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Abstract N
Transient ischemic attack (TIA) is often recurrent, and about one-third of patients will progress to cerebral infarction. Rapidly |
identifying high-risk patients is pivotal to prevent the development of cerebral infarction. Therefore, this study aimed to evaluate the
value of ABCD? score, ABCD? score combined with magnetic resonance diffusion weighted imaging (DWI) and intracranial arterial
magnetic resonance angiography (MRA) in predicting cerebral infarction after 2 to 30 days of transient ischemic attack (TIA).

182 patients with TIA from August 2011 to August 2014 were enrolled as study subjects, and their clinical data, test results of DWI
and MRA were collected. The incidence of cerebral infarction was observed at 2 days, 7 days and 30 days after TIA in patients with
TIA, through scoring according to the 7-point ABCD? score method proposed by Johnston. The relationship between ABCD? score,
performances of DWI and MRA and the early incidence of cerebral infarction after TIA was analyzed. The accuracy rating of ABCD?
score and ABCD? + DWI + MRA score used for predicting the early incidence of cerebral infarction after TIA were compared with each
other.

The incidence of cerebral infarction after TIA was 19 cases (10.4%) in 2 days, 42 cases (23.1%) in 7 days, 56 cases (30.8%) in 30
days respectively. For the ABCD? score of incidence of cerebral infarction 2 to 30 days after TIA, that of those with high risk was higher
than that with medium risk, and that with the medium risk was higher than that with low risk (P <.05). The area under the curve of
ABCD? + DWI + MRA score and ABCD? score predicting the incidence of cerebral infarction was: in 2 days: 0.782 and 0.748, in
7 days: 0.839 and 0.801, in 30 days: 0.780 and 0.757, P<.05.

Compared with ABCD? score, ABCD? score combined with DWI and MRA can further improve the accuracy of prediction for
cerebral infarction after TIA.

Abbreviations: DWI| = diffusion weighted imaging, MRA = intracranial arterial magnetic resonance angiography, TIA = transient
ischemic attack.

Keywords: ABCD? score, cerebral infarction, magnetic resonance angiography, magnetic resonance diffusion weighted imaging,

transient ischemic attack

1. Introduction

Transient ischemic attack (TIA)’s clinical symptoms can be fully
restored, but some patients will develop cerebral infarction in early
days following the TIA. Therefore, for patients with TIA, a
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comprehensive etiology check should be conducted as early as
possible to assess the relevant risk factors, to predict the risk of
early cerebral infarction after TIA, so as to take measures as soon as
possible to prevent cerebral infarction. In 2007, Johnston et al!!!
proposed the simple scale “ABCD*” score method based on
clinical features to predict the occurrence of short-term cerebral
infarction after TIA, but the assessment did not include imaging
studies, A number of studies'**! had shown that positive diffusion
weighted imaging (DWI) on MRI is associated with increased
recurrent stroke risk in TIA patients, acute MRI aids in TIA risk
stratification and diagnosis; large-artery disease, lesions detected
on DWI were found to be independent predictors of subsequent
stroke after TIA, and incorporating DWI positivity and etiology
(large-artery atherosclerosis, cardioembolism, small-artery occlu-
sion and so on) of TIA into the ABCD? score can improve the
ability to predict stroke and death within 6 months after TIA.
Therefore, we evaluated the value of ABCD? score as well as the
ABCD? score combined with DWI and intracranial arterial
magnetic resonance angiography (MRA) for predicting the risk of
cerebral infarction in 2 days, 7 days, and 30 days after TIA with the
hospitalized TIA patients as the subjects, to explore the risk factors
of cerebral infarction in TIA patients, so as to evaluate and treat
TIA patients and reduce the occurrence of cerebral infarction.
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2. Subjects and methods

2.1. Subjects

The TIA patients hospitalized in the No. 2 Hospital of Baoding
from August 2011 to August 2014 were continuously selected as
the objects of the study. This study had been approved by the
Clinical Research Ethics Committee of the No. 2 Hospital of
Baoding.

TIA diagnostic criteria*®!: TIA was defined based on symptom
duration lasting less than 24hours. Transient focal neurologic
system defect symptoms and signs consistent with a known
vascular territory sustaining for several minutes or hours, generally
lasting for 10 to 15 minutes, mostly recovered within 1 hour, a
duration of less than 24 hours, then recovering completely.

TIA patient inclusion criteria:

(1) Meet the TIA diagnostic criteria;

(2) Patient consent and sign informed consent;

(3) Clear consciousness, the spirit of normal, no double ears
deafness, is checked cooperatively.

