascularizatiOQ. of the anterior cerebral artery 
branch and of an anterior cortical branch "of the middle cerebral artery, 
with marked reduction of the avascular a~ea on the capillary phase. 
The patient improved rapidly in the following hours, with a marked 
reduction of deficit in the upper extremity. Two days later, he returned 

to the referring hospital. One year later, neurologic examination 
showed only a minor deficit in the lett hand. 

Case 9 (Fig. 10 Type) 

A 32-year-old man was referred because of sudden lett upper 
extremity paralysis . Admission CT (9 hr after onset) showed a limited 
deep right hypodensity (Fig. 5A). A right carotid angiogram showed 
a normal bifurcation . Intracranially, there was an embolic occlusion of 
the middle cerebral artery involving the external lenticulostriate arter
ies (Fig. 58). During the late phase, the distal cortical branches of the 
middle cerebral artery were partially opacified retrograde via branches 
of the anterior cerebral artery. A catheter was positioned in the middle 
cerebral artery in contact with the occlusion (Fig. 5C). Fibrinolysis 
was started 1 0 hr after clinical onset, by delivery of two boluses of 
25,000 units of streptokinase. Postfibrinolysis angiography (Fig . 50) 
showed revascularization of the main branches of the middle cerebral 
artery and of all the lenticulostriate arteries, which appeared slightly 
dilated. The neurologic deficit cleared during angiography. CT the 
next day (Fig. 5E) showed a small asymptomatic hemorrhage at the 
site of the hypodensity seen on the admission CT. The patient was 
still asymptomatic after several months and CT findings were normal. 

Case 10 (Fig. 1E Type) 

A 38-year-old woman was referred because of sudden loss of 
consciousness. On admission , she presented with complete left 
hemiplegia. CT performed 3 hr after onset showed · a diffuse, low 
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A B 
Fig. 4.-Case 7: 42-year-old man. Complete left hemiplegia occurred during course of angiography (see Fig. 1C). 
A, CT scan 9 hr after onset (transfer of patient from another hospital). Superficial right hemispheric hypodensity (arrow). 
8 , Right internal carotid angiogram, lateral projection, arterial phase, shows multiple embolic occlusions of cortical branches of anterior and middle 

cerebral arteries (arrows). On capillary phase, an extensive avascular area was demonstrated. On anteroposterior projection, lenticulostriate arteries were 
normal. 

C, Angiographic series immediately after fibrinolysis and 10 hr after onset (see text) shows revascularization of occluded branch of anterior cerebral 
artery and of one branch of middle cerebral artery (arrows). On capillary phase, avascular area appeared markedly reduced. 

hypodensity in the right frontorolandic area with attenuation of the 
cortical sulci (Fig. 6A). Right carotid angiography showed a normal 
cervical bifurcation and occlusion of the intracranial internal carotid 
artery, as well as of the origins of the middle and anterior cerebral 
arteries (Fig . 68). The right posterior cerebral artery arose from the 
internal carotid artery and partly revascularized the pericallosal artery. 
During a later phase, there was retrograde revascularization of the 
branches of the middle cerebral artery distal to the occlusion, but no 
filling of the origin of this artery nor of the lenticulostriate arteries (Fig . 
6C). No cross-filling was provided by the contralateral carotid system. 
Fibrinolysis was started 4 hr after the onset of symptoms by injection 
of six boluses of 25,000 units of streptokinase into the internal carotid 
artery. Rather rapid revascularization of the middle cerebral and 
lenticulostriate arteries was obtained. The latter appeared markedly 
dilated (Fig. 6D) with a hyperemic blush. During the ensuing hours 
after fibrinolysis , marked improvement was observed in the patient's 
state of consciousness; however, her motor deficit persisted. CT the 
day after fibrinolysis showed a right frontal hypodensity with moderate 
ventricular shift toward the left (Fig. 6E). A carotid angiogram 2 days 
later showed persistent dilatation of the lenticulostriate arteries, but 
no more surrounding hyperemic blush (Fig . 6F); the pericallosal artery 
remained occluded. An angiogram 13 days after fibrinolysis showed 
a marked decrease in the dilatation of the lenticulostriate arteries and 
revascularization of the pericallosal artery. The neurologic deficit 
progressively diminished during the following weeks. CT 18 months 
later showed a rather limited residual right frontal hypodensity when 
compared with the initial one. The patient still had partial monoplegia 
of the upper limb. Motor function of the lower limb was normal. 

