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Health care

sient ischaemic attack (TIA),1 and is deter-
mined by assigning points for the presence
of specific features (Box 1). Several manage-
ment guidelines for TIA recommend its use
to guide clinical management or hospital
admission policy.2-5 Previous Australian
guidelines have recommended that patients
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ABSTRACT

Objective:  To determine the predictive value of the ABCD2 score for early risk of stroke 
in Australian patients who have had transient ischaemic attack (TIA).
Design, participants and setting:  Cohort study of 512 consecutive patients with 

ected TIA referred by the emergency department to the acute stroke unit (in 
rdance with the TIA pathway) of an urban tertiary hospital in Melbourne, Victoria, 
een 1 June 2004 and 30 November 2007.
 outcome measures:  Overall accuracy, estimated by the area under the curve 
) of receiver operating characteristic plots (of true positive rate v false positive rate), 
ensitivity, specificity, predictive values and likelihood ratios at prespecified cut-off 

D2 scores for stroke within 2, 7 and 90 days.
Results:  24 patients were excluded because their symptoms lasted more than 24 hours. 
All included patients were reviewed by a stroke physician; TIA was confirmed in 301/488 
(61.7%). Most (289/301; 96.0%) had complete follow-up. Stroke occurred in 4/292 
patients (1.37%; 95% CI, 0.37%–3.47%) within 2 days and 7/289 (2.42%; 95% CI, 0.98%–
4.93%) within 90 days; no patient had a stroke between 2 and 7 days. The AUCs for 
stroke in patients with confirmed TIA were 0.80 (95% CI, 0.68–0.91) and 0.62 (95% CI, 
0.40–0.83) for stroke within 2 days and 90 days, respectively. At a cut-off of � 5, the 
ABCD2 score had modest specificity for stroke within 2 days (0.58) and 90 days (0.58), 
but positive predictive values (2 days, 0.03; 90 days, 0.04) and positive likelihood ratios 
(2 days, 2.40; 90 days, 1.71) were both poor. The score performed similarly poorly at 
other prespecified cut-off scores.
Conclusions:  Given its poor predictive value, the use of the ABCD2 score alone may not 
be dependable for guiding clinical treatment decisions or service organisation in an 
Australian tertiary setting. Validation in other Australian settings is recommended before 
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it can be applied with confidence.
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  ABCD2 (age, blood pressure, clin-

l features, duration and diabetes)
re was developed as a simple clin-

ical tool to predict which patients may be at
highest risk of early stroke following tran-

identified as being at low risk (ABCD2 score,
� 4) may be managed in the community.5

Recently, several reports have been pub-
lished involving non-Australian patient sam-
ples that question the predictive value of the
ABCD2 score.6,7 There are currently no pub-
lished reports of its predictive value for early
stroke risk in Australian settings, limiting
the confidence with which it can be applied.
In this study, we examine the predictive
value of the ABCD2 score for stroke occur-
ring within 90 days of an index TIA in a
large Australian tertiary-hospital cohort.

METHODS

We studied consecutive patients with sus-
pected TIA referred by the emergency
department (ED) to the acute stroke unit (in
accordance with the TIA pathway) at
Monash Medical Centre, an urban tertiary
referral hospital in Melbourne, Victoria,
between 1 June 2004 and 30 November
2007. The study was approved by the
Southern Health Hospital Research Ethics
Committee.

Clinical assessment and treatment
All patients were initially evaluated by an
ED physician and TIA diagnoses were con-
firmed by an expert stroke physician. TIA
was defined as “acute loss of focal cerebral
or monocular function with symptoms last-
ing less than 24 hours and which is thought
to be due to inadequate cerebral or ocular
blood supply as a result of arterial thrombo-
sis or embolism”.8 Patients whose symptoms
lasted longer than 24 hours were excluded
from the study. Patients were treated accord-

ing to an accelerated ED-based protocol,
supervised by stroke unit physicians, which
was designed to facilitate rapid investiga-
tions and urgent commencement of
antiplatelet or anticoagulation therapy after
brain imaging, before discharge from ED.

Data extraction
Data for individual ABCD2 components
were collected prospectively during ED
assessment according to published criteria
(Box 1).1 Blood pressure was taken from the
first reading in the ED. Other clinical fea-
tures and duration of symptoms were deter-
mined directly from patients or relatives.
The ABCD2 scores were not used to guide
clinical management and were calculated
independently for each patient. Patients
were then classified as being at either high
or low early risk of stroke according to a

1 The ABCD2 score1

ABCD2 criteria Points

Age � 60 years 1

Blood pressure � 140/90 mmHg 1

Clinical features of TIA

Weakness* 2

Speech impairment† 1

Duration of symptoms

� 60 min 2

10–59 min 1

Diabetes mellitus 1

Total ABCD2 score‡ 0–7

TIA = transient ischaemic attack. 
* Defined unilateral weakness.  
† In the absence of unilateral weakness. 

