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Abstract:

Inclusion of brain imaging alone (ABCD2-I) or recent TIA, brain and carotid imaging
(ABCD3-I) with the ABCD2 score may improve risk prediction and stroke prevention
after TIA. We aimed to directly compare the validity and prognostic utility of imaging-

based stroke risk scores after TIA.
Methods

A pooled analysis of individual-patient data from hospital-based centres was
performed. Published and unpublished data from prospective cohort studies of TIA,
with high rates of early brain and vascular imaging and follow up were included.
Inclusion criteria were (1) Stroke-specialist confirmed TIA (2) Age 218 years (3) MRI
performed <7 days of index TIA and before stroke recurrence. Multivariable logistic
regression was performed to analyse the predictive utility of abnormal diffusion-
weighted MRI (DWI1), carotid stenosis, and TIA within 1 week of index TIA (‘dual TIA’)
after adjusting for ABCD2 score. The prognostic utility of ABCD2, ABCD2-1 and
ABCD3-I scores were compared using discrimination, calibration, and risk

reclassification metrics.
Results

In 2,415 patients, after adjusting for ABCD2 score, positive DWI (p=4 x 107), dual
TIA (p=5 x 10°®), and ipsilateral carotid stenosis (p=3 x 10°) were associated with 7-
day stroke after index TIA. 7-day stroke risk increased with increasing ABCD2-I
(p=1x10-°) and ABCD3-I scores (p=4x101?). Discrimination to identify early stroke
risk was improved for ABCD2-I versus ABCD2 (2-day c-statistic 0.75 versus 0.65,
p=0.008). However, discrimination was further improved by ABCD3-I compared with

ABCD?2 (c-statistic 0.85 versus 0.65, p<0.001, 2 days) and ABCD2-I (c-statistic 0.85



versus 0.75, p<0.001, 2 days). Early stroke risk reclassification was improved by
ABCD3-I compared with ABCD2-I score (clinical net reclassification improvement

35.1% at 2 days).
Conclusion:

Although ABCD2-I and ABCD3-1 showed validity, the ABCD3-I score reliably
identified highest-risk patients after TIA with improved risk prediction compared with
ABCD2-I. TIA management guided by ABCD3-I with immediate stroke-specialist
assessment, urgent MRI and vascular imaging should now be considered, with

monitoring of safety and cost-effectiveness.



Introduction:

Transient ischaemic attack (TIA) is associated with high risk of early
subsequent stroke!. However, this risk is not uniform, and depends upon clinical
characteristics, underlying pathophysiology, and early treatment of affected patients.
Accurate identification of patients at highest risk after TIA is essential to target acute

treatment safely and effectively, and to prevent early recurrent stroke.

Following earlier descriptions of simple clinical variables which were
associated with increased stroke risk after TIA, the ABCD2 (age, blood pressure,
clinical syndrome, duration, diabetes mellitus) prediction score was derived to
improve risk stratification of patients with transient neurological symptoms?2+,
Although externally-validated, the ABCD2 score was originally intended to aid clinical
management of patients assessed by non-specialists in community and emergency
department settings, and has limited specificity when used by hospital-based stroke

specialists®”.

To guide risk-based treatment decisions following stroke-specialist
assessment, the ABCD2 score has been extended to include imaging findings in the
ABCD2-I (brain imaging only) and ABCD3-I (recent earlier ‘dual’ TIA, carotid
imaging, and brain imaging) scores®® (Table 1). Improved discrimination of high-risk
TIA patients was observed with both imaging-based scores compared with the
ABCD2 score in the original derivation cohorts, supporting their potential to improve
the accuracy of early stroke risk prediction. However, several issues remain to be
clarified before the scores may be considered for wider use. First, few validation

studies of imaging-based scores have been performed, with limitations such as



small sample sizes and inclusion of patients imaged with brain CT, which has lower
sensitivity for detection of minor ischaemic change after TIA symptoms®1°, Second, it
is unclear whether the inclusion of information on earlier TIA and vascular imaging in
the ABCD3-I score provides additional prognostic value to the inclusion of brain
imaging alone in the ABCD2-1 and other similar risk models!®-*8, Validation studies in
large samples with early brain MRI and vascular imaging with direct comparisons of

imaging-based scores are required to resolve these questions.

We aimed to analyse the external validity and directly compare the prognostic
utility of imaging-based stroke risk scores after TIA in a pooled sample of individual

patients from international prospective cohort studies.



