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Which Patients Require Hospital Admission?
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Stroke and transient ischemic attack (TIA) arise from identical etiologies and many fatal or disabling strokes are preceded by
a TIA. Ten percent of patients presenting with a TIA will suffer a stroke within 3 months with half occurring in the first 48
hours. Still, many patients with a TIA do not receive timely evaluation or therapy. Hospitalization offers the opportunity for
rapid evaluation and secondary prevention, reduced time to thrombolysis for early second strokes, and can be cost effective
for high risk patients. Stratification tools are now available which allow individualized assessment of risk for early second
strokes based on patient characteristics on presentation. The use of scoring systems such as the ABCD? score to predict risk
of stroke after TIA are useful in making an evidence-based judgment regarding need for hospitalization. High-risk patients
have an 8.1% risk for stroke in the 48 hours after a TIA and warrant hospital admission. Intermediate-risk patients have a
4.1% risk of early second stroke and may be considered for admission, observation, or expedited clinic evaluation. Low-risk
patients have a 2-day stroke risk of only 1% and are likely appropriate for prompt outpatient evaluation. TIA is a medical
emergency, similar to unstable angina, and high risk patients should receive treatment and prevention measures instituted

with comparable urgency. Journal of Hospital Medicine 2009;4:247-251. © 2009 Society of Hospital Medicine.
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transient ischemic attack.

Transient ischemic attacks (TIAs) are common and repre-
sent a clarion call to action to prevent disabling stroke. Inci-
dence estimates for TIA range from 37 to 107 per 100,000
persons each year.! Extrapolating from these data, there are
likely greater than 100,000 to 300,000 TIAs in the US annu-
ally. Within 3 months, approximately 10% of these patients
will suffer a stroke, with approximately one-half of these
events occurring within the first 48 hours after the sentinel
TIA.>® Nearly two-thirds of secondary strokes result in dis-
ability and 21% are fatal.®> Hospitalists are frequently called
to provide care for patients with TIA and, as such, in order
to establish an appropriate care plan, they require tools to
better predict the likelihood and timing of a disabling
stroke.” In this review we examine the rationale for early
aggressive TIA evaluation and treatment in the hospital,
overview risk stratification models to identify the patients at
highest risk for early recurrent ischemia, and explore appli-
cation of these tools to admission policy and individualized
patient care planning.

Definition

TIA is defined as a brief episode of neurological dysfunction
caused by focal brain or retinal ischemia with clinical symp-
toms typically lasting less than 1 hour and without evidence
of brain infarction.®® Prior arbitrary time limits are being
abandoned as advanced imaging techniques demonstrate
that clinical examination lacks the sensitivity to detect small
cerebral infarctions leading to misclassification of as many
as 30% to 40% of strokes as TIAs.®>'! For cases in which
imaging is not available, the diagnosis of “clinically probable

TIA” is suggested. Patients with imaging consistent with
stroke appear to be at 4-fold to 10-fold higher risk for subse-
quent ischemic events, thus the presence of subclinical
infarcts may have clinical importance.>'? The majority of
TIAs resolve within 1 hour of onset and neurologic deficit
continuance beyond this time frame is more consistent with
a stroke.’® Continuing symptoms after 1 hour mandates
aggressive therapy in lieu of withholding intervention in the
hopes of a spontaneous recovery.

Rationale for Hospitalization

Urgent evaluation and treatment within 24 to 48 hours of
a TIA is recommended by the National Stroke Association
(Table 1)."* These guidelines also recommend hospital
admission for high-risk patients. There are a number of com-
pelling arguments for the hospitalization of a patient at high
risk for subsequent stroke.

First, hospitalization offers potential for reduced time to
thrombolysis for those patients who have a second ischemic
event in the early period following TIA. Outpatients with
new ischemic stroke may see hours pass between symptom
onset and presentation to the emergency department (ED).
This delay frequently places them outside of the thrombo-
lytic window."™'” Hospitalization, assuming a well-designed
inpatient stroke care system, has great potential to reduce
this delay. Approximately 50% of the stroke risk following a
TIA is evident within 48 hours and rapid thrombolysis,
available in an inpatient setting, is associated with improved
outcome after stroke.>'® A cost-utility analysis found that
a 24-hour admission for TIA patients to allow tissue
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TABLE 1. Recommendations for the Initial Evaluation of Transient Ischemic Attack

Test Rationale

Therapy

Electrocardiogram and rhythm strip To detect atrial fibrillation.
Echocardiogram

patients.
Carotid ultrasound

Fasting lipid profile, complete blood count,
serum electrolytes and creatinine

To detect intracardiac thrombus or vegetations. Bubble
study to detect patent foramen ovale in young

To detect large vessel atherosclerotic disease.