TIA patient exclusion criteria:

(1) Partial epilepsy, migraine, multiple sclerosis;

(2) Inner ear vertigo such as Meniere’s disease, benign paroxys-
mal positional vertigo, syncope, hypoglycemia, hypotension,
anemia, Adams-Strokes syndrome;

(3) Cerebral hemorrhage, brain tumors, brain trauma, chronic
subdural hematoma;

(4) Patients had no dementia, hematologic diseases, and no
history of gastrointestinal bleeding.

(5) MRI examination contraindication;

(6) cannot be followed up.

2.2. Observation method

The patients were inquired in detail and examined by designated
neurological physician of the TIA clinical symptoms and signs, TIA
duration, times of TIA episodes and so on. For patients with
repeated episodes of TIA, the ABCD? score was taken depending
on the longest TIA episode. The specialist from medical imaging
department is responsible for imaging and blind method to read for
TIA patients, and recording the results of the examination as well.
In this study, all patients experienced first DWI and MRA
examination within 24hours after hospitalization, the clinical
signs of all the patients developed cerebral infarction were in
consistence with head CT/MRI, and all are the new onset cerebral
infarction lesions (A second MRI showed a new lesion to diagnose
cerebral infarction); the 2nd day, 7th day and 30th day of course of
disease were seen as the end points for outcome events observation.

2.3. “ABCD?” score method

The scoring system proposed by Johnston et al™ was used to
predict the incidence of cerebral infarction in patients with TIA,
specifically including:

1) where age (age) > 60 years old, 1 point;

2) blood pressure: where systolic blood pressure > 140mmHg
and / or diastolic blood pressure > 90 mmHg, 1 point;

3) clinical features: where unilateral limb weakness, 2 points;
language barrier without limb weakness, 1 point; other
symptoms, 0 points;
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4) duration of symptoms: that > 60 minutes, 2 points; 10 to 59
minutes, 1 point; < 10 minutes, 0 point;

5) diabetes, 1 point. According to ABCD? score results, the
patients were divided into low risk (<3 points), moderate risk
(4-5 points) and high risk (>6 points).

The risk of cerebral infarction was evaluated according to the
ABCD? score of each patient. The 2nd day, 7th day, and 30th day
of course of disease were seen as the end points for outcome
events observation.

2.4. “ABCD? + DWI + MRA” score method

“ABCD2 + DWI + MRA?” scoring criteria are that on the basis of
ABCD2 score method. Head MRI scan was conducted with 1.5-T
MRI equipment (Signa HDE; GE company) at 2 days of the
disease onset, and at 30-day follow-up to visualize new lesions.
The imaging sequences included sagittal T1-FLAIR, axial TI-
FLAIR, T2-FLAIR, T2-FSE and diffusion weighted spin echo
plane imaging (DWI). High signal on DWI was confirmed by
ADC maps to represent true restricted diffusion, and not T2
shine-through. The abnormal (positive) DWI was defined as an
area of focal hyperintense signal on the DWI, and the high signal
intensity was located in the blood supply area of the blood vessels
associated with the clinical symptoms,”"'* and was assigned a
score of 3 points, normal, 0 points.371°!

Magnetic resonance angiography (MRA) uses 3 dimension
time of flight (3D-TOF) technique to detect the intracranial
vessels. The degree of stenosis on MRA was measured according
to the North American Symptomatic Carotid Endarterectomy
Trial (NASCET) criteria: mild stenosis (<50%), moderate
stenosis (50% to 70%), severe stenosis to occlusion (> 70%
or complete loss of signal), stenosis rate (%) = (1 — narrowest
diameter / diameter of narrow distal artery) x 100%."'”! The
lesions of intracranial vessels on MRA were graded: 0 point
(stenosis <50%) and 2 point (stenosis > 50%).1 The
assessment of the intracranial blood vessels location included
the internal carotid artery, middle cerebral artery, anterior
cerebral artery, vertebral artery, basilar artery and brain
posterior artery.

The images were read in blind method by the physicians from
the magnetic resonance room of our hospital medical imaging
department. For those that vascular examination indicated severe
lesions, further digital subtraction angiography (DSA) examina-
tion should be conducted.

