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Introduction
Ischaemic strokes are frequently preceded by a transient
ischaemic attack (TIA).1 However, because of
methodological problems in early studies of prognosis,
the immediate risk of stroke after a TIA was
underestimated for many years.2,3 Hospital-based and
population-based cohort studies have reported 7-day risks
of stroke of up to 10%.4-8 However, there is substantial
international variation in how patients with suspected
TIA are managed in the acute phase, with some health-
care systems providing immediate emergency inpatient
care and others providing non-emergency outpatient
clinic assessment,9,10 and there is little consensus about
which strategy is most cost-effective.11,12 North American
and UK guidelines simply state that all patients in whom
a diagnosis of TIA is suspected should be assessed and
investigated within 7 days,13,14 although this aim is
frequently not achieved in practice. However, the key
question is not, in fact, whether emergency inpatient care
or non-emergency outpatient care is most appropriate.
Rather, it is: for which patients is emergency assessment
needed, and which patients can be appropriately
managed in a non-emergency outpatient setting? Only
about 50% of patients referred for specialist assessment
with suspected TIA have the diagnosis confirmed, and so
even if the 7-day stroke risk after a TIA is as high as 10%,
95% of referrals will not have a stroke in that period. 

Validated models are available for long-term risk of
stroke after TIA or minor stroke,15-17 and there are some
unvalidated reports of predictors of stroke at 3 months or
1 year after a TIA,4,7,8 but the practical clinical requirement
is for prediction of stroke during the first few days after
the event, for which there are currently no published
models. We therefore aimed to derive and validate a
simple risk score to predict stroke during the first 7 days
after a TIA with three potential uses in mind: to allow
primary-care doctors and other front-line physicians to
identify which of the patients in whom they suspect a
diagnosis of TIA should be referred-on for assessment as
an emergency; to allow secondary-care physicians to
determine which patients with probable or definite TIA
need emergency investigation and treatment; and to
allow public education about the need for medical
attention after a TIA to focus on the specific symptoms
and characteristics that identify high-risk individuals. 

Methods
Derivation of a simple risk score
We derived the score in the population-based cohort of
TIA patients in the Oxfordshire Community Stroke
Project (OCSP). The methods of the OCSP have been
reported elsewhere.18,19 Briefly, a population of about
105 000 registered with 50 family doctors in ten
practices in Oxfordshire, UK, was studied. All patients
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Abstract
Background Effective early management of patients with transient ischaemic attacks (TIA) is undermined by an

inability to predict who is at highest early risk of stroke. 

Methods We derived a score for 7-day risk of stroke in a population-based cohort of patients (n=209) with a probable

or definite TIA (Oxfordshire Community Stroke Project; OCSP), and validated the score in a similar population-

based cohort (Oxford Vascular Study; OXVASC, n=190). We assessed likely clinical usefulness to front-line health

services by using the score to stratify all patients with suspected TIA referred to OXVASC (n=378, outcome: 7-day

risk of stroke) and to a hospital-based weekly TIA clinic (n=210; outcome: risk of stroke before appointment). 

Results A six-point score derived in the OCSP (age [�60 years=1], blood pressure [systolic �140 mm Hg and/or

diastolic �90 mm Hg=1], clinical features [unilateral weakness=2, speech disturbance without weakness=1,

other=0], and duration of symptoms in min [�60=2, 10–59=1, �10=0]; ABCD) was highly predictive of 7-day risk of

stroke in OXVASC patients with probable or definite TIA (p�0·0001), in the OXVASC population-based cohort of all

referrals with suspected TIA (p�0·0001), and in the hospital-based weekly TIA clinic-referred cohort (p=0·006). In

the OXVASC suspected TIA cohort, 19 of 20 (95%) strokes occurred in 101 (27%) patients with a score of 5 or

greater: 7-day risk was 0·4% (95% CI 0–1·1) in 274 (73%) patients with a score less than 5, 12·1% (4·2–20·0) in 66

(18%) with a score of 5, and 31·4% (16·0–46·8) in 35 (9%) with a score of 6. In the hospital-referred clinic cohort, 14

(7·5%) patients had a stroke before their scheduled appointment, all with a score of 4 or greater. 