‡ Stroke risk at 2 days:1 score 0–3, 1.0%; score 4–5, 
4.1%; score 6–7, 8.1%. ◆
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range of prespecified cut-off values used in
the original validation study1 and current
Australian recommendations.5

Stroke outcome
Stroke occurring within 2, 7 and 90 days
was recorded using the World Health
Organization definition of stroke as “rapidly
developed clinical signs of focal (or global)
disturbance of cerebral function, lasting
more than 24 hours or leading to death,
with no apparent cause other than of vascu-
lar origin”.9 Outcome was determined from
multiple sources, including specialist clinic
reviews, outpatient and hospital records,
and a validated telephone interview10 by
independent personnel who were blinded to
ABCD2 data or scores. Results of carotid
ultrasound and electrocardiography were
also reviewed to determine the mechanism
of the stroke.

Statistical analysis

Descriptive statistics for patient demo-
graphic characteristics and vascular risk pro-
file were calculated. The proportions of
patients suffering stroke within 2, 7 and 90
days were calculated. The area under the
curve (AUC) for the receiver operating char-
acteristic (ROC) curve was determined.11 An
AUC is obtained after plotting the true-
positive rate (sensitivity) versus the false-
positive rate (1 − specificity), and summa-
rises the accuracy of the ABCD2 score over
the entire range of possible ABCD2 values.
In this case, the AUC demonstrates the
capacity of the score to discriminate
between high and low risk of stroke. An
AUC of 1.0 indicates perfect accuracy (ie,
that a patient randomly selected from the
outcome group [stroke] will have a higher
ABCD2 score than a patient randomly
selected from the outcome-free [stroke-free]

group 100% of the time), while an AUC of
0.5 indicates performance no better than
chance. To evaluate clinical predictive utility,
the sensitivity, specificity, positive predictive
value (PPV), negative predictive value
(NPV), and positive likelihood ratio (PLR)
for stroke were obtained for several ABCD2

cut-off scores. Stata, version 8.0 (StataCorp,
College Station, Tex, USA) was used for
analyses.

RESULTS

Overall, 512 patients were referred with
suspected TIA. Of these, 24 were excluded
because their symptoms lasted more than 24
hours, consistent with a diagnosis of minor
stroke and not TIA. Of the 488 remaining

patients, 301 (61.7%) had a confirmed TIA
(Box 2). Characteristics of the patients with
confirmed TIA are presented in Box 3, strat-
ified by ABCD2 cut-off scores. At presenta-
tion, 56.4% of patients with confirmed TIA
were receiving either antiplatelet or anti-
coagulant medication; this had increased to
98.4% at clinic review. Atrial fibrillation
(AF) was present in 14.6% (44/301) and
10% (30/301) had ipsilateral carotid steno-
sis � 70%. Seventeen patients underwent
urgent carotid intervention.

Complete follow-up was achieved in
96.0% of patients with confirmed TIA
(289/301). There were no stroke-related
deaths and no differences in vascular pro-
file between those completing and those
lost to follow-up, excepting that diabetes

2 Flowchart of inclusion and exclusion of patients

TIA = transient ischaemic attack. ◆

Referred to the emergency department with suspected TIA, 512

Excluded because symptom duration 

exceeded 24 hours, 24

Reviewed by a stroke physician, 488

Confirmed TIA, 301

Lost to follow-up, 9

Died, 3

Completed 90-day follow-up, 289

Conditions mimicking TIA, 187

• Migraine, 66

• Vertigo, 22

• Syncope, 14

• Peripheral neuropathy, 13

• Stress/anxiety, 13

• Transient global amnesia, 10

• Seizure, 7

• Hypoglycaemia, 2

• Other, 40

3 Characteristics of 301 patients who had transient ischaemic attack by three different ABCD2 cut-off scores

Cut-off � 4 Cut-off � 5 Cut-off � 6

ABCD2 score 0–3 � 4 0–4 � 5 0–5 � 6

No. of patients 87 214 173 128 246 55

Age (mean ±SD) 61.1 ±12.7 70.3 ±12.3 64.1 ±13.1 72.5 ±11.4 66.2 ±13.4 74.3 ±9.4

Male 50 (57.5%) 125 (58.4%) 103 (59.5%) 72 (56.3%) 144 (58.5%) 31 (56.4%)