Case 12 (Fig. 1F Type) 

A 50-year-old man was referred for sudden complete left hemiple
gia. On admission, 6 hr after onset, he had a mildly altered mental 
status. Nonenhanced CT showed spontaneous opacification of the 
first segment of the right middle cerebral artery (Fig. 7 A) and diffuse 
faint hypodensity of the right hemisphere on higher slices (Fig . 78). 
The angiogram showed complete occlusion of the right internal 
carotid at the bifurcation, without revascularization of the carotid 

siphon via the ophthalmic artery (Fig . ?C). The right intracranial carotid 
and the anterior cerebral arteries were revascularized via the posterior 
communicating artery, but there was no revascularization of the 
middle cerebral artery (Fig. ?D). A catheter was positioned in the 
thrombus in the internal carotid, and five boluses of 25,000 units of 
streptokinase were injected. This resulted in revascularization of the 
cervical carotid and carotid siphon. A catheter was then positioned 
at the origin of the still-occluded middle cerebral artery. Fibrinolysis 
was performed with two boluses of 25,000 units of streptokinase. 
Because of the time required for revascularization of the neck vessel, 
intracerebral fibrinolysis was not started until1 0 hr after clinical onset. 
Partial revascularization of the lenticulostriate arteries was obtained. 
These freshly revascularized arteries appeared markedly dilated prox
imal to the still-occluded middle cerebral artery (Fig. ?E). On the last 
postfibrinolysis angiographic series, diffuse extravasation of contrast 
material from the internal lenticulostriate arteries was demonstrated 
(Fig. ?F). CT confirmed the cerebral hemorrhage (Fig. ?G). Clinically, 
the patient rapidly deteriorated with significant edema on CT and 
died the following day. 

Discussion 

Occlusion of a cervical vessel supplying the brain or an 
intracerebral artery decreases arterial perfusion distal to the 
site of occlusion (Fig. 8). This simultaneously activates com
pensatory mechanisms [15]: (1) collaterals, which revascular
ize the ischemic cerebral territory distal to the occlusion and 
sometimes are sufficient to reestablish quasinormal cerebral 
blood flow, and (2) increased oxygen extraction in the is
chemic cerebral territory. The efficacy of these compensatory 
mechanisms is quite variable from one patient to another and 
depends on (1) the location of the arterial occlusion ; (2) its 
extent; (3) anatomic variations of the collateral system; and 
(4) individual reactivity to ischemia, which is itself dependent 
on the patient's age, his or her pathologic antecedents, and 
multiple biochemical factors still incompletely understood 
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[16] . This unpredictable efficacy explains why some intracer
ebral or cervical arterial occlusions remain asymptomatic 
while others, apparently less extensive, rapidly assume clinical 
significance. Compensatory mechanisms may be only partly 
efficient and the patient may have transient clinical signs (as 

A 

c D 

in group 1 ). These patients are close to having cerebral 
infarction . Techniques of revascularization are directed to
ward preventing cerebral infarction. The battery of therapeutic 
tools now includes surgery [17 , 18], fibrinolysis , and angio
plasty [14]. When decreased cerebral blood flow persists or 

8 

E 
Fig. 5.-Case 9: 32-year-old man with sudden left hemiplegia prevailing in upper limb (see Fig. 10). 
A, Admission CT scan (9 hr after onset). Limited hypodensity located deep in right hemisphere (arrow). 
B, Right internal carotid angiogram, anteroposterior projection, shows embolic occlusion of middle cerebral artery (solid arrow). Lateral lenticulostriate 

arteries are not opacified (open arrow). There is faint opacification of some cortical branches distal to occlusion. On late phase, faint retrograde 
opacification was seen on other cortical branches. 