Conclusions Risk of stroke during the 7 days after TIA seems to be highly predictable. Although further validations

and refinements are needed, the ABCD score can be used in routine clinical practice to identify high-risk individuals

who need emergency investigation and treatment. 
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with a possible diagnosis of TIA during the study period
(1981–86) were reported to a study neurologist and
assessed as soon as possible after the event. The
characteristics of the event and vascular risk factors
were recorded in cases of first-ever probable or definite
TIA (about 50% of referrals) defined by the standard
definition.20 Patients with a probable or definite TIA
were followed-up by a research nurse at 1 month
initially and re-assessed by the study neurologist if a
stroke was suspected. 

Because of the small size of the cohort and limited
statistical power (18 strokes within 7 days in
209 patients), we limited the likelihood of chance
associations by only studying factors that had already
been reported to be significant independent predictors
of stroke in at least one of the two previous reports of
risk factors for stroke at 3 months after a TIA.4,7 The five
potential risk factors were age,4 clinical features (motor
weakness and speech disturbance),4 duration of
symptoms,4 diabetes,4 and hypertension.7 As far as
possible, variables were defined and categorised in the
same way as had been predictive in these previous
studies. Age was dichotomised at 60 years.4 Clinical
features were categorised as motor weakness (focal,
usually unilateral, weakness of one or more of face,
arm, hand or leg) versus speech disturbance (defined, as
previously,4 as either dysarthria or dysphasia or both)
without weakness versus all other symptoms. Limb
weakness required a clear description of loss of power
as opposed to more vague terms, such as “clumsiness”
or “heaviness”, in the absence of definite weakness.
Duration of symptoms was categorised as less than
10 min, 10–59 min, and 60 min or longer. In patients
with more than one TIA in the past month, the duration
of the longest event was used. Diabetes was defined as
requiring either oral mediation or insulin.
Hypertension was coded as a history of hypertension in
previous studies,4,7,8 but was included as two separate
variables in our study: a previous diagnosis requiring
treatment with medication; and elevated blood pressure
on first recording after the TIA (cut-off points of
140 mm Hg systolic and 90 mm Hg diastolic were used
as previously).4

The 7-day risk of stroke was determined in relation to
each variable by univariate Cox regression and
significance was assessed with the log rank test. The
definition of stroke used in this and subsequent analyses
was any stroke (by WHO criteria) occurring after full
resolution of the initial TIA. We did not have statistical
power to do multivariate modelling in the OCSP cohort
or to determine the exact size of risk ratios reliably. We
therefore simply included in the score any variable that
was a univariate predictor of the 7-day risk of stroke with
a significance of p�0·1, with each bivariate risk factor
allocated integer values of 0 and 1, and each trivariate
factor allocated values of 0,1, and 2, the overall predictive
score being the sum.

Validation of the risk score
The risk score was tested first in a dataset of patients
ascertained in the first 2 years (April 1, 2002 to March
31, 2004) of the Oxford Vascular Study (OXVASC) with
a diagnosis of probable or definite TIA made by the
study neurologist using the same definition as in the
OCSP.20 OXVASC is a population-based study of all
incident or recurrent TIA and stroke in a population of
90 542 patients, registered with 63 family physicians, in
the same practices as the previous OCSP.3,21 Methods
have been described in detail elsewhere,21,22 and direct
assessment has suggested near-complete case-
ascertainment.22 All patients were assessed by a study
neurologist who recorded the characteristics of the
events and risk factors, and all patients underwent brain
imaging. Initial follow-up was by face-to-face interview
with a study nurse at 1 month, with re-assessment by
the study neurologist if a stroke was suspected.
OXVASC has local research ethics committee approval. 

The observed 7-day risk of stroke in the OXVASC
cohort was stratified according to the risk score.
Significance of the predictive value of the score was
assessed with a log rank test. Sensitivities and
specificities of prediction were determined at each cut-
off of the score and the receiver operating characteristic
(ROC) curve was plotted. In a secondary analysis to
determine the relative risk of stroke during the 7 days
after a probable or definite TIA more precisely for each
risk factor, the univariate predictive values were also
determined in the OXVASC cohort and in pooled data
from OXVASC and OCSP. The risk factors included in
the score were then entered into a Cox regression model
(stratified by study) derived from the pooled data. The
predictive power of the other risk factors that had been
collected in both studies was also then determined by
adding them individually to the final model using the
pooled data: any of the predefined risk factors not
included in the score, sex, coronary heart disease
(angina or myocardial infarction), peripheral vascular
disease, atrial fibrillation (previously diagnosed or on
assessment), and current smoking. 