Hypertension 48 (55.2%) 155 (72.4%) 105 (60.7%) 98 (76.6%) 157 (63.8%) 46 (83.6%)

Hyperlipidaemia 50 (57.5%) 129 (60.3%) 100 (57.8%) 79 (61.7%) 146 (59.3%) 33 (60.0%)

Diabetes mellitus 7 (8.0%) 73 (34.1%) 24 (13.9%) 56 (43.8%) 49 (19.9%) 31 (56.4%)

Ever smoked 29 (33.3%) 57 (26.6%) 54 (31.2%) 32 (25.0%) 68 (27.6%) 18 (32.7%)

Atrial fibrillation 7 (8.0%) 37 (17.3%) 21 (12.1%) 23 (18.0%) 36 (14.6%) 8 (14.5%)

Ipsilateral carotid stenosis � 70% 9 (10.3%) 21 (9.8%) 16 (9.2%) 14 (10.9%) 22 (8.9%) 8 (14.5%)
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mellitus was absent among patients lost to
follow-up (data not shown). The propor-
tion of patients who had a stroke after
confirmed TIA was 1.37% (4/292; 95% CI,
0.37–3.47%) at both 2 and 7 days, and
2.42% (7/289; 95% CI, 0.98–4.93) at 90
days. Details of patients with stroke at 90
days are shown in Box 4.

Box 5 shows that the AUC for stroke after
confirmed TIA was 0.80 (95% CI, 0.68–
0.91) at 2 days and 0.62 (95% CI, 0.40–
0.83) at 90 days. The performance of differ-
ent ABCD2 cut-off scores is shown in Box 6.
For a cut-off � 4, the ABCD2 score had poor
specificity, PPV and PLR with only modest
specificity at cut-off � 5. These results were
similar at all prespecified cut-off scores and
when conditions mimicking TIA were
included.

Applying the cut-off score of � 4 for low
risk5 inappropriately classified 11.6% of
patients (35/301) as being at low risk — 21
patients with AF and 16 with ipsilateral
carotid stenosis of � 70% (two patients had
both). This represents 53% of patients with
� 70% ipsilateral carotid stenosis (16/30)
and 48% of patients with AF (21/44).

DISCUSSION

We have shown that the ABCD2 score has
poor clinical predictive value for stroke
within 90 days of TIA in an Australian
tertiary hospital setting. The use of cut-off
scores previously recommended in Aus-
tralia,5 also led to almost half of patients
with ipsilateral carotid stenosis and AF
being misclassified as being at low risk of
stroke.12 Our findings add to the uncer-
tainty about the current validity of the
ABCD2 score.6,7,13

The strengths of our study include the
large sample of consecutive patients, high

follow-up rates, standardised definitions,
prospective ABCD2 data, independence of
clinical management from the ABCD2 score,
and independent recording of outcomes.
Our results may thus be applicable to other
tertiary Australian hospital settings with

developed TIA pathways. The few patients
lost to follow-up had similar vascular pro-
files to those with complete follow-up, mak-
ing a higher stroke rate unlikely in this
group. A limitation of our study is the
tertiary hospital-based nature of our sample,

6 Performance of varying ABCD2 cut-off scores in predicting stroke after transient ischaemic attack

Group*

ABCD2 
cut-off 
score Strokes

Patients 
followed up Sensitivity† Specificity†

Positive 
predictive value†

Negative 
predictive value†

Positive 
likelihood ratio†

Stroke by 2 days

� 4 4 292 1.00 (0.40–1.00) 0.29 (0.24–0.35) 0.02 (0.01–0.05) 1.00 (0.96–1.00) 1.41 (1.31–1.52)

� 5 4 292 1.00 (0.40–1.00) 0.58 (0.52–0.64) 0.03 (0.01–0.08) 1.00 (0.98–1.00) 2.40 (2.09–2.75)

� 6 2 292 0.50 (0.07–0.93) 0.82 (0.77–0.86) 0.04 (0.01–0.13) 0.99 (0.97–1.00) 2.77 (1.01–7.61)

Stroke by 90 days

� 4 5 289 0.71 (0.29–0.96) 0.29 (0.24–0.34) 0.02 (0.01–0.06) 0.98 (0.92–1.00) 1.00 (0.62–1.61)