Methods:

Patient sample:

Hospital-based centres with large TIA patient cohorts, early DWI, other ABCD3-I
score components, and complete or near-complete early follow up were identified
from published studies and lead investigators invited to include published data from
individual patients for analysis. Investigators were also invited to contribute

unpublished data, if available.

Inclusion criteria and data abstraction:

Pre-defined inclusion criteria were: (1) TIA confirmed by a stroke specialist (2)
Age 18 years or greater (3) Brain MRI information available within 7 days of TIA
onset and before stroke recurrence. Patients were excluded if an alternative
diagnosis other than TIA was reached, or if they first sought medical attention and/or

had brain imaging for a stroke recurrence rather than the index TIA.

Standard definitions of all variables were provided to all centres prior to data
abstraction. Data was abstracted from existing TIA registries at each individual
centre using a standardised electronic template, de-identified, and collated centrally.
Decisions relating to early treatment and hospital admission at each centre were at

the discretion of the treating clinician in this observational study.

For comparison with the original ABCD2-I and ABCD3-1 validation samples

and external validation studies, the World Health Organisation clinical definition of



TIA was used: an acute loss of focal cerebral or ocular function lasting less than 24
hours, without an apparent non-vascular cause!®. The prognostic utility of the
imaging-based scores was assessed in ‘tissue-defined’ TIA as proposed by the

American Stroke Association in a pre-specified secondary analysis®.

The index TIA for study inclusion was defined as that most recently preceding
stroke specialist assessment. ‘Dual TIA’ was defined as the occurrence of at least
two TIAs, the index TIA and one other TIA’s in the 7 days prior to the index event.
For standardisation and generalisability, stroke was defined as a new neurological
deficit fitting the WHO stroke definition, which occurred after complete resolution of

symptoms of the preceding TIA (Web-supplement).

Atrial fibrillation (AF) was defined as pre-existing or newly-detected AF by
ECG and/or continuous cardiac rhythm monitoring following TIA. Carotid stenosis
was defined as 250% narrowing of the ipsilateral internal carotid artery lumen on
carotid imaging (including duplex ultrasound, computerised tomography or magnetic
resonance angiogram, or angiography), as interpreted by the reporting physician

using the NASCET method?!.

MRI information:

DW!I hyperintensity was defined as lesion(s) consistent with acute cerebral
ischaemia determined by the treating physician at each centre. DWI artefact caused
by gliosis or Virchow-Robin spaces (T2 ‘shine through’) must have been judged
unlikely, using apparent diffusion coefficient (ADC) images or other supporting data.

MRIs were performed on 1.5 or 3Tesla scanners, within 7 days of index TIA onset.



Stroke recurrence:

Recurrent stroke within 2, 7, 28, and 90 days after index TIA was determined
by in-person assessment, and/or telephone interview and medical file review. Data
from patients with peri-procedural stroke following carotid revascularisation
(endartectomy or stenting) were excluded from analysis and not sought from

participating centres.

Ethical aspects:

Local ethics committee and institutional review board approval was obtained
at each centre, according to local regulations. Included patients provided informed

consent for participation of research into stroke prevention following TIA.

Statistical analysis

Statistical analysis was performed using R version 3.1.3 (R Foundation for
Statistical Computing, Vienna, Austria). Parametric and non-parametric comparisons
of categorical and continuous variables were made using chi-squared, t-test and
Mann-Whitney tests, as appropriate. All significance tests were two-sided.
Multivariable logistic regression analysis of the additional prognostic utility of positive
DWI, carotid stenosis, and dual TIA to the ABCD2 score (ie. parameters included in
the ABCD2-I and ABCD3-I scores) was performed with 7-day stroke as the

dependent variable.

Missing data were addressed via a pre-specified standardised 3-step

approach. First, investigators were requested to re-check source datasets for



potential data-point misclassifications. Second, if considered valid based on other
available variables, values for missing variables were imputed based on clinical data
supplied (eg. if ‘MRI done’ variable missing, but ‘DWI positive’ variable coded, then
‘MRI done’ was imputed as ‘Yes’). Third, if clinically-valid assumptions could not be
made for an essential data variable (eg. follow-up stroke status), the case was

excluded from the primary analysis.

Direct comparisons of imaging-based scores, was done using the sub-set
(2,064 patients) on which all relevant variables for each score and early follow-up

stroke status were available.