2.5. Treatment and follow-up methods

After TIA patients hospitalized, the underlying diseases (hyper-
tension, diabetes, coronary heart disease, etc.) were treated
symptomatically, non-cardiac TIA were treated with oral enteric-
coated aspirin 100mg, atorvastatin 20mg, once a day; for
cardiogenic patients, with oral administration of warfarin 2.5 to
S5mg, and the dosage was adjusted according to the international
standardized ratio (INR), so that INR was in the range of 2.0 to
3.0; flunarizine hydrochloride 5 mg was given orally once a day
before going to bed; intravenous transfusion of Ginkgo biloba
preparation 20ml + 0.9% saline 250 ml once a day for 7 days;
intravenous transfusion of Ozagrel sodium 80mg + 0.9% saline
250ml twice a day for 7 days. For those that needed intravenous
thrombolysis, alteplase 0.6 mg / kg was given for treatment. Post-
discharge routine oral administration of enteric-coated aspirin
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100 mg/d or clopidogrel 75 mg/d, atorvastatin 20 mg for once a
day. The patients were followed up at 2 days, 7 days, and 30 days
after the onset of the disease. The presence of cerebral infarction,
cerebral hemorrhage and death due to various causes were
recorded.

2.6. Statistical methods

SPSS13.0 statistical software was used for data processing, and
mean +standard deviation represents the measurement data;
adopt x* test to analysis count data; employ the ROC curves to
assess the degree of accuracy of ABCD? score and “ABCD? +
DWI + MRA” score for predicting the risk of cerebral infarction
of TIA patients respectively, and the difference was statistically
significant, P <.035.

3. Results

3.1. General information

From August 2011 to August 2014, in patients hospitalized there
were total of 194 patients meeting TIA diagnostic criteria, of
which 2 patients failed follow-up, 10 patients did not complete
the magnetic resonance examination according to requirements.
According to the inclusion and exclusion criteria, 182 patients
with TIA were enrolled and all experienced DWI and MRA
examination within 24 hours after hospitalization, including 114
males and 68 females, aged 21 to 89 years, with mean age (56.02
+12.05) years.

There were 182 cases of intracranial artery stenosis, more than 2
different vascular stenosis were found in 50 cases at the same time.
One hundred four cases were in internal carotid artery system, 49
cases were in vertebrobasilar artery system; 29 cases were in
internal carotid - vertebrobasilar artery system. The stenosis of the
internal carotid artery caused amaurosis, limb weakness, aphasia,
dizziness, and the stenosis of the anterior cerebral artery caused
weakness, aphasia and dizziness. The stenosis of the posterior
cerebral artery caused blurred visual substance, unilateral limb
weakness, dizziness, sensory disturbance, dysarthria, conscious-
ness disorder, diplopia, vertebrobasilar stenosis caused blurred
visual substance, limb weakness, dizziness, sensory disturbance,
dysarthria, disturbance of consciousness, diplopia.

The patients were treated with drugs controlling the basic
diseases, anti-platelet aggregation, statins, anticoagulant drugs;
hospitalization duration was 7 to 31 days, with an average of
13.04+5.12 days. All patients underwent cervical vascular
ultrasonography. The characteristics of the patients were shown
in Table 1.

3.2. The incidence of cerebral infarction

In 182 cases, the incidence of cerebral infarction after TIA was of
19 cases (10.4%) in 2 days (< 2 days), 42 cases (23.1%) in 7 days
(< 7 days), 56 cases (30.8%) in 30 days (7-30 days). No cerebral
hemorrhage occurred. There was one case of acute myocardial
infarction and one case of death (recurrent cerebral infarction).

3.3. The incidence of cerebral infarction of ABCD? score,
DWI performance and intracranial artery stenosis

According to ABCD? score, the comparison of the incidence of
cerebral infarction between TIA patients with low risk (< 3
points), and medium risk (4-5 points) and high risk (> 6 points),
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Characteristics of the patients.