Secondary prevention of stroke by treating
hyperlipidemia. Signs and symptoms associated with

Long-term warfarin indicated for suspected cardioembolic
etiology.

Warfarin indicated for suspected cardioembolic etiology. Patent
foramen ovale closure is an option for selected patients.

Antiplatelet therapy* indicated for atherosclerotic etiologies.
Early carotid endarterectomy following TIA considered for
>50% symptomatic ipsilateral stenosis.

LDL >100 mg/dL (optional goal >70 mg/dL) is indication for
cholesterol lowering therapy.

severe laboratory abnormalities may mimic TIA.

Neuroimaging-MRI with diffusion

images + MRA or CT £ CTA in ruling out some mimics of TIA.

To detect clinically inapparent lesions of stroke. Useful

Patients with abnormal MRI diffusion images represent a
population at increased risk for recurrent stroke.

NOTE: Adapted from Johnston et al.'*

Abbreviations: CT, computed tomography; CTA, computed tomographic angiography; LDL, low density lipoprotein; MRA, magnetic resonance angiography; MRI, magnetic resonance imaging.

*Aspirin/extended release dipyridamole or clopidogrel or aspirin.

plasminogen activator (t-PA) for recurrent ischemia has a
cost-effectiveness ratio of $55,044 per quality-adjusted life
year with increasing cost effectiveness for the highest risk
patients, such as those with a 24-hour stroke risk of >5%.'°
Second, hospital admission often facilitates the reliable
and efficient evaluation for etiology and early initiation of
secondary prevention. Neuroimaging, carotid ultrasound,
echocardiography, and telemetry can be expedited with
rapid initiation of proven secondary preventive therapies
such as statin treatment, blood pressure control, and anti-
thrombotic therapy. When indicated, carotid revascularization
is recommended as soon as possible following TIA, with ret-
rospective reviews suggesting improved outcomes when per-
formed within 2 weeks of the event.!*° In one analysis, a
negative association between hospitalization for TIA and
subsequent stroke was discovered by review of Canadian
population-based administrative databases.” While the mech-
anism for the negative association could not be established,
the literature provides some support for hospitalization being
associated with decreased risk for second strokes (hazard
ratio [HR], 0.73; 95% confidence interval [CI], 0.57-0.95).°
Theoretically, much of this evaluation and treatment
could occur in the outpatient setting but delays commonly
seen in outpatient evaluation and the high potential for
early second strokes for some patients may make this a
risky care plan. Despite the high likelihood for serious out-
comes following TIA and clear guidelines for early evalua-
tion and management, current care often lacks a sense of
urgency. A 2004 Canadian study revealed that three-quarters
of patients with a TIA were discharged directly from the ED
with a resultant delay in diagnostic investigation.? Over one-
third of patients were discharged without a prescription for
antithrombotic therapy. American primary care practice pat-
terns reveal even more significant delays in therapy, with
only 2% of patients admitted to a hospital on the day of
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presentation for TIA, despite 80% of patients presenting for
evaluation on the day of symptom onset.*! In this study less
than one-half of patients with atrial fibrillation were started
on immediate anticoagulation.?* Further, as many as one-
third of patients did not have any evaluation in the month
after the index event.?’ Hospitalization for high-risk patients
has the potential to avoid these delays in outpatient evalua-
tion and initiation of therapy.

Still, not all patients will require admission to a hospital
setting. American EDs admit approximately one-half of all
TIAs, with regional variability not explained exclusively by
clinical characteristics.?? Focusing on identifying the cohort
of patients who would most benefit from hospitalization is
paramount. In general, hospitalization should be reserved
for patients with higher risk of an early secondary stroke.
Specifically, admission is generally recommended for
patients with crescendo symptoms, TIA on antithrombotic
therapy, or symptoms lasting >1 hour.'* Additionally,
patients with symptomatic carotid stenosis of >50% and
presumed cardioembolic or hypercoagulable etiology merit
hospital admission.'* In many cases these etiologies may
not be known at time of presentation. Evaluation, such as
carotid ultrasound, may not be readily available in the ED
to inform the admission decision. Several new scoring sys-
tems that utilize routine clinical features available within an
hour of presentation have been developed to more objec-
tively assess the risk of secondary stroke following a TIA.
The use of these prognostic scoring systems is recom-
mended by the National Stroke Association to aid in triaging
this cohort of patients."

