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Abstract. Clinical application value of CT perfusion (CTP) 
imaging in the treatment of acute ischemic stroke (AIS) throm-
bolytic therapy was investigated. Retrospective analysis of 
185 suspected AIS patients in Liaocheng Brain Hospital from 
April 2012 to December 2017 were involved. We observed 
the non-contrast CT (NCCT) and CTP in the diagnosis of 
AIS patients, and recorded as well as compared CTP para- 
meters of AIS patients. The National Institute of Health Stroke 
Scale (NIHSS) rating was conducted, and the correlation 
between the prognosis of NIHSS scores and CTP parameters 
was investigated. A total of 177 patients were diagnosed with 
AIS. The sensitivity levels of CTP examination for diagnosis 
of AIS patients was significantly higher than that of the 
NCCT examination (P<0.050). The diagnostic compliance 
rates of CTP examination was significantly higher than that 
of the NCCT examination (P<0.050). The cerebral blood 
volume (CBV) in the abnormal perfusion area was significantly 
lower than that in the mirror side zone (t=21.160, P<0.001). The 
prognostic NIHSS score was negatively correlated with CBV 
in patients with thrombolytic therapy (r=-0.912, P<0.001). The 
cerebral blood flow (CBF) in the abnormal perfusion zone was 
significantly lower than that in the mirror side zone (t=19.170, 
P<0.001). The prognosis of patients with thrombolytic therapy 
was negatively correlated with CBF (r=‑0.915, P<0.001). The 
mean transit time (MTT) in the abnormal perfusion zone was 
higher than that in the mirror side zone (t=13.480, P<0.001). 
NIHSS scores were obtained 3 months after thrombolytic 
therapy and found that the prognostic NIHSS scores were 
positively correlated with MTT (r=0.887, P<0.001). The results 
indicated that brain CTP has a high diagnostic value for intra-
venous thrombolytic therapy in AIS and there was a significant 
correlation between the prognosis scores of patients. Thus, it is 

worthy of being promoted in the clinical diagnosis and treat-
ment of AIS patients.

Introduction

Cerebral stroke (CS) is an acute cerebrovascular disease, it is 
the main cause of disability in adults, it has a high incidence 
rate, high mortality rate and a high disability rate (1). The 
incidence rate of ischemic stroke in CS was higher than that 
of the hemorrhagic stroke (2). Acute ischemic stroke (AIS) is 
a circulatory disorder that seriously harms human health, and 
commonly occurs in middle-aged and elderly individuals (3). 
AIS is caused by atherosclerosis and thrombosis in patients, 
so it causes local brain tissue ischemia and hypoxic lesions 
in patients. The treatment process is extremely difficult (4). 
Currently, early application of recombinant tissue plas-
minogen activator (rt-PA) intravenous thrombolytic therapy 
can effectively improve the treatment of AIS (3). The key to 
the treatment of AIS is early intravenous administration of 
rt-PA intravenous thrombolytic therapy, which recanalizes 
the damaged blood vessels. Also the ischemic penumbra zone 
can be reperfused (5). Therefore, early diagnosis screening is 
critical for the treatment of AIS.

Guided by the American Heart Association/American 
Stroke Association Early Management Guide for AIS in 2018, 
all patients with suspected acute CA admitted to Liaocheng 
Brain Hospital (Liaocheng, China) should have a brain imaging 
assessment immediately after they arrive at Liaocheng Brain 
Hospital. In most cases, CT scans [non-contrast CT (NCCT)] 
can provide the necessary information for emergency assess-
ment (6). A large number of documents have shown that the 
CT perfusion (CTP) has an important effect in the diagnosis of 
AIS (7,8). CTP uses continuous dynamic scanning for selected 
levels of interest, with a non‑ionic contrast agent to reflect cere-
bral blood flow (CBF), cerebral blood volume (CBV), mean 
transit time (MTT) and other blood perfusion parameters of 
related brain tissue via calculation, that has been recognized 
clinically (9). A large number of reports have shown that CTP 
related parameters can detect cerebral ischemic lesions at 
an early stage. This suggests that abnormal brain tissue can 
provide an effective basis for clinical diagnosis and the treat-
ment of cerebrovascular diseases (10-12). In this research, we 
studied the clinical value of brain CTP in thrombolytic therapy 
of AIS patients and provided references for the treatment of 
AIS patients.
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Patients and methods

