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ABSTRACT

Background: To clarify the value of computed tomography (CT) perfusion (CTP)
imaging in diagnosing early cerebral infarction (Cl). Materials and Methods: Totally
100 suspected early Cl patients in our hospital from May 2019 to May 2022 were
selected and divided into observation and control groups based on examination
methods, with 50 patients per group. In control group, patients received plain
scanning through 64 row multi-slice spiral CT. On this basis, patients in observation
group received CTP in certain area. Comparison of detection rate between groups was
conducted. The observation indicators of Cl patients detected by CTP in observation
group were recorded and analyzed, including the mean transit time (MTT) of the same
blood volume, cerebral blood flow (CBF), cerebral blood volume (CBV), and time to
peak (TTP). The satisfaction with examination in both groups was explored. Results:
CTP presented higher detection accuracy than plain CT scanning (P < 0.05). TTP
presented elevation and MTT, CBV and CBF presented depletion in Cl position than
those in other cerebral position (P < 0.05). TTP, MTT, CBV and CBF presented statistical
significance between ischemic penumbra (IP) position and Cl position (P < 0.05). The
satisfaction degree was elevated in observation group relative to control group (P <
0.05). Conclusion: CTP in early Cl has higher diagnostic value and accuracy and
elevates patient satisfaction, helping reduce disability and mortality. Additionally, CTP
has high maneuverability and flexibility, and can measure IP, reducing the degree of
brain tissue damage in patients, and is worthy of clinical application.

INTRODUCTION

Cerebral infarction (CI), also known as ischemic
stroke, is a relatively common type of
cerebrovascular disease, accounting for
approximately 70% of all acute cerebrovascular
diseases, which is mostly diagnosed in middle-aged
and elderly patients (1. CI refers to the cerebral blood
artery atherosclerosis or thrombosis caused by
cerebral insufficiency, abnormal blood flow caused by
blood flow interruption or blood flow loss caused by
tissue necrosis (2:3), The clinical symptoms are usually
hemiplegia, aphasia, dizziness, headache, coma, etc.;
general awareness is clear, and severe condition can
progress to cerebral hernia and brain death (4. Risk
factors such as family history, age, hypertension,
diabetes, unhealthy lifestyle as well as
atherosclerosis are associated with the increased
occurrence of cerebral infarction ). As one of the
leading causes of death and disability, acute ischemic
stroke affects around 700 000 population annually (©).
The incidence of CI also shows an elevating and
younger trend in recent years (). Currently,
treatment of CI is still challenged in clinical medicine
in spite of the deepening understanding the
pathophysiology of stroke. The mechanical
thrombectomy, reperfusion with recombinant tissue

plasminogen activator (rtPA) such as alteplase are
mainly used in the therapy of patients with CI (8.9,
The earlier and prompt treatment is linked with
the improved clinical outcomes (6). Strengthening
early screening and diagnosis of CI can provide
reference and guidance for clinical practice
(emergency thrombolytic therapy and prognosis
judgment). Imaging is crucial to confirm the diagnosis
and guide the treatment. Computed tomography (CT)
is regarded as the primary imaging strategy for the
detection of CI (19). With the technical breakthrough,
CT perfusion imaging (CTP) is a functional
examination of brain tissue that characterizes the
cerebral perfusion state and presents the circulation
or microcirculation status (11). By effectively judging
the abnormal areas of brain, and conducting
multi-indicator analysis on the identified areas, CTP
is conducive to accurate diagnosis of CI (2.
Additionally, CTP benefits the differentiation
between necrotic core and penumbra, and improves
the possibility of treating patients with systemic
thrombolysis or endovascular therapy outside the
recommended therapeutic window (13). Moreover, a
meta-analysis study indicates that the role of CTP in
the prognosis of cerebral ischaemia, suggesting that
the ischaemic core volume and imaging-to-
reperfusion time are independently associated with
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functional independence and functional improvement
(14,

In this study, CI patients treated in our hospital
were diagnosed through CT and CTP respectively. We
aimed to compare the accuracy of two different
examination methods in clinic. The findings of our
study may provide novel clues for the early and
effective detection of CI patients.

