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Study objective: Several clinical prediction rules have been created to help physicians stratify the risk of future
stroke for a patient diagnosed with transient ischemic attack. We performed an evidence-based emergency
medicine shortcut review of available prognostic scores to determine which clinical prediction rules are valid and
useful. Can emergency physicians reliably use a clinical prediction rule to predict which transient ischemic
attack patients assessed in the emergency department have a low enough risk of acute stroke (1% to 2%) to be
discharged home and which have a sufficiently high risk so that hospitalization is the safest disposition?

Methods: We searched PubMed, EMBASE, and DARE database for articles that derived or validated a clinical
prediction rule to stratify the risk of stroke up to 7 days among patients with transient ischemic attack. We used
standard criteria to determine the level of development of the rule and to appraise the quality of various
prognostic studies.

Results: Five studies met the inclusion criteria. Three clinical prediction rules were derived, the “California rule,”
the “ABCD rule,” and the “ABCD2 rule.” The ABCD rule has been validated in multiple studies (level 2), with a
consistent 7-day risk of stroke less than 2% for patients with scores of less than 4. The California rule has been
validated in only 1 independent cohort (level 3). The ABCD2 rule has only been internally validated using a split
sample technique (level 4). In all 3 clinical prediction rules, a higher prognostic score correlates with increased
risk in all the derivation and validation studies.

Conclusion: There is a clear and predictable increase in stroke risk with an increased number of risk factors in
all 3 clinical prediction rules. The ABCD rule has been well validated and is most likely to be predictive and
clinically useful. Patients with an ABCD score of less than 4 are clearly at lower risk of stroke within 2 and 7
days of presentation (�2%) and may be candidates for discharge home with urgent outpatient evaluation. Future
research in this area should involve impact analysis of the ABCD rule and further validation of the California and
ABCD2 rules in other populations. [Ann Emerg Med. 2009;53:662-673.]
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CLINICAL SCENARIO
You are working an evening shift as the sole provider in a

community hospital emergency department (ED) which has 24-
hour neurology consultation coverage. At 9 PM, a 67-year-old
woman is brought to the ED by her daughter, who says that while
they were walking to their car after dinner her mother suddenly
dropped the car keys from her right hand, had a right facial droop,
and had “garbled” speech. The patient’s daughter helped her into
their car, where they sat for approximately 20 minutes before her
speech and strength returned to normal. Now, approximately 60
minutes later in the ED, the patient says she feels fine and wants to
go home. The patient’s daughter says that although her mother has
a history of high blood pressure, she has been otherwise healthy.

The daughter is very concerned about her mother. She has never
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seen her like that before and asks whether it is safe for her to go
home after almost having a stroke.

At your hospital, the practice has been to admit all of the
patients who present with a first-ever transient ischemic attack.
However, you moonlight at another community hospital in the
area that will frequently discharge patients home with a first-ever
transient ischemic attack. This inconsistency has always concerned
you. Is there a way to reliably determine which patients are at
highest risk of stroke in the near future and cannot be discharged
home safely? Conversely, are there other patients so unlikely to have
a stroke that they can be safely discharged with follow-up with a
neurologist within a few days as an outpatient? The following
evidence-based review seeks to answer the questions raised by this

clinical scenario for both the physician and the patient.
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FORMULATING THE QUESTION
Recent data suggest that the short-term risk of stroke (as high

as 5% in 2 days and 7% in 7 days) in patients with transient
ischemic attack is substantially higher than previously thought.1-3

The period of short-term risk of stroke that is most relevant to
emergency physicians is probably the first week after
presentation to the ED.3 Patients at high early risk of stroke
may benefit from admission to the hospital for further
evaluation and treatment, whereas those at low risk may prefer
to be discharged to undergo an expedited outpatient evaluation.

Although neither was a randomized clinical trial, data from 2
recent independent studies using different methods compared
immediate evaluation in clinics with continuous access and no
appointment needed to conventional care.4,5 Both studies found
an 80% reduction in acute stroke when transient ischemic
attack patients underwent immediate evaluation and initiation
of treatments such as anticoagulation and carotid interventions.
These same steps might also be undertaken in an ED-based
observation unit.6 It is not the hospitalization per se that confers
this risk reduction, but the rapidity of the evaluation; in most
hospitals, this rapid evaluation could occur only with an
admission. Currently, there is no clear-cut standard practice
because 50% of transient ischemic attack patients are discharged
home from United States EDs.7,8

A “prediction rule” is a way of organizing prognostic
information into a quantitative form and does not actually

Figure. Process of selecting included studies (completed
July 31, 2007).
determine a course of action. However, a reliable clinical
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prediction rule would provide the best available information to
allow the physician and patient to discuss the appropriate
treatment and disposition. In this case, the clinical prediction
rule would risk stratify an individual transient ischemic attack
patient’s risk of stroke, thereby forming a basis for a collective
decision and course of action. Regardless of what level of risk a
patient is “predicted” to have, there will be extenuating
circumstances that alter the application of the clinical prediction
rule, such as a “low-risk” patient without adequate access to
outpatient care who may prefer to be admitted or a “high-risk”
patient who insists on going home and seeing the physician the
very next morning.

Our goal was to assess existing clinical prediction rules for
estimating an individual transient ischemic attack patient’s
short-term risk for stroke.

Because there is some controversy about the best definition
of transient ischemic attack, we wanted to be specific in
formulating the question. The classic definition of transient
ischemic attack is a neurologic deficit caused by focal brain
ischemia that completely resolves within 24 hours. With the
increased availability of sophisticated imaging modalities such as
magnetic resonance imaging and a treatment for stroke that
must be administered within 3 hours of symptom onset, this
traditional definition of transient ischemic attack has been
questioned.9 A new proposed definition by the TIA Working
Group is “a brief episode of neurologic dysfunction caused by
focal brain or retinal ischemia, with clinical symptoms typically
lasting less than one hour, and without evidence of acute
infarction”10 Because the new proposed definition is not
universally accepted, we used the classic definition of transient
ischemic attack in our review and search.