We further tested the clinical usefulness of the OCSP-
derived score to front-line clinicians by validation in two
cohorts of all referrals with suspected TIA. One of these
cohorts comprised all referrals to OXVASC by primary
care or other sources with a preliminary diagnosis of
suspected TIA. This was not a further validation of the
score because the population included all OXVASC
patients with probable or definite TIA used in the above
validation, but it provided additional useful data by
inclusion of all patients in whom the study neurologist
diagnosed only possible TIA, made an alternative
diagnosis, or could not explain the symptoms. Follow-
up was the same as for the OXVASC TIAs. The 7-day
stroke risk was stratified by the risk score. The other
cohort comprised all patients referred to a weekly
hospital-based TIA clinic run by PMR covering the non-
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OXVASC population of Oxfordshire during the same
period—ie, a second independent validation of the
OCSP-derived score. To ensure inclusion of all follow-
up strokes, all patients who were referred but did not
attend the clinic appointment were traced and clinical
details obtained from the patient and the referring
physician. The risk of stroke before the scheduled clinic
appointment was stratified by the risk score. 

Role of the funding source
The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results
Table 1 shows the baseline characteristics of the OCSP
and OXVASC cohorts of patients with probable or
definite TIA. Data were missing on duration of TIA in
four patients in OCSP, three of whom also had missing
data on clinical features, leaving 205 of 209 (98%)
patients with complete data (table 1). Complete data
were available for 188 of 190 (99%) OXVASC patients.
The OXVASC cohort was older than the OCSP cohort
(p=0·002), had a higher proportion of women (p=0·02),
higher rates of previously diagnosed hypertension
(p=0·002) and diabetes (p=0·02), and lower systolic and
diastolic blood pressures (both p�0·0001). These
differences, which have been reported previously and
which are similar for incident strokes,21 are due to
changes in population demographics and premorbid
screening and treatment of risk factors between the
periods during which the two studies were done.21

However, there was also a tendency for the recorded

duration of TIA to be greater in OXVASC than in OCSP
(p=0·001). Figure 1 shows the early risk of stroke in the
OCSP and OXVASC cohorts. The 7-day risks were 8·6%
(4·8–12·4) and 10·5% (6·2–14·9), respectively (p=0·51
for difference). 

Table 2 shows the associations between the six pre-
defined potential risk factors and 7-day risk of stroke in
the OCSP derivation cohort. Age 60 years or older,
clinical features, duration of symptoms, and raised
blood pressure at presentation were predictive of stroke
at the significance level of p�0·1, but diabetes and a
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Probable or definite TIA All referrals of suspected TIA

OCSP, derivation OXVASC, validation OXVASC, validation Hospital clinic, validation
(n=209) (n=190) (n=378) (n=210)

Age (mean [SD]) 69·9 (12·2) 73·7 (12·5) 69·5 (15·0) 64·7 (13·7)
Systolic BP (mean [SD]) 172·4 (34·1) 153·0 (28·7)* 148·9 (27·2)† 150·5 (26·4)‡
Diastolic BP (mean [SD]) 89·5 (16·4) 82·7 (14·8)* 81·8 (13·9)† 83·5 (13·1)‡
Hypertension 79 (38%) 101 (53%)§ 172 (46%)¶ 103 (52%)||
Clinical features
Unilateral weakness 112 (54%)‡ 94 (50%)§ 118 (31%)¶ 79 (38%)
Speech disturbance without weakness 26 (13%)‡ 42 (22%)§ 73 (19%)¶ 45 (21%)
Other 68 (33%)‡ 53 (28%)§ 186 (49%)¶ 86 (41%)
Duration of symptoms
�60 minutes 75 (37%)|| 96 (51%)§ 194 (52%)¶ 106 (51%)
10–59 minutes 62 (30%)|| 63 (33%)§ 114 (30%)¶ 61 (29%)
�10 minutes 68 (33%)|| 30 (16%)§ 69 (18%)¶ 43 (21%)
Diabetes 9 (4%) 20 (11%)§ 35 (9%)¶ 21 (10%)**
Male sex 112 (54%) 79 (42%) 167 (44%) 102 (49%)
Angina or myocardial infarction 50 (24%) 42 (22%)§ 57 (15%)¶ 29 (15%)||
Peripheral vascular disease 36 (17%) 13 (7%)§ 19 (5%)¶ 7 (4%)||
Previously diagnosed atrial fibrillation 30 (14%) 31 (16%)§ 46 (12%)¶ 13 (7%)||
Current smoker 61 (29%) 25 (13%)§ 54 (14%)¶ 45 (23%)||

Data are number (%) unless otherwise indicated. *n=188. †n=375. ‡n=206. §n=189. ¶n=377. ||n=205. **n=208.

