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Abstract: Local intra-arterial recombinant tissue plasminogen activator (IA rt-PA) is an effective treatment for acute
middle cerebral artery (MCA) occlusion with a time window of 6 hr. However, the outcomes of IA rt-PA treatment
beyond the 6-hour time window are largely unknown. Here we reported three successful cases of intra-arterial
thrombolysis by using small dose of rt-PA in patients with acute MCA occlusion over the 6-hour time window. Three
patients had sudden onset of symptoms. Emergency angiography showed the complete occlusion of M1 segment
of the MCA in the three cases. Neurological examination showed severe neurological dysfunction at admission
(National Institutes of Health Stroke Scale [NIHSS] graded as 12, 11 and 13, respectively). After local thrombolysis
treatment with rt-PA (total dose of 6 mg, 10 mg and 6 mg, respectively), the occluded MCA gradually recanalized.
Postoperative CT showed no hemorrhagic transformation in Case 1 and Case 2, and asymptomatic intracranial
hemorrhage in Case 3. All three patients had a good recovery with slight paresis and mild aphasia after 2 weeks
(NIHSS graded as 0, 1, and 1, respectively). The mRS of the three patients was O at day 90. Our reported suggested
that low dose of rt-PA arterial thrombolysis may be a feasible treatment option for acute MCA occlusion in middle-
aged and aged patients, even beyond the 6-hour window.

Keywords: Middle cerebral artery (MCA) occlusion, recombinant tissue plasminogen activator (IA rt-PA), intra-
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Introduction admitted to emergency department are eligible
for standard IV rt-PA therapy [6]. Intra-arterial
thrombolysis (IAT) is an alternative treatment
for AIS with an optimal time window of 6 hr [7].
The longer treatment time window is a potential

advantage of IAT as compared with IV rt-PA [8].

Ischemic stroke remains one of the leading
causes of death around the world [1], and is
caused most commonly by occlusion of middle
cerebral artery (MCA) [2]. Untreated acute MCA

occlusion reportedly results in 20% of mortality
and more than 70% of long-term disability [3].
It has been shown that time to treatment is a
crucial prognostic factor for acute stroke [4].
Intravenous administration of recombinant tis-
sue plasminogen activator (IV rt-PA/alteplase)
is currently approved by the US Food and Drug
Administration and is the first-line therapy for
acute ischemic stroke (AIS) within 3 hr after the
onset of symptoms [5]. However, due to the nar-
row time window, only 3-10% of AIS patients

Nevertheless, even extended to 6 hr, this time
window remains not practical for many AIS
patients due to the limited health care services.
Studies showed that only 5%-13% of AIS
patients are within the window of 3 to 6 hr [8].
Base on this suggested time window, majority
studies of IAT focus on the outcomes of patients
treated within 6 hr after onset. Hence, the out-
comes of IA rt-PA treatment beyond the 6-hour
time window are largely unknown. The purpose
of this study was to report three successful
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Figure 1. Radiographic and angiographic images of Case 1. (A) DWI showed a fresh infarction in the right basal
ganglia area (black arrow). (B) DWI showed a fresh infarction in the right corona radiate (black arrow). MR brain DWI
image before thrombolysis. (C) M1 segment of the right MCA was subtotally occluded (black arrow). Lateral (D) and
anterior (E) cerebral angiographic images showed compensatory leptomeningeal arteries from anterior cerebral
artery (black arrows). (F) The occluded MCA was recanalized (black arrow). (G) Postoperative CT showed no hemor-

rhagic transformation.

cases of intra-arterial thrombolysis by using
small dose of rt-PA in patients with acute MCA
occlusion over the 6-hour time window in our
center.

Case report

Informed consent was obtained from patient 3
and the family relatives of patients 1 and

8351

patient 2. This study was approved by the
institutional review board of the First Affiliated
Hospital of Guangzhou Medical University. All
patients received computed tomography (CT)
or magnetic resonance imaging (MRI) scan
before IAT treatment to exclude intracranial
hemorrhage and to confirm the diagnosis of
MCA occlusion. The disability status and neuro-
logical function were assessed with modified
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Rankin Scale (mRS) and National Institutes of
Health Stroke Scale (NIHSS) at admission, 2
weeks and 90 days, respectively.