We also used the standard clinical definition of stroke: a
neurologic deficit due to focal brain ischemia that lasts more
than 24 hours. Stroke is a clinically relevant outcome that is of
obvious importance to patients and their families. It has been
estimated that 1 in 3 stroke survivors need help caring for
themselves, and 1 in 5 need help walking. Seven of 10 cannot
return to their previous jobs, and 51% are unable to return to
any type of work after stroke.11 In addition, 11% to 18% of
strokes are fatal.12 Recent data suggest that expedited diagnostic
evaluation and intervention in transient ischemic attack patients
can markedly reduce the outcome of stroke.4,5

The application of the various clinical prediction rules may
vary according to the population to which they are applied. To
assist emergency physicians in their decisionmaking, we wanted
to determine how the clinical prediction rule performed in the
acute care setting. Although we prefer the clinical prediction
rule to be applied to patients evaluated specifically in the ED by
emergency physicians, we did not want to be overly focused and
too narrow in formulating the question.

The cause and natural course of transient neurologic
symptoms (and the course of the disease) are likely to be

different between adults and children. Because the majority of
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patients presenting to the ED with transient ischemic attacks are
adults,8 we limited the study question to adults only.

The final consideration in formulating the question entails
how “low” does the short-term risk need to be to affect the
clinical decision. Is there a threshold risk below or above which
it is acceptable to discharge a patient from the ED or
recommend admission to the hospital? The amount of risk a
patient or physician is willing to tolerate varies, and as such an
exact number is not possible. Certainly, a clinical prediction rule
that predicts 0% risk would be ideal; however, rules with such
performance characteristics are rare in medicine. We
hypothesize that a 1% to 2% risk of stroke after a transient
ischemic attack would be a reasonable basis for discussion of
discharge between emergency physicians and patients.

We formulated our question as, can emergency physicians
reliably use a clinical prediction rule to predict which transient
ischemic attack patients assessed in the ED have a low enough
risk of acute stroke (1% to 2%) to be discharged home and
which have a sufficiently high risk to recommend
hospitalization as the safest disposition?

Searching for and Selecting the Best Evidence
The normal sequence to develop a clinically useful clinical

Table 1. Description of clinical prediction rules.

Hierarchy of Evidence13 CPR

Level 3 California rule

Level 2 ABCD rule

Level 4 ABCD2 rule

CPR, Clinical prediction rule; BP, blood pressure.
prediction rule is to derive the “rule” by making a list of
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potential predictors of the outcome and then studying a group
of patients and determining whether the clinical predictors are
present.13 Because the effect of clinical predictors may vary
across different populations and individuals and because there is
variation in the hands of different practitioners who apply them,
a rule that has only been derived needs to be validated in at least
1 cohort of patients that is independent from the patients used
to derive the rule before it can be recommended for even limited
use by clinicians in making decisions for their own patients.13 In
some cases, a derivation and a validation set can be reported in a
single article (provided it meets the above specifications).
Frequently, however, validation studies are done and reported
by different investigators. After performance validation, studies
are done to determine the true influence of a validated rule,
termed “impact validation” studies. It is at this stage that the
actual effect on decisionmaking of prediction rules aimed at
stratifying the risk of clinical outcomes can be assessed.

We sought to include studies reporting either the derivation
or the validation of clinical prediction rules for determining
individual risk of stroke after a transient ischemic attack.
Derivation studies were included primarily for purposes of
comparison and completeness only. Assessment of whether the
clinical prediction rule can or should be used in the clinical

Factors Included Score

e �60 years 1
iabetes 1
nilateral weakness 1
peech Impairment 1
ymptom duration �10 1
tal possible points 5

e �60 years 1
evated BP
Systolic �140 mm Hg
Diastolic �90 mm Hg

1

nilateral weakness 2
peech impairment without unilateral weakness 1
ymptom duration, min
60 2
–59 1

10 0
tal possible points 6

e �60 years 1
evated BP
Systolic �140 mm Hg
Diastolic �90 mm Hg

1

nilateral weakness 2
peech impairment without unilateral weakness 1
ymptoms duration, min
�60 2
10–59 1
�10 0

iabetes 1
tal possible points 7
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U
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S
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setting will be based on the validation studies.
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Table 2. General study information.

CPR Study Patients
Individual Predictors/

Rule Outcomes Reported Study Design

California Johnston et al, 2000
(derivation
study)16

1,707 adult ED patients from
Northern California Kaiser-
Permanente with a primary
diagnosis of TIA. Data
gathered during 1-year
period to determine
outcome at 90 days. All
patients identified with TIA
by ED physician.

5 factors associated with
stroke:

Age �60 year
Diabetes
Symptom duration �10

minutes
Unilateral weakness
Speech impairment

Primary outcome: Risk of
stroke from 2 to 90
days after index TIA.
Secondary outcomes:
death, recurrent TIA,
and hospitalization for
cardiovascular events.

Derivation study based
on retrospective
chart review

ABCD Rothwell et al, 2005
(derivation and
validation study)20

Derivation group: 209 adult
patients with first ever TIA
in the OCSP. Data
collected during 5-year
period. Followed for 1
month. Validation groups:
1. 190 Adult patients with
first-ever TIA in OXVASC. 2.
210 Adult patients referred
to Hospital clinics with
suspected or probable TIA.
All patients assessed by
study neurologist, followed
up at 1 month and
reassessed by neurologist.
All data collected during
2-year period.