We directly compared discrimination of the ABCD2, ABCD2-1 and ABCD3-I
scores using receiver-operating characteristic (ROC) analysis and the c-statistic
(area under curve) calculated at 2 and 7 days after the index TIA?L. Ideal
discrimination produces a c-statistic of 1-:0 whereas discrimination which is no better
than chance produces a c-statistic of 0-5. Confidence intervals and related p values
for comparison of c-statistics were obtained from bootstrap replicates, accounting for

the inter-relatedness of variables included in each prognostic score.

Calibration of the ABCD2-1 and ABCD3-I scores was examined by comparing

the approximation of predicted risk from the original derivation papers for each score,

with observed risk in the validation sample?2. For each score level, the predicied



Risk reclassification from ABCD2 to ABCD2-1 and ABCD3-I scores was
examined using cross tabulation. The net improvement in reclassification across

clinically relevant risk categories (clinical net reclassification improvement [CNRI])

was calculated and compared for each score. Risk reclassification grids were

Role of funding source

Funding sources were not involved in the design, conduct, analysis, or reporting of

the study findings.



Results:
Clinical characteristics:

Sixteen centres from Europe, United States, and Asia contributed individual-patient
data from 3,535 patients with TIA. Of these, 2,415 patients met pre-specified
eligibility criteria and were included for analysis. Clinical characteristics are described
in Table 2 and web-supplement. Complete data were available for ABCD2 score
calculation in 99% (2,392 patients), DWI for TIA evaluation in 96.6% (2,332 patients),
carotid imaging in 95.9% (2,315 patients), dual TIA in 91.7% (2,215 patients), and 7-
day stroke occurrence in 97.2% (2,347 patients). The median age of included
patients was 68 years, 58.5% were male, 20.2% were current smokers, and 13%
had atrial fibrillation. DWI hyperintensity after index TIA was present in 29.7%, and

carotid stenosis in 13.3% (Table 2).

Early stroke risk:

Stroke after index TIA occurred in 1.4% at 2 days (32 patients) and 2.3% at 7 days
(53 patients). When clinical variables included in the ABCD2 score were analysed
individually, only motor or speech symptoms were associated with 7-day stroke risk
(p value 1 x 10-%). However, when analysed as an ordinal variable, higher ABCD2
score was associated with greater risk of 7-day stroke (p=0.003, chi-squared test for
trend). Smoking, atrial fibrillation, and acute medication use before or after index TIA
were not associated with early stroke risk. Ischaemic injury on DWI performed for
evaluation of the index TIA (p=4 x 1077), dual TIA within 7 days of index TIA (p=5 x
10%), and ipsilateral carotid stenosis (p=3 x 10-°) were associated with greater stroke

risk at 7 days and other early time-intervals. (\Web-supplement)



On multivariable logistic regression, after adjusting for ABCD2 score, positive DWI
remained as an independent predictor of 7-day stroke (p=1 x 10®). When brain
imaging was incorporated with ABCD2 as the ABCD2-| score, 7-day stroke risk
increased with increasing ABCD2-I score (p<0.001 for linear trend). When ABCD2-I
was collapsed into low (0-3), medium (4-7), and high (8-10) categories, 7-day stroke

rates were higher with higher risk categories (p for trend 1 x 107).

After adjusting for ABCD2 score, both dual TIA (p=3 x 10-°) and carotid stenosis (p=4
x 10%) were independent predictors of 7-day stroke. After further adjustment for
ABCD?2 score and positive DWI (ie. items included in the ABCD2-1 score), dual TIA
(p=0.002) and carotid stenosis (p=1 x 10°7) remained as independent predictors of
early stroke risk. When these variables were included together as the ABCD3-I
score, 7-day stroke risk increased in a linear fashion with increasing ABCD3-I score
(p=0.0005 for trend). When patients were classified by ABCD3-I score as low (0-3),
medium (4-7), and high (8-13) scores, stroke risk increased with increasing score
category (p for trend 4 x 10'1?). In patients with an ABCD3-I score of 0 or 1, no
patient had stroke at 7 days, compared with 16.7% risk in those with a score of 12

(no patient had a maximum score of 13).

Direct comparison of discrimination of ABCD2, ABCD2-l, and ABCD3-I scores:

For direct comparison of ABCD2, ABCD2-l, and ABCD3-I scores, data were
complete for all exposure variables in 2,128 patients, with complete data for stroke
outcome at 2 and 7 days in 2,064 of these. 32 of these patients (1.6%) had stroke at

2 days and 52 (2.5%) at 7 days.