MATERIALS AND METHODS

General data

A total of 100 suspected early CI patients admitted
in our hospital from May 2019 to May 2022 were
chosen and separated into observation and control
groups based on the examination methods, including
50 patients per group. Inclusion criteria: 1) Normal
psychology and spirit; 2) with clinical symptoms such
as slurred speech, hemiplegia, unresponsiveness, etc.;
3) diagnosed as suspected CI patients; 4) obtained
written informed consent from patients. Exclusion
criteria: 1) With a history of CI; 2) mental disorders
that affected cooperation and communication; 3)
those with malignancies; 4) those who voluntarily
withdrew from the research. The Ethics Committee of
our hospital approved this research. Figure 1 showed
the CT images of a CI patient before and after the
treatment.

Figure 1. Representative CT imaging for a Cl patient before
(left panel) and after (right panel) treatment in our hospital.
CT imaging showed low density infarcts in the right cerebellar
hemisphere and right pontine before the treatment. After the
treatment, CT imaging presented that the low-density infarcts
were improved and returned to normal density after
treatment.

Examination methods

In control group, patients received plain scanning
through 64 row multi-slice spiral CT (GE Company,
USA). The patients were maintained in a supine
position and received conventional plain scanning to
find the location of CI. The canthus ear line was the
baseline, and the scanning was carried out to the top
of skull. The instrument parameters were adjusted
accordingly, with the ball tube voltage set as 80 kV,
the current strictly controlled at 150 mA and
relatively stable, both the layer thickness and spacing

set as 7 mm, and the screw distance set as 1 mm.

On this basis, patients in observation group
received CTP in certain area, and the clinician chose
appropriate layer according to the needs of required
diagnosis site. After strict disinfection of syringe, 40
ml of (Iopamidol 370, Bracco, Shanghai, China) and
20 ml of 0.9% sodium chloride injection (Harbin
Sanlian Pharmaceutical, China) were respectively
injected into the back of the patient right hand. After
injection, CTP could be started. Except that it was
continuous scanning, the scanning constant was
basically the same as plain scanning. Parameters
were adjusted as shown below. The voltage was set
as 100 kV and kept stable, the current was set as 300
mA, the layer thickness was set as 7 mm, the screw
pitch was set as 1.2 ram, the scanning speed was
controlled at 1 layer/s, with interval of 1 s, the
matrix was set as 512 x 512, and scanning range was
set as 80 mm. The corresponding images and CT
perfusion parameters were obtained and received
processing through computer software. The final
results were obtained after analysis and discussion
by two experts.

Clinical observation indicators

(1) The detection rate in both groups received
comparison. (2) The observation indicators of CI
patients detected by CTP in observation group
received recording and analysis, including the mean
transit time (MTT) of the same blood volume,
cerebral blood flow (CBF), cerebral blood volume
(CBV), as well as time to peak (TTP). (3) Satisfaction
with examination in both groups was investigated.
Evaluation of this indicator was expressed by scores.
The > 90 was very satisfied, 60-90 was satisfied, and
< 60 was dissatisfied. The full score was 100.
Satisfaction degree = (very satisfied + satisfied)
cases / total cases x 100%.

Statistical analysis

SPSS statistical software (V. 20.0, SPSS Inc,
Chicago, Illinois, USA) was used for statistical
analysis. The measurement data were presented as
the mean * SD, and comparison between other
cerebral position and CI position was conducted
through t-test. The counting data was expressed as
[n (%)]. The accuracy and satisfaction was compared
through x?; Difference was statistically significant
when P value was less than 0.05.

RESULTS

Comparison of general data between two groups
Totally 100 patients with suspected CI were
enrolled in our study. Patients were divided into the
observation and control groups based on the
examination methods. The control group consisted of
24 males and 26 females; average age was 64.7 * 3.2
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years, ranging 54-70 years old; disease course was
1.6-3.0 h, with mean disease course of 2.10 + 0.26 h;
clinical manifestations: 16 cases of aphasia, 24 cases
of hemiplegia and 10 cases of unconsciousness. The
observation group consisted of 22 males and 28
females; average age was 64.1 * 3.8 years, ranging 55
-71 years old; disease course was 1.6-2.8 h, with
mean disease course of 2.13 * 0.29 h; clinical
manifestations: 17 cases of aphasia, 28 cases of
hemiplegia and 5 cases of unconsciousness. The gen-
eral data presented no statistical difference between
both groups (P > 0.05) (Table 1).

Table 1. General data in two groups.