Basic patient information. A retrospective analysis of 
185 patients diagnosed with AIS in Liaocheng Brain Hospital 
from April 2012 to December 2017 was carried out. The age 
range was 59 to 81 years, the average age was 71.15±5.22 years, 
and the average time from pathogenesis to thrombolysis was 
264.45±82.97 min. Inclusion criteria were: i) pathogenesis 
duration <12 h; ii) ranked 4 to 24 points according to the 
National Institute of Health Stroke Scale (NIHSS) before 
treatment; iii) patients with effective treatment (2216) (NIHSS 
score decreased 4 or more points compared with that before 
treatment); iv) agree to receive relevant examinations and 
treatments; v) patients with history of complete cases and 
follow-up data; and vi) no related anticoagulation or throm-
bolytic therapy was received in other hospitals. Exclusion 
criteria were: i) patients who had allergic reactions or contra-
indications to the medicines of our research; ii) patients during 
pregnancy or lactation; iii) patients with acute gastrointestinal 
hemorrhage or other hemorrhage disorders; iv) patients with 
other serious diseases or tumors; v) patients with abnormal 
kidney, liver, coagulation, blood pressure and blood sugar; and 
vi) patients with communication or cognitive disorders. The 
subjects or their families signed informed consent and cooper-
ated with the medical staff to complete the relevant medical 
treatment (Table I). The study was approved by the Ethics 
Committee of Liaocheng Brain Hospital.

NCCT, CTP inspection methods. Patients were requested to 
fast for 4-6 h before examination, paralyzed patients were 
asked to remove metal objects from the scanning range after 
the iodine allergy test became negative. The Toshiba Aquilion 
64-slice spiral CT machine was used to scan the basal ganglia 
region for the level of interest. The parameters are as follows: 
scanning layer thickness was 5 mm, matrix 512x512, tube 
voltage 120 kV, tube current 210 mA, interval time: 1 sec; 
scanning time: 16 sec, a total of 80 layers and scanning range 
was 80 mm. The non-ionic iodine contrast agent of 50 ml of a 
venous injection (370 mg/ml) (iodoparin, cat. no. 60166-93-0; 
TargetMol, Boston, MA, USA) was injected through the cubital 
vein at a flow rate of 4.5 to 5.0 ml/sec, and scanned at the same 
time. The CT image data was transmitted to the treatment 
workstation, and the treatment software of the system was used 
for analysis and a series of brain perfusion parameter maps 
were obtained. The abnormal area in the patient's CTP image 
was observed and the CTP parameters were measured, namely 
CBF, CBV, and MTT.

rt‑PA thrombolytic therapy and drug schedule. The patients 
were connected to the monitor before treatment (Wuhan Kaijin 
Medical Technology Co., Ltd., Wuhan, China) and the changes 
in vital signs such as heart rate, blood pressure and breathing 
were closely examined. Also 0.9 mg/kg of alteplase (article 
no. RK20180329n; Boehringer Ingelheim Pharma GmbH 
& Co. KG, Ingelheim, Germany) were given within 4.5 h of 
pathogenesis for rt-PA thrombolytic therapy. The dosage was 
0.9 mg/kg, and the total dosage could not exceed 90 mg. Then, 
10% of the total dose was injected intravenously within 1 min, 
and the remaining drug was continuously infused intrave-
nously for more than 1 h. CT examination was performed 24 h 

after rt-PA thrombolysis and if hemorrhage did not occur in 
patients then routinely oral 100 mg enteric-coated aspirin was 
applied, once per day.

