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Abstract
This study aims to assess the efficiency and safety of intra-arterial thrombolysis treatment for
wake-up stroke under the supervision of CT perfusion (CTP). 12 wake-up stroke patients fit for
intra-arterial thrombolysis were checked with CTP before thrombolysis treatment; cranial CTP
was checked after treatment. Neural function defect scores (NIHSS), Barthel Index (BI) of
activity of daily life (ADL) and mRS scores were evaluated at 6 hour and 7 day after thrombolysis
treatment. Results found that, the cranial CT at 24 hour after thrombolysis showed HI-1 type
hemorrhage in 2 patients and HI-2 hemorrhage in 1 patient. No PH-1 or PH-2 hemorrhage was
observed. At 7 day after thrombolysis the hypoperfusion was greatly improved. Before
thrombolysis, the NIHSS, ADL (BI) and mRS of 12 patients were 12.0 ± 4.0, 45.4 ± 16.0 and 3.7 ±
0.8, respectively. At 6 hour after thrombolysis, the NIHSS, ADL (BI) and mRS were 2.0 ± 2.1, 85.4
± 16.0 and 0.6 ± 0.9, respectively, which were significantly different with before thrombolysis (P <
0.05). At 7 day after thrombolysis, the NIHSS, ADL (BI) and mRS of 12 patients were 0.4 ± 0.8,
95.5 ± 8.4 and 0.3 ± 0.8, respectively, which were highly significantly different with before
thrombolysis (P < 0.01). CTP can be applied for intra-arterial thrombolysis treatment of wake-up
stroke, with definite efficacy and safety.
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Introduction
Cerebral stroke is a common global neural system
disease, and 67% to 80% of cerebral stroke cases are
acute ischemic cerebral vascular diseases. Thrombolysis
treatment is one of the effective treatment measures for
acute cerebral infarction. Some patients with acute
cerebral infarction present the wake-up symptom, also
known as wake-up stroke. These patients have no
thrombolysis treatment time window under the criterion
of “normal appearance”. However, there is a possible
thrombolysis time window for partial wake-up stroke
cases. A previous study found that, there was no
significant difference of safety or clinical prognosis
between wake-up stroke patients treated with
thrombolysis and treated with tissue plasminogen
activator (t-PA) within 3 hours [1].
In that study, 61% cases received intravenous
thrombolysis, 30% received intra-arterial thrombolysis,
and 9% received combined intravenous and intra-arterial
thrombolysis. Up to 4.3% cases presented symptomatic
cerebral haemorrhage and the mortality rate increased by
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15%. That study contained comparisons of different intraarterial and intravenous thrombolysis with intravenous
thrombolysis, and lacked consistency. In addition, the
incidence of haemorrhage was higher, whereas the
concurrent symptomatic intracranial haemorrhage and the
time window of partial cases were actually out of the
thrombolysis treatment range. Computed tomography
perfusion (CTP) can provide a large area of ischemia
perfusion abnormalities in transient ischemic attacks. An
early CTP of a large area of infarction was able to identify
the perfusion abnormality, evaluate the ischemic
penumbra [2], and guide thrombolysis. Since 2009, our
hospital has been conducting cranial CTP screening for
patients with wake-up stroke, complying with the overall
thrombolysis time window and carrying out evaluations
through cerebral blood flow, cerebral blood volume, and
mean transit time. Intra-arterial thrombolysis was
conducted for cases that met the prepared thrombolysis
criteria. This study investigates whether CTP can
accurately evaluate ischemic penumbra to reduce
symptomatic haemorrhage risk. Moreover, treatment
efficiency and safety of intra-arterial thrombolysis for
wake-up stroke are evaluated.
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Materials and Methods
General data
A total of 12 patients (6 males and 6 females; average age
of 67 ± 11 years) with wake-up stroke acute cerebral
infarction treated in the neurology department of Taizhou
First People's Hospital (Taizhou, China) and Affiliated
Hospital of Yanbian University Hospital (Yanbian, China)
from January 2009 to August 2009 were enrolled in this
study. Their clinical manifestations all met the diagnostic
criteria of total anterior circulation infarction by the
Oxfordshire Community StrokeProject (OCSP-TACI).
Their NIHSS scores fell between 7 and 22 points. All
patients were hospitalized within 3.5 h after symptoms.
The exclusion criteria: 1) more than 80 years; 2) atrial
fibrillation and a history of warfarin administration; 3) a
history of diabetes or random blood sugar > 11.1 mmol/l;
4) cerebral hemorrhage, tumor, and signs of early cerebral
infarction by cranial CT; and 5) ASPEPCTS score ≥ 7.
Emergent cervical artery ultrasonography, cardiac color
ultrasound, and electrocardiogram examination for
baselines such as trial of Org 10172 in acute stroke
treatment (TOAS); large-artery atherosclerosis (LAA),