Table 1: Characteristics of patients included in the OCSP cohort used to derive the risk score and the three other cohorts used to validate the score

Days
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378 358 355 353 352
210 199 199 198 197
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Figure 1: Risk of stroke from time of presenting TIA in the two cohorts with
probable or definite TIA and the two cohorts of all referrals with a
preliminary diagnosis of suspected TIA
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previous diagnosis of hypertension were not. The
resulting risk score was therefore: age 60 years or
older=1, raised blood pressure (systolic �140 mm Hg
and/or diastolic �90 mm Hg)=1, clinical features
(unilateral weakness=2, speech disturbance without
weakness=1, other=0), and duration of symptoms in
min (�60=2, 10–59=1, �10=0). The score was termed
ABCD (age, blood pressure, clinical features, duration).

Table 3 shows the 7-day risk of stroke stratified by the
OCSP-derived ABCD score in the OXVASC cohort of
patients with probable or definite TIA. The score was
highly predictive of stroke at 7 days (p�0·0001). There
was only one stroke in patients with a score of less
than 5, whereas the 7-day risk was 35·5% in those with
a score of 6. The area under the ROC curve (figure 2)
was 0·85 (0·78–0·91). 

Table 2 also shows the 7-day stroke risk associated
with each risk factor in the OXVASC TIA cohort
separately and pooled with the OCSP cohort
(399 patients with probable or definite TIA and
38 strokes at 7 days). The predictive values of the six
original potential components of the risk score were

consistent between the studies, with no significant
heterogeneity. Of the four components that were
predictive of stroke in the OCSP, all apart from age
were significantly predictive in OXVASC. No other risk
factor was significantly associated with risk of stroke in
the pooled data, and only diabetes became significant
when added to a logistic regression model containing
the four components of the ABCD score (table 4).
Notably, the patient with the lowest ABCD score (4) in
the OXVASC cohort who had a stroke within 7 days had
diabetes. 

The clinical usefulness of the model to front-line
clinicians was assessed in the population-based
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Derivation cohort (OCSP) Validation cohort (OXVASC) OCSP and OXVASC pooled

Events/patients HR (95% CI) p Events/patients HR (95% CI) p HR (95% CI) p P(Het)

Pre-defined risk factors (present vs absent)
Age �60 years 17/167 vs 1/42 4·48 (0·60–33·68) 0·10 18/165 vs 2/25 1·36 (0·32–5·86) 0·68 2·37 (0·73–7·73) 0·14 0·35
SBP �140 or DBP �90 mm Hg 18/178 vs 0/31 .. 0·068 18/121 vs 2/67 5·29 (1·23–22·79) 0·012 7·02 (1·67–29·43) 0·0018 1·00
Hypertension 9/79 vs 9/130 1·73 (0·69–4·37) 0·23 11/101 vs 9/88 1·05 (0·44–2·54) 0·91 1·34 (0·70–2·55) 0·37 0·45
Clinical features

Unilateral weakness 14/112 4·39 (1·00–19·31) 0·029 16/94 .. 0·0014 9·24 (2·21–38·65) 0·0001 0·99
Speech disturbance without weakness 2/26 2·61 (·37–18·55) 4/42 .. 5·28 (1·06–26·23)
Other 2/68 1 0/53 .. 1

Duration of symptoms
�60 min 9/75 4·29 (0·93–19·86) 0·051 18/96 .. 0·0005 8·18 (1·93–34·72) 0·0001 0·20
10–59 min 6/62 3·48 (0·70–17·27) 2/63 .. 3·24 (0·68–15·34)
�10 min 2/68 1 0/30 .. 1

