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ABSTRACT

Objective: To compare the diagnostic value of the ABCD2 and 
ABCD3-栺 scoring systems in predicting the development of a 30-
day neurological event in adult patients with transient ischemic 
attack (TIA) presenting to the emergency department. 
Methods: The study was observational and prospective and was 
conducted in a single center. The diagnostic values of the ABCD2 
and ABCD3-栺scores in predicting a neurological event within 
one month were compared in patients diagnosed with TIA in the 
emergency department. 
Results: A statistically significant difference was observed between 
groups with or without stroke within one month in terms of both the 
ABCD2 and ABCD3-栺scores (P=0.044 and P=0.029, respectively). 
There was no statistically significant difference between the patients 
with and without a recurrent TIA within one month in relation to the 
ABCD2 score (P=0.934), but a statistically significant difference 
was found in the ABCD3-栺scores of these groups (P<0.001).
Conclusions: Both the ABCD2 and ABCD3-栺scoring systems 
could predict ischemic stroke within 30 days of TIA, the ABCD3-

栺score is more effective than the ABCD2 score in the prediction of 
TIA recurrence.

KEYWORDS: Transient ischemic attack; Stroke; Emergency 
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1. Introduction

  Stroke is a clinical condition that suddenly occurs for no apparent 

reason other than a vascular cause, leads to focal or global cerebral 
dysfunction, and lasts for 24 hours or longer or results in death. 
Globally, stroke ranks third among the causes of death after 
cardiovascular diseases and cancer[1,2]. Since there are different 
views concerning whether patients with a transient ischemic attack 
(TIA) should be treated as an outpatient or hospitalized[2], the 
question of which patient may have a stroke within a short time of 
TIA has gained importance. To answer this question, some criteria 
are used to predict the clinical status of patients.
  The most commonly used risk scoring systems for the prediction of 
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Original Article

Significance

Transient ischemic attack (TIA) may be a precursor to ischemic 
stroke in selected cases. The current study aimed to compare the 
diagnostic value of the ABCD2 and ABCD3-I scoring systems in 
predicting the development of a 30-day neurological event in patients 
with TIA. ABCD2 and ABCD3-I scoring systems could predict the 
risk of a stroke within 30-day of TIA, but they could not predict the 
risk of stroke within six months of TIA. 
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stroke are ABCD2 and ABCD3-栺[3]. In addition to the parameters 
of the ABCD2 scoring system, ABCD3-栺includes dual TIA (at 
least one more TIA that occurs within seven days of the first TIA 
and requires medical attention), carotid imaging findings (presence 
of ipsilateral ≥50% internal carotid stenosis), and presence of 
hyperintensity on acute diffusion-weighted imaging (DWI)[3]. 
In addition, recently, scoring systems have been examined by 
determining various durations in terms of stroke risk after TIA. The 
current study aimed to compare the diagnostic value of the ABCD2 
and ABCD3-栺scoring systems in predicting the development 
of a 30-day neurological event in adult patients presenting to the 
emergency department with TIA.

2. Patients and methods

2.1. Study design and setting

  This study was an observational, prospective, diagnostic, and 
predictive study and conducted in a single tertiary center between 
September 1, 2020, and September 30, 2021. Informed consent was 
obtained from all the patients included in this study.

2.2. Inclusion and exclusion criteria

  The inclusion criteria were as follows: being aged 18 years or 
older, agreeing to participate in the study, and having neurovascular 
symptoms and a diagnosis of TIA confirmed by the neurologist 
consulted. Patients with incomplete data in their medical records 
(could not follow up) were excluded from the study. 

2.3. Data collection

  Airway, respiratory, and circulatory systems were evaluated upon 
arrival. Heart rate, systolic and diastolic blood pressures, and 
peripheral oxygen saturation were measured. In addition, patients’ 
demographics characteristics and chronic diseases were recorded. 
Laboratory tests and imaging exams were performed for diagnosis 
and treatment.
  For each patient, the ABCD2 and ABCD3-栺scores and modified 
Rankin score (mRS) were calculated, and the results were recorded 
in the follow-up form. The outcomes (discharge, hospitalization, or 
withdrawal treatment), and 30-day follow-ups were also recorded.

2.4. Outcomes

  The primary outcome was the diagnostic value of the ABCD2 and 
ABCD3-I scoring systems in predicting the development of a 30-day 
neurological event. Patients who had a repeat TIA or a new ischemic 

stroke within 30 days of the patient’s admission to the emergency 
department with TIA were defined as 30-day neurological events. 
The primary outcome of the study was composite. The secondary 
outcome was the comparison of the diagnostic performance of 
these two scoring systems in predicting the risk of stroke within six 
months and the risk of a recurrent TIA within 30 days, as well as 
the diagnostic value of mRS in predicting the risk of a neurological 
event within 30 days, scoring systems in predicting the development 
of a 30-day neurological event. Patients who had a repeat TIA or 
a new ischemic stroke within 30 days of the patient’s admission 
to the emergency department with TIA were defined as 30-day 
neurological events. 