Prognostic Scoring Systems

California Score

The 2000 California Score (Tables 2 and 3) is a 5-point
tool retrospectively developed from a database of 1,707



TABLE 2. Risk Stratification Systems

Clinical Feature California Score (points) ABCD (points) ABCD? (points)
Age >60 years 1 1 1
Blood pressure Systolic blood pressure >140 or diastolic blood pressure >90 mmHg N/A 1 1
Clinical deficits* Unilateral weakness (focal motor weakness of 1 or more of face, arm, hand, or leg) 1 2 2
Speech impairment (dysarthria, dysphasia, or both) 1 1 1
Duration >60 minutes 1 2 2
10-59 minutes 1 1 1
Diabetes Present 1 N/A 1
Maximum score 5 6 7

* California score allows 1 point for weakness and 1 point for speech impairment whereas the ABCD and ABCD® scores give 2 points for weakness or 1 point for speech impairment without weakness.
f California score allows a maximum of 1 point for any duration >10 minutes whereas the ABCD and ABCD? allot 1 point for duration 10-59 minutes or 2 points for duration >60 minutes.

TIA patients seen in the ED of a California hospital sys-
tem to predict the likelihood of stroke within 90 days of
an initial presentation with transient neurologic deficits.®
Multivariate logistic regression models were used to test
the clinical factors associated with stroke risk, resulting in
a tool using clinical features of age, diabetes, symptom
duration, and the type of deficit to provide quantitative
estimates of intermediate term risk. Within 90 days, none
of the patients with a score of zero had a stroke whereas
the highest score had a 34% risk of stroke (Table 3).
While it is possible that some patients with lower scores
had a nonischemic etiology for their transient neurological
symptoms, clinical practice contains similar ambiguity,
and such patients would be correctly predicted to have a
low risk for subsequent strokes. Additionally, the deriva-
tion and validation of this tool did not include a neurolo-
gist confirmation of TIA diagnosis; however, this likely
mirrors the practice in most EDs. The California Score
has subsequently been validated and expanded upon dur-
ing the development of the ABCD? score.”® The California
Score’s utility is limited in the acute decision-making pro-
cess, especially regarding the decision to admit, as it
focuses on 90-day outcomes. For that, shorter-term risk
assessments are more useful.

ABCD Score

The 2005 ABCD (Tables 2 and 4) is a 6-point tool designed
to predict 7-day risk of stroke following TIA from the
Oxfordshire Community Stroke Project, a UK prospective
population-based cohort of 209 patients with diagnosis of
TIA made by a neurologist.** It evaluated factors previously
found to be independent predictors of stroke after TIA, and
determined that risk factors of age, blood pressure, type of
clinical deficit, and symptom duration predicted 7-day risk
of stroke following TIA. Unlike the California score, the
ABCD authors found presenting blood pressure, but not dia-
betes, to be independent predictors of future events. The
authors validated the score with a second population of TIA
patients in the Oxford Vascular Study and in a hospital-
based TIA clinic cohort.** In the validation cohorts the score

TABLE 3. California Score Predicted 90-Day Risk of
Stroke Following TIA

California Score 0 1 2 3 4 5

90-day stroke risk (%) 0 3 7 11 15 34

NOTE: Adapted from Johnston et al.>

TABLE 4. ABCD Score Predicted 7-Day Risk of Stroke
Following TIA

ABCD Score 0 1 2 3 4 5 6

7-Day stroke risk (%) 0 0 0 0 22 16.3 355

NOTE: Adapted from Rothwell et al**

was highly predictive of stroke at 7 days (P < 0.001).
Patients with the lowest scores of 0 to 3 had no strokes in
the week following the index TIA, whereas patients with the
highest score of 6 carried a 35.5% risk of early second
stroke. The primary limitation of the ABCD score lies in the
small sample size, with only 18 recurrent strokes in the
week after TIA in the derivation cohort.

The ABCD score has subsequently been tested in other
settings with mixed results. Two studies found limited util-
ity.2>?% Other trials found high scores to be overly inclusive
but highly predictive and thus the majority of evidence
appears to support the validity of the ABCD score in pre-
dicting risk of early recurrent ischemic events.>?° The
ABCD score has been used to triage patients with high
scores to inpatient management although the benefit of this
strategy on outcomes has not been proven.*

ABCD? Score
The 2007 ABCD? (Tables 2 and 5) is a 7-point tool that uses
the original ABCD criteria along with an additional point for
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TABLE 5. ABCD? Score Predicted Risk of Stroke
Following TIA

ABCD? Score 0-3 45 6-7
Risk stratification Low Intermediate High
2-Day stroke risk (%) 1 4.1 8.1
7-Day stroke risk (%) 1.2 5.9 11.7
90-Day stroke risk (%) 3.1 9.8 17.8