C, Catheter is positioned in middle cerebral artery in contact with occlusion (arrow). Fibrinolysis was started 10 hr after onset. Angiographic series 
during fibrinolysis shows partial thrombolysis and better filling of cortical branches distal to occlusion. 

D, Postfibrinolysis series shows complete thrombolysis (solid arrow), clearing of deficit on angiographic table, and f illing of mildly dilated lenticulostriate 
arteries (open arrow). 

E, CT scan the next day shows small hemorrhage at site of initial hypodensity (see A). The patient was asymptomatic. 
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Fig. 6.-Case 10: 38-year-old woman with sudden loss of consciousness and complete left hemiplegia (see Fig. 1E). 
A, Admission CT scan (3 hr after onset) shows faint, diffuse right frontal hypodensity (arrow) with attenuation of cortical sulci. 
B, Right carotid angiogram, anteroposterior projection, early arterial phase, shows occlusion of internal carotid at its bifurcation (large straight arrow), 

occlusion of origin of middle and anterior cerebral arteries, and revascularization of distal portion of pericallosal artery (curved straight arrow) via branches 
of posterior cerebral artery (small straight arrow) arising from internal carotid. 

C, Same angiogram, late phase. Retrograde opacification of cortical branches of middle cerebral artery (arrow) from branches of posterior cerebral 
artery. There is no filling of origin of middle cerebral and lenticulostriate arteries. 

D, Angiographic series after fibrinolysis, begun 4 hr after onset, shows revascularization of middle cerebral artery. Lenticulostriate arteries (arrow) 
appear markedly dilated and surrounded by hyperemic blush. 

E, CT scan the next day shows right frontal hypodensity with moderate ventricular shift (arrow). 
F, Carotid angiogram 2 days after fibrinolysis shows persistent occlusion of pericallosal artery (solid arrow). Lenticulostriate arteries are still dilated 

(open arrow), but hyperemic blush no longer surrounds them (compare with D). Lenticulostriate arteries were no longer dilated on angiogram obtained 13 
days after fibrinolysis. 

worsens, the patient will develop a deficit that, initially, is only 
functional [19]. When it persists for 30 min to 1 hr, a portion 
of the ischemic territory progresses to infarction, where the 
neural cells die in a few minutes. This infarcted area extends 
progressively but remains surrounded by an area of cerebral 

tissue called the "penumbra" [20, 21 ], in which the palsy is 
only functional. After the third hour, only a limited portion of 
the penumbra persists for an undetermined time. Except in 
rare cases where revascularization can be obtained in the 
first hour after clinical onset, all the techniques of revascular-
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Fig. 7.-Case 12: 50-year-old man with complete left hemiplegia (see Fig. 1F). 
A, CT scan 6 hr after onset. Opacity within middle cerebral artery (arrow) is suggestive of embolus. 
B, Higher CT slice. Faint diffuse hypodensity of right hemisphere is seen. 
C, Right common carotid angiogram, lateral projection, shows complete occlusion of internal carotid artery (arrow). There is no revascularization of 

siphon via ophthalmic artery. No string sign was seen on late phase. 
D, Right vertebral angiogram, lateral projection, shows opacification of supraclinoid internal carotid and anterior cerebral arteries via posterior 

communicating artery. There is no revascularization of middle cerebral artery. Contralateral carotid does not revascularize this artery. 
E, Angiographic series during course of fibrinolysis. Cervical internal carotid has been revascularized. Anteroposterior projection shows middle cerebral 

artery is still occluded (solid arrow). Fibrinoly1ic drug has reached only intracerebral vessels 10 hr after onset. Freshly revascularized internal lenticulostriate 
arteries are markedly dilated (open arrow) and surrounded by hyperemic blush. 