Case 1

An 82-year-old female had sudden onset of
hemiplegia and global aphasia. The patient had
medical history of hypertension for 5 years, dia-
betes for 9 years. Neurological examination
showed aphasia, paralysis of the left central
facial muscle and tongue, and a Babinski sign
on the left. The symptoms became worse
approximately 4.5 hr after onset: blood pres-
sure elevated to 220/98 mmHg, both eyes star-
ing to the right, the left upper limb muscle
strength graded as level O, the left lower mus-
cle strength graded as level 2 and NIHSS grad-
ed as 12. Laboratory tests showed a blood
glucose level of 8.3 mmol/L (normal range
3.9-6.1).

Diffusion-weighted imaging (DWI) showed a
fresh infarction area in the right corona radiate
and basal ganglia (Figure 1A and 1B). MR angi-
ography (MRA) presented right MCA occlusion.
Cerebral angiography confirmed that M1 seg-
ment of the right MCA was subtotally occluded
(Figure 1C). Before IAT, cerebral collateral circu-
lation compensation of occluded MCA was
evaluated. Angiographic images showed com-
pensatory leptomeningeal arteries from anteri-
or cerebral artery supplying the territory of
MCA (Figure 1D and 1E). IAT therapy was initi-
ated at 6.75 hr after symptoms onset. Six mg
rt-PA in multiple boluses at 1 mg/min was
administrated via a 6F introducer catheter. The
angiography at 5 min after surgery showed the
occluded MCA gradually recanalized (Figure
1F). Postoperative examinations showed that
muscle strength of left limb graded as level 5,
NIHSS graded as 2, and the angiographic
recanalization of the symptomatic artery grad-
ed as TIMI lll. Postoperative CT showed no
hemorrhagic transformation (Figure 1G). The
patient fully recovered from IAT therapy after 2
weeks, with the NIHSS graded as 0O, and the
mRS graded as O at day 90.

Case 2

A 57-years-old male had slurred speech and
weakness on the left limb for 38 hr, with a med-
ical history of cerebral infarction for 9 years.
Neurological examination at admission showed
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mixed aphasia, the left limb muscle strength
graded as level 4, the left Babinski sign is nega-
tive, and NIHSS graded as 4. Cranial MR
showed multiple fresh cerebral infarctions in
the right frontal, arietal and temporal lobe
and basal ganglia area. The symptoms became
worse at 2 hr after admission. Neurological
examination showed paralysis of the left cen-
tral facial muscles and tongue, left limb muscle
strength graded as level O, Babinski sign (+),
and NIHSS graded as 11.

DWI showed fresh infarctions in the right basal
ganglia area and the right corona radiate
(Figure 2A and 2B). Cerebral angiography
showed that M1 segment of the right MCA was
subtotally occluded, and compensatory lepto-
meningeal arteries from anterior cerebral
artery supplying the territory of MCA (Figure
2C). IAT therapy was initiated at 42 hr after
symptoms onset. Six mg rt-PA was adminis-
tered directly into the thrombus. At 5 min after
surgery, the occluded MCA gradually recana-
lized (Figure 2D), and the angiographic recana-
lization of the symptomatic artery was graded
as TIMI lll. Patient’'s symptoms diminished
significantly 24 hr after surgery, with left limb
muscle strength graded as level 5 and NIHSS
graded as 1. Postoperative CT showed no
hemorrhagic transformation (Figure 2E). At 2
weeks, the NIHSS was 1, and the mRS was
0 at day 90.

