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Intra-arterial Thrombolysis

Intra-arterial cerebral fibrinolytic therapy for
acute stroke was first described in 1983 by Zeumer
et al (1). Subsequently, multiple anecdotal reports
and small nonrandomized or controlled series have
also supported that intra-arterial thrombolytic ther-
apy may be useful for treatment of acute ischemic
stroke (2–20). Results of the first randomized con-
trolled trial of intra-arterial fibrinolytic therapy for
acute stroke (PROACT II, Abbott Laboratories)
were reported in February 1999 (21). One hundred
eighty patients with proximal middle cerebral ar-
tery (MCA) occlusions were enrolled and treated
within 6 hr of the onset of stroke. Additional in-
clusion criteria included a National Institutes of
Health Stroke Scale score of 4 to 30 and lack of
hemorrhage or early signs of infarction involving
more than one-third of the MCA territory on CT
scans. Exclusion criteria included rapidly improv-
ing neurologic deficit or sustained blood pressure
of .180/100. Patients were randomized in a 2:1
ratio to receive either 9 mg of recombinant pro-
urokinase infused into the MCA over 2 hr and IV
administered heparin (2000 U bolus and 500 U/hr
infusion for 4 hr) or heparin therapy alone. Arterial
recanalization was achieved in 67% of the patients
who received recombinant prourokinase and in
18% of the control patients. The primary efficacy
outcome was the percentage of patients achieving
a modified Rankin score of #2 at 90 days after
therapy, which signifies slight or no disability. For
this primary outcome measure, there was a 15%
absolute benefit for the recombinant prourokinase
group, which was significant at the 0.043 level.
This represented a relative treatment benefit of
60%. Although the PROACT II Study was not
powered to detect statistically significant differ-
ences in secondary outcome measures, the trends
in secondary outcome measures also favored the
recombinant prourokinase group. Despite an in-
creased risk of early intracranial hemorrhage in the
patients who received recombinant prourokinase
(27.8% versus 5.5% within 24 hr), 90 day mortality
rates were not significantly different between the
two groups (24% recombinant prourokinase versus
27% control). This is the first randomized con-
trolled trial of fibrinolytic therapy to show a statis-
tically significant treatment benefit beyond 3 hr af-
ter stroke onset. At present, only IV administration
of tissue plasminogen activator (TPA) in a narrow-
ly defined patient population within 3 hr of symp-
tom onset has been approved by the Food and Drug
Administration (22). The PROACT Trial has, how-
ever, validated intra-arterial fibrinolytic therapy for
treatment of selected acute nonhemorrhagic stroke
within a 6-hr time to treatment (TTT) window.

Before PROACT II Trial results were obtained,
it had been the consensus opinion of the ASITN
that intra-arterial thrombolytic therapy for acute
stroke was investigational. Although the results of
the trial did not lead to Food and Drug Adminis-
tration approval of a specific drug, the results of
this trial are convincing evidence that intra-arterial
thrombolytic therapy can now be considered an ac-
ceptable and appropriate therapy for acute stroke.

The ASITN maintains that use of the technique
of intra-arterial thrombolysis in selected patients is
appropriate and that ongoing research will better
define the parameters of such intervention. Imaging
findings, patient age, the magnitude of neurologic
deficit, nature of the arterial occlusive lesion, and
time to treatment are among the factors that should
be considered when counseling patients and their
families regarding the benefits and risks of intra-
arterial thrombolytic therapy. The ASITN main-
tains that those who perform emergent cerebral
thrombolysis should be well trained and experi-
enced in cerebral angiography and should have ap-
propriate credentials at their hospitals for doing so.
These professionals should maintain records of
their indications, successes, complications, and out-
comes for cerebral angiography, according to the
Quality Improvement Guidelines for Adult Diag-
nostic Neuroangiography put forth by the Cooper-
ative Study of the American Society of Neurora-
diology, the American Society of Interventional
and Therapeutic Neuroradiology, and the Society
of Cardiovascular and Interventional Radiology
(23).

Although ideal experience and training in inter-
ventional stroke therapy are achieved in a recom-
mended program, persons with formal training and
experience might appropriately perform thrombo-
lysis (24). The ASITN maintains that minimum
standards for credentialing for cerebral angiog-
raphy and thrombolytic intervention should reflect
the principles espoused therein.