2.5. Statistical analysis

  Categorical data were expressed as frequency and percentages. 
The distribution of continuous data was tested with the Shapiro-
Wilk test. All continuous data showed a non-normal distribution and 
therefore were expressed as median (Q1, Q3). The Mann-Whitney 
U test was used for the pairwise group comparisons of continuous 
data. The receiver operating characteristics (ROC) test was used to 
calculate the diagnostic performance of the scoring systems, and the 
area under the curve (AUC) values were calculated. AUC values 
above 0.7 were accepted as statistically significant[4]. The DeLong 
test was used to compare the AUC values[5]. The value with the 
highest sum of the sensitivity and specificity of each scoring system 
was calculated with the Youden index. This value was accepted as 
the optimal cut-off value, and the diagnostic test performance criteria 
of the scoring were calculated according to this threshold. The 
statistically significant level was accepted as P<0.05.

2.6. Ethical statement

  It was approved by the ethics committee (number: B.10.1TKH.4.34.
H.GP.0.01/294, date: 13.08.2020).

3. Results

  A total of 150 patients met the inclusion criteria, but 28 of these 
patients were excluded due to not follow up. A total of 122 patients 
were included (Figure 1). 

3.1. Demographic and clinical characteristics 
 
  Of the 122 patients, 57 (46.7%) were female, and the median age 
was 68 (55-77) years. Diabetes mellitus was present in 37 (30.3%) 
patients, hypertension in 65 (53.3%), and coronary artery disease in 
15 (12.3%). Neurological symptoms were observed in 39 (32.0%) 
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Figure 1. The study flowchart.
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Table 1. Demographic and clinical characteristics (n=122). 
Parameters
Age (Years, median, Q1, Q3)   68 (55-77)
Female (n, %)   57 (46.7)
Comorbidities
  Diabetes mellitus   37 (30.3)
  Hypertension   65 (53.3)
  Coronary artery disease   15 (12.3)
  Heart failure     8 (6.6)
  Chronic obstructive pulmonary disease     8 (6.6)
  Asthma     3 (2.5)
  Chronic kidney disease     3 (2.5)
Medical history (n, %)
  History of stroke   18 (14.8)
  History of transient ischemic attack   15 (12.3)
  Active malignancy     1 (0.8)
Vital parameters
  Systolic blood pressure (mmHg, median, Q1, Q3) 140 (126, 160)
  Diastolic blood pressure (mmHg, median, Q1, Q3)   76 (68, 85)
  Heartbeat (beats/min, median, Q1, Q3)   80 (75, 87)
  Oxygen saturation (%, median, Q1, Q3)   97 (96, 98)
Neurological symptom  (n, %)   39 (32.0)
Scoring system (median, Q1, Q3)
  Initial modified Rankin score     3 (2-3)
  One month modified Rankin score      2 (2-2)
  ABCD2 Score     4 (4-5)
  ABCD3-栺 Score     5 (4-7)
Outcome (n, %)
  Discharge   81 (66.4)
  Hospitalization   31 (25.4)
  Withdrawal treatment   10 (8.2)
  Transient ischemic attack within 1 month   37 (30.3)
  Stroke within 1 month     7 (5.7)

Table 2. Result of ROC analysis.
Parameters ABCD2 ABCD3-栺
Area under the curve  0.720 (0.524, 0.917)  0.743 (0.540, 0.946)
Sensitivity 42.9% (9.9%, 81.6%) 57.1% (18.4%, 90.1%)
Specificity 95.7% (90.1%, 98.6%) 87.0% (79.4%, 92.5%)
Positive likelihood ratio       9.9 (2.9, 33.1)       4.4 (2.0, 9.7)
Negative likelihood ratio       0.6 (0.3, 1.1)       0.5 (0.2, 1.2)
Positive predictive value 37.5% (15.2%, 66.8%) 21.1% (10.7%, 37.2%)
Negative predictive value 96.5% (93.5%, 98.1%) 97.1% (93.4%, 98.7%)
Accuracy 92.6% (86.5%, 96.6%) 85.3% (77.7%,  91.0%)

 

patients at the time of presentation. The median ABCD2 score was 
4 (4-5), and the median ABCD3-栺score was 5 (4-7). Eighty-one 
(66.4%) patients were discharged from the emergency department 
after follow-up, 31 (25.4%) were admitted to the inpatient wards, 
and 10 (8.2%) were recommended to be admitted to the inpatient 
wards but they did not accept this recommendation and left the 
hospital after signing the examination and treatment rejection form. 
TIA recurred within one month in 37 (30.3%) patients, and ischemic 
stroke developed within one month in 7 (5.7%) patients. The main 
descriptive characteristics of the patients are summarized in Table 1.