Case 3

A 74-year-old male was admitted due to slurred
speech and weakness of right limb for 3 hr. The
past medical history included atrial fibrillation,
hypertension and postoperative percutaneous
transluminal coronary angioplasty. Neurolo-
gical examination showed aphasia, paralysis of
right central facial muscle and tongue, right
upper limb muscle strength graded as level 5,
right lower muscle strength graded as level 5, a
Babinski sign on the right. The symptoms wors-
en at 6 hr after onset: Neurological examina-
tion showed mixed aphasia, paralysis of the
right central facial muscle, right upper limb
muscle strength graded as level O, right lower
limb muscle strength graded as level 2, a
Babinskisign on the right, NIHSS 13. Laboratory
tests showed blood glucose was 6.8 mmol/L.
Electrocardiography (ECG) showed an atrial
fibrillation.
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Figure 2. Radiographic and angiographic images of Case 2. A. DWI showed a
fresh infarction in the right basal ganglia area (black arrow). B. DWI showed
fresh infarctions in the right corona radiate (black arrow), MR brain DWI im-
age before thrombolysis. C. Cerebral angiographic mages showed the oc-
cluded right MCA (red arrow) and compensatory leptomeningeal arteries
from anterior cerebral artery (black arrows). D. Postoperative angiographic
mages showed the recanalized right MCA (red arrow). E. Postoperative CT

showed no hemorrhagic transformation of brain.

Cranial DWI+MRI+MRA showed fresh infarc-
tions in left corona radiate and right occipital
area (Figure 3A and 3B), and the M2 segment
of the left MCA was blocked. Cerebral an-
giography confirmed that M1 segment of
the left MCA was occluded (Figure 3C).
Preoperative angiographic images showed
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compensatory leptomeninge-
al arteries from anterior cere-
bral artery (Figure 3D and 3E).
IAT therapy was initiated at
9 hr after symptoms onset.
Three thousand U of heparin
and 6 mg rt-PA were locally
administered. Due to the tor-
tuosity in the internal carotid
artery, microcatheter can not
reach M1 segment of the left
MCA. rt-PA were then admi-
nistered through a 5F vethral-
cather. The angiography at 5
min after surgery showed
the occluded MCA gradually
recanalized (Figure 3F), with
the recanalization of the sym-
ptomatic artery was asse-
ssed as TIMI lll. At 24 hr after
surgery, patient’'s symptoms
diminished significantly, with
left limb muscle strength
graded as level 5 and NIHSS
graded as 1. Cranial CT
showed the left external
capsule and basal ganglia
hemorrhaged (Figure 3G),
then broken into ventricles,
indicating bleeding after th-
rombolysis.

Neurological examination at 2
weeks revealed paralyses of
mild central facial muscle,
upper right muscle strength
graded as level 5, lower right
muscle strength graded as
level 5, and NIHSS graded as
1. Cranial CT showed that the
hemorrhage lesions of the left
basal ganglia were absorbed.
The mRS was 0 at day 90.

Discussion

Compared to IV rt-PA therapy, IAT therapy has
several potential advantages, including angio-
graphic planning to customize therapy, local-
ized injection, more complete recanalization,
less thrombolytic drug used and a longer thera-
peutic time window of up to 6 h after symptom
onset [9, 10]. However, in clinical practice,
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Figure 3. Radiographic and angiographic images of Case 3. (A) DWI showed fresh infarctions in the left basal ganglia
area (black arrow). (B) DWI showed fresh infarctions in the corona radiate (black arrow). (C) M1 segment of the left
MCA was subtotal occluded (black arrow). Lateral (D) and anterior (E) cerebral angiographic images showed com-
pensatory leptomeningeal arteries from anterior cerebral artery (black arrows). (F) Occluded MCA recanalized (black
arrow). (G) Postoperative CT showed asymptomatic basal ganglia hemorrhage (red arrow).

there are still many AIS patients presented to apy due to exceeding the suggested 6-hour
emergency department not eligible to IAT ther- time window. Coster et al. have reported two
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cases of successful intra-arterial thrombolysis
beyond the accepted 6-hour time window (10 h
and 11 h after onset, respectively) in two young
patients (<23 year-old) [11]. Here we reported
three middle-aged and aged patients with MCA
occlusion successfully treated with IAT beyond
the 6-hour time window. At admission, all the 3
patients had already exceeded the therapeutic
time window for IAT, thereby the treatment
options are limited. We chose low dose local-
ized intra-arterial rt-PA treatment. All three
patients obtained good recanalization of the
MCA, and recovered well at 2 weeks after sur-
gery (NIHSS 0O, 1 and 1, respectively), except
for the asymptomatic bleeding in Case 3.
Recurrent stroke was not found with 1 year fol-
low up after IAT treatment.