Comprehensive pre- and postoperative care of
the patient who has suffered a stroke must be part
of any interventional stroke therapy. Patient out-
comes should be monitored using standardized
measures, such as the National Institutes of Health
Stroke Scale and Barthel and Rankin indices. Hem-
orrhagic complications are an unfortunate but in-
evitable part of fibrinolytic therapy for acute stroke.
In both the PROACT II and National Institute of
Neurological Disorders and Stroke IV TPA studies,
the rate of intracerebral hemorrhage was signifi-
cantly greater in the drug versus placebo group, yet
clinical outcomes were significantly improved in



Supplement to AJNR: 22, September 2001 Accreditation Council on Graduate Medical Education S19

those patients receiving fibrinolytic therapy. As a
general guideline for acceptable complication rates,
the clinical outcomes of patients receiving investi-
gational intra-arterial therapy should not be worse
than those of patients in the control groups of re-
cent stroke trials.

Patient outcomes after cerebral infarction are
variable, with some patients achieving almost full
recovery and others progressing to severe neuro-
logic deficit or death. The overall 1 month mortal-
ity rate after acute cerebral infarction was 12% in
16 series including 9738 patients (25–40). These
studies included a broad spectrum of ischemic
strokes, ranging from lacunae to large holo-hemi-
spheric infarcts. Because standardized measures,
such as the National Institutes of Health Stroke
Scale and Barthel and Rankin indices, were not
used, it is impossible to quantitate morbidity
among these patients. However, the incidence of
significant morbidity would probably be somewhat
greater than the mortality rate. Mortality rates for
patients receiving placebo in the National Institute
of Neurological Disorders and Stroke and European
Cooperative Stroke Study IV TPA Trials were 21%
and 12.7%, respectively (1, 37). For patients with
occlusion of the MCA, clinical outcomes are even
worse. Saito et al (41) reported the clinical out-
comes of 40 patients with angiographically proved
MCA occlusions. At 3-month follow-up, 30% had
died and 38% had severe deficits. Only seven
(18%) patients were considered to have achieved
good outcomes, and four of those patients had only
small distal branch occlusions. The 27% 90 day
mortality rate among the control group in the
PROACT II Trial was almost identical to Saito’s
mortality data. Clinical outcomes of patients with
basilar artery occlusion are even less favorable,
with several authors reporting death among the ma-
jority of patients and severe deficits among most
survivors (42–44).

Intra-arterial fibrinolytic therapy administered
within the 3-hr time limit for approved use of IV
TPA should not be considered to be unethical. The
benefits of TPA were relatively modest in the Na-
tional Institute of Neurological Disorders and
Stroke Study (22). No angiography or other as-
sessment of the vasculature was performed to as-
sess thrombolytic efficacy. Based on analysis of a
subset of the National Institute of Neurological
Disorders and Stroke TPA Pilot Trial, evidence that
IV TPA may be ineffective for proximal vessel oc-
clusions was presented by Tomsick et al (45). Both
baseline and 3-month follow-up National Institutes
of Health Stroke Scale scores were significantly
worse in cases with the hyperdense MCA sign, an
indicator of proximal MCA thrombosis. An earlier
dose escalation study of IV TPA, including pre-
and post-treatment angiography, revealed a rela-
tively low rate of recanalization of occluded arter-
ies (46). The overall partial arterial recanalization
rate was only 30%, and the complete recanalization
rate was only 4.3%. Only partial recanalization of

one (9%) occluded ICA was achieved. Partial re-
canalization of the proximal MCA was more fre-
quent (24%), but total recanalization was uncom-
mon (4.4%). Both of these reports suggest that IV
TPA may be inadequate for lysis of large proximal
vessel (ICA or MCA-M1) occlusions. Recanaliza-
tion rates reported for intra-arterial administration
of fibrinolytic agents are much higher (see table
below).