Patients with transient
ischemic attack

Gender (n)
Male 114
Female 68
Age (year) 56.02+12.05
Hospitalization duration 13.04+5.12 d
Main clinical manifestations
Unilateral limb weakness 89
Dysarthria or aphasi 38
Dizziness 73
Hemisensory disturbance 22
Blurred vision and amaurosis 7
Disturbance of consciousness 8
Diplopia 3
Medical history
Stroke 11
Hypertension 84
Diabetes 39
Ischemic heart disease 1
Atrial fibrillation 11
DWI abnormalities
Abnormality in the basal ganglia 47
Abnormality in the corona radiata 29
Abnormality in the cerebral lobe 17
Abnormality in the brain stem 10
Abnormality in the cerebellum 5
Abnormality in the two different 29
parts at the same time
Normal DWI 103
Intracranial artery stenosis > 50%
Left internal carotid artery stenosis 15
Right internal carotid artery stenosis 17
Left middle cerebral artery 10
Right middle cerebral artery 13
Left anterior cerebral artery 1
Right anterior cerebral artery 2
Left vertebral artery 2
Right vertebral artery 3
Left posterior cerebral artery 14
Right posterior cerebral artery 16
Basilar artery 5
Intracranial artery stenosis <50%
Left internal carotid artery stenosis 21
Right internal carotid artery stenosis 21
Left middle cerebral artery 14
Right middle cerebral artery 13
Left anterior cerebral artery 8
Right anterior cerebral artery 5
Left vertebral artery 3
Right vertebral artery 4
Left posterior cerebral artery 14
Right posterior cerebral artery 15
Basilar artery 16

the incidence of cerebral infarction for patients with high risk was
higher than that with medium risk, and that with medium risk
was higher than that with low risk, and the difference was
statistically significant (P<.001). The incidence of cerebral
infarction was significantly higher in abnormal DWI patients
than that in normal subjects (P <.001). The incidence of cerebral
infarction in 30 days was significantly higher in patients with >
50% artery stenosis than that in patients with<50% artery
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Comparison of the incidence of cerebral infarction of different ABCD? score, DWI performance, and artery stenosis in TIA patients.

Group TIA (cases) 2 days (cases/%) 7 days (cases/%) 30 days /cases (%)
ABCD2 score
Low risk 111 32.7) 8(7.2) 12 (10.8)
Medium risk 61 9(14.8) 26 (42.6) 36 (59.0)
High risk 10 7 (70.0)" 8 (80.0)" 8 (80.0)"
DWI performance
Normal 103 2 (1.9 7(6.8) 9(8.7)
Abnormal 79 17 (21.5)" 35 (44.3)" 47 (59.5)
Artery stenosis
<50% 84 7 (8.3 17 (20.2) 17 (20.2)
>50% 98 12 (12.3)F 25 (25.5)F 39 (39.8)*

"p< .001, comparison between ABCD? score > 3 points and ABCD? score < 3 points.
" P<.001, comparison between patients with DWI abnormalities and the normal DWI patients.
#p=.013, comparison between artery stenosis > 50% and artery stenosis <50%.

TIA patients with different ABCD? score, DWI performance 2d, 7d and 30d cerebral infarction incidence [Cases (%)] comparison.

DWI performance TIA (cases) 2 days (cases/%) 7 days (cases/%) 30 days (cases/%)
Normal
ABCD? score < 3 points 71 0(0) 1(1.4) 342
ABCD? score > 3 points 32 2 (6.3 6 (18.8) 6 (18.8)
Abnormal
ABCD? score < 3 points 40 3075 7 (175" 9 (22.5)"
ABCD? score > 3 points 39 14 (35.9)"* 28 (71.8)"* 38 (97.4)"*

’ P=.008, ABCD? score < 3 points, comparison between patients with DWI abnormalities and the normal.
¥P<.001, ABCD? score > 3 points, comparison between patients with DWI abnormalities and the normal DWI patients.

£P<.001, comparison between DWI abnormal ABCD? score >3 Points and ABCD? score <3 points.

stenosis, and the difference was statistically significant (P=.007)

(Table 2).

3.4. The value of ABCD? score combined with DWI in
predicting cerebral infarction in patients with TIA from 2
days to 30 days

Table 3, in the patients with low risk ABCD? score < 3 points, the
incidence of cerebral infarction of DWI abnormalities was
significantly higher than that of normal DWI (P <.035). In TIA
patients with medium risk and high risk ABCD? score >3, the
incidence of cerebral infarction of DWI abnormalities was
significantly higher than that of normal DWI. The difference was
statistically significant (P <.05). With DWI abnormalities, the
incidence of cerebral infarction of ABCD? score > 3 points was

higher than that of ABCD? score <3, the difference was
statistically significant (P <.05).