Table 3. CTP parameters in Cl position and other cerebral
position.
CBF (ml/ [CBV (ml/
min.100 g) | 100 g)
Cl position |41|3.5+1.0| 15.1+5.1 | 0.7+0.3 |26.816.5
Other cerebral

Groups N [MTT (s) TTP (s)

41/6.1+0.7| 30.5+10.1 | 2.6+0.3 |15.2#5.9

position
X/t 12.455 8.766 17.356 | 10.316
P <0.001| <0.001 <0.001 | <0.001

CTP, computed tomography perfusion; Cl, cerebral infarction; MTT,
mean transit time; N, number of cases; CBF, cerebral blood flow; CBV,
cerebral blood volume; TTP, time to peak.

Table 4. CTP parameters in Cl position and IP position

CBF CBV
(ml/min-100 g) [ (ml/100 g)

Groups | N |[MTT (s) TTP (s)

Gender Age Disease| Clinical manifestations
Groups | N Male [Female|(year) co(l:‘r)se IAphasia|Hemiplegia sclijonuc;ne-ss
Control 64.7+| 2.10+
group 50( 24 | 26 32| 026 16 24 10
Observation 64.1+| 2.13+
group 50( 22| 28 38 | 0.29 17 28 5
X/t 0.161 |0.697| 1.897 2.005
P 0.688 ]0.489| 0.064 0.367

N, number of cases.

Comparison of detection rate between two groups

In control group, 29 early CI patients were
detected by plain CT scanning, with a detection rate
of 58% (29/50), and these 29 patients were found to
have a slightly low density of CI area and a locally
seen and slightly shallow sulcus. In observation
group, 41 early CI patients were detected by CTP,
with a detection rate of 82% (41/50), and abnormal
perfusion areas were observed in these 41 patients.
The detection rate of CTP in observation group
presented significant elevation relative to that of
plain CT scanning in control group (x?= 6.857, P
=0.009) (Table 2).

Table 2. Detection rate in two groups.

Cl position (41|3.5+1.0 15.145.1 0.7+0.3 |26.8%6.5
IP position (41|6.6+0.9 24.7+8.3 2.5+0.7 |20.6%6.9

X/t 14.565 6.243 16.995 6.794

P <0.001 <0.001 <0.001 | <0.001
CTP, computed tomography perfusion; Cl, cerebral infarction; IP,
ischemic penumbra; MTT, mean transit time; N, number of cases; CBF,
cerebral blood flow; CBV, cerebral blood volume; TTP, time to peak.

Comparison of patient satisfaction rate between
two groups

In observation group, 29 patients were very
satisfied, 18 patients were satisfied, and only 3
patients were dissatisfied with the CTP imaging, and
the satisfaction rate was 94% (47/50). Control group
included 15 very satisfied patients, 13 satisfied
patients and 16 dissatisfied patients with the plain CT
scanning, and the satisfaction rate was 68% (34/50).
The satisfaction degree in observation group was
significantly higher relative to that in control group,
with statistical significance (x2 = 10.981, P < 0.001)
(table 5).

Groups N Detection rate [n (%)] Table 5. Patient satisfaction rate in two groups.
Control group 50 29 (58%) Ver Satisfaction
Observat;ion group 50 41 (82%) Groups N Saﬁsﬁ)’ed Satisfied |Dissatisfied rate [n (%)]
X/t 6.857 Control group [50| 15 19 16 34 (68%)
P 0.009 Observation
N, number of cases. 50| 29 18 3 47 (94%)
group
Comparison of observation indicators of 41 CI X/t 10.981
patients detected by CTP in observation group P <0.001
In observation group, 41 patients were detected
by CTP. Based on their CT images, we discovered that
there were obvious abnormalities at CI position DISCUSSION

relative to other cerebral position. TTP presented
significant elevation (P<0.001) and MTT, CBV and
CBF presented significant reduction (P<0.001) in the
CI position relative to those in other cerebral position
(table 3). Moreover, TTP, MTT, CBV and CBF
presented statistical difference between the ischemic
penumbra (IP) position and the CI position (P <
0.001). The TTP was significantly increased (P <
0.001) while the MTT, CBV and CBF were decreased
(P < 0.001) in the CI position in comparison with the
IP position (table 4).