F, Later angiographic series shows extravasation of contrast material all along revascularized lenticulostriate arteries (arrows). 
G, CT scan 2 hr after fibrinolysis shows deep cerebral hemorrhage and hemispheric edema with ventricular shift. The patient deteriorated clinically and 

died the next day. 

ization will only be able to regain the viability of this limited 
portion of brain tissue. They also have a chance of limiting or 
preventing the risk of occurrence of vasogenic edema, which 
is responsible for the death of many patients through trans
tentorial herniation [22-25]. 

Location and Extent of Arterial Occlusion 

In our opinion, angiography is still mandatory when deciding 
whether to use fibrinolysis. It allows us to schematically 
distinguish three main groups (Fig. 1 ). 

Group 1: occlusion of the extra- and for intracranial carotid 
artery with patency of the circle of Willis and the lenticulostri-

ate arteries.-Ciinical signs are mainly hemodynamic, con
sisting of transient deficits or a fluctuating deficit. There is no 
cerebral infarction and CT findings are normal. Revasculari
zation of the hemisphere is provided in various proportions 
by the posterior communicating, anterior communicating, and 
ophthalmic arteries. However, this supply is insufficient, which 
explains the transient clinical signs. The angiographic workup 
of the patient, usually performed between transient ischemic 
attacks, will show the carotid occlusion (Fig. 2) and reveals 
the revascularization of the hemisphere distal 'to the occlusion. 
Intraarterial fibrinolysis may be used fairly safely in this group. 
Surgery alone cannot give access to the clot located in the 
carotid siphon. Carotid endarterectomy (case 1) or angio-
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Fig. a.-Diagram of cerebral blood flow (CBF) in ml/100 gfmin vs time 
(T) in hours (H.). 

Area A represents normal values. 
In area B, despite poor cerebral perfusion, there is still no infarction, 

thanks to compensatory systems (see text). These patients are at high 
risk for cerebral infarction and will present with transient recurrent hemo
dynamic deficits with normal neurologic status between episodes (see Fig. 
1A). 

In area C, cerebral perfusion has decreased even more and there are 
functional neurologic signs for 30-60 min. 

An infarct (area D) will then appear and extend progressively; in in
farcted area, nerve cells will die in a few minutes. However, after the third 
hour and for an undetermined time, an area called the penumbra will 
remain, surrounding the infarction (arrow). All revascularization techniques 
are directed toward reviving this penumbra to reduce the size of infarction 
and presumably the risk of massive edema. 

(Modified from Baron [16] and Jones et al. [19].) 

plasty (case 2) of the stenosis, usually responsible for the 
occlusion , is an efficient adjunct to fibrinolysis to prevent 
reocclusion . 

Group 2: occlusion of the cortical arteries without involve
ment of the lenticulostriate arteries.-ln this group, cerebral 
infarction does not involve the deep part of the insula. The 
mechanism may be either hemodynamic (subgroup 1) or, 
more often, embolic (subgroup 2). Here again, intraarterial 
fibrinolysis may be used rather safely. 

1. Hemodynamic mechanism. When a decrease in cerebral 
blood flow persists and worsens (Fig . 8), the compensatory 
systems will not be able to prevent a cerebral infarction distal 
to the occlusion, usually in the watershed area (Fig. 3). A 
complete angiographic workup must demonstrate patency of 
the middle cerebral artery at the site of origin of the lenticu
lostriate arteries. When patency cannot be demonstrated, 
particularly after the fourth hour, it is prudent to consider 
these patients as in group 3, subgroup 3. 

2. Embolic mechanism. Cortical arteries are not terminal 
arteries, and collaterals sometimes are able to prevent devel
opment of an infarction. However, when cortical occlusions 
are multiple, cerebral infarction occurs, particularly when distal 
occlusions also involve territories other than the middle cere-

bral artery. It is not unusual for angiography performed im
mediately after fibrinolysis to show only partial lysis of the 
emboli (Fig. 4). However, the ischemic area demonstrated on 
the late phase appears smaller. 