Compared with the ABCD2 score, the ABCD2-1 score had greater discrimination to
identify TIA patients who had stroke at 2 days (c-statistic 0.75 versus 0.65, p=0.008).
However, the ABCD3-1 score was superior in discrimination for 2-day stroke,
compared with the ABCD?2 (c-statistic 0.85 versus 0.65, p<0.001) and ABCD2-I
scores (c-statistic 0.85 versus 0.75, p<0.001) (Figure 2). These findings were
consistent when the analysis was repeated for stroke at 7, 28, and 90 days (Table

3).

Risk reclassification:

Across the entire range of each score, risk reclassification was improved for each
imaging-based score compared with the ABCD2 score. For stroke at 2 days, the net
reclassification improvement for the ABCD2-I score was 36.7% (p=0.01) and for the
ABCD3-I score was 42.2% (p=0.01). However, for score categories used for clinical
decision-making (clinical net reclassification improvement), risk reclassification was
improved for the ABCD3-I score (CNRI 43.3%, p=0.02) but not the ABCD2-I score

(CNRI 11.5%, p=0.3) (Table 4).

Risk reclassification was further improved by the ABCD3-I score compared with the
ABCD2-I score. For stroke at 2 days, the net reclassification improvement was
68.6% (p<0.001) and the clinical net reclassification improvement was 35.1%

(p=0.005). Similar findings were observed for stroke at 7 days (Table 4).

Calibration:



When the observed stroke risk at 7 days for each ABCD3-I score in the pooled
validation cohort was compared with expected risk based on the original derivation

cohort, the observed risk closely approximated expected risk (Figure 3). The chi?

Potential application in clinical practice:

We examined the distributions of patients with stroke and proportions of the overall
cohort when the ABCD3-I score was dichotomised as 0-7 and 8-13, to explore the
potential application of a single risk threshold in clinical practice. Although 84%
(1,731 patients) of the cohort had ABCD3-I scores of 0-7, the 7-day stroke risk in this
group was 1.27% (Cl 0.74-1.8%). By contrast, in the 16% of the cohort with ABCD3-I
scores of 8 or greater (333 patients), 7-day stroke risk was 9% (CI 5.9-12.1%). Of
the 52 patients who experienced stroke at 7 days, 58% (30/52) occurred within the
high-risk subgroup (ABCD3-1 =28), while 42% of stroke outcomes (22 patients)

occurred within the much larger group with ABCD3-I <8 (1,731 patients).

When dichotomised, the specificity of an ABCD3-I score of 28 for identification of TIA
patients who had subsequent stroke at 7 days was 85%, with sensitivity of 58%. The
positive predictive value (probability of 7-day stroke in patients with ABCD3-| 28) was
9%, while the negative predictive value (probability that 7-day stroke will not occur in

patients with ABCD3-I 0-7) was 98.7%.



Sensitivity analyses:

We did pre-specified sensitivity analyses to examine the prognostic utility of the
scores in patients with American Stroke Association ‘tissue-defined’ TIA (absence of
ischaemic injury on DWI), Asian and non-Asian subgroups, and in those imaged with

brain CT but not MRI.

For patients with ‘tissue-defined’ TIA (by definition DWI negative), the brain imaging
item was scored zero and ABCD2-I was equal to ABCD2 score. In this sub-group
(1,639 patients), discrimination for the ABCD3-I score was greater for stroke at 2
days (c-statistic 0.83 versus 0.75, p=0.06) and 7 days (c-statistic 0.69 versus 0.63,
p=0.058). In the subgroup with clinical TIA but positive DWI (‘transient symptoms
with infarction’, 693 patients), the ABCD3-1 score also showed improved
discrimination at 2 (c-statistic 0.78 versus 0.52, p<0.001) and 7 days (c-statistic 0.70

versus 0.55, p<0.001).

Discrimination for stroke at 2 and 7 days was also greater with ABCD3-1 compared
with ABCD2 and ABCD2-I scores in non-Asian cohorts, but the difference was
attenuated in the Asian sub-group, possibly related to low statistical power (27
strokes at 7 days in 404 patients). No prognostic score had discrimination better than
chance in the subgroup of the original cohort imaged by CT only (42 strokes in 504

patients at 7 days).