Judging criteria. Early AIS signs of NCCT examination (13): 
blurred outline of the lenticular nucleus or reduced density 
levels; increased density of internal carotid artery in the brain 
(compact arterial sign); island gray-white interface disappears 
(island sign). The ischemic penumbra in CTP examina-
tion (14): CBF decreased significantly while CBV remained 
normal, mildly elevated or mildly decreased, and MTT was 
prolonged. The diagnosis of AIS patients with NCCT and CTP 
was observed, the CTP parameters in the abnormal perfusion 
zone and the mirror side zone of AIS patients were recorded 
and compared; the NIHSS score was used to investigate 
the correlation between the prognosis of NIHSS score and 
CTP parameters after 3 months of thrombolytic therapy.

Statistical analysis. Statistical analysis was conducted by 
SPSS 17.3 (Beijing Net Counting Times Technology Co., Ltd., 
Beijing, China) software system. Basic patient data counting 
were expressed as percentage (%), using a Chi-square test. 
The CTP parameters of CBV, CBF, and MTT were expressed 
as mean ± standard deviation and the difference between 
the groups was analyzed by t-test. The correlation between 
NIHSS scores and CTP parameters of CBV, CBF, and MTT 
was analyzed by Spearman correlation analysis after 3 months 
of thrombolytic therapy. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Comparison between CTP and CTA examinations in the diag‑
nosis of AIS patients. In total, 177 patients were diagnosed 
with AIS by clinical manifestations, biochemical tests and 
imaging. The sensitivity level of CIS examination for diagnosis 
of AIS patients was 96.61% and the sensitivity level of NCCT 
for diagnosis of AIS patients was 63.28%. The sensitivity 
level of CTP examination for diagnosis of AIS patients was 
significantly higher than that of the NCCT examination and the 
difference was statistically significant (P<0.050). The speci-
ficity level of CIS examination for diagnosis of AIS patients 
was 50.00% and the specificity level of NCCT for diagnosis 
of AIS patients was 25.00%. The specificity level of patients 
with AIS diagnosed by CTP was significantly higher than 
that of the NCCT, the difference was statistically significant 
(P<0.050). The diagnostic compliance rate of patients with AIS 
diagnosed by CTP was 94.59% and the diagnostic compliance 
rate of AIS diagnosed by CT scan was 61.62%. The diagnostic 
compliance rate of patients with AIS diagnosed by CTP was 
significantly higher than that of NCCT and the difference was 
statistically significant (P<0.050; Tables II and III and Fig. 1).

Changes in CBV of CTP parameters and correlation with 
NIHSS scores. The CBV in the abnormal perfusion zone of 
AIS patients was 4.26±0.61 ml/100 g and in the mirror side 
zone was 5.95±0.84 ml/100 g. The CBV in the abnormal 
perfusion zone was significantly lower than that of the mirror 
side zone, and the difference was statistically significant 
(t=21.160, P<0.001). NIHSS scores were obtained 3 months 
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after thrombolytic therapy and showed that the prognostic 
NIHSS score was negatively correlated with CBV in patients 
with thrombolytic therapy (r=‑0.912, P<0.001; Fig. 2).

Changes in CBF of CTP parameters and their correlation with 
NIHSS scores. The CBF in the abnormal perfusion zone of 
AIS patients was 45.58±6.07 ml/100 g/min and in the mirror 
side zone was 59.41±7.38 ml/100 g/min. The difference was 
statistically significant (t=19.170, P<0.001). NIHSS scores were 
obtained 3 months after thrombolytic therapy and showed that 
the prognostic NIHSS score was negatively correlated with 
CBF in patients with thrombolytic therapy (r=‑0.915, P<0.001; 
Fig. 3).