3.5. The value of ABCD? score combined with MRA for
predicting the occurrence of cerebral infarction within 2
days to 30 days in patients with TIA

As shown in Table 4, in TIA patients with low-risk ABCD? score
< 3 points, the incidence of cerebral infarction was significantly
higher in the patients with > 50% artery stenosis than that in
<50% artery stenosis, and the difference was statistically
significant (P=.017). In TIA patients with medium risk and
high risk ABCD? score >3 points, the incidence of cerebral
infarction was significantly higher in the patients with > 50%
artery stenosis than that in < 50% artery stenosis, and the

Comparison of incidence of cerebral infarction within 2d, 7d and 30d in TIA patients with different ABCD? score combined with MRA

performance.
MRA artery stenosis degree TIA (cases) 2 days (cases/%) 7 days (cases/%) 30 days (cases/%)
<50%
ABCD? score <3 points 47 0(0) 1(@21) 242
ABCD? score >3 points 37 7 (18.9) 15 (40.5) 15 (40.5)
>50% B X e
ABCD? score <3 points 64 347 7(10.9) 10 (15.6)
ABCD? score >3 points 34 9 (26.5)"* 18 (52.9)"* 29 (85.3)"*

: P=.017, ABCD? score < 3 points, artery stenosis > 50% and artery stenosis <50% were compared.
¥P<.001, ABCD? score > 3 points, artery stenosis > 50% and artery stenosis <50% were compared.
£P<.001, artery stenosis > 50%, ABCD? score > 3 points and ABCD? score < 3 points were compared.
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difference was statistically significant (P <.001). In the patients
with >50% artery stenosis, the incidence of cerebral infarction
was higher in the patients with ABCD? score >3 points than that
in ABCD? score <3 points, and the difference was statistically
significant (P <.001).

3.6. The value comparison of ABCD? score combined with
DWI and MRA (“ABCD? + DWI + MRA” score) and ABCD?
score for predicting the incidence of cerebral infarction
within 2d to 30d in TIA patients

The area under the curve of “ABCD? + DWI + MRA” and
ABCD? score predicting the occurrence of cerebral infarction in 2
days was 0.782 (0.683-0.857) (P=.000) and 0.748 (0.656—
0.847) (P=.000), respectively, as shown in Figure 1A; The area
under the curve of “ABCD? + DWI + MRA” and ABCD? score

www.md-journal.com

predicting the occurrence of cerebral infarction in 7 days
was 0.839 (0.751-0.898) (P=.000) and 0.801 (0.717-0.885)
(P=.000), as shown in Figure 1B. The area under the curve
of “ABCD? + DWI + MRA” and ABCD? score predicting the
occurrence of cerebral infarction in 30 days was 0.780 (0.693—
0.867) (P=.000) and 0.757 (0.666-0.848) (P=.000), respective-
ly, as shown in Figure 1C.