6-Point score:
Age �60 year
Blood pressure �140/90

mm Hg
Clinical features

(unilateral weakness
and speech
disturbance)

Symptom duration

Derivation of prediction
rule (ABCD score) for
risk of stroke during
the 7 days after index
TIA. Validation of
prediction rule.

Derivation and
independent
validation

Tsivgoulis et al,
2006 (validation
study) 21

238 consecutive patients
hospitalized during 5-year
period with a diagnosis of
definite TIA. All patients
presenting to the ED of the
neurology department
primarily screened by the
attending neurologist.

6-Point score, as above 7- and 30-day stroke risk
applied to ABCD
prediction rule at each
cutoff score

Retrospective
validation

Bray et al, 2007
(validation study)22

102 adult ED patients during
6-mo period in Melbourne,
Australia, with first ever
TIA. Follow-up by medical
record review, telephone
inquiry within 90 days of
admission after TIA.

6-Point score, as above Stroke risk at 7 and 90
days with respect to
dichotomized ABCD
score (high risk is
score �5)

Retrospective
validation

ABCD2 Johnston et al, 2007
(derivation
study)19

4,809 combined adult ED
and clinic patients with TIA
in United States and
United Kingdom.
Retrospectively validated
California and ABCD
scores for prediction of
2-day stroke risk after TIA
in same populations as
initially used, as well as 4
new individual patient
groups. Derived composite
clinical decision rule for
2-day stroke risk, ABCD2,
applied that rule in the
same patient groups.

California rule and ABCD
rules as above, plus
new rule ABCD2 score:

Age
Blood pressure
Clinical features
Duration of symptoms
Diabetes

Risk of stroke at 2, 7,
and 90 days after TIA
presentation stratified
by ABCD2 score using
previously published
data sets

Validation of California
and ABCD rules

Derivation of modified
rule with split
sample to control
for random error
within component
data sources.
TIA, Transient ischemic atttack; OCSP, Oxfordshire Community Stroke Project; OXVASC, Oxford Vascular Study.
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The best evidence for validation of a clinical prediction rule
is from prospective studies. They are best suited to demonstrate
the potential effect of a consistently performing prediction rule
on clinical practice. Application of clinical prediction rule
criteria retrospectively is far less reliable.

We considered all articles in which patients presented with
transient ischemic attack symptoms to an acute care setting
including EDs, urgent care clinics, and general practitioners;
however, the best evidence for our study question will clearly
come from the study of patients presenting to the ED.

Presuming that the typical practitioner’s approach to the care
of a patient with history of transient ischemic attack or stroke
would be significantly different from their approach to a patient
without a history of symptoms, we ideally wanted to focus on
studies centered on patients presenting with a first-ever transient
ischemic attack. We did not, however, limit the search to first-
ever transient ischemic attack for fear of being overly narrow in
study selection.

Our primary focus in searching for literature was on studies
reporting the risk of stroke within 2 to 7 days of index transient
ischemic attack and those that developed clinical prediction
rules for determining which patients are at highest risk of stroke.
However, because the majority of older literature addresses the
30-day stroke risk after transient ischemic attack, we used this
longer period for selecting evidence to more reliably capture all
relevant studies.

The diagnosis of transient ischemic attack has historically
been challenging, with a high level of interobserver
disagreement, even among neurologists who are not frequently
involved in the initial evaluation process.14,15 One large study
found that the diagnosis of transient ischemic attack made in
the ED by emergency physicians is reasonably accurate, as
measured against a neurologist’s review of the chart.16 We
therefore concentrated on studies in which transient ischemic
attack diagnosis was made in the acute care setting by an
emergency physician or a neurologist.

There is no current consensus for the disposition of patients
presenting with index transient ischemic attack to the ED in the

Table 3. Hierarchy of evidence for clinical prediction rules.13

Level of
Evidence Application

Level 1 Can be used in a wide variety of settings with con
that they can change clinical behavior and impro
patient outcome

Level 2 Can be used in various settings with confidence in
accuracy

Level 3 Clinicians may consider using with caution and on
the patients in the study are similar to those in
clinician’s setting

Level 4 Need further evaluation before they can be applied
clinically
United States health care system. Recommendations for
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appropriate hospital admissions and approach to evaluation of
these patients varies greatly, leading to a broad diversity in
practice.7,8,17 A prognostic score that determines an individual
patient’s risk of stroke would vastly help patients, their families,
and emergency physicians make the most informed decision
with respect to risk. We therefore focused on studies that
derived and, especially, validated a prognostic scoring tool to
predict an individual patient’s risk of impending stroke, which
could then be applied to making a decision on disposition from
the ED. For example, does the patient in our scenario fall into a
“low enough” risk group (sufficiently small chance of stroke in
the next week) such that the patient, daughter, and emergency
physician can feel comfortable that an outpatient evaluation
confers a low enough risk of near-term stroke to be discharged
from the ED?

We excluded studies not conducted in an acute care setting
because the cohort of patients that present weeks after symptom
onset is logically a different population than the group that
presents acutely. Studies that focused only on patients with
known history of transient ischemic attack or stroke were also
excluded because the therapeutic approach to these patients
would likely differ because the suspicion for recurrent transient
ischemic attack or stroke would be much higher in these
patients.

We searched 3 databases (PubMed, EMBASE, and DARE)
for studies that reported the incidence of stroke after transient
ischemic attack by not limiting the definition of prognosis,
outcome, or prediction. In the case of derivation and
performance validation studies, we looked for cohort studies
that would, ideally, be done prospectively. However, we also
decided to include studies done retrospectively while keeping in
mind that the highest level of evidence will come from
prospective applications of the rule.