All the three cases had severe symptoms at
admission. The disease progression in Case 1
and Case 2 may be associated with the throm-
bus progression of the MCA. Patient in Case 3
had medical history of atrial fibrillation and cor-
onary heart disease. It has been shown that
late treatment for AIS leads a greater risk of
bleeding after recanalization [12]. In addition,
studies have suggested that rt-PA is related to
hemorrhagic transformation [13], and IAT ther-
apy has the risk for intracranial hemorrhage
[10]. High doses of rt-PA can increase the risk
of bleeding [14]. Base on the above consider-
ations, we chose to use a minimal dose of
rt-PA. The doses of rt-PA for the 3 cases were
6 mg, 10 mg and 6 mg, respectively, which are
far below the maximum dose of 22 mg used in
other study [15]. Recanalization of the MCA
could be achieved in all the 3 patients, and they
have a good 1-year therapeutic outcome. Our
report indicated that small dose of rt-PA can
efficiently induce artery recanalization, which
may be beneficial to patients with severe
stroke. However, the dose of rt-PA for artery
thrombolysis still needs to be individualized. It
has been suggested that after rt-PA therapy,
recanalization alone is not the guarantee to
achieve an excellent recovery [3]. Since collat-
eral circulation compensation has been shown
to be the main recovery factor [16], the good
clinical outcomes of these three patients may
be associated with good compensatory lepto-
meningeal arteries from anterior cerebral
artery observed in the angiographic images.

In summary, our report suggested that low
dose of rt-PA arterial thrombolysis may be a
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feasible treatment option for acute MCA occlu-
sion in middle-aged and aged patients, even
beyond the 6-hour window. A large sample
study is needed to verify the findings of the
current report.

Acknowledgements

This work was supported by research grants
from National Key R&D Program of China
(2016YFC1306600), the National Natural
Science Foundation of China (81471292,
U1603281, U1503222, 81430021), the Scien-
ce Foundation of Guangdong of China (2015-
A030311021, 2015A030313454, 2013B022-
000098), a technology project of Guangzhou
(201504281820463, 201604020100) and
an international project of science and technol-
ogy for Guangdong (2016A050502025). The
Clinical Foundation of Zhejiang Medical
Association (2013zyc-A146).

Disclosure of conflict of interest
None.

Address correspondence to: Pingyi Xu, Depart-
ment of Neurology, The First Affiliated Hospital of
Guangzhou Medical University, No. 151 Yanjiang
Road, Yuexiu District, Guangzhou 510120, China.
Tel: +86 13826161149; Fax: +86 020 83062767;
E-mail: pingyixu@sina.com; Qianming Yao, Depart-
ment of Neurosurgery, The Sixth Affiliated Hospital
of Guangzhou Medical University, B24 North
Yinquan Road, Qingcheng New District, Guangzhou
511518, China. Tel: 13922750666; E-mail:
13922750666@139.com

References

[1]  Murray CJ and Lopez AD. Measuring the global
burden of disease. N Engl J Med 2013; 369:
448-457.

[2] Kirino T. Ischemic tolerance. J Cereb Blood
Flow Metab 2002; 22: 1283-1296.

[3] Cohen JE. Acute middle cerebral artery occlu-
sion: reappraisal of the role of endovascular
revascularization. Int J Stroke 2013; 8: 109-
110.