4. Discussion

Transient ischemic attack (TIA) is a transient, reversible
neurological deficits attack due to focal cerebral or retinal
ischemia and without acute infarction. The most clinical
symptoms of TIA will recover within 1 to 2hours, with no
neurological deficits symptoms and signs left, no evidence of
acute cerebral infarction in images. For its etiology and
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Figure 1. ROC curve of “ABCD? + DWI + MRA” score and ABCD? score predicting the incidence cerebral infarction in 2 days (A), 7 days (B) and 30 days (C).
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mechanism, there are many theories such as microembolization,
large-artery atherosclerosis,’” hemodynamic changes. TIA is
often recurrent, and about one-third of patients will progress to
cerebral infarction. Cerebral infarction, also called ischemic
stroke, occurs as a result of disrupted blood flow to the brain due
to problems with the blood vessels that supply it. From Table 2,
the incidence of cerebral infarction was 30.8% (56/182) in 30
days, 23.1% (42/182) in 7 days and 10.4% in 2 days (19/182))
after TIA in 182 patients in this group, They were higher than the
incidence reported in the literature;!™® 2% the reasons may be
related to small size of samples on the one hand; and the other
hand, may be related to more serious conditions of illness of the
hospitalization subjects. This suggests that TIA patients’
cerebrovascular disease is not stable, with a higher risk of TIA
recurrence and early stroke. Therefore, TIA is a “small stroke, a
big risk”; an early risk stratification assessment for TIA patients,
rapidly identifying and treating high-risk patients are vital to
prevent the development of cerebral infarction. It supported that
TIA triage directly from the emergency department with acute
MRI and neurological consultation.””) However, Ginko infusions
and Ozagrel infusion were used for 7 days in this study, both of
which have anti-platelet aggregation effects; in theory, the
incidence of cerebral infarction should be reduced, but increased,
and this is the limitation of this study. Therefore, it is necessary to
carry out further studies including patients who did not receive
intravenous transfusion of Ginko infusions and Ozagrel.
Johnston et al" proposed a simple scale ABCD? score method
to predict the risk of early cerebral infarction after the onset of
TIA, and this study verified this method; Table 2 showed that in
terms of the incidence of cerebral infarction, ABCD? score with
higher risk was higher than that with medium risk, and that with
medium risk was higher than that with low risk, P <.05, which
indicated that the occurrence of cerebral infarction in patients
with high and medium ABCD? score was significantly increased,
which proved that the high-risk patients could be screened out by
ABCD? score method and this method has a certain clinical value.
With the development of medical imaging technology and the
deepening of research, it was found that ABCD? score model had
its shortcomings: predictive factors were mainly clinical symptoms
and history, lack of participation of auxiliary examination, and
some low-risk patients with abnormal imaging still had very high
incidence of cerebral infarction.”**! DWT has a very high sensitivity
and specificity to early and super-early cerebral ischemia, it can
distinguish the acute and chronic cerebral ischemia, and the
researches?"*?! reported that the overall incidence of DWI
abnormalities in TIA patients was 37% to 49%; from Table 2
showed that the incidence of DWI abnormal lesions found after
examination in this group was 43.4% (79/182), consistent with it.
From Table 3, the incidence of early cerebral infarction in the TTA
patients with abnormal DWI was significantly higher than that in
the normal group, and the incidence of cerebral infarction in
patient ABCD? score > 3 points was significantly higher than that
in the patients with ABCD? score <3 points, P < .05, which
indicated that the incidence of cerebral infarction was significantly
increased in patients with DWI abnormalities. However, it is still
controversial whether DWI abnormalities mean cerebral infarc-
tion; in our study, the infarction focus hadn’t been found in some
patients in the subsequent MRI reexaminations, which indicated
that if the cerebral blood supply was restored early, part of
damages showed in DWI may be completely reversible, and
thrombolytic therapy that we conducted for some TIA patients also
confirmed the fact. Some studies also showed that all abnormal
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lesions in DWI in hyperacute phase were still persistent in the
subacute phase, indicating that cerebral infarction had oc-
curred.”**** The clinical application value of DWI needs further
study. MRA examination can better show intracranial blood
vessels, although the artifacts may occur for small vascular lesions,
compared with the DSA examination, it is non-invasive, and can
show intracranial Willis vascular ring lesions more clearly than
intracranial Doppler ultrasound, is worthy of widely clinical
promotion. From Table 4, in patients with ABCD? score < 3 points
after TIA, the incidence of cerebral infarction of intracranial artery
stenosis > 50% was significantly higher than that in patients with
intracranial artery stenosis <50% (P<.05); in patients with
intracranial arterial stenosis > 50%, the incidence of cerebral
infarction of ABCD? score > 3 points was significantly higher than
that in patients with ABCD? score < 3 points (P <.05), this
consistented with previous study, ! which indicated that the more
serious the degree of intracranial arterial disease and the higher the
ABCD?2 score, the higher the incidence of cerebral infarction; and
showed that ABCD2 score was positively correlated with the
degree of arterial stenosis, this support the study!®! indicated that
ABCD and ABCD2 scores with similar accuracy for artery stenosis
were both independent predictors for various categories of artery
stenosis. So timely detection and evaluation of vascular disease,
and giving the corresponding treatment was very important for
improving the prognosis of patients with TIA.[**! This study
showed that in low-risk group (ABCD2 score < 3 points) of TIA
patients, the incidence of cerebral infarction was still high in the
patients with DWI abnormalities and artery stenosis > 50%. Thus,
in the study that “ABCD2 + DWI + MRA” scoring method was
used to predict the risk of cerebral infarction in TIA patients,
Figures 1, suggested that the combination of ABCD2 score and
DWI and MRA imaging could further improve the accuracy of
predicting cerebral infarction, especially in predicting the incidence
of cerebral infarction in 7 days after TIA. The results of Table 4 and
Figures 1 are in agreement with those findings in the previous
study, which indicated that large-artery disease was independent
predictors of future stroke after TIA and incorporating etiology of
TIA and DWI positivity into the ABCD2 score can improve the
ability to predict stroke and death within 6 months after
TIA.BFigure 1 showed that the ROC curves of “ABCD2 +
DWI + MRA” were closer to the upper left corner than those of
“ABCD2”, indicated that “ABCD2 + DWI + MRA” were more
valuable than “ABCD2” in predicting cerebral infarction after
TIA. The value of AUC of “ABCD2 + DWI + MRA” (0.782 in 2
days, 0.839 in 7 days, 0.780 in 30 days) were larger than those of
“ABCD2” (0.748 in 2 days, 0.801 in 7 days, 0.757 in 30 days),
which indicated that “ABCD2 + DWI+ MRA” were more accurate
than “ABCD2” in predicting cerebral infarction after TIA. This
seems to be consistent with the high incidence of cerebral infarction
after TIA with abnormal DWI in Table 2. However, due to the
small size of samples in this study, no obvious difference can
be shown from the ROC curve, and more serious conditions of
illness of the hospitalization subjects in this study, resulting in
the difference between Table 2 and Figure 1, which is also
the limitation of this study, so we should increase the samples and
adding TIA patients with mild illness for further study.