Diabetes 1/9 vs 17/200 1·34 (0·18–10·05) 0·78 4/20 vs 16/169 2·22 (0·74–6·66) 0·14 1·94 (0·75–5·03) 0·16 0·66
Other risk factors (present vs absent)
Male 8/112 vs 10/97 0·67 (0·27–1·71) 0·40 13/79 vs 7/111 2·70 (1·08–6·76) 0·026 1·39 (0·73–2·65) 0·31 0·037
MI or angina 1/50 vs 17/159 0·18 (0·02–1·37) 0·061 3/42 vs 17/147 0·60 (0·18–2·04) 0·40 0·38 (0·14–1·08) 0·056 0·33
PVD 1/36 vs 17/173 0·27 (0·04–2·03) 0·17 2/13 vs 18/176 1·51 (0·35–6·49) 0·58 0·62 (0·19–2·03) 0·42 0·18
Atrial fibrillation 3/30 vs 15/179 1·24 (0·36–4·27) 0·74 3/31 vs 17/158 0·89 (0·26–3·05) 0·86 1·04 (0·43–2·49) 0·93 0·73
Current smoker 4/61 vs 14/148 0·68 (0·22–2·07) 0·49 4/25 vs 16/164 1·65 (0·55–4·94) 0·36 1·01 (0·46–2·24) 0·98 0·27

All analyses are univariate. HR=hazard ratio from univariate Cox regression. P(Het)=signficance of the difference in risk association between the two cohorts. SBP=systolic blood pressure. DBP=diastolic blood pressure.
MI=myocardial infarction. PVD=peripheral vascular disease.

Table 2: 7-day risk of stroke after presenting TIA in relation to potential risk factors 

Patients (%) Strokes (%) % risk (95% CI)

ABCD score
�1 2 (1%) 0 0
2 28 (15%) 0 0
3 32 (17%) 0 0
4 46 (24%) 1 (5%) 2·2 (0–6·4)
5 49 (26%) 8 (40%) 16·3 (6·0–26·7)
6 31 (16%) 11 (55%) 35·5 (18·6–52·3)
Total 188 (100%) 20 (100%) 10·5 (6·2–14·9)

Table 3: 7-day risk of stroke stratified according to ABCD score at first
assessment in the OXVASC validation cohort of patients with probable
or definite TIA
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Figure 2: ROC curves for predictive value of ABCD score in the three
validation cohorts
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OXVASC and hospital-based weekly TIA clinic cohorts
of all patients referred with a potential diagnosis of TIA.
Table 1 shows the baseline clinical characteristics of
these two cohorts and figure 2 shows the risk of stroke
from the time of the presenting TIA. The 7-day risks of
stroke were 5·3% (3·0–7·5) and 5·2% (2·2–8·3)
respectively.

In the OXVASC population-based cohort of all
377 referrals, 19 (95%) of the 20 strokes that occurred
within 7-days of the presenting TIA occurred in the 101
(27%) patients with a risk score of 5 or greater (table 5).
The 7-day risks were 0·4% (0–1·1) in 274 (73%) patients
with a score of less than 5, 12·1% (4·2–20·0) in 66
(18%) patients with a score of 5, and 31·4% (16·0–46·8)
in 35 (9%) patients with a score of 6. The corresponding
area under the ROC curve (figure 2) was 0·91
(0·86–0·95). Table 5 also shows that the score was still
highly predictive (p�0·0001) when the five 7-day
strokes that occurred before the patient sought medical
attention after the initial TIA were excluded.

As a potential aid to focusing public education about
the need to seek urgent medical attention after a TIA,
we assessed the predictive value of various
combinations of clinical features and the other
components of the risk score (excluding blood
pressure, which will usually be unknown to the patient
at the time that he or she has a TIA-like episode) in the
OXVASC cohort of all patients presenting to medical
attention with a suspected TIA. Table 6 shows the
proportion of patients and strokes that would be
captured by each possible scenario. For example, all of
the strokes in the first 7 days occurred in the 51% of
patients who had focal weakness or speech
disturbance. If the event also lasted 60 min or longer,
the subset was reduced to 30% of the cohort, but still
included 90% of the strokes that occurred within
7 days. 