[4] Lees KR, Bluhmki E, von Kummer R, Brott TG,
Toni D, Grotta JC, Albers GW, Kaste M, Marler
JR, Hamilton SA, Tilley BC, Davis SM, Donnan
GA and Hacke W. Time to treatment with intra-
venous alteplase and outcome in stroke: an
updated pooled analysis of ECASS, ATLANTIS,
NINDS, and EPITHET trials. Lancet 2010; 375:
1695-1703.

Int J Clin Exp Med 2017:10(5):8350-8356


mailto:pingyixu@sina.com

(5]

(6]

(7]

(8]

(9]

[10]

[11]

Intra-arterial thrombolysis for acute ischemic stroke beyond 6 hours

Syfret DA, Mitchell P, Dowling R and Yan B.
Does intra-arterial thrombolysis have a role
as first-line intervention in acute ischaemic
stroke? Intern Med J 2002; 41: 220-226.
Barber PA, Zhang J, Demchuk AM, Hill MD and
Buchan AM. Why are stroke patients excluded
from TPA therapy? An analysis of patient eligi-
bility. Neurology 2001; 56: 1015-1020.
Powers WJ, Derdeyn CP, Biller J, Coffey CS,
Hoh BL, Jauch EC, Johnston KC, Johnston SC,
Khalessi AA, Kidwell CS, Meschia JF, Ovbiagele
B, Yavagal DR; American Heart Association
Stroke Council. 2015 American heart asso-
ciation/American stroke sssociation focused
update of the 2013 guidelines for the early
management of patients with acute ischemic
stroke regarding endovascular treatment: a
guideline for healthcare professionals from the
American. Stroke 2015; 46: 3020-3035.
Zahuranec DB and Majersik JJ. Percentage of
acute stroke patients eligible for endovascular
treatment. Neurology 2012; 79: S22-S25.
Padma S and Majaz M. Intra-arterial versus
intra-venous thrombolysis within and after the
first 3 hr of stroke onset. Arch Med Sci 2010; 6:
303-315.

Ma Q, Chu C and Song H. Intravenous versus
intra-arterial thrombolysis in ischemic stroke: a
systematic review and meta-analysis. PLoS
One 2015; 10: e0116120.

Coster S, van Dijk LC, Treurniet FE, van
Overhagen H and van Woerkom TC. Success-
ful intra-arterial thrombolysis beyond the ac-
cepted 6-hour time window in two young pa-
tients. J Neurol Sci 2010; 288: 182-185.

8356

[12] Kase CS, Furlan AJ, Wechsler LR, Higashida RT,

(13]

(14]

(15]

(16]

Rowley HA, Hart RG, Molinari GF, Frederick LS,
Roberts HC, Gebel JM, Sila CA, Schulz GA,
Roberts RS and Gent M. Cerebral hemorrhage
after intra-arterial thrombolysis for ischemic
stroke: the PROACT Il trial. Neurology 2001, 57:
1603-1610.

Ishrat T, Soliman S, Guan W, Saler M and
Fagan SC. Vascular protection to increase the
safety of tissue plasminogen activator for
stroke. Curr Pharm Des 2012; 18: 3677-3684.
Schulte-Altedorneburg G, Brickmann H,
Hamann GF, Mull M, Liebetrau M, Weber W,
Kidhne D and Mayer TE. Ischemic and hemor-
rhagic complications after intra-arterial fi-
brinolysis in vertebrobasilar occlusion. Am J
Neuroradiol 2007; 28: 378-381.

Kim D, Ford GA, Kidwell CS, Starkman S,
Vinuela F, Duckwiler GR, Jahan R, Saver JL;
UCLA Intra-Arterial Thrombolysis Investigators.
Intra-arterial thrombolysis for acute stroke in
patients 80 and older: a comparison of results
in patients younger than 80 years. AJINR Am J
Neuroradiol 2007; 28: 159-163.

Guo XB, Fu Z, Song LJ and Guan S. Local
thrombolysis for patients of severe cerebral
venous sinus thrombosis during puerperium.
Eur J Radiol 2013; 82: 165-168.

Int J Clin Exp Med 2017;10(5):8350-8356