In PubMed, we combined the following free-text terms:
(“TIA” OR “transient ischemic attack”) AND (“stroke” OR
“CVA” OR “cerebral vascular accident”) and (“score” OR
“prediction” OR “prognosis” or “risk”). After limiting this
search to the English language, adults (�19 years), and humans,

Requirements

e At least 1 prospective validation and 1 impact analysis
demonstrating change in clinical behavior with
beneficial consequences

Demonstrate accuracy in either 1 large prospective
study or validated in several smaller settings

Validated in only 1 narrow prospective sample

Derived but not independently validated
fidenc
ve

their

ly if
the
the database yielded 1,811 results on July 31, 2007 (full search
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strategy is reproduced in Appendix E1, available online at
http://www.annemergmed.com). After review of the titles and
abstracts for clear exclusion criteria, 24 articles were identified
for detailed review (Figure).

In EMBASE and DARE (Cochrane library’s database of
abstracts of reviews of effects), we searched for appropriate
articles, using combinations of the following terms: “transient
ischemic attack,” “tia,” “stroke,” “cerebrovascular accident
(cerebrovascular or cerebral vascular accident),” “cva,” “score,”
“predict,” “prognosis,” and “risk.” EMBASE yielded 919 results
and DARE yielded 1 result on July 27, 2007. After review of
these articles for clear exclusion criteria in either the title or
abstract, 13 articles from the EMBASE search were identified
for detailed review. The one article identified in DARE was
excluded.

Two authors (H.A.M. and J.A.E.) independently reviewed
24 articles through the PubMed database and 13 articles
through EMBASE to determine inclusion in the review.

Table 4A. Critical review.

CPR Study
Are Enrolle

o

California Johnson et al, 2000 (derivation
study)16

Yes—Popu
enrollees
HMO (Ka
Northern
in the ED

ABCD Rothwell et al, 2005 (derivation
and validation study)20

No—OCSP
clinic po
presenti
England

Tsivgoulis et al, 2006
(validation study)21

Partially—A
the ED b
inpatient
be a sel
patients
diagnosi
admitted

Bray et al, 2007 (validation
study)22

Yes—All p
ED. Diag
physicia

ABCD2 Johnston et al, 2007
(derivation study)19

Patients ar
settings.
Californi
based O
represen
However
hospital
patients
physicia
Inclusion criteria were (1) adults, aged 19 years or older, (2)
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diagnosis of transient ischemic attack, (3) evaluation in an acute
care setting, (4) outcome of stroke within 7 days of presentation
of index transient ischemic attack, (5) prediction, and (6)
derivation or validation studies. With 100% concordance, 5
articles in the PubMed database were included; 19 were
excluded. One article from the EMBASE database was included
and 12 were excluded. The included EMBASE article was also
identified and selected from the PubMed search. One
prospective validation of the ABCD rule was excluded because it
reported only stroke outcome at 90 days.18 Five articles were
selected for analysis at the completion of the search process.16,19-22

One additional article23 was discovered after our literature
search was complete that attempted to identify factors associated
with stroke recurrence after an “initial minor stroke or transient
ischemic attack” in a prospective hospital series. The study did
not qualify for inclusion because it enrolled only patients with a
diagnosis of acute ischemic stroke, and the authors self-reported
the inability to validate any models because of their

tients Representative
Population?

Well-Defined Sample of TIA Patients?
Properly Diagnosed?

base of 2.9 million
ting 16 hospitals of
Permanente) in
ornia and diagnosed

Yes—Patients diagnosed with TIA by
emergency physician
Yes—Neurologists blinded to
outcomes reviewed medical record
of all patients in whom diagnosis of
TIA was unclear

ASC, and hospital
ions were patients
family physicians in

Yes—Patients diagnosed with TIA by
neurologist using the same
definition

tients presented to
udy completed in
ing. There appears to

bias because
arged with a TIA
e not included; only
ents were enrolled.

All patients were evaluated by a
neurologist on presentation to the
ED

s presented to the
made by emergency

Not well described. All initial
diagnoses made by physician in ED.
Neurology consulted on 45% cases.
Patients selected from retrospective
review of medical records by
research nurses as quality
assurance audit of patients with
TIA.

m a variety of
patients from the
and the hospital-

shire TIA clinics are
of an ED population.

P, OXVASC, and
populations are

enting to family
England

Yes—All patients diagnosed with TIA
by initial treating physician.
Diagnosis confirmed by study
neurologist.
d Pa
f ED

lation
visi

iser-
Calif
.

, OXV
pulat
ng to

ll pa
ut st
sett

ection
disch
s wer
pati

atient
nosis
n

e fro
The

a EDs
xford
tative
, OCS
clinic
pres
methodology.
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ANALYZING THE EVIDENCE
Description of the Studies

Table 1 describes each clinical prediction rule, specifically,
the factors that compose the clinical prediction rule and their
numeric weight. Table 2 summarizes the key features of the

Table 4B. Critical review.

CPR Study
Are Patients at Similar Points

in Disease?

California Johnson et al,
2000
(derivation
study)16

99% of patients presented within
1 day of symptoms, 26% with
previous TIA and 23% with
previous stroke

D

ABCD Rothwell et al,
2005
(derivation and
validation
study)20

Unclear, does not give detail of
time between onset and
evaluation in either OCSP or
OXVASC study. All patients
with first-ever TIA.

N

Tsivgoulis et al,
2006
(validation
study)21

Symptom onset to hospital
admission �48 h in all cases
and 87.6% within 24 h. 35%
had TIA in the preceding
month.

Y

Bray et al,
2007
(validation
study)22

Median time from onset of
symptoms to presentation to
ED was 135 min (25 min to
48 h). Did not specify whether
patients had previous TIA or
first-ever TIA.