cardioembolism (CE), small-artery occlusion lacunar
(SAA), acute stroke of other determined etiology (SOE),
and stroke of other undetermined etiology (SUE) types,
Barthel Index (BI), and modified ranking scale (mRS)
scores were performed.
CT perfusion imaging examination
A GE lightspeed ultra eight-layer Spiral CT machine was
used to carry out routine plain scanning. The interest layer
of CTP dynamic scanning was identified based on the CT
plain scanning results to conduct same-layer dynamic
scanning. The scanning parameters are as follows: type,
cine full 1.0 s; thickness, 5 mm/4i; KV, 80; mA, 200; total
exposure time, 50 s; extension time, 5 s; contrast medium,
49 ml of 300 mgI/ml Iohexol; flow rate, 4 ml/s.
Synchronous dynamic CT axial scanning was conducted
for the interest layer after the contrast medium was
injected for 5 s. Anterior cerebral artery or middle
cerebral artery and longitudinal sinuses on the same layer
were then taken as control to obtain the time density
curve (TDC). The CT 2 perfusion software
(deconvolution algorithm) of the AW 4.1 image
workstation was used for image processing after CT
perfusion to obtain CT perfusion images of the
corresponding parameters and to symmetrically measure
cerebral blood flow (CBF), cerebral blood volume (CBV),
and mean transit time (MTT) of the bilateral
corresponding areas.
According to the relevant research conclusions,
haemorrhage risk caused by thrombolysis treatment
greatly increased for infarction of over 1/3 of the middle
cerebral artery supply area [3]. CT perfusion research
confirmed the existence of ischemic penumbra when
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CBF>CBV. MTT extension indicated ischemic hypoperfusion. Therefore, preparation of the screening criteria
of intravenous thrombolysis treatment for cases with
MTT extension, normal CBV or CBV<1/3CBF, and ratio
of bilateral CBF raging from 0.2 to 0.35 is necessary. The
outcomes were evaluated by two associate chief
physicians at the department of radiology. Only if their
results were found consistent, thrombolysis could then be
performed.
Treatment method
Patients meeting the criteria of wake-up stroke acute cerebral
infarction were subjected to emergent cerebral digital
subtraction angiograph (DSA) for responsible artery
identification. For local thrombosis without complete
occlusion (TIMI II), micro guide wire perfusion of alteplase
(5 mg) was performed. For a completely-occluded arterys, a
micro guide wire was used to damage the blood clots. If
micro guide wire angiography demonstrated residual
stenosis < 70% after occluded artery recanalization, surgery
was stopped. However, if the residual stenosis was more
than 70%, intracranial Wingspan stenting and extracranial
Abbott Vascular ACCLINK stenting were performed. If the
micro guide wire successfully destroyed blood blots but
angiography showed the occluded artery was not
recanalized, PTA balloon catheter technique was employed.
In a case that the micro guide wire could not pass through
the thrombus or of over 6 h after disease occurrence, the
operation attempt was given up. If patients exhibited severe
headache or extravasation of contrast media during
thrombolysis, thrombolysis was stopped immediately and
cranial CT was then performed for review. For patients
subjected to intraoperative stenting, 100 mg of aspirin, 300
mg of clopidogrel, and 40 mg of atorvastatin were
administered. For those not subjected to such a treatment,
100 mg of aspirin, 300 mg of clopidogrel, and 40 mg of
atorvastatin were administered 6 h after operation. Then, 100
mg of aspirin and 75 mg of clopidogrel were given for seven
successive days. After that, the medication was changed into
100 mg of aspirin or 75 mg of clopidogrel combined with 40
mg of atorvastatin. For patients with blood pressure >
185/105 mmHg, urapidil was intravenously pumped for
controlled blood pressure of 140/90 mmHg. The middle
cerebral artery (TCD) was monitored during operation. If the
mean blood flow velocity in the TCD increased by 100%
compared with that before operation, blood pressure was
continuously reduced until a level of 120/80 mmHg was
reached.
Evaluation criteria and observation indicators
Neural function defect scores (NIHSS) and BI were
evaluated at 6 hour and 7 day after thrombolysis. At 3
months, NIHSS, BI, and mRS were evaluated. Cranial CT
examination was conducted within 24 h after
thrombolysis to confirm whether cerebral haemorrhage
occurred. Mucocutaneous and visceral haemorrhage
situations were also recorded. Moreover, CTP intracranial
perfusion situations after 7 d were evaluated.
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Statistical analysis
Data were expressed as mean±SD. Statistical analysis was
performed using SPSS 12.0 statistical software. F-test was
performed for analyzing the measurement data, and SNKq test was used for multiple comparisons. P < 0.05 was
considered as statistically significant.