� 5 5 289 0.71 (0.29–0.96) 0.58 (0.52–0.64) 0.04 (0.01–0.09) 0.99 (0.96–1.00) 1.71 (1.05–2.78)

� 6 2 289 0.29 (0.04–0.71) 0.82 (0.77–0.86) 0.04 (0.00–0.13) 0.98 (0.95–0.99) 1.55 (0.47–5.13)

* Values for stroke at 7 days are not shown because they are exactly the same as those for stroke at 2 days. † Values in parentheses are 95% confidence intervals. ◆

4 Details of patients experiencing stroke within 90 days of transient ischaemic 
attack 

Patient Sex ABCD2 score Days to stroke Stroke mechanism

1 Female 6 0 Cryptogenic

2 Male 6 0 Carotid stenosis 

3 Male 5 1 Lacunar

4 Male 5 2 Carotid stenosis

5* Male 3 30 Carotid stenosis 

6† Female 5 60 Atrial fibrillation and cardioembolism

7 Male 3 86 Cryptogenic

* Stroke occurred as complication of digital subtraction angiography. † Stroke occurred in a setting of atrial 
fibrillation and suboptimal warfarin dosing. ◆

5 Receiver operating characteristic (ROC) analysis* of the ABCD2 score in 
patients with transient ischaemic attack for stroke outcome at 2 days and 
90 days

* ROC analysis plots the true-positive rate (sensitivity) versus the false-positive rate (1 − specificity). The eight 
data points represent the true-positive versus false-positive rates for the ABCD2 scores 0–7.
† Indicates the overall capacity of the ABCD2 score to discriminate between high and low risk of stroke, with a 
value of 1.0 indicating perfect accuracy, and a value of 0.5 indicating performance no better than chance. ◆
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leaving open the question of whether it is a
useful tool in primary care settings.

The AUC of 0.80 for stroke after con-
firmed TIA at 2 days (Box 5) indicates that a
patient randomly selected from the group
who had stroke will have a higher ABCD2

score than a patient randomly selected from
the stroke-free group 80% of the time, leav-
ing considerable room for misclassification.
The confidence interval for the AUC at 90
days of 0.40–0.83 indicates the ABCD2

score accuracy at 90 days may be no better
than chance.14 However, the AUC is a pre-
test estimate of accuracy, and does not assist
in clinical prediction in an individual
patient. For individual prediction of high
risk, a high specificity, high PPV and high
PLR (greater than 10) are desirable,11 none
of which were demonstrated in our sample.

Our findings are consistent with those of
some previous reports,6,7,13 but compari-
sons with others1,15 is difficult as they only
present AUCs. If the false-positive rate for
high risk is large as shown in our study, then
admitting a patient based only on the
ABCD2 score may lead to injudicious use of
hospital beds in an already stretched envir-
onment. Admission policy may be better
dictated by suspected stroke mechanism or
the presence of crescendo TIA, and should
be guided by locally available resources.

In spite of high NPV values in our study,
there was considerable misclassification of
patients with high-risk stroke mechanisms
(carotid stenosis and AF), findings similar to
those of a previous study.7 This could have
serious implications for patient safety if cli-
nicians delay urgent investigations based
solely on the ABCD2 score. It is more crucial
to have systems in place that may expedite
the urgent detection and treatment of AF
and carotid stenosis. Indeed, the authors
who originally developed the ABCD2 score
caution that it should not supersede expert
neurological judgement in the clinical man-
agement of TIA.1

As has been found in other studies in
settings where aggressive secondary preven-
tion is practised,13,16,17 we report a low
stroke rate following TIA. The original
ABCD2 derivation18,19 and validation
cohorts1 were established in a setting of
suboptimal secondary stroke prevention,
reflected in the relatively high stroke rate
reported (around 10%). In one cohort, only
57% of patients received aspirin at any time
during the follow-up period.19 Applying a
theoretical 10% stroke rate to our sample

(an estimated 29 patients), and assuming all
extra patients who had strokes were cor-
rectly classified as high risk (ABCD2 score
� 5), the estimated PPV would still be
extremely low (around 24%). We also report
low PLR estimates (which are independent
of prevalence20) for all prespecified cut-offs
of the ABCD2 score, confirming its poor
predictive value in patients treated aggres-
sively. More precise estimates may, however,
be obtained with larger cohorts.

In summary, the ABCD2 score, if used
alone, has poor predictive value for early
stroke after TIA in patients presenting to an
Australian tertiary hospital. There may be no
substitute for careful and rapid clinical eval-
uation and individualising management
based on the underlying stroke mechanism.
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