R

ABCD2 Johnson et al,
2007
(validation
study)19

Unclear. Some patients
described as presenting within
1 day of index TIA; others
described only as presenting
shortly after TIA. Did not
specify whether patients had
previous TIA or first-ever TIA.

R

HTN, Hypertension.
studies selected for review.
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The Johnston et al19 study is complex and requires a more
explicit description. The study analyzed the previously
collected data from 2 earlier studies, Johnston et al16 and
Rothwell et al,20 and retrospectively validated their derived
prediction rules (“California rule” and the “ABCD rule,”

Objective and Unbiased
Outcome Criteria?

Were Predictors Present in a
Significant Proportion of the Study

Population?

sis required independent
rmation by 2 neurologists
reviewed the charts).

dard criteria for stroke
nosis

Yes: Age �60 year (78%)
Diabetes (19%)
Symptoms �10 min (84%)
Unilateral weakness (46%)
Speech impairment (52%)

ll described. Diagnosis of first-
TIA made in outpatient

ronment confirmed by study
ologist. Standard criteria for
nosis. Same criteria used in
ation and validation. Study
sor had no role in design,
ction, analysis, interpretation,
riting.

Yes: OCSP derivation population:
Age �60 year (12%)
HTN (38%)
Unilateral weakness (54%)
Speech disturbance (13%)
Symptoms �60 min (36%), 10–59

min (30%), �10 min (33%)
OXVASC validation population:
Age �60 y (12.5%)
HTN (53%)
Unilateral weakness (50%)
Speech disturbance (22%)
Symptoms �60 min (51%), 10–59

min (33%), �10 min (16%)
Hospital clinic validation

population:
Age �60 year (12.5%)
HTN (52%)
Unilateral weakness (38%)
Speech disturbance (21%)
Symptoms �60 min (51%), 10–59

min (29%), �10 min (21%)

ell-defined stroke definition. Yes: Age �60 year (61.5%)
HTN (56.6%)
Unilateral weakness (46.5%)
Speech disturbance (42.5%)
Symptoms �60 min (46.5%), 10–

59 min (36.7%), �10 min
(16.8%)

pective review of medical
rds by research nurses as
ity assurance audit of patients
TIA. Multiple methods used to
ce bias.

Yes: Age �60 year (79%)
HTN (73%)
Unilateral weakness (57%)
Speech disturbance (19%)
Symptoms �60 min (79%), 10–59

min (9%), �10 min (12%)

pective review of previously
ered data for validation of
scores. Newly derived score
independent retrospectively

ered data sets using
ivariable regression analysis.
lts confirmed in each of the 4

ponent data sets.

Yes: Age �60 year (77%)
HTN (71%)
Unilateral weakness (41%)
Speech disturbance (19%)
Symptoms �60 min (62%), 10–59

min (21%)
Diabetes (17%)
iagno
confi
(who
Stan
diag

ot we
ever
envi
neur
diag
deriv
spon
colle
or w

es—w

etros
reco
qual
with
redu

etros
gath
early
from
gath
mult
Resu
com
respectively) in a number of independent data sets. Johnston
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Table 5. Rule-based outcomes.

CPR Study
Number of Stroke

Risk Factors
Stroke Outcome: 2 Day,

(95% CI)*
Stroke Outcome: 7 Day,

(95% CI)*

California Johnston et al, 2000 (derivation
study)16

0 Not available Not available
1
2
3
4
5

Johnston et al, 2007 (validation
study)19

0 0 (0.0–5.4) 0 (0.0–5.4)
1 1.0 (0.4–2.5) 1.2 (0.5–2.8)
2 1.8 (1.2–2.9) 2.9 (2.0–4.1)
3 4.6 (3.5–6.4) 7.5 (6.0–9.3)
4 6.8 (4.8–9.5) 10.0 (7.6–13.1)
5 7.1 (2.3–17.5) 12.5 (5.9–23.9)

ABCD Rothwell et al, 2005 (validation
study: OXVASC population)20

�1 Not available 0 (0.0–70.1)
2 0 (0.0–14.3)
3 0 (0.0–12.7)
4 2.2 (0–6.4)
5 16.3 (6.0–26.7)
6 35.5 (18.6–52.3)

Rothwell et al, 2005 (validation
study: hospital clinic
population)20

�1 Not available 0 (0.0–20.7)
2 0 (0.0–11.5)
3 0 (0.0–10.4)
4 9.1 (1.5–16.7)
5 11.8 (0.9–22.6)
6 23.8 (5.6–42.0)

Tsivgouliset et al, 2006
(validation study)21

0 Not available 0 (0.0–48.9)
1 0 (0.0–28.2)
2 0 (0.0–17.6)
3 1.7 (0–5.1)
4 7.6 (1.2–14.0)
5 19.1 (7.8–30.4)
6 18.8 (0–37.9)

Bray et al, 2007 (validation
study)22

0 Not available 0 (0.0–83.3)
1 0 (0.0–44.3)
2 0 (0.0–40.4)
3 0 (0.0–18.2)
4 0 (0.0–23.9)
5 10.7 (2.9–28.0)
6 5.0 (0.0–25.4)

Johnston et al, 2007 (validation
study)19

0 0 (0.0–9.4) 0 (0.0–9.4)
1 1.0 (0.0–3.8) 1.0 (0.0–3.8)
2 1.4 (0.7–2.8) 1.6 (0.8–3.1)
3 1.3 (0.8–2.4) 1.6 (0.9–2.7)
4 3.4 (2.5–4.6) 5.0 (3.9–6.4)
5 6.1 (4.7–7.8) 8.3 (6.7–10.3)
6 7.7 (6.0–9.7) 11.1 (9.1–13.5)

ABCD2 Johnston et al, 2007
†

(derivation study)19
�1 0 (0.0–2.2) 0 (0.0–2.2)