3.2. Primary outcomes

  As the primary outcome of the study, the diagnostic values of the 
ABCD2 and ABCD3-栺scores in predicting ischemic stroke within 
one month of TIA were compared in patients diagnosed with TIA in 
the emergency department. The median ABCD2 score of the patients 
who had a stroke within one month of TIA was 5 (4-8), the median 
ABCD2 score of those who did not have a stroke within one month 
of TIA was 4 (4-5), and there was a statistically significant difference 
between the groups (P=0.044). When the diagnostic value of the 
ABCD2 score in predicting stroke within one month of TIA was 
examined with the ROC analysis, the AUC value was calculated as 
0.720 [95% confidence interval (CI): 0.524, 0.917] (Table 2, Figure 1).
  The median ABCD3-栺score was calculated as 8 (5-9) for the 
patients that had a stroke within one month of TIA and 5 (4-6) for 
those that did not have a stroke within one month of TIA, with a 
statistically significant difference (P=0.029). ROC analysis showed 
that the AUC value of the ABCD3-栺score was calculated as 0.743 
(95% CI: 0.540, 0.946) (Table 2, Figure 2).

Figure 2. Receiver operating characteristic analysis for prediction of stroke 
within one month.	
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 There was no statistically significant difference between the AUC 
values of the ABCD2 and ABCD3-栺scores in predicting the risk of 
ischemic stroke within one month of TIA (P=0.702, AUC difference: 
0.024, 95% CI: –0.115, 0.171, DeLong equality test). The optimal 
cut-off values of the ABCD2 and ABCD3-栺scores in predicting 
stroke within one month of TIA were calculated as 6.5 and 7.5, 

respectively.

3.3. Secondary outcomes

  As secondary outcomes, we examined the diagnostic value of the 
ABCD2 and ABCD3-栺scores in predicting ischemic stroke within 
six months of TIA and recurrent TIA within one month. 
  The median ABCD2 score of the patients who had an ischemic 
stroke within six months of TIA was 5 (4-8), the median ABCD2 
score of those who did not have a stroke within six months of TIA 
was 4 (4-5), and the difference was not statistically significant 
(P=0.074). The median ABCD3-栺scores of the patients who did 
and did not have an ischemic stroke within six months of TIA were 
6 (5-9) and 5 (4-7), respectively, revealing no significant difference 
(P=0.105).
  The median ABCD2 scores of the patients with and without a 
recurrent TIA within one month were both determined as 4 (4-5), 
with no statistically significant difference (P=0.934). The median 
ABCD3-栺scores of the patients with and without a recurrent 
TIA within one month of the first TIA were 7 (6-8) and 5 (4-
6), respectively, and the difference was statistically significant 
(P<0.001).
  Patients with an mRS of 6 (indicating death) at the time of arrival 
at the emergency department were excluded from the study because 
they could not be followed up for one month. It was determined 
that the mRS values of all the patients who had a stroke within one 
month were ≥3. TIA recurred within one month in three (30%) of the 
10 patients with an initial mRS of 0, 11 (45.8%) of the 24 patients 
with an initial mRS of 2, 18 (27.7%) of the 65 patients with an initial 
mRS of 3, four (19%) of the 21 patients with an initial mRS of 4, 
and one (50%) of the two patients with an initial mRS of 5 (Table 3).

4. Discussion

  In this study, we found that the ABCD2 and ABCD3-栺scores 
could successfully predict the risk of stroke within one month of 
TIA. However, no statistically, significant difference was found 
in terms of the ability of the scoring systems to predict six-month 
stroke risk. In addition, there was no significant difference between 
the ABCD3-栺and ABCD2 scores in terms of the prediction of a 
recurrent TIA within one month (P=0.702, DeLong equality test). 
  Stroke has serious consequences at individual, societal, and 
economic levels. It is among the leading causes of disability and 
loss of workforce and ranks third among the causes of mortality 
in Western countries and second in Turkey[1,6]. Stroke patients 
constitute approximately half of all patients hospitalized due to 
neurological diseases, and the first evaluation of 2/3 of these cases is 
performed in emergency services[6]. Therefore, the early recognition 
of patients with stroke risk in the emergency department can prevent 
comorbidities and mortality[7,8].
  The ABCD and ABCD2 scoring systems were originally developed 
by primary care physicians and applied to triage patients at high 
stroke risk among those likely to be diagnosed with TIA. While 
some studies report that the ABCD2 score is useful in predicting 
stroke after TIA[9,10], others suggest that it is not useful for this 
prediction[11-14]. This discrepancy may be because such studies 
are conducted with small populations in a single center, lack of 
diagnosis standardization of TIA (e.g., general practitioners and 
neurology specialists), and evaluate different subgroups of TIA 
(definite or probable)[15,16]. In a previous study, Fothergill et al. 
calculated the ABCD and ABCD2 scores of 284 patients with a 
preliminary diagnosis of TIA between 1985 and 1994 and evaluated 
the relationship between these scores and the outcome of stroke or 
death within the seven-day follow-up of the patients. The authors 
reported that although a score greater than 4 predicted stroke, some 
(25%) patients who developed stroke were in the low- or moderate-
risk group according to these scoring systems[17]. In another study 
conducted by Özpolat et al., the ABCD2 risk scoring system was 
used to determine the risk of stroke within three days of TIA among 
patients who presented to the emergency department and reported a 