Only one small randomized controlled study of
intra-arterial recombinant TPA use has been re-
ported. The Emergency Medical Services study
randomized patients to treatment with IV recom-
binant TPA or placebo, then angiography, then in-
tra-arterial thrombolysis (20 mg TPA up to 2 hr) if
an arterial occlusive lesion was revealed (47). Fif-
teen patients had M1 or M2 occlusions, six in the
placebo-IV group and nine in the IV recombinant
TPA group. Ten of the 15 acieved Rankin 0–2 3-
month outcomes (66%), five (55%) in the com-
bined therapy group, and five (83%) in the intra-
arterial-only group. Mean time to intraarterial
treatment (TTT) was 4.2 hours. Although the con-
cept of combined treatment is theoretically attrac-
tive, it may be the early TTT that promises to pro-
vide positive results suggested in this trial.
Subsequent application of a similar treatment par-
adigm, in which IA TTT has been reduced to 3.3
hr, has led to similar results (48).

Intra-arterial fibrinolytic therapy may therefore
be reasonable for patients with proximal arterial oc-
clusions, even when these patients meet approved
criteria for IV recombinant TPA therapy. Triage
with MR imaging, CT angiography, transcranial
Doppler ultrasonography, technetium-hexamethyl-
propyleneamineoxime isotope scanning, and even
angiography may be useful for select patients who
may be less likely to benefit from IV recombinant
TPA therapy.

Except for data reported from the PROACT
Study, it is very difficult to compile a database for
efficacy and complications from other reported se-
ries because of the wide variability in the patient
populations being treated and the technical factors
of the procedures. Patient variables include patient
age, vessels involved, volume of thrombus, pre-
senting neurologic deficit (National Institutes of
Health Stroke Scale score), concurrent medical
problems, available collateral flow, and duration of
time from symptom onset to lytic therapy. Tech-
nical variables are equally important, including lyt-
ic agent, method of administration (infusion, pulse
spray location of the catheter tip [within clot, distal
to clot, proximal to clot]), and whether mechanical
disruption of the clot was performed. Reported out-
comes of treatment usually include the technical
ability to lyse the clot and perfuse the occluded
territory and the patient’s clinical outcome. Very
few authors have used objective clinical evaluation
criteria to measure outcome, such as the National
Institutes of Health Stroke Scale and Barthel and
Rankin indices.
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Criteria for technical success and for failure and
complication rates may be categorized into three
vascular territories: 1) MCA, 2) vertebrobasilar
system, and 3) ICA. This stratification is used to
create relevant tables while providing greater spec-
ificity regarding efficacy and complication rates for
the most commonly treated territories. The values
presented in the three tables below were compiled
from cited references (2–21, 49–55).

The following relative contraindications to ce-
rebral fibrinolytic therapy have been described: in-
tracerebral hemorrhage, recent surgery, extracere-
bral hemorrhage, recent arterial puncture or
cervical venous puncture, excessive time between
onset of symptoms and initiation and completion
of lytic therapy, significant edema and swelling re-
vealed by pretreatment CT, absence of visible col-
lateral vascular supply to a large region on pretreat-
ment angiograms, and absence of identifiable
arterial thrombus or occlusion within an arterial ter-
ritory consistent with the patient’s clinical
symptoms.

Standards for acceptable complication rates from
the diagnostic angiographic portion of the proce-
dure are listed elsewhere. As additional data from
the PROACT II Trial and other trials are made
available, standards of practice for thrombolytic
therapy will be developed (56, 57). At present, it
is impossible to define rigid standards for thresh-
olds for appropriateness, success rate, and compli-
cations from intra-arterial fibrinolytic therapy. As a
reasonable guideline for practice, intra-arterial fi-
brinolytic therapy performed with significant di-
vergence from the protocol used in the PROACT
II Trial might be considered investigational and
subject to approval of the appropriate institutional
review board.

Efficacy

Vessel Recanalization
Average (%) Range (%)

ICA, 61 12–100
MCA (very dependent on exact site: M1 .

M2 . M3), 83 45–100
Vertebrobasilar, 63 44–100

Safety

Average (%) Range (%)

Intracerebral hemorrhage
ICA 48 20–56
MCA 20 15–37
Vertebrobasilar 9 0–33

Deaths
ICA 28 0–56
MCA 16 0–26
Vertebrobasilar 46 0–69

The average and range percentages are compiled
from the available data in the articles listed as
references.
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