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CT after Intracranial Intraarterial Thrombolysis for Acute Stroke 

Sarah L. Wildenhain, Charles A. Jungreis, John Barr, John Mathis, Lawrence Wechsler, and Joseph A. Horton 

PURPOSE: To determine the incidence, appearance, and clinical significance of lesions mimicking 

intraparenchymal hemorrhages on CT in patients treated with intracranial intraarterial thrombolysis 

for acute strokes. METHODS: Ten cases of acute stroke treated with direct intraarterial urokinase 

infusion were retrospectively reviewed. Clinical and radiographic findings before and after therapy 

were all evaluated. RESULTS: Six (60 %) of the 10 patients showed areas of increased attenuation 

on CT shortly after thrombolytic therapy. The lesions were associated with clinical deterioration 

in two cases (20%); in these two cases the lesions persisted on CT for several days. The lesions 

were asymptomatic in two (20%) cases; the lesions cleared on CT within 24 hours in those two 

patients. In two (20%) patients, immediate clinical improvement was evident despite the radiodense 

areas. These lesions also cleared within 24 hours. CT Hounsfield unit measurements of four of the 

lesions revealed very high Hounsfield units in two lesions, only one of which was a symptomatic 

lesion. MR in two cases revealed residua of hemorrhage. CONCLUSION: lntraparenchymal areas 

of increased attenuation may be seen on the CT scans of patients after intraarterial thrombolysis. 

The density is often at least partially attributable to contrast extravasation. The lesions should not 

necessarily be interpreted as hemorrhage alone, especially in the absence of clinical deterioration. 

Rapid clearing may be a positive prognostic sign . 

Index terms: Thrombolysis; Cerebral hemorrhage; B~ain , computed tomography; lnterventional 

neuroradiology, complications of 
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Direct local intraarterial urokinase thrombolysis 
for the treatment of acute stroke is being applied 
as a first-line therapy at some institutions (1-6) 
because the outcome of angiographically proved 
middle cerebral artery occlusion is poor with the 
traditional conservative management (1). Animal 
models of early reperfusion of occluded intracra­
nial vessels have shown promising clinical im­
provements and reduction of infarct size (1, 7). 
Similar encouraging results have also been ob­
tained by researchers in human stroke patients 
(4-6, 8-11). In addition to the obvious ischemic 
ramifications of a stroke, the stroke patient has 
an increased risk of potentially devastating intra-
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cranial hemorrhage as a consequence of the is­
chemic event. That risk is theoretically increased 
by thrombolytic therapy (12, 13) and has been a 
relative impediment to trials of thrombolytic ther­
apy. In this context, we have observed several 
patients who showed lesions on computed to­
mography (CT) after thrombolysis that appeared 
to represent severe intracranial hemorrhage. 
These lesions, however, had Hounsfield unit (HU) 
measurements higher than could be accounted 
for by blood alone, and in most cases were not 
associated with clinical deterioration after throm­
bolysis. In fact, some patients improved clinically 
despite the areas of increased attenuation. This 
paradoxical observation inspired us to examine 
further our experience with stroke patients 
treated with intraarterial urokinase to try to de­
termine the nature of the lesions and their impact. 

Materials and Methods 

Ten patients presenting with acute internal carotid artery 
or middle cerebral artery distribution strokes were treated 
with intraarterial urokinase. Treatment was initiated within 
8 hours of ictus (Table 1). All patients had CT scans before 
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Fig. 1. Patient 2. Noncontrast axial CT. 
The images (A and B) obtained within 3 
hours of thrombolytic therapy show an area 
of high attenuation (110 to 122 HU) in the 
left basal ganglia, the territory treated. A 
scan obtained 22 hours after thrombolytic 
therapy ( C and D) shows dramatic resolu­
tion. There is some lucency presumably rep­
resenting edema in the area. This patient 
had an excellent clinical outcome. 

A 

treatment. Contiguous axial sections were obtained from 
base to vertex. Section thickness was 3 mm in the posterior 
fossa and 10 mm in the supratentorial compartment. 
Thrombolytic therapy was not initiated in any patient with 
CT evidence of intracranial hemorrhage on presentation. 
All patients had posttreatment head CT scans within 24 
hours of thrombolysis. Retrospectively , the data on the 
patients were reviewed including the presenting clinical 
deficits, the angiographic and CT findings, the time elapsed 
before therapeutic intervention, the dose of urokinase, the 
posttherapy imaging findings, and the clinical course (Table 
1). No patients had died. 

The therapeutic infusions were performed from a stand­
ard femoral angiographic approach via a microcatheter 
(Tracker-18, Target Therapeutics, Los Angeles , Calif) that 
was embedded into the clot (14) . The urokinase (Abboki­
nase, Abbott Laboratories, North Chicago, Ill) was prepared 
in a concentration of 1000 U/ ml. Urokinase injections 
were performed by hand and varied according to the 
fluoroscopic impression that the infusate was saturating 

AJNR : 15, March 1994 

B 

the region of interest without excessive reflux into nonoc­
cluded branches. As fluoroscopic evidence of lysis occurred 
the microcatheter was advanced. The end point of treat­
ment was either clinical improvement, angiographic cure , 
or when a total of 500 000 units of urokinase had been 
infused . 