The independent risk factors for cerebral infarction after TIA
are not yet fully defined and their prognostic score models are
also being improved.”>'3"131 and in patients with TIA, despite an
association between ABCD and ABCD2 scores and underlying
craniocervical artery stenosis, but the clinical utility was limited
by unsatisfactory sensitivity and specificity.[*>! This study shows
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that compared with ABCD2 score, ABCD2 score combined with
DWI and MRA can further improve the accuracy of predicting
cerebral infarction after TIA. However, the sample size of this
study is small, and patients with initial DWI changes were
included in the study, therefore, to verify the results, further
studies needs to be carried out using a larger sample size and
excluding patients with initial DWI changes.

Author contributions

Conceptualization: Fang Gu.

Data curation: Chenhao Zhang, Yanjing Zang, Lei Hu, Qin
Song, Weidong Zhao, Hongshun Liu, Fang Gu.

Formal analysis: Chenhao Zhang, Yanjing Zang, Lei Hu, Qin
Song, Weidong Zhao, Hongshun Liu, Chunliang Zhang.

Investigation: Chenhao Zhang, Lei Hu, Fang Gu.

Methodology: Chenhao Zhang, Hongshun Liu.

Project administration: Fang Gu.

Resources: Lei Hu, Qin Song, Weidong Zhao, Hongshun Liu,
Chunliang Zhang.

Software: Yanjing Zang, Qin Song, Weidong Zhao, Chunliang
Zhang.

Supervision: Yanjing Zang.

Validation: Chunliang Zhang.

Writing — original draft: Chenhao Zhang.

Writing — review & editing: Fang Gu.

References

[1] Johnston SC, Rothwell PM, Nguyen-Huynh MN, et al. Validation and
refinement of scores to predict very early stroke risk after transient
ischaemic attack. Lancet 2007;369:283-92.

[2] Vora N, Tung CE, Mlynash M, et al. TIA triage in emergency department
using acute MRI (TIA-TEAM): a feasibility and safety study. Int J Stroke
2015;10:343-7.

[3] Arhami Dolatabadi A, Meisami A, Hatamabadi H, et al. Improving the
prediction of stroke or death after transient ischemic attack (TIA) by
adding diffusion-weighted imaging lesions and TIA etiology to the
ABCD2 score. ] Stroke Cerebrovasc Dis 2013;22:¢25-30.

[4] Jia JP, Chen SD. Transient ischemic attack, Neurology. Seventh
editionBeijing: People’s Health Publishing House; 20135.

[5] Easton JD, Saver JL, Albers GW, et al. Definition and evaluation of
transient ischemic attack: a scientific statement for healthcare profes-
sionals from the American Heart Association/American Stroke Associa-
tion Stroke Council; Council on Cardiovascular Surgery and Anesthesia;
Council on Cardiovascular Radiology and Intervention; Council on
Cardiovascular Nursing; and the Interdisciplinary Council on Peripheral
Vascular Disease. The American Academy of Neurology affirms the
value of this statement as an educational tool for neurologists. Stroke

2009;40:2276-93.

www.md-journal.com

[6] Albers GW, Caplan LR, Easton JD, et al. Transient ischemic attack—
proposal for a new definition. N Engl ] Med 2002;347:1713-6.

[7] Ay H, Arsava EM, Johnston SC, et al. Clinical- and imaging-based
prediction of stroke risk after transient ischemic attack: the CIP model.
Stroke 2009;40:181-6.

[8] Nadarajan V, Perry R], Johnson ], et al. Transient ischaemic attacks:
mimics and chameleons. Pract Neurol 2014;14:23-31.

[9] Wang T, Zhang GZ. Clinical application of magnetic resonance
diffusion-weighted imaging in TIA. Chin Commun Phys: Compr Ed
2007;9:115-6.