2 1.4 (0.6–3.0) 1.7 (0.8–3.3)
3 1.3 (0.7–2.4) 1.5 (0.9–2.7)
4 3.8 (2.8–5.1) 5.5 (4.3–7.0)
5 5.1 (3.8–6.7) 7.2 (5.7–9.0)
6 8.8 (7.0–10.9) 12.3 (10.2–14.7)
7 6.3 (3.3–11.3) 10.6 (6.7–16.4)

CI, confidence interval.
*95% CI as reported or calculated using http://graphpad.com/quickcalcs/ConfInterval1.cfm.
†ABCD2 score was applied to 2 “derivation” groups and 4 “validation” groups in this study; because we believe it was a split sample (and not a true validation), the

percentages presented are based on a combination of all 6 groups.
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et al19 then derived a composite clinical prediction rule, the
“ABCD2 rule,” using a pooled data set independently and
retrospectively drawn from patient populations involved in
the development of the predecessor, California and ABCD
rules. The derivation of the California score16 included
diabetes as a risk factor. The derivation and validation of the
ABCD score20 did not use diabetes but did use increased
blood pressure. These 2 studies were combined to create the
composite ABCD2 rule, which included all of the previously
determined risk factors. All of the scores were analyzed
among the same 4 validation populations to determine both
2- and 7-day stroke risks. They then report performance data
of the ABCD2 rule on each of the component data sources in
a unique form of “split-sample” validation. Because all of the
“validation” cohorts were already included in the population
from which the rule was derived, this split-sample validation
of the ABCD2 rule controls only for random error within the
derivation and does not demonstrate that the rule would
hold up in an independent population. However, because 6
of the 7 points for this score are identical to the ABCD rule,
it is possible that it would perform similarly well.

Susceptibility to Bias of the Studies
There are 2 distinct levels of evaluation of clinical prediction

rules. There are well-established methodologic standards for
evaluating the level of development of the rule (Table 3)13 and
separate standard evidence-based medicine criteria to appraise
the quality of the individual studies contributing to the
development of the rule.

The hierarchy of evidence for each clinical prediction rule
was graded on levels 1 to 4 (Table 1). None of the clinical
prediction rules have undergone impact analysis and
demonstrated change in clinical behavior with beneficial
consequence (level 1). The ABCD rule has been validated in
multiple studies and was assigned a level 2 rating. The ABCD2

rule has not been validated in other than a split sample and
therefore obtains the lowest rating of 4.

Tables 4A and B are a critical review of the individual
prognostic studies and an assessment of the likelihood of bias in
the 5 studies; appraisal questions are based on the fact that they
are all cohort studies (randomized trials would require different
appraisal criteria).

Johnston et al16 conducted a large study of transient
ischemic attack patients presenting to the ED and derived the
“California rule” from univariate analysis followed by a
multivariate regression. This was a retrospective study.

Rothwell et al20 derived and validated their ABCD score in
the same population, but it was not a split sample. The 2
different cohorts were enrolled 14 years apart. A limitation of
the Rothwell et al20 study is that patients presented to family
physicians and there is no detail of time between onset and
evaluation. Therefore, these cohorts may not be representative
of an ED population. However, the patients were all “first-ever”
transient ischemic attack presentations and the diagnosis was

confirmed by a study neurologist.
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Although Tsivgoulis et al21 included patients who were
diagnosed with transient ischemic attack by a neurologist and
they likely presented to the ED of their neurology department,
the patients were enrolled retrospectively according to
hospitalization records. Patients discharged from the ED with a
diagnosis of transient ischemic attack were not included, thus
introducing a clear selection bias. Follow-up was excellent, with
only 5 of 238 patients lost to follow-up. Because this study
followed only patients who were admitted to the hospital after
their initial presentation, this likely represents a population with
more severe transient ischemic attack and would be expected to
overestimate short-term stroke risk.

Although their validation study was retrospective, Bray et
al22 used many measures to minimize bias: experienced
abstractor, clear inclusion and exclusion criteria, clear extraction
points for data collection, random independent review of data,
and a predetermined plan for missing data. In addition, all
included patients presented to an ED where an emergency
physician made the diagnosis of transient ischemic attack, and
only 4 of 102 patients were lost to follow-up. The overall
number of enrolled patients in the cohort was low, with only 4
patients sustaining a stroke; therefore, the confidence intervals
around the results are particularly wide.

Johnston et al19 used data from 2 earlier studies, both
included in this review (Johnston et al16 and Rothwell et al20),
so the inherent biases in those studies apply to this article as
well. The unifying factor of the included data was that
confirmation of the initial transient ischemic attack diagnosis
was determined by a study neurologist.

Primary Results
With respect to level of evidence, the ABCD rule received a

level 2 rating (the highest among the 3 clinical prediction rules)
because it was validated in multiple studies but has not had
impact analysis. The California rule has been validated in only 1
study (level 3); therefore, clinicians can consider using it with
caution if their patient population is similar to that in the
Northern California Kaiser-Permanente system. The ABCD2

rule received the lowest rating (level 4) because it has been
derived and validated only in a split sample; it is not considered
ready for clinical use.

The quality assessment of the individual studies is detailed in
Tables 4A and B. The outcomes of the 3 clinical prediction
rules (California rule, ABCD rule, and ABCD2 rule) and their
corresponding short-term risk of stroke after transient ischemic
attack, including 2- and 7-day stroke risk, are reported in Table
5 and the Critically Appraised Topic (CAT) table. All the
studies demonstrate increased stroke risk, with higher scores for
all 3 clinical prediction rules.