Of 210 consecutive referrals to the non-OXVASC
hospital-referred TIA clinic with suspected TIA, 206
(98%) had complete data on the ABCD score variables,
including all patients who had a stroke before the clinic
appointment. The median (IQR) time from referral to
clinic and the appointment was 9 (4–16) days, with 42%
seen within 7 days of referral. 14 (7·5%) patients had a
stroke before their scheduled clinic appointment, of
which 11 occurred after the patient had sought medical
attention. Of these 11 patients, two had a minor stroke
not requiring immediate hospital admission and were
able to attend the clinic appointment, but nine patients
were unable to attend because they had been admitted
to hospital following a major stroke that occurred
before their scheduled appointment. Table 5 shows
that the ABCD score predicted stroke before the clinic
appointment (p=0·007), with no events in patients with
a score of less than 4, and figure 2 shows that the
associated area under the ROC curve was 0·80
(0·72–0·89). Again, the score was still predictive
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HR (95% CI) P

Age �60 years 2·57 (0·75–8·81) 0·133
SBP�140 or DBP �90 mm Hg 9·67 (2·23–41·94) 0·002
Clinical features
Unilateral weakness 6·61 (1·53–28·50) 0·016
Speech disturbance without weakness 2·59 (0·50–13·56)
Other 1·0
Duration of symptoms
�60 minutes 6·17 (1·43–26·62) 0·019
10–59 minutes 3·08 (0·64–14·77)
�10 minutes 1·0
Diabetes 4·39 (1·36–14·22) 0·014

SBP=systolic blood pressure. DBP=diastolic blood pressure.

Table 4: Multivariate Cox regression analysis of predictors of 7-day risk
of stroke in patients with probable or definite TIA derived from the
pooled data (stratified by study) from OCSP and OXVASC

Risk of stroke within 7 days Excludes strokes prior to seeking medical attention

Patients (%) Events (%) % risk (95% CI) Events (%) % risk (95% CI)

OXVASC
�1 28 (7%) 0 0 0 0
2 74 (20%) 0 0 0 0
3 82 (22%) 0 0 0 0
4 90 (24%) 1 (5%) 1·1 (0–3·3) 0 0
5 66 (18%) 8 (40%) 12·1 (4·2–20·0) 5 (33%) 7·6 (1·2–14·0)
6 35 (9%) 11 (55%) 31·4 (16·0–46·8) 10 (67%) 28·6 (13·6–43·5)
Total 375 (100%) 20 (100%) 5·3 (3·0–7·5) 15 (100%) 4·0 (2·0–6·0)
Weekly clinic
�1 18 (9%) 0 0 0 0
2 36 (18%) 0 0 0 0
3 40 (20%) 0 0 0 0
4 55 (26%) 5 (36%) 9·1 (1·5–16·7) 3 (27%) 5·6 (0–11·7)
5 34 (16%) 4 (29%) 11·8 (0·9–22·6) 3 (27%) 8·9 (0–18·6)
6 23 (11%) 5 (36%) 23·8 (5·6 – 42·0) 5 (45%) 21·7 (4·9–38·6)
Total 206 (100%) 14 (100%) 6·7 (3·3–10·0) 11 (100%) 5·2 (2·2–8·3)

Table 5: 7-day risk of stroke stratified according to ABCD score at first assessment in all referrals with suspected TIA to OXVASC and risk of stroke before
scheduled clinic appointment in all referrals with suspected TIA to the non-OXVASC hospital-referred weekly TIA clinic
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(p=0·01) when the three strokes that occurred before
the patient sought medical attention after the initial TIA
were excluded.

Discussion
We have derived and validated a simple score to predict
stroke in the 7 days after a TIA, based on age, blood
pressure, clinical features, and duration of symptoms.
We used data from three rigorous clinical studies.
OXVASC and OCSP are two of only a very few
prospective, truly population-based studies of TIA with
high levels of ascertainment and detailed assessment by
neurologists. The hospital-referred clinic series was also
valuable in that, unlike other such studies, all referrals
were traced and assessed irrespective of whether they
attended the clinic—the majority of early strokes
occurred before the scheduled appointment and
prevented attendance. Finally, the OXVASC cohort of all
patients presenting with what was thought by the
primary care or other front-line physician to be a
potential TIA was essential in determining the
usefulness of the risk score from this important
perspective.

The consistency of prediction of the component risk
factors in the ABCD score in OCSP and OXVASC, and
the fact that each risk factor had been reported to predict
the 3-month or 1-year risk of stroke after a TIA,4,7

indicate that the score is likely to have good external
validity. This degree of reliability, although unusual,23 is
consistent with the reliability of prediction of stroke in
other clinical settings.15-17,24 Moreover, the multivariate
model derived from the unrestricted group of risk
factors in the pooled data from OCSP and OXVASC was
similar to the 90-day risk model developed by Johnston
and co-workers.4 However, our finding of no early
strokes in any of the validation cohorts in patients with
an ABCD score of 4 or less should not be taken as a
generalisable observation. Such patients will have a
finite risk of early stroke, albeit relatively low. 