Table 3. Distribution of outcomes and occurrence of ischemic stroke within one month  according to mRS values  (n=122, n, %).
Parameters Modified Rankin score

0 (n=10) 1 (n=0) 2 (n=24) 3 (n=65) 4 (n=21) 5 (n=2)
Outcomes
  Discharge (n=81) 10 (100%) 0 18 (75%) 42 (64.6%) 11 (52.4%) 0 (0%)
  Admission to inpatient ward (n=41) 0 (0%) 0 6 (25%) 23 (35.4%) 10 (47.6%)     2 (100%)
Ischemic stroke within one month
  Yes  (n=115) 3 (30%) 0 11 (45.8%) 18 (27.7%)   4 (19.0%) 1 (50%)
  No (n=7) 7 (70%) 0 13 (55.2%) 47 (72.3%) 17 (81.0%) 1 (50%)
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significant increase in the risk of stroke within three days of TIA in 
those with an ABCD2 score of 4 or higher[18]. In the current study, 
we determined that an ABCD2 score greater than 5 predicted the 
development of stroke within one month of TIA.
  In a prospective study, Engelter et al. reported that although 
the ABCD and ABCD2 scores could not predict some cases that 
developed stroke within 90 days, adding etiology and DWI findings 
to these scoring systems would be more useful in detecting those 
who might develop stroke. The authors found a higher rate of large 
artery arteriosclerosis and abnormal DWI findings in the etiology 
of stroke[19]. In a prospective study, Song et al. developed a new 
scoring system (ABCD3-栺) by adding dual TIA, carotid artery, 
and DWI imaging findings to the ABCD2 score and evaluated the 
ability of this scoring system to predict a stroke within 90 days 
following TIA. They found that the ABCD3-栺score was superior 
to the ABCD2 score in predicting the development of stroke within 
90 days of TIA[20]. In a validation study performed by Takuya et 
al. using the ABCD2, ABCD3, and ABCD3-栺scoring systems, 
the incidences of stroke within 90 days and three years after TIA 
were found to be significantly higher in the high-risk group than in 
the low-risk group according to the ABCD2 score. When the same 
evaluation was made based on the ABCD3 score, it was found to be 
significantly higher in the intermediate- and high-risk groups than 
in the low-risk group for the three years after TIA. Lastly, according 
to the ABCD3-栺score, stroke risk was found to be higher in the 
high-risk group than in the low- and intermediate-risk groups[21]. 
In our study, both the ABCD2 and ABCD3-栺scores were found to 
be statistically significant (P=0.044 and P=0.029, respectively) in 
predicting a stroke within 30 days of TIA among the patients who 
presented to the emergency department with TIA. 
  In this study, the ABCD2 and ABCD3-栺scores did not statistically 
significantly differ between the patients who did and did not develop 
an ischemic stroke within six months of TIA. And all the patients 
who had a stroke within one month after TIA had an mRS of ≥3. It 
is suggested that mRS calculation can be used in the prediction of 
stroke after TIA as an easy and cost-effective method since it does 
not require any additional examination.
  Due to the single-center design of our study, sufficient population 
diversity may not have been achieved. In addition, we consider that 
the alleviation of patients’ complaints due to the nature of the TIA 
disease may have reduced their visits to the hospital. Furthermore, 
the COVID-19 pandemic during the study period led to a decrease 
in the number of patient presentations to the emergency department, 
which may have affected the sample size of our study[22].
  In conclusion, ABCD2 and ABCD3-栺scoring systems could 
predict the risk of a stroke within one month of TIA, but they could 
not predict the risk of stroke within six months of TIA. In addition, 
the ABCD3-栺score could successfully predict the risk of a recurrent 
TIA within one month, while the ABCD2 score does not have this 

predictive ability. Lastly, it is determined that the mRS values of all 
the patients with a stroke within one month of TIA are≥3.
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