Discussion:

Although some earlier studies have provided useful data on the external validity of
the ABCD2-I and ABCD3-I TIA risk scores, we describe the first large-scale study
with sufficient power to allow robust validation and direct comparison of the
prognostic utility of imaging-based scores. We confirmed the role of minor ischaemic
injury on DWI, carotid stenosis, and recent earlier TIA as strong independent

predictors of early stroke risk.

The overall risk of early stroke after TIA in our study was low (1.4% at 2 days and
2.3% at 7 days), consistent with other studies where early treatment by stroke
specialists was provided!°. However, our cohort contained subgroups of patients
with high residual risk despite high rates of early treatment. Compared with the
ABCD?2 score, both imaging-based scores improved identification of these high-risk
patients. However, the ABCD3-I score further improved discrimination of high-risk
patients compared with the ABCD2-I score. When categorised, the 2-day stroke risk
in the highest ABCD3-1 group was 7%, compared with 3% in the corresponding
ABCD2-I group. At 7 days, stroke risks in the highest score categories were 9% for
ABCD3-I compared with 5% for the ABCD2-| score. Because the risk of stroke is
highest within the first days after TIA, prognostic models for early risk prediction with
optimal discrimination at early time-intervals are likely to have greatest utility for

decision-making for individual patients in clinical practice.



In addition to discrimination, risk reclassification is an important measure of the
validity of prognostic risk scores which add new variables to existing scores. Across
their entire range, both ABCD2-l1 and ABCD3-I scores improved the distribution of
patients according to early stroke risk when compared with the ABCD2 score (net
reclassification improvement). However, measures of risk reclassification across the
entire range of a prognostic score have limited application in routine practice, where
clinicians frequently make treatment decisions based on risk categories defined by
thresholds. When defined by risk categories (clinical net reclassification
improvement) and compared with ABCD2, only the ABCD3-I score improved
reclassification of patients into appropriate high- and low-risk groups. Further, the
ABCD3-I score substantially improved risk reclassification when compared with the

ABCD2-I score, with greatest improvement in risk assignment for very early stroke

recurrence. Compared with the ABCD2 score, the ABCD3-I score correctly

The ABCD3-I score was well-calibrated, indicating that the risk observed in the
independent validation sample was consistent with risk expected based on patients
included in the earlier derivation study®. This is an important consideration for clinical

use, where estimates of risk for individual patients must be reliable for safe triage

decisions to different treatment pathways. By contrast, stroke risk was consistently
over-estimated at all levels of the ABCD2-I score, indicating poor calibration. In
addition to prognostic utility of ABCD3-1 in TIA defined by time-based traditional

criteria, the score improved discrimination of early stroke risk in ‘tissue-defined’ TIA



patients without ischaemic injury on DWI, and in those with transient symptoms and

minor DWI abnormality (‘transient symptoms with infarction’).

Substantial international variation currently exists in clinical practice and policies for
hospital admission for patients with TIA. Although a few centres have adopted urgent
MRI-based assessment protocols?’, significant variation also exists in the timing and
method of brain and vascular imaging after TIA. International guidelines also differ in
their recommendations for brain and vascular imaging after TIA, with imaging either
immediately or several days after symptom onset, and brain imaging by either CT or
MRI recommended??-28-31, Our data provides strong evidence to support an approach
of stroke-specialist assessment for patients with focal symptoms consistent with TIA,
followed by brain MRI and vascular imaging without delay. With appropriate acute
treatment, our study suggests that most patients will have an early stroke risk of
approximately 1%, which may allow safe management in outpatient settings. A
minority of higher-risk patients (7-day risk approximately 9%) may benefit from
hospital admission, where they may immediately access early thrombolysis, carotid

revascularisation, or other treatment.

Our data may also be useful for the design of clinical trials targeting the subgroup of
patients at highest residual risk despite modern medical treatment. For example, a
randomised trial of a new intervention with anticipated 30% risk reduction of early
stroke in unselected patients after TIA treated with standard care would require
17,492 patients, based on the 7-day risk of 2.3% observed in our study. However, if

targeted to the higher-risk patients with ABCD3-I| score 28 (7-day risk 9%), the



required sample size for a clinical trial of the same intervention with equivalent risk

reduction would be 4,216 patients.