NOTE: Adapted from Johnston et al.**

diabetes.”®> The ABCD? derived a unified prognostic score
for optimal prediction of the 2-day stroke risk from multi-
variate analysis of the original data sets used to create the
California and ABCD scores. This score was then validated
by the authors in 4 independent cohorts from the United
States and the United Kingdom.?® In sum, 4809 patients
with TIA were included in the ABCD? analysis. Similar to
prior studies, stroke occurred in 9.2% of patients by 90 days
of which 20% were fatal. The authors created low (0-3
points), intermediate (4-5 points), and high (6-7 points) risk
categories. In the validation cohorts the prediction rule for
the ABCD? functioned better than the California or ABCD
scores with c statistics of 0.62 to 0.83 (ideal prediction pro-
duces a c statistic of 1 and prediction no better than chance
would have a c statistic of 0.5). They found a 2-day risk of
stroke of 1% for low, 4.1% for intermediate, and 8.1% for the
high risk group. Data from the study suggest 34% of TIA
patients will be in low-risk, 45% in intermediate-risk, and
21% in high-risk categories. While the ABCD? score over-
comes some of the problems with the 2 prior systems it
shares many of the limitations as it was derived from the
combined data sets. All scoring systems lack the ability to
provide guidance on the management of TIAs associated
with rare conditions, such as vasculitis, that are underrepre-
sented in the derivation data sets. The ABCD? also does not
incorporate imaging data and this will likely require further
exploration.

The ABCD? score can be used to predict risk for a variety
of time intervals, has now been validated in independent
Greek and British populations, and appears to be the best
performing tool at predicting early risk of stroke regardless
of underlying etiology.”*>*'** The authors suggest that
admission for patients in the high-risk group is prudent
whereas outpatient evaluation is reasonable for patients in
the low-risk group.”® Admission for patients in the interme-
diate-risk group will depend on individualized decision
making, local practice standards, and available community
resources.

New Models of Care: An Opportunity for Hospitalists

The key to improving TIA outcomes appears to be more
contingent on the speed of evaluation and initiation of
appropriate therapy than on the location of the care. The
EXPRESS trial studied the effect of an immediate access
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neurovascular clinic providing urgent evaluation and imme-
diate treatment of nonhospitalized TIA patients versus usual
care. Statistically significant reductions were seen in time to
evaluation, first treatment prescription, and in 90-day risk of
recurrent stroke (10.3% versus 2.1%, P < 0.0001) after the
clinic was changed to the rapid evaluation and treatment
model.*

The SOS-TIA study used a 24-hour access hospital-based
TIA clinic to evaluate the effects of rapid assessment and
interventions on hospital length of stay and clinical out-
comes.* The 90-day stroke rate was 1.24% (95% CI, 0.71-
2.12), which represents a 79% reduction compared to the
predicted stroke rate from the ABCD? scores. With expedited
evaluation and treatment, 74% of patients were able to be
sent home on the same day.

The results of these 2 new studies provide compelling
evidence that rapid evaluation and treatment in the first 48
hours after TIA has the potential to alter outcomes. Unfortu-
nately not all communities have access to same day TIA
clinics. Still, these findings should embolden hospitalists to
advocate for urgent evaluation, such as neurology and car-
diac imaging and carotid evaluation, with immediate initia-
tion of secondary preventive therapy and early surgical
intervention when appropriate. In most cases these changes
will require process transformations that present prime
opportunities for hospitalists to reengineer systems of care.

Incorporating Prognostic Scores into Clinical Practice
Applying the evidence to practice requires calculation of the
early risk but also awareness of the community resources
available. High-risk patients with an ABCD? score of 6 or 7
have a very high 8.1% risk of stroke within the next 48
hours. Given the catastrophic outcomes frequently seen af-
ter second strokes, these patients warrant inpatient admis-
sion to facilitate the immediate initiation of appropriate sec-
ondary prevention and potentially shorten time to
thrombolysis if an early stroke occurs. Intermediate-risk
patients with ABCD? scores of 4 and 5 have a 4.1% 2-day
risk of stroke and may be considered for admission, hospital
observation, or expedited clinic evaluation contingent on
local availability. As many as one-third of TIA patients will
be categorized as low risk with a score of 0 to 3. These
patients have a 2-day risk of stroke of only 1% and are likely
safe for prompt outpatient evaluation and management.
The new, validated, ABCD? score is not a substitute for indi-
vidualized judgment, but is helpful in developing admission
guidelines in cooperation between neurologists, emergency
room physicians, and hospitalists, and in using evidence-
based medicine to provide optimal care for the patient pre-
senting with a TIA.

Stroke and TIA arise from identical etiologies, respond to
the same secondary preventive measures, and should be
considered part of the spectrum of an ischemic cerebral
syndrome. Recognizing TIA as a medical emergency with
high rates of secondary stroke and subsequent disability



allows institution of therapies with appropriate urgency.
Hospitalization offers the ability to rapidly coordinate the
testing and secondary prevention measures but also, for
high-risk patients, offers the opportunity to reduce the time
to thrombolysis for early recurrent strokes. New, validated
scoring systems such as the ABCD? score help the hospital-
ist to decide which patients are appropriate