Changes in MTT of CTP parameters and their correlation 
with NIHSS scores. The MTT in the abnormal perfusion 
zone of AIS patients was 4.96±0.72 sec and the MTT in the 

mirror side zone was 4.02±0.56 sec. The MTT in the abnormal 
perfusion zone was higher than that of the mirror side zone and 
the difference was statistically significant (t=13.480, P<0.001). 
NIHSS scores were obtained 3 months after thrombolytic 
therapy and showed that the prognostic NIHSS scores were 
positively correlated with MTT in patients with thrombolytic 
therapy (r=0.887, P<0.001; Fig. 4).

Discussion

According to statistics, in industrialized countries, cerebrovas-
cular disease is the leading cause of death for women. Also 
it is the second cause of death for men and is an important 
cause of cognitive impairment and dementia (15,16). CA is 
the main cause of functional disability, and most CA patients 
have neurological sequelae after treatment and it becomes 
impossible to restore the same level of daily living activities as 
before the disease (17). Currently, the number of patients with 
global AIS is gradually declining due to early control of risk 
factors. However, many patients still have to take long-term 
care after treatment, causing a huge burden on the patient's 
family and society. Therefore, early treatment is very impor-
tant (18). The first choice for early treatment of AIS is rt‑PA 
intravenous thrombolytic therapy, and rt-PA is a highly selec-
tive thrombolytic drug for fibrin (19). rt‑PA is activated once 
it binds to fibrin, this will induce the plasminogen convert to 
fibrinolytic enzyme, which leads to the degradation of fibrin 
and thrombosis in the body (20). rt-PA thrombolytic therapy 
can restore blood supply to the originally blocked blood vessels 
and reperfusion of brain tissue in the ischemic penumbra. This 
improves the prognosis for life quality of patients (21). This 
study involved 185 patients diagnosed with AIS in Liaocheng 
Brain Hospital, and the consistency of NCCT and CTP exami-
nation and clinical diagnosis in AIS patients were analyzed. 
The correlation of the prognosis of NIHSS scores between 
AIS patients and CBV, CBF, MTT of CTP parameters were 
also analyzed. This study provided references for clinical 
diagnosis and treatment of AIS patients.

In this study, 177 patients were diagnosed with AIS through 
clinical manifestations, biochemical tests and imaging. Upon 
comparison of the detection results between the CTP and 
NCCT of imaging, we revealed that the sensitivity, specificity, 
and diagnostic compliance rates of AIS patients diagnosed by 
CTP were higher than those of NCCT and the difference was 
statistically significant. With the continuous development and 
progress of modern medical CT scanning technology, CT has 

Table I. General information of patients in clinics (n=185).

Factors n (%)

Age (years)
  <70   73 (39.46)
  ≥70 112 (60.54)
Sex
  Male 124 (67.03)
  Female   61 (32.97)
Married or single
  Single   62 (33.51)
  Married 123 (66.49)
History of smoking
  Smoking 136 (73.51)
  Non-smoking   49 (26.49)
History of drinking alcohol 
  Alcoholic 118 (63.78)
  Non-alcoholic   67 (36.22)
Eating habits
  Greasy 147 (79.46)
  Light   38 (20.54)
Type
  Carotid artery 102 (55.14)
  Vertebral artery   83 (44.86)

Table II. AIS effectiveness in CTP diagnosis.

 Clinical Clinical
CTP diagnosis diagnosis (+) diagnosis (-) Total

CTP diagnosis (+) 171 4 175
CTP diagnosis (-) 6 4 10
Total 177 8 185

AIS, acute ischemic stroke; CTP, CT perfusion.

Table III. AIS effectiveness in NCCT diagnosis.