Strengths of our analysis include its large sample size, inclusion of prospectively-
ascertained patient-level data Wwith stroke=specialist confirmed TIA, high rates of
contemporary treatments including statins and antiplatelet agents, detailed
comparisons of imaging-based scores, and inclusion of time-defined and tissue-
defined TIA patients. However, we acknowledge some limitations. As a pooled
analysis of prospective observational studies, a common protocol was not used for
data acquisition, outcomes were not adjudicated centrally, investigators were not
blinded to exposure variables, and some variation in treatment may exist between
included cohorts. As our study included few patients with posterior circulation TIA or
younger adults with less common causes of TIA (eg. arterial dissection), the validity

of imaging-based scores remains to be established in these groups®2.

Since CM Fisher’s original descriptions of ‘transient ischaemic attacks’3, clinicians
have sought to identify which episodes carry highest risk of subsequent stroke. Our
study provides the strongest evidence to date that the combination of brain MR,
vascular imaging, and simple clinical features can distinguish patients at highest risk
of early stroke after TIA. Although both imaging-based scores showed validity, the

extra information provided by the inclusion of carotid stenosis and recurrent TIAs

provided superior risk prediction in the ABCD3-I model. Further research is needed



Introduction of risk-based TIA management guided by ABCD3-1 with immediate
stroke-specialist assessment343°, urgent MRI and vascular imaging should now be

considered, with monitoring of safety, benefits, and cost effectiveness in practice.

References

1. Giles MF, Rothwell PM. Risk of stroke early after transient ischaemic attack: a
systematic review and meta-analysis. Lancet Neurol 2007;6:1063-72.

2. Johnston SC, Gress DR, Browner WS, Sidney S. Short-term prognosis after
emergency department diagnosis of TIA. JAMA 2000; 284: 2901-2906.

3. Rothwell PM, Giles MF, Flossmann E, Lovelock CE, Redgrave JN, Warlow
CP, et al. A simple score (ABCD) to identify individuals at high early risk of
stroke after transient ischaemic attack. Lancet. 2005;366:29-36.

4. Johnston SC, Rothwell PM, Nguyen-Huynh MN, et al. Validation and
refinement of scores to predict very early stroke after transient ischaemic
attack. Lancet 2007; 369: 283-292.

5. Giles MF, Rothwell PM. Systematic review and pooled analysis of published
and unpublished validations of the ABCD and ABCD2 transient ischemic
attack risk scores. Stroke 2010; 41: 667-73

6. Amarenco P, Labreuche J, Lavallée PC, et al. Does ABCD2 score below 4
allow more time to evaluate patients with a transient ischemic attack. Stroke

2009; 40: 3091-3095



7. Wardlaw JM, Brazzelli M, Chappell FM, et al. ABCD2 score and secondary
stroke prevention. Meta-analysis and effect per 1,000 patients triaged.
Neurology 2015;85:373-380

8. Giles MF, Albers GW, Amarenco P, et al. Addition of brain infarction to the
ABCD2 score (ABCD2-1): a collaborative analysis of unpublished data on
4574 patients. Stroke 2010;41(9):1907-13

9. Merwick A, Albers GW, Amarenco P, Arsava EM, Ay H, Calvet D, et al.
Addition of brain and carotid imaging to the ABCD2 score to improve
identification of patients at high early stroke risk after transient ischaemic
attack. Lancet Neurol 2010;9:1060-9

10.Purroy F, Jimenez-Caballero PE, Mauri-Capdevila G, et al. Predictive value of
brain and vascular imaging including intracranial vessels in transient
ischaemic attack patients: external validation of the ABCD3-I score. Eur J
Neurol 2013;20:1088-1093

11.Song B, Fang H, Zhao L, et al. Validation of the ABCD3-I score to predict
stroke risk after transient ischaemic attack. Stroke 2013;44:1244-48

12.Chatzikonstantinou A, Wolf ME, Schaefer A, Hennerici MG. Risk prediction of
subsequent early stroke in patients with transient ischaemic attacks.
Cerebrovasc Dis 2013;36:106-109

13.Dolatabadi A, Meisami A, Hatamabadi H, Mansori B, Shahrami A, Amini A,
Jamali K. Improving the prediction of stroke or death after transient ischaemic
attack by adding diffusion weighted imaging lesions and TIA etiology to the

ABCD2 score. J Stroke Cerebrovasc Dis 2013;22;e25-e30



14.Kiyohara T, Kamouchi M, Kumai Y, et al. ABCD3 and ABCD3-I scores are
superior to ABCD2 score in the prediction of short- and long-term risks of
stroke after transient ischaemic attack. Stroke 2014;45:418-425

15.Nah H, Kwon SU, Kang D, Lee D, Kim JS. Diagnostic and prognostic value of
multimodal MRI in transient ischaemic attack. Int J Stroke 2014;9:895-901

16.Prabhakaran S, Chong JY, Sacco RL. Impact of abnormal diffusion weighted
imaging results on short-term outcome following transient ischemic attack.
Arch Neurol.2007; 64: 1105-11009.