Group 3: occlusion of intracerebral arteries involving the 
lenticulostriate arteries.-This type of occlusion corresponds 
to that found in case 1 of Zeumer et al. [9] and includes the 
group most at risk for fibrinolysis. Lenticulostriate arteries are 
terminal arteries whose walls are fragile because of prolonged 
ischemia. This carries a high risk of rupture revascularization. 
Here again, three subgroups can be recognized: 

1 . Partial embolic occlusion of lateral lenticulostriate arteries 
(Fig. 1 D). Partial occlusion of the lenticulostriate arteries 
makes this subgroup slightly less vulnerable at revasculari
zation. In the two patients in our series (cases 8 and 9), 
revascularization was obtained with an excellent clinical re
sult. However, in case 9, treated 10 hr after clinical onset, an 
asymptomatic small hemorrhage was demonstrated on CT 
performed the following day (Fig. 5). Conversely, in case 8, 
treated 2 hr after onset, CT was normal the following day. 

2 and 3. Complete occlusion of the lenticulostriate arteries. 
In subgroup 2 (Fig. 1 E), the occlusion is embolic (cases 10 
and 11) (Fig. 6). In subgroup 3 (Fig. 1 F), there is occlusion of 
the extra- and intracranial carotid artery distal to a stenosis 
at the carotid bifurcation (case 12) (Fig. 7). In this case, 
occlusion of the middle cerebral artery was related to the 
cervical occlusion or to an embolus detached from it. These 
two subgroups are the most at risk during fibrinolysis. The 
two patients in our series who had cerebral hemorrhages 
during fibrinolysis are included in these subgroups (cases 11 
and 12). Only the patient treated 4 hr after clinical onset did 
not develop cerebral hemorrhage. 

Subgroup 3 is particularly at risk because fibrinolysis of the 
neck occlusion is required before the fibrinolytic agent can 
reach the lenticulostriate arteries. This delays revasculariza
tion and increases hemorrhagic risk (case 12) (Fig. 7). As 
previously stated, the angiographic workup should be as 
complete as possible before the decision to use fibrinolysis is 
made, because unilateral angiography in subgroup 3 can yield 
findings similar to those in group 2, subgroup 1 (Figs. 1, 3, 
and 7). 

Revascularization of an Occlusive Vascular Cerebral Lesion 

Revascularization occurs spontaneously in most cases, and 
fibrinolysis only accelerates this phenomenon. Revasculari
zation is accompanied by dilatation of the revascularized 
arteries, as previously demonstrated in monkeys [26] and by 
nonadaptation of oxygen extraction to the hyperemia. This is 
known as luxury perfusion [27, 28]. In the best cases, the 
vascular network distal to the occlusion is reperfused after 
successful thrombolysis, but there is a possible "no reflow" 
phenomenon due to irreversible alteration of the vascular 
contents related to stagnation [29]. 

Postrevascularization hyperemia.-This is a general phe
nomenon that occurs after revascularization of an occluded 
artery anywhere in the human body. It is, in our opinion, a 
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major risk factor for hemorrhagic complications. Hyperemia 
seems particularly likely when the initial ischemia has been 
severe and prolonged, particularly in the lenticulostriate arter
ies, which are terminal vessels. In our series, this hyperemia 
was demonstrated with certainty in three cases (cases 10-
12) in group 3 (Figs. 6 and 7) in the lenticulostriate arteries or 
in the perforating arteries proximal to a still-occluded middle 
cerebral artery. 