Results 

Six patients (60%) had areas of increased at­
tenuation on the posttreatment CT scans in the 
territory sustaining the ischemic event and throm­
bolytic therapy (Table 2). In two cases (cases 6 
and 9) the appearance of the radiodense areas 
correlated with clinical deterioration, and in those, 
the lesions did not resolve until more than 4 days 
later. In two other cases (cases 2 and 8) there 
were lesions after treatment, but the patients were 
improved clinically (Fig 1 ). In these same two 



AJNR: 15, March 1994 

Fig. 2. Patient 9. Noncontrast axial CT. There is parenchymal 
and/ or subarachnoid material of high attenuation ( 170 to 184 HU) 
in the treated territory of the right middle cerebral artery. The 
hounsfield units are too high to represent blood alone and are 
probably contrast mixed with blood. An initial decline in clinical 
status was followed by a significant clinical improvement. 

cases, the lesions resolved on CT within 24 hours 
of their detection. In case 8 the first posttreatment 
CT was obtained 23 hours after thrombolysis at 
which time the radiodense lesion was first ob­
served. On the follow-up scan at 48 hours, the 
density had resolved. Thus, it may have taken as 
long as 47 hours to resolve in case 8 . 

Hounsfield unit analysis in two cases (Cases 2 
and 9) showed that the areas of increased atten­
uation measured 11 0 to 122 HU and 1 70 to 184 
HU, respectively, values that are higher than 
would be expected for pure hemorrhages alone 
(Table 2). In case 2, the lesion was asymptomatic 
and cleared on CT within 24 hours. Case 9 had a 
severe symptomatic worsening at the time the 
lesion became apparent, and the lesion was not 
resolved after 4 days. In case 9, not only was 
high attenuation material present intraparenchy­
mally, but it was also present in a pattern sug­
gesting subarachnoid (or very superficial gyral) 
collections (Fig 2) . 

In case 6, areas of increased attenuation were 
also found in the ventricular system and were 
associated with clinical decline. The lesions did 
not clear until 9 days later. 

In two cases (cases 2 and 3) magnetic reso­
nance scans performed later suggested the pres­
ence of blood products in the area of the CT 
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lesions. One of these case (case 2) was one that 
had a clinical improvement. 

Discussion 

CT -detectable areas of increased attenuation 
suggesting parenchymal hemorrhage after local 
intraarterial thrombolysis developed in more than 
half the cases (60%) in this series. Other investi­
gators have reported a somewhat lower fre­
quency of hemorrhagic complications after intra­
arterial thrombolysis. Zeumer et al found hem­
orrhages in 14% (one of seven) of cases of 
vertebrobasilar lysis (6), del Zoppo et al had an 
incidence of 20 % (4 of 20) hemorrhages (2) , and 
Hacke et al had 9.3% hemorrhage (3) . Levine and 
Brott suggest the incidence of postthrombolysis 
hemorrhage may be increased if the delay be­
tween ictus and therapy is greater than 3 hours 
(1), and other authors have found a similar time­
related hemorrhage incidence (4 , 15). It is appar­
ent that most of our patients were not treated 
until after 4 hours. The two who were treated 
within 3.5 hours of ictus had no hemorrhagic 
complications. Other factors such as urokinase 
dose , patient age, infarct size, and degree of lysis 
may play a role in hemorrhagic complication 
incidence. 

Intracranial hemorrhage has been a dread com­
plication of thrombolytic therapy. Levine sug­
gests that such complications have nearly a 50% 
mortality ( 1 ). Nevertheless , in almost all reported 
series of patients treated with thrombolysis there 
were CT findings suggesting hemorrhage , espe­
cially in the ipsilateral basal ganglia , in patients 
who were asymptomatic ( 1, 2, 4 , 6, 8, 11, 12, 
15). None of these authors record how quickly 
the lesions cleared. Such asymptomatic "hemor­
rhages" are of interest in that they refute the long 
standing dogma that hemorrhagic conversion is 
an extremely poor prognostic sign. Furthermore, 
the high HU values indicate that at least some of 
the density is contrast, and very rapid resorption 
is possible. The presence of blood products on 
magnetic resonance scans does indicate a com­
ponent of hemorrhage. Probably the patients who 
suffered deterioration had frank intraparenchy­
mal hemorrhages . However , many of the areas 
of high attenuation apparently represent contrast 
that has entered the because of a damaged blood­
brain barrier. The extremely rapid clearance 
would support such a theory; it is most unusual 
for hemorrhage to clear so quickly . 
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In conclusion, we have observed intraparen­
chymal areas of high attenuation on CT imme­
diately after intraarterial thrombolytic therapy for 
treatment of acute stroke that clear more rapidly 
than might be expected for a typical hemorrhagic 
infarct. Such densities are composed of contrast 
material (or contrast material plus blood) and do 
not invariably herald clinical deterioration. In fact, 
rapid clearance on CT may be a good prognostic 
sign. We recognize that this is only a small num­
ber of patients and that firm conclusions should 
be viewed with caution. Certainly, further study 
is warranted. 
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