17.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.

18. Coutts SB, Simon JE, Eliasziw M, Sohn CH, Hill MD, Barber PA, Palumbo V,
Kennedy J, Roy J, Gagnon A, Scott JN, Buchan AM, Demchuk AM. Triaging
transient ischemic attack and minor stroke patients using acute magnetic
resonance imaging. Ann Neurol. 2005; 57: 848-854.

19.Hatano S. Experience from a multicentre stroke register: a preliminary report.
Bull World Health Organ. 1976; 54: 541-553.

20.Easton JD, Saver JL, Albers GW et al. Definition and evaluation of transient
ischemic attack: a scientific statement for healthcare professionals from the
American Heart Association/American Stroke Association 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.

Stroke 2009;40:2276-93.



21.North American Symptomatic Carotid Endarterectomy Trialist’s Collaborative
group. The final results of the NASCET trial. N Engl J Med 1998;339:1415-25

22.Altman DG, Vergouwe Y, Royston P, Moons KGM. Prognosis and prognostic
research: validating a prognostic model. BMJ 2009;338:b605

23.D'Agostino RB, Nam BH. Evaluation of the performance of survival analysis
models: discrimination and calibration measures. In: Balakrishnan N, Rao CR,
eds. Handbook of Statistics, 23. London, United Kingdom: Elsevier; 2004.

24.Pencina MJ, D'Agostino RB, Sr., D'Agostino RB, Jr., Vasan RS. Evaluating
the added predictive ability of a new marker: from area under the ROC curve
to reclassification and beyond. Stat Med 2008; 27:157-72

25.Pencina MJ, Steyerberg E, D'Agostino RB, Sr. Extensions of net
reclassification improvement calculations to measure usefulness of new
biomarkers. Stat Med 2011;30;11-21

26.Leening MJG, Vedder MM, Witteman JCM, Pencina MJ, Steyerberg EW. Net
reclassification improvement: computation, interpretation, and controversies.
A literature review and clinician’s guide. Ann Intern Med 2014;160:122-131

27.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;10:343-347

28.National Institute for Health and Care Excellence. TIA assessment, early
management, and imaging. NICE 2016. Retrieved 23rd March 2016 from
http://pathways.nice.org.uk/pathways/stroke/tia-assessment-early-

management-and-imaging



29.Casaubon LK, Boulanger JM, Blacquiere D, et al. Canadian Stroke Best
Practice recommendations: Hyperacute stroke care guidelines update 2015.
Int J Stroke 2015;10:924-40

30. National Stroke Foundation Clinical Guidelines for Stroke and TIA
management 2010. Retrieved 23" March 2016 from
https://strokefoundation.com.au/~/media/strokewebsite/resources/treatment/cli
nical-guidelines-acute-rehab-management-2010-interactive.ashx?la=en

31.European Stroke Organisation Executive Committee and ESO Writing
Committee. Guidelines for the management of ischaemic stroke and transient
ischaemic attack. Cerebrovasc Dis 2008;25:457-507

32.Tsivgoulis G, Heliopoulos I. Potential and failure of the ABCD2 score in stroke
risk prediction after transient ischemic attack. Stroke 2010;41:836-8

33.Fisher CM. Intermittent cerebral ischaemia. In: Wright IS, Millikan CH, eds.
Cerebral Vascular Diseases. New York, NY: Grune & Stratton;1958:81-97

34.Rothwell PM, Giles MF, Chandratheva A, et al, on behalf of the Early use of
Existing Preventive Strategies for Stroke (EXPRESS) study. Effect of urgent
treatment of transient ischaemic attack and minor stroke on early recurrent
stroke (EXPRESS study): a prospective population-based sequential
comparison. Lancet 2007; 370: 1432—42.

35. Lavallee PC, Meseguer E, Abboud H, Cabrejo L, Olivot JM, Simon O, et al. A
TIA clinic with round-the-clock access (SOS-TIA): feasibility and effects.