Time factor .-lt has been shown experimentally in the cat 
[30] that revascularization of a temporarily occluded middle 
cerebral artery induces hemorrhagic extravasation with in
creasing frequency as the occlusion time is prolonged. Ex
travasation starts at the sixth hour and is related to ischemic 
alteration of the endothelium of the lenticulostriate arteries. 
The two cases of cerebral hemorrhage in our series occurred 
at the sixth and 1Oth hours of occlusion, with significant 
hyperemia of the lenticulostriate territory proximal to the still 
partly occluded middle cerebral artery. When ischemia of the 
lenticulostriate territory was more limited (group 3, subgroup 
1) (despite a good clinical result), an asymptomatic small 
hemorrhage occurred in one patient treated at 10 hr (Fig. 5), 
whereas CT remained normal in the patient treated at 2 hr. 

The time factor, which seems essential when the lenticu
lostriate arteries are involved (group 3), appears to be less 
critical in group 2, presumably because the collaterals make 
the ischemia much less severe. However, the functional prog
nosis is obviously better if revascularization occurs earlier 
with more reclaimed penumbra. In this group, hemorrhage 
may occur, but presumably, its functional and vital conse
quences would not be as serious as in group 3, because of 
its location. When there is no cerebral infarction, as in group 
1, the time factor is even less critical, and fibrinolysis may be 
performed late and rather safely. 

In basilar artery occlusions, the problem appears to be 
different despite multiple perforating branches that arise from 
the artery. Satisfactory results have been reported, with few 
hemorrhagic complications, even in patients treated long after 
clinical onset [31, 32]. We presume that the permeability of 
the circle of Willis limits the ischemia in this type of occlusion. 

In conclusion, it seems dangerous to undertake fibrinolytic 
revascularization after the fourth or fifth hour when the lentic
ulostriate arteries are involved in the occlusion. The time delay 
inherent in performing CT and angiography and making the 
medical decision does not support the use of fibrinolytic 
therapy in a territory at high risk for hemorrhagic complica
tions, even though late fibrinolysis may yield good results. 

Prefibrinolysis Radiologic Workup 

Pilot work by Fletcher et al. [8] on systemic injection of a 
fibrinolytic drug (urokinase) was disappointing and showed 
no clinical benefit. In this study, seven intracerebral hemor
rhages occurred in 31 patients after fibrinolysis . The conclu
sions of this study may be criticized because (1) CT was not 
performed before treatment to rule out a cerebral hemor
rhage, (2) angiography was not performed before treatment 

and, (3) most of the patients were treated more than 6 hr 
after clinical onset. 

In most institutions, the radiologic workup of stroke is 
limited to CT to rule out cerebral hemorrhage and tumor. 
When these are excluded, the patient is given anticoagulants 
to limit the extent of occlusion and reduce recurrent throm
boembolic events. When the patient is seen very early after 
onset, CT findings are classically normal, although it is not 
exceptional for high-definition CT to show a moderate hypo
density due to cytotoxic edema (Figs. 6 and 7). In our opinion, 
early, extensive edema is related to a poor compensatory 
collateral system. This carries a bad prognosis and may justify 
more aggressive treatment, such as fibrinolysis (cases 1 0 and 
12). In patients seen early on after clinical onset, injection of 
contrast material is unnecessary since there is no contrast 
enhancement on CT (or MR). In patients seen later, massive 
contrast enhancement suggests a greater risk of sponta
neous hemorrhage [33] and supports the decision not to use 
a revascularization technique. 

Fibrinolytic Therapy 

The superiority of local intraarterial vs systemic fibrinolytic 
therapy is due to its greater efficacy in obtaining thrombolysis 
with decreased risk of systemic hemorrhagic complications 
[34]. In this series, streptokinase was used in all but one case 
by injecting 25,000-unit boluses as close to the clot as pos
sible. When intracerebral arteries were occluded, fibrinolysis 
was generally performed with an intracerebral catheter. In 
most cases, complete thrombolysis was not obtained imme
diately. A maximum dose of 150,000 units was used in this 
series and treatment did not last more than 60 min. Angio
grams obtained during the following days usually showed 
marked improvement in the number of revascularized intra
cerebral arteries. 