The prognostic value of age and raised blood pressure
were not unexpected. Nearly 90% of strokes in the
general population occur in patients aged 60 years or
older,21 and an exponential relation exists between usual
blood pressure and stroke risk.25 That raised blood
pressure at presentation was more predictive of early
stroke than a history of treated hypertension possibly
reflects a greater relevance of current blood pressure to
immediate risk of stroke. The predictive value of
particular clinical symptoms is more difficult to explain.
Monocular TIAs have a good prognosis in the subacute
and chronic phase,15-17 but exclusion of these cases from
our cohorts did not significantly reduce the predictive
value of focal weakness and speech disturbance
(unpublished data). TIA is a subjective diagnosis based
usually only on clinical history and with no objective
test, and although in each of our cohorts of probable or
definite TIA we applied standard diagnostic criteria
stringently, excluding 50% of referrals, it is possible, as
suggested previously,4 that focal weakness and speech
disturbance simply identify patients who are most likely
to have actually had transient cerebral ischaemia.
Indeed, although focal weakness and speech
disturbance were no less predictive in our patients with
TIA of 60 min duration or longer (unpublished data), in
whom diagnostic certainty is usually greater,
preliminary findings of a study relating the nature of
the clinical symptoms to the appearance of an
appropriate acute ischaemic lesion on magnetic
resonance diffusion-weighted imaging (DWI) do show
that speech disturbance and weakness are most
commonly associated with definite ischaemia
(unpublished data). Why weakness appears to be
associated with a higher risk of stroke than speech
disturbance is unclear. The predictive value of duration
of TIA is more intuitive; prolonged episodes probably
reflect the severity of the pathological process or
cerebral susceptibility to ischaemia, due to poor
collateral circulation or other factors. Duration of TIA is
also correlated with the likelihood of seeing an acute
ischaemic lesion on DWI.26 Indeed, it is possible that the
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OXVASC suspected TIA referrals

Patients (%) Strokes (%) % risk (95% CI)

Focal weakness or speech disturbance
No 186 (49%) 0 0
Yes 191 (51%) 20 (100%) 10·5 (6·1–14·8)
Focal weakness or speech disturbance and
Duration of symptoms �10 min 25 (7%) 0 0
Duration of symptoms �10 min 166 (44%) 20 (100%) 12·1 (7·1–17·0)
Duration of symptoms �60 min 78 (21%) 2 (10%) 2·6 (0–6·1)
Duration of symptoms �60 min 113 (30%) 18 (90%) 15·9 (9·2–22·7)
Age�60 years 42 (11%) 2 (10%) 4·8 (0–11·2)
Age �60 years 149 (40%) 18 (90%) 12·1 (6·8–17·3)
Focal weakness or speech disturbance and
duration �10 min and 
Age �60 years 37 (10%) 2 (10%) 5·4 (0–12·7)
Age �60 years 129 (34%) 18 (90%) 14·0 (8·0–19·9)
Focal weakness or speech disturbance and
duration �60 min and 
Age �60 years 24 (6%) 2 (10%) 8·3 (0–19·4)
Age �60 years 89 (24%) 16 (80%) 18·0 (10·0–26·0)
Focal weakness
No 259 (69%) 4 (20%) 1·5 (0–3·0)
Yes 118 (31%) 16 (80%) 13·6 (7·4–19·7)
Focal weakness and
Duration of symptoms �10 min 9 (2%) 0 0
Duration of symptoms �10 min 109 (29%) 16 (80%) 14·7 (8·0–21·3)
Duration of symptoms �60 min 40 (11%) 1 (5%) 2·5 (0–7·3)
Duration of symptoms �60 min 78 (21%) 15 (75%) 19·2 (10·5–28·0)
Age �60 years 28 (7%) 2 (10%) 7·1 (0–16·7)
Age �60 years 90 (24%) 14 (70%) 15·6 (8·1–23·0)
Focal weakness and duration �10 min and 
Age �60 years 26 (7%) 2 (10%) 7·7 (0–17·9)
Age �60 years 83 (22%) 14 (70%) 16·9 (8·8–24·9)
Focal weakness and duration �60 min and 
Age �60 years 18 (5%) 2 (10%) 11·1 (0–25·6)
Age �60 years 60 (16%) 13 (65%) 21·7 (11·2–32·1)

Table 6: Numbers of patients, numbers of strokes, and 7-day risks of stroke in all patients referred to
OXVASC with suspected TIA stratified by clinical characteristics of presenting event, duration of event,
and age
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association between an acute lesion on DWI and an
increased early risk of stroke after a TIA26 would be
much reduced after adjustment for clinical features and
duration of TIA. 