Among the 4 studies that attempted to validate the ABCD
score, the risk of stroke was reliably less than 2% (range 0% to
1.7%) at days 2 and 7 if the score was less than 4. At scores of 4
or greater, the risk of stroke increased to 5.4% at 2 days (Johnston

et al19) and ranged from 6.3% to 13.2% at 7 days.19-22
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Neither of the original derivation studies, Johnston et al16

and Rothwell et al20, applied their derived clinical prediction
rules to determine 2-day stroke risk. For the validation of the
ABCD rule, in the later Johnston study,19 patients with scores
of less than 4 had less than a 1.5% 2-day stroke risk. As with the
data above for a 7-day stroke risk, the higher the score, the
higher the stroke risk. Patients with an ABCD score of 5 and 6
had a 6.1% to 7.7% 2-day stroke risk. This same trend of
higher risk associated with a higher score was true of the
California rule, as well as for the unvalidated composite ABCD2

rule (Table 5). Authors of the ABCD2 study suggested that
patients with a score of 4 or higher might benefit from an
admission to the hospital.19

APPLYING THE EVIDENCE
Returning to our clinical scenario of the 67-year-old woman

who presented after a 20-minute transient ischemic attack, there
are a few important things to consider: the risk of stroke as the
outcome of interest, the ease of use, reliability, and effectiveness
of our prediction rule, as well as the patient’s perspective and
psychosocial situation. The evidence from this review is clearly
applicable to this patient because she presented to an ED and
was treated by an emergency physician who diagnosed her with
a transient ischemic attack. The elements of the ABCD score are
clear cut and readily available in the ED. Our patient’s risk
factors are worrisome. She is older than 60 years, has a history of
hypertension, presented both with unilateral weakness and
speech disturbance, and had symptom duration between 10 and
60 minutes. Her ABCD score is 5, placing her in the high-risk
group for impending stroke, with a 2-day risk of stroke of 6%19

and a 7-day stroke risk of 8% to 19%. With that level of risk, an
immediate evaluation and initiation of treatment is the
disposition that will result in the lowest risk of a near-term
stroke.4,5 In many, if not most, facilities in the United States,
this would require a hospital admission.

If the patient had an ABCD score of 3 or less, her risk of
stroke in the next 2 to 7 days would be less than 2%. A very
different discussion could take place. The patient may be
comfortable with less than 2% as a “low enough” risk of short-
term stroke occurrence, especially if she has an established
primary care provider who can facilitate further evaluation as an
outpatient.

Although the ABCD2 rule has not been independently
validated,19 the patient in our scenario would still fall in the
intermediate group (score of 4 to 5), giving her a 2-day stroke
risk of 4%. Validating the ABCD2 rule will be a fertile area for
future research because it may prove to be more generalizable,
given that it was derived from a broader population and
incorporates an additional risk factor (7-point composite score).
Another potential predictor is adding the results of brain
imaging to the various clinical variables, which may also be
useful to further refine these clinical prediction rules.24 Last, it
will be important to perform “impact validation” studies to
determine whether routine use of these clinical prediction rules

actually improves clinical outcomes and avoids unnecessary
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hospital admissions in practice to prove that using a clinical
prediction rule in routine practice actually improves clinical
outcomes.

Clearly, the patient’s perspective must be considered.
Ultimately, each patient should be approached on a case-by-case
basis, and decisions need to be made with the patient’s best
interest in mind and in compliance with local institutional
protocols. Discharging a patient implies that the patient and the
system have the resources to conduct an expedited outpatient
evaluation within days, which is not always the case. For
example, organizing a timely evaluation in a patient without a
primary care provider will likely be difficult.

PATIENT COMMUNICATION
Cerebrovascular disease has become a “hot topic” in

recent years in the American Heart Association and other
medical organizations, as well as the lay press. Patients are
becoming better educated about transient ischemic attack
and stroke and will have increasing need to understand the
rationale for the medical decisionmaking for their care. The
following is an example of how an emergency physician
might convey the relevant information to a patient
presenting to the ED with a transient ischemic attack, such
as our patient and her daughter.

“I believe you had what is called a TIA or transient ischemic
attack, a temporary disruption of blood flow to a portion of the
brain, causing transient neurologic symptoms that have
completely resolved. This means that for a short amount of
time, the portion of your brain that controls your speech and
the right side of your body was not receiving enough blood
flow. The same things that cause strokes also cause TIAs, which
are a warning sign of future stroke. Recent research allows us to
estimate which patients are at highest risk of an impending
stroke in the next few days by considering factors such as age,
blood pressure, and the behavior of specific symptoms. These
same criteria also allow us to identify patients at relatively low
risk for such events. A stroke is different from what you have
experienced because it may result in permanent disability or
even death. If you fall into the higher-risk group, you may have
up to 5 chances in a hundred of having a stroke in the next
week. If your risk is low, it may be only 1 in a hundred or lower.
We recognize that you may be more or less concerned about this
kind of risk and would be inclined to offer you a short hospital
stay, particularly because your risk is high.”
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Shah, Metz & Edlow Clinical Prediction Rules to Stratify Risk of Stroke
Critically Appraised Topic (CAT): Review of clinical prediction rules to stratify short-term prognosis of stroke
among patients diagnosed in the ED with a transient ischemic attack.

Questions Are clinical prediction rules (CPRs) useful for predicting which patients have a low (�1%2%) short-term stroke risk after
transient ischemic attack?

Reviewed by Shah K, Metz H, and Edlow J
Date of search July 2008
Expiration date July 2010
Clinical bottom line Although both validated CPRs (California rule and ABCD rule) reasonably predict short-term stroke risk, the ABCD rule

has a higher level of evidence because it has been validated in multiple studies. There is increased stroke risk with
an increased number of risk factors (higher score). Patients with an ABCD score of �4 are at low risk (�2%) of
stroke within 7 days of transient ischemic attack.