The largest study of local intraarterial fibrinolysis in the 
carotid territory was reported by Zeumer et al. [9, 1 0] . Of 13 
cases, revascularization occurred in 10, clinical improvements 
in three, and death in one. In three cases, hemorrhage was 
demonstrated on CT performed after treatment, without 
worsening of the clinical state. It should be emphasized that 
the two cerebral hemorrhages in our series (cases 11 and 12) 
occurred in perforating arteries arising proximal to a still
occluded middle cerebral artery. These occlusions were pre
sumably at least partially atherosclerotic. In case 12, the 
lenticulostriate arteries that bled were freshly revascularized. 
We presume that a major factor in the prevention of these 
hemorrhagic complications would be strict control of arterial 
pressure, as already reported for the prevention of hemor
rhagic complications after emergency carotid surgery [35] . 

Urokinase, favored by Zeumer et al. , is less antigenic, more 
readily available, but more expensive than streptokinase. The 
new fibrinolytic human tissue-type plasminogen activator 
drug (Actilyse) [36] may provide advantages related to its 
short half-life (5-8 min) and selectiveness on bound fibrin . In 
our opinion , this short half-life is a major advantage, particu-
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larly in the treatment of group 3 patients, because it lowers 
the risk of hemorrhage when revascularization is not obtained 
before the sixth hour. Considering this, urokinase (14 min) 
should also be preferred , at least in group 3 patients, to 
streptokinase (16-80 min) because its half-life is shorter. 

Hemorrhagic transformation of an embolic intracerebral 
infarction is rather common and already has been demon
strated on repeat CT examinations. The incidence ranges 
from 22% [37] to 43% [38] of cases. Considering that most 
patients are anticoagulated once CT shows no intracerebral 
blood, we believe that some of the patients are at risk for 
severe cerebral hemorrhage [39] , the frequency of which 
fortunately is limited by the low doses usually prescribed. 
Fibrinolytics injected directly into occluded cerebral vessels 
have mostly local effects. Patient selection based on the 
location of the occlusion and time of occurrence should yield 
better results in larger series. In our opinion , it is also not 
advisable to use anticoagulants that increase the risk of 
secondary hemorrhagic complications after fibrinolysis, unless 
a heart condition is responsible for recurrent emboli. 

It was reported recently that CT does not provide enough 
definition to demonstrate the secondary hemorrhage that is 
seen on MR after hemoglobin is transformed into methemo
globin [40]. This has been found only in deeply located 
infarctions, which implies revascularization of occluded lentic
ulostriate arteries supplying this territory. If it is considered 
dangerous to perform fibrinolysis more than 4 or 5 hr after 
these arteries are occluded, this MR finding does not preclude 
early fibrinolytic therapy, but it certainly demonstrates the risk 
in prescribing anticoagulants. Perhaps high-field MR will allow 
direct demonstration of intracerebral blood before transfor
mation into methemoglobin and permit new progress in the 
understanding of this disease [ 41]. 

Finally, in two cases (cases 3 and 5), CT after fibrinolysis 
(17 days in case 3, 90 min in case 5) showed marked 
attenuation of the initial hypodensity. In both cases, CT sev
eral months later again showed a hypodensity. A recent MR 
study clearly demonstrated that "disappearing infarcts" cor
respond to the revascularization of an ischemic territory with 
minor hemorrhage and attenuate the hypodensity on CT 
[42]. 

Conclusions 

Local intraarterial fibrinolysis appears to be an attractive 
technique of cerebral revascularization. It should be used 
more frequently in carotid occlusions with hemodynamic in
termittent clinical signs (group 1) and in distal cortical arterial 
occlusions (group 2). In the second group, immediate com
plete revascularization is not obtained in most cases, but the 
drug seems to help delayed dilution of the clot, improve 
collateral flow, and decrease stagnation distal to the occlu
sion. At this time, it seems risky to perform fibrinolysis on 
lenticulostriate arteries occluded for more than 4 or 5 hr 
(group 3). Rapid transportation of stroke patients is recom
mended so that CT and complete arteriography may be 
performed before deciding whether to use fibrinolytics. 
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