The multivariate modelling on the pooled data from
OCSP and OXVASC suggests that prediction might be
improved by more precise weighting of each variable
(table 4), and by addition of new variables, particularly
diabetes. Prediction might also be improved by
considering age, symptom duration, and blood pressure
as continuous variables, by further subdividing the
clinical features, and by exploration of interactions
between the factors in the score. Further research is
needed, but will require pooled analysis of data from
several studies to have a sufficient number of early
strokes to allow more detailed modelling. 

Our findings will be useful at several key stages in the
management of TIA. First, they might focus public
education. Public awareness of the symptoms of TIA
and the need to seek medical attention urgently is
poor.27,28 One recent nationwide telephone survey of
adults in the USA showed that only 8·6% of the
population could correctly identify any symptoms of a
TIA.28 However, public education has been difficult thus
far because of the wide variation and the sometimes
non-specific nature of the clinical manifestations of TIA.
Yet, our data show that most early strokes occur after
TIAs with specific and clearly definable characteristics
(table 6). These descriptions of “high-risk mini-strokes”
should allow public education to be simple and
effectively focused. 

Second, the ABCD score will allow front-line health
services, such as primary care or emergency department
physicians, or telephone advice centres, to rapidly and
reliably assess risk, and hence the urgency required in
referral for specialist assessment, in patients with
symptoms suggestive of a TIA. Third, the score will
allow specialist physicians to triage referrals. The
consequences of reliable risk assessment will depend on
local practice. Health-care systems that provide
emergency inpatient care for all patients might consider
rapid-access outpatient clinics for those with low ABCD
scores. In countries, such as the UK, where patients with
TIA are seen in weekly outpatient clinics, often after a
delay of 2 weeks or more, the risks of stroke seen in
those with high ABCD scores should lead to immediate
changes in policy. Such patients will need to be assessed,
investigated, and treated as an emergency, a point
perhaps best made by the high rates of stroke before
scheduled clinic appointment seen in our study of a
weekly clinic. 

Several treatments are likely to be effective in
preventing stroke in the acute phase after a TIA,
including aspirin,29 possibly in combination with
clopidogrel,30-32 anticoagulation in patients with atrial
fibrillation,33 and possibly statins.34 Carotid disease is the
most common underlying cause in patients who have

an early recurrent stroke,35 and endarterectomy for
50–99% symptomatic carotid stenosis is safe and highly
effective in neurologically stable patients within
1–2 weeks after a TIA.36,37 Further research is needed to
assess the risks and benefits of blood pressure lowering
acutely after TIA, and of the prophylactic use of
neuroprotective agents, such that patients are pre-
treated before any stroke occurs, thereby mimicking the
animal models of stroke in which many agents are
highly effective.38

The early risk of stroke of about 30% in TIA patients
with an ABCD score of 6 necessitates not only
emergency investigation and treatment but also
admission to hospital during the acute phase. Even if
acute prevention is ineffective, admission would
probably still be cost-effective given the potential for
immediate thrombolysis for any subsequent stroke. The
benefits of thrombolysis given within 1 h of stroke onset
are substantial,39 and treatment within minutes should
be even more effective. Emergency admission to hospital
of patients with an ABCD score of 6 should be possible
in most healthcare systems given their relatively small
number: 9% of all referrals to OXVASC, or 16 patients
per 100 000 population per year. 

In conclusion, the risk of stroke during the 7 days after
a TIA appears to be highly predictable. Further
validations of the ABCD score are required, and it is
likely to be refined in larger studies. Further research is
also required to determine predictive value in different
aetiological subtypes of TIA. In the meantime, however,
the current score can be used in routine clinical practice
to identify high-risk individuals who require emergency
investigation and treatment. 
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