[10] Chung SP, Chung HS, Ryu S, et al. Emergency department experience of
primary diffusion weighted magnetic resonance imaging for the patient
with lacunar syndrome. Emerg Med ] 2006;23:675-8.

[11] Gon Y, Sakaguchi M, Okazaki S, et al. Prevalence of positive diffusion-
weighted imaging findings and ischemic stroke recurrence in transient
ischemic attack. J Stroke Cerebrovasc Dis 2015;24:1000-7.

[12] Harsh V Gupta, Ann M Farrell, Manoj K Mittal. Transient ischemic
attacks: predictability of future ischemic stroke or transient ischemic
attack events. Ther Clin Risk Manag 2014;10:27-35.

[13] Engelter ST, Amort M, Jax F, et al. Optimizing the risk estimation after a
transient ischaemic attack - the ABCDE score. Eur J Neurol 2012;19:55-61.

[14] Calvet D, Touzé E, Oppenheim C, et al. DWI lesions and TIA etiology
improve the prediction of stroke after TIA. Stroke 2009;40:187-92.

[15] Gupta HV, Farrell AM, Mittal MK. Transient ischemic attacks:
predictability of future ischemic stroke or transient ischemic attack
events. Ther Clin Risk Manag 2014;10:27-35.

[16] Gao S, Huang JX, Huang YN, et al. Methods and epidemiological
investigation of intracranial large artery stenosis. Zhong Yixue Kexuey
Xueb 2003;25:96-100.

[17] SHEP Cooperative Research GroupPrevention of stroke by antihyper-
tensive drug treatment in older persons with isolated systolic hyperten-
sion. Final results of the Systolic Hypertension in the Elderly Program
(SHEP). JAMA 1991;265:3255-64.

[18] Rothwell PM, Giles MF, Flossmann E, et al. A simple score (ABCD) to
identify individuals at high early risk of stroke after transient ischaemic
attack. Lancet 2005;366:29-36.

[19] Rothwell PM, Warlow CP. Timing of TIAs preceding stroke: time
window for prevention is very short. Neurology 2005;64:817-20.

[20] Coutts SB, Eliasziw M, Hill MD, et al. An improved scoring system for
identifying patients at high early risk of stroke and functional impairment
after an acute transient ischemic attack or minor stroke. Int J Stroke
2008;3:3-10.

[21] Kidwell CS, Warach S. Acute ischemic cerebrovascular syndrome:
diagnostic criteria. Stroke 2003;34:2995-8.

[22] Ebinger M, Galinovic I, Rozanski M, et al. Fluid-attenuated inversion
recovery evolution within 12 hours from stroke onset: a reliable tissue
clock? Stroke 2010;41:250-5.

[23] Oppenheim C, Lamy C, Touzé E, et al. Do transient ischemic attacks with
diffusion-weighted imaging abnormalities correspond to brain infarc-
tions? AJNR Am ] Neuroradiol 2006;27:1782-7.

[24] European Stroke Organisation (ESO) Executive Committee; ESO
Writing CommitteeGuidelines for management of ischaemic stroke
and transient ischaemic attack 2008. Cerebrovasc Dis 2008;25:457-507.

[25] Sun W, Dai J, Xiong Y, et al. Correlation between ABCD, ABCD2 scores
and craniocervical artery stenosis in patients with transient ischemic

attack. Eur Neurol 2013;70:333-9.


http://www.md-journal.com

	Study on the risk prediction for cerebral infarction after transient ischemic attack
	1 Introduction
	2 Subjects and methods
	2.1 Subjects
	2.2 Observation method
	2.3 ``ABCD2'' score method
	2.4 ``ABCD2 &x002B; DWI &x002B; MRA'' score method
	2.5 Treatment and follow-up methods
	2.6 Statistical methods

	3 Results
	3.1 General information
	3.2 The incidence of cerebral infarction
	3.3 The incidence of cerebral infarction of ABCD2 score, DWI performance and intracranial artery stenosis
	3.4 The value of ABCD2 score combined with DWI in predicting cerebral infarction in patients with TIA from 2 days to 30 days
	3.5 The value of ABCD2 score combined with MRA for predicting the occurrence of cerebral infarction within 2 days to 30 days in patients with TIA
	3.6 The value comparison of ABCD2 score combined with DWI and MRA (``ABCD2 &x002B; DWI &x002B; MRA'' score) and ABCD2 score for predicting the incidence of cerebral infarction within 2d to 30d in TIA patients

	4 Discussion
	Author contributions
	References