 Clinical Clinical diagnosis
 diagnosis (Mild brain
NCCT diagnosis (SBI) injury) Total

NCCT diagnosis (+) 112 6 118
NCCT diagnosis (-) 65 2 67
Total 177 8 185

AIS, acute ischemic stroke; NCCT, non-contrast CT.
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developed from morphological imaging diagnosis to assessable 
hemodynamic changes that can be assessed in vivo tissue (22). 
According to Yoo et al (23), it was found that the safety and efficacy 
of early NCCT for intra-arterial treatment has a diagnostic value 
only for patients with small infarction, while patients with large 
infraction require further examination for diagnosis. However, 
Finlayson et al (24) showed that the diagnostic value of CTP was 
higher than that of the NCCT and angiography in the diagnosis 
of acute CA patients using NCCT, CT angiography and CTP, 

which further approved our point of view. Later, we studied the 
CBV, CBF, and MTT between the abnormal perfusion zone of 
AIS patients and the mirror side zone. It was found that the CBV 
and CBF in the abnormal perfusion zone were significantly 
lower than that of the mirror side zone. Also the MTT in the 
abnormal perfusion zone was significantly lower than that of the 
mirror side zone and the difference was statistically significant. 
Relevant parameters of CTP can reflect the collateral circulation 
of patients and the abnormal perfusion of hemodynamics in 

Figure 1. CTP image of AIS patients. MTT prolonged in the ischemic penumbra, CBF and CBV decreased. CTP, CT perfusion; AIS, acute ischemic stroke; 
MTT, mean transit time; CBF, cerebral blood flow; CBV, cerebral blood volume.

Figure 2. Correlation between CBV of CTP parameters and NIHSS scores. 
NIHSS scores were obtained 3 months after thrombolytic therapy, and the 
prognostic NIHSS score was negatively correlated with CBV (r=-0.912, 
P<0.001). CBV, cerebral blood volume; CTP, CT perfusion; NIHSS, National 
Institute of Health Stroke Scale.

Figure 3. Correlation between CBF of CTP parameters and NIHSS score. 
NIHSS scores were obtained 3 months after thrombolytic therapy and the 
prognosis of patients with thrombolytic therapy was negatively correlated 
with CBF (r=‑0.915, P<0.001). CBF, cerebral blood flow; CTP, CT perfusion; 
NIHSS, National Institute of Health Stroke Scale.
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brain tissues, so it provides a basis for clinical treatment. If the 
CBF declines slightly, it indicates that the cerebral circulation 
reserve is decompensated. Also a significant reduction indicates 
that the patient may have developed a cerebral infarction. 
Delayed MTT suggests a deduced cerebral perfusion pressure 
as well as impaired perfusion reserve and can indicate the 
condition of the patient's collateral circulation (25). However, 
there is no consistent conclusion on the optimal thresholds 
for CBV, CBF, and MTT between the abnormal perfusion 
zone and the mirror side zone. Therefore, we studied whether 
the prognosis of patients after treatment was related to the 
pre-treatment CTP parameters. NIHSS scores were obtained 
3 months after thrombolytic therapy and the prognosis of 
patients with thrombolytic therapy was negatively correlated 
with CBV and CBF, while it was positively correlated with 
MTT, and the difference was statistically significant. According 
to van Seeters et al (26) in a study of patients with suspected 
AIS, the parameters of CTP examination at admission have 
a strong predictive effect on patients with poor prognosis and 
can be used to predict long-term clinical outcomes. However, 
Ma et al (27) also found that CTP parameters are correlated 
with the evaluation index of patients' clinical prognosis on the 
14th and 90th day, which further supports our research results.

In this experiment, due to the small number of patients with 
AIS in Liaocheng Brain Hospital, we only have a small base 
of selected subjects. Therefore, there may exist contingency 
within our results and there were a large number of research 
variables in AIS patients. Further study is still required.

Overall, brain CTP has a high diagnostic value for rt-PA 
intravenous thrombolytic therapy in AIS. Also there is a 
significant correlation with patients' prognosis score, which is 
worthy of being promoted in the clinical diagnosis and treat-
ment of AIS patients.
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