Lancet Neurol. 2007;6:953—-960



Item Definition ABCD2-| ABCD3-I

Age =260 years 0,1 0,1

Blood 2140, 290 mm Hg 0,1 0,1

Pressure

Clinical Unilateral weakness, or speech impairment 0, 1 (speech 0, 1 (speech

without weakness impairment), 2 | impairment), 2

(motor (motor weakness)
weakness)

Duration | 260, 10-59, or <10 minutes 0 (<10 0 (<10 minutes), 1
minutes), 1 (10-59 minutes), 2
(10-59 (260 minutes)
minutes), 2
(=60 minutes)

Diabetes | Diabetes mellitus present 0,1 0,1

Mellitus

Dual TIA | TIA prompting medical attention, plus at least | Not applicable |0, 2

one other TIA in the preceding 7 days
) Acute DWI hyperintensity 0,3 0,2

Imaging

- Brain

Imaging | Ipsilateral 2 50% stenosis of internal carotid Not applicable |0, 2

- Carotid | artery by duplex ultrasound, or angiography

Total 0-10 0-13

Table 1: ABCD2-1 and ABCD3-1 imaging based scores for risk prediction after TIA




N (%)

Risk factors

ABCD?2 score (median, IQR)

Male gender

Age, years (median, IQR)

Hypertension

Hyperlipidaemia

Atrial Fibrillation

Dual TIA

Current Smoker

Coronary Artery Disease

Carotid stenosis

Diabetes Mellitus

Post TIA Statin

Post TIA Anti-platelet or anti-

coagulant

1411/2413 (58-5)

68 (57-77)

1609/2384 (67.5)

818/1952 (41-9)

302/2327(13-0)

458/2215 (20-7)

475/2346 (20-2)

311/2111 (14-7)

309/2315 (13-3)

397/2410 (16-5)

1332/1795 (74-2)

1719/1830 (93.9)

4 (3-5)

Stroke recurrence

2 days

7 days

28 days

32/2324 (1-4)

53/2347 (2-3)

66/2305 (2-9)



90 days

86/ 2247 (3-8)

Table 2: Clinical characteristics of pooled sample, n=2415

ABCD2 ABCD2-| p ABCD3-| p p
(ABCD2-1 vs (ABCD3-1 vs (ABCD3-1 vs
ABCD2) ABCD2) ABCD2-1)

Day 2 0-65 (0.57- 0-75 (0.68- 0-002 0-85 (0.78- <0-001 <0-001
stroke 0.72) 0.81) 0.91)

Day 7 0-61 (0-54— 0-71 (0-64- 0-001 0-76 (0-69— <0-001 0-006
Stroke 0-68) 0:77) 0-83)

Day 28 0.60 (0.53- 0.70 (0.63- <0.001 0.76 (0.69- <0.001 0.002
Stroke 0.65) 0.76) 0.81)

Day 90 0.61 (0.55- 0.70 (0.65- 0.001 0.76 (0.71- <0.001 <0.001
Stroke 0.67) 0.75) 0.82)

Table 3: C-statistics (with 95% confidence intervals) for early stroke discrimination
with ABCD2-1 and ABCD3-I scores compared with ABCD2 score and together, at

each time interval following TIA

Day of Re- Re- Clinical Clinical Clinical
recurrent classified classified NRI NRI Non NRI Overall
stroke from to Events % events (%) BBB




C) % (Cl) o]

2 ABCD2 ABCD2-| 186 -7-3(-62to 115
-8-3
(5-2to )
32:3)
2 ABCD2 ABCD3-I 59-4 -16:0 (-14-4 43-3
to -17-.6)
(42:0to
76-0)
2 ABCD2-| ABCD3- 43-8 (266 -87(-7-5to 351
to 60-9) -10:0)
7 ABCD2 ABCD2-| 17-:0(6:8 -77(-6.6t0 92

t027.1)  -89)

7 ABCD2 ABCD3-l 481 (345 -16-1(-14-5 320

to617)  to-17-7)

7 ABCD2-| ABCD3-I 30-8 (182 -84 (-72to 224

t0433)  -9-6)

Table 4: Risk reclassification from ABCD2 to ABCD2-I and ABCD3-I scores, and
from ABCD2-I to ABCD3-I scores. CNRI= Clinical net reclassification improvement
for risk categories. Positive values indicate improved reclassification across scores.
Clinical categories: ABCD2 low (0-3), medium (4,5), high (6,7); ABCD2-I low (0-3),

medium (4-7), high (8-10); ABCD3-I low (0-3), medium (4-7), high (8-13)