Results
General data
Arterial thrombolysis was performed for 12 patients. The
demographic characteristics and baseline of 12 patients
were shown in Table 1. Among these patients, 7 had the
responsible artery at the TCD M1 segment, 3 at the TCD
M2 segment, 1 at the C1 segment of the internal carotid
artery initial, and 1 at the C2 segment. Arterial
recanalization by t-PA perfusion thrombolysis was done
for 4 patients, micro guide wires for thrombosis
destruction for 10, PTA catheter dilation for 5, Wingspan
for 2, and ACCLINK stenting with the employment of
RX Accunet protection system for 1. The anterior and
posterior cranial CTP images and DSA contrastographic

pictures of two patients are shown in (Figures 1-6).
Cranial CT at 24 hour after thrombolysis showed HI-1
type hemorrhage in 2 patients, HI-2 hemorrhage in 1,
gingival hemorrhage in 1, and subcutaneous ecchymosis
in 1. No PH-1 or -2 occurred. No contrast allergy during
examination as well as within the following one week
after the examination occurred. Cranial CT was rechecked
7 day later and the result showed that the hypoperfusion
was greatly improved.
Changes of NIHSS, ADL (BI) and mRS
Before thrombolysis, the NIHSS, ADL (BI) and mRS of
12 patients were 12.0 ± 4.0, 45.4 ± 16.0 and 3.7 ± 0.8,
respectively. At 6 hour after thrombolysis, the NIHSS,
ADL (BI) and mRS were 2.0 ± 2.1, 85.4 ± 16.0 and 0.6 ±
0.9, respectively, which were significantly different with
before thrombolysis (P < 0.05). At 7 day after
thrombolysis, the NIHSS, ADL (BI) and mRS of 12
patients were 0.4 ± 0.8, 95.5 ± 8.4 and 0.3 ± 0.8,
respectively, which were highly significantly different
with before thrombolysis (P < 0.01) (Table 2).

Table 1. Demographic characteristics and baseline data of 12 patients.
Case

Age/Gender

TOAST type

ASPEPCTS

NIHSS

BI

mRS

1

75/Male

SOE

7

12

45

4

2

56/Female

LAA

8

18

20

5

3

70/Male

LAA

9

10

60

3

4

71/Male

LAA

8

8

60

3

5

60/Female

LAA

10

8

60

3

6

52/Male

LAA

9

10

50

3

7

79/Male

LAA

10

12

45

4

8

75/Male

LAA

9

20

10

5

9

66/Female

LAA

10

10

50

3

10

47/Male

SOE

10

8

60

3

11

78/Female

LAA

9

12

45

4

12

72/Male

LAA

10

16

40

4

Table 2. NIHSS, ADL (BI) and mRS of 12 patients before thrombolysis treatment and at 6 hour and
7 day after thrombolysis.
Before thrombolysis

6 hour after thrombolysis
*

7 day after thrombolysis

NIHSS

12.0 ± 4.0

2.0 ± 2.1

0.4 ± 0.8∆

ADL (BI)

45.4 ± 16.0

85.4 ± 16.0*

95.5 ± 8.4∆

mRS

3.7 ± 0.8

0.6 ± 0.9*

0.3 ± 0.8∆

Note: *P < 0.05, ∆P < 0.01
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Figure 1. Cranial CT perfusion image of typical case 1 before thrombolysis. (A) left side of CBF (cerebral blood flow)
dropped. (B) CBV (cerebral blood volume) was symmetrical. (C) left side of MTT (mean transit time) extended.

Figure 2. Intra-arterial thrombolysis DSA image of typical case 1. (A) orthophoria angiography of left internal carotid
artery. (B) lateral angiography of left internal carotid artery. (C) super-selective contact intra-arterial thrombolysis
after mechanical thrombolysis. The white arrow in the figure represented micro catheter tip.

Figure 3. Cranial CT perfusion image of typical case 1 at 14 day after intra-arterial thrombolysis treatment. (A) CBF
(cerebral blood flow) was nearly symmetrical. (B) CBV (cerebral blood volume) was nearly symmetrical. (C) MTT
(mean transit time) was nearly symmetrical.
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Figure 4. Cranial CT perfusion image of typical case 2 before thrombolysis. (A) (cerebral blood flow) was nearly
symmetrical. (B) CBV (cerebral blood volume) was nearly symmetrical. (C) right side of MTT (mean transit time)
extended.

Figure 5. DSA image of intra-arterial thrombolysis and stent placement of typical case 2. (A) right common carotid
artery and vertebral artery angiography catheter contact thrombolysis. (B) right common carotid artery angiography
after mechanical thrombolysis. (C) stent placement in the initial stenosis of right internal carotid artery.

Figure 6. Cranial CT perfusion image of typical case 2 at 14 day after intra-arterial thrombolysis treatment. (A) CBF
(cerebral blood flow) was nearly symmetrical. (B) CBV (cerebral blood volume) was nearly symmetrical (C) right side
of MTT (mean transit time) extended.
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Discussion
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