Search strategy The search for studies that reported predictive rules for short-term risk of stroke after transient ischemic attack in
PubMed was performed combining the following terms: (“TIA” OR “transient ischemic attack”) AND (“stroke” OR
“CVA” OR “cerebral vascular accident”) and (“score” OR “prediction” OR “prognosis” or “risk”).

The same search in EMBASE and DARE was performed using combinations of the following terms: transient ischemic
attack, tia, stroke, cerebrovascular accident (cerebrovascular or cerebral vascular accident), cva, score, predict,
prognosis, and risk. All 3 searches were limited to the English language, adults (�19 y), and humans.

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

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

Tsivgoulis G, Spengos K, Manta P, et al. Validation of the ABCD score in identifying individuals at high early risk of
stroke after a transient ischemic attack: a hospital based case series study. Stroke. 2006;37:2892-2897.

Bray JE, Coughlan K, Bladin C. Can the ABCD score be dichotomized to identify high-risk patients with transient
ischaemic attack in the emergency department? Emerg Med J. 2007;24:92-95.

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

Primary study
characteristics

Study Population

Johnston et al (2000) followed 1,707 ED patients within the Northern California Kaiser-Permanente system with a
primary diagnosis of transient ischemic attack for 90 days. Rothwell et al initially followed 209 adult patients with
first-ever transient ischemic attack in the Oxfordshire Community Stroke Project (OCSP) for a 1-mo period. They then
followed 190 adult patients with first-ever transient ischemic attack in Oxford Vascular Study (OXVASC) and 210
patients referred to hospital clinics with suspected or probable transient ischemic attack for a 1-mo period.
Tsivgoulis et al followed 238 consecutive patients hospitalized with a diagnosis of definite transient ischemic attack
for 30 days. Bray et al followed 102 adult ED patients in Melbourne, Australia, with first-ever transient ischemic
attack for 90 days. Johnston et al (2007) followed 4,809 combined adult ED and clinic patients with transient
ischemic attack in the United States and United Kingdom for 90 days.

Outcome Measures
Johnston et al (2000) derived the “California rule,” a 5-point score. Rothwell et al derived and validated the “ABCD

rule,” a 6-point score. Tsivgoulis et al and Bray et al validated the ABCD rule. Johnston et al (2007) combined the
California and ABCD rules to derive a composite ABCD2 rule, a 7-point score.

Critical appraisal Level of Evidence (Development of CPR)
The ABCD rule has been validated in multiple studies but has not had impact analysis (level 2). The California rule has

been validated in only 1 study (level 3). ABCD2 rule has only been derived and validated in a split sample (level 4)
and should not be considered ready for clinical use until is has been prospectively validated.

Quality Assessment of Individual Studies
Rothwell et al applied the ABCD rule to patients presenting to family physicians (but diagnosis confirmed by

neurologist) and did not describe the time between symptom onset and presentation to physician. Tsivgoulis et al
enrolled only patients admitted to the hospital, which may explain the slightly higher reported stroke risks. Bray et al
retrospectively reviewed a small number of patients and did not specify whether the patients had a history of

2
transient ischemic attack. Johnston et al (2007) derived but did not externally validate the composite ABCD .
Results
2-Day Stroke Risk, % (95% CI*) 7-Day Stroke Risk, % (95% CI*)
CPR TIA Study Score <4 Score >4 Score <4 Score >4

ABCD rule Rothwell et al NA NA 0 (0–1.6) 11.2 (8.1–15.3)
Tsivgoulis et al NA NA 1.7 (0–4.6) 13.2 (8.3–20.2)
Bray et al NA NA 0 (0–11.8) 6.3 (2.1–15.7)
Johnston et al (2007) 1.3 (0.9–2.0) 5.4 (4.6–6.2) 1.5 (1.0–2.2) 7.7 (6.7–8.7)

*Calculated 95% CI from http://graphpad.com/quickcalcs/ConfInterval1.cfm.
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Appendix E1. Search strategies.

Database Search Strategy Limitations

Total No. of
Articles

Identified

No. of
Articles

Reviewed
in Detail No. of Articles Included

PubMed (“TIA” OR “transient ischemic attack”) AND
(“stroke” OR “CVA” OR “cerebral
vascular accident”) and (“score” OR
“prediction” OR “prognosis” or “risk”)

English language, adults
(�19 y) and humans

1,811 24 5

EMBASE 1. exp Transient Ischemic Attack/ 2.
transient isch?emic attack$.tw. 3. tia.tw.
4. or/1-3 5. exp STROKE/ 6. stroke$.tw.
7. Cerebrovascular Accident/ 8.
((cerebrovascular or cerebral vascular)
adj accident$).tw. 9. cva.tw. 10. or/7-9
11. score$.tw. 12. predict$.tw. 13.
progno$.tw. 14. risk$.tw. 15. or/11-14
16. and/4,10,15

English language, adults
(�19 y) and humans

919 13 1 (Also selected from
PubMed search)

DARE 1. MeSH descriptor Ischemic Attack,
Transient explode all trees 2. “transient
ischemic attack*”:ti,ab 3. “transient
ischaemic attack*”:ti,ab 4. tia:ti,ab 5.
(#1 OR #2 OR #3 OR #4) 6. MeSH
descriptor Cerebrovascular Accident
explode all trees 7. stroke*:ti,ab 8.
(cerebrovascular or cerebral vascular)
next accident*):ti,ab 9. cva:ti,ab 10. (#6
OR #7 OR #8 OR #9) 11. (#5 AND #10)
12. score*:ti,ab 13. predict*:ti,ab 14.
progno*:ti,ab 15. risk*:ti,ab 16. (#12
OR #13 OR #14 OR #15) 17. (#11 AND
#16)

English language, adults
(�19 y) and humans

1 0 0

MeSH, medical subject headings.
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