Arterial obstruction and insufficient supply of
cerebral vessels are common causes of Cl. The onset
of acute CI brings risks to the health and life of
patients. For patients with CI, timely treatment is
needed, otherwise it will lead to neurological
impairment (15). In the early stage (within 6 h) from
the onset of CI, detection and confirmation of the
disease can facilitate follow-up intravenous
thrombolytic therapy, grasp the best time for
thrombolytic therapy, reduce complications caused
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by CI, and decrease the degree of brain tissue damage
(1), The diagnostic accuracy of early CI is closely
associated with the improvement of prognosis in
patients and even survival outcomes. Thus, it is
urgent to develop effective means for the detection of
CL

The changes of electrolyte mainly occur during
the time period before and after CI occurrence (17).
Thus, most early CI patients are difficult to find
abnormalities in the early stage of CI by only
conventional plain CT scanning. After 22 h of CI, plain
CT scanning can diagnose the infarct position. Thus,
the diagnosis of CI by plain CT scanning possesses
great limitations, which may delay the therapy. Spiral
CT perfusion (CTP) imaging technology has been
widely applied to clinical practice in recent years
[18]. CTP examination can perform multi-layer
dynamic scanning and rapid same-layer scanning on
selected layers to provide doctors with
corresponding data for reference, thereby helping
them understand the disease and carry out follow-up
therapy. A previous study has reported that the
sensitivity and specificity of CTP to diagnose acute
ischaemic stroke is 82% and 96%, which is more
sensitive compared with native CT scan detection
and shows similar diagnosis accuracy to CT
angiography (9. The combination of CTP to non-
contrast CT is revealed to elevate the detection
accuracy of ischemia (9. Compared with non-
contrast CT and CT angiography, CTP also presents
higher concordance for Alberta Stroke Program Early
Computed Tomography Score, which is more
sensitive to detect the early ischemic changes and
predict the final infarction (1. In this study, CTP
presented higher detection accuracy relative to plain
CT scanning, with statistical significance (P = 0.009)
(Table 2), which was consistent with the previous
findings. It suggests that conventional plain CT
scanning has little change in CT value of acute CI
within 6 h, which is difficult to identify, and the
detection accuracy cannot meet clinical treatment
needs, thus it is easy to miss diagnosis; detection
accuracy of CTP is relatively higher, and the high
detection accuracy in early stage provides patients
with more timely treatment. Moreover, satisfaction
degree in observation group presented significant
elevation in comparison with control group (P <
0.001, Table 5). Based on the satisfaction survey, the
CTP examination is more accurate and thus it is more
accepted by patients.

CTP examination can be combined with CT plain
scanning to elect a certain layer for specific analysis.
The images and CT perfusion parameters can be
obtained through computer software processing.
Then MTT, CBF, CBV and TTP of infarcted area and
other cerebral areas can be calculated, and perfusion
images can be drawn. Parameters of perfusion can be
generated from the tissue-time density curve
reflecting the proportional signal intensity and

concentration of contrast at indicated time points,
and then applied to produce maps of CBV, CBF, and
TTP. CBF is proportional to the amplitude of the curve
while CBV is proportional to the area under the curve
(22, 23), The detection is conducted on a voxel-wise
level and catches relatively small changes in the tissue
signal, providing the evaluation for the
microcirculation. It allows the distinction of focal
ischemia below the resolution based on CT
angiography particularly in non-large vessel
occlusion cases (24-26), When the ratio of CBV of CI
position and other cerebral position is greater than
0.2, it suggests that there is a good therapeutic effect,
and when it is less than 0.2, it suggests that the effect
is not ideal. Additionally, IP can be measured to
determine patients' infarct site, which can facilitate
the later treatment. Herein, TTP presented elevation
and MTT, CBV and CBF presented depletion in CI
position relative to those in other cerebral position (P
< 0.001, Table 3). TTP, MTT, CBV and CBF presented
statistical significance between IP position and CI
position (P < 0.001, Table 4). It suggests that in
addition to the high accuracy of CTP examination, the
provision of its corresponding images and parameters
can also help determine the location of CI in clinical
practice, so as to grasp the best time for thrombolysis
and elevate the therapeutic efficacy.

In conclusion, CTP in early CI shows higher
diagnostic value and accuracy and elevates patient
satisfaction, helping reduce disability and mortality.
Additionally, this examination method has high
maneuverability and flexibility, and can measure
ischemic penumbra, which benefits to the brain tissue
damage reduction in CI patients, and is worthy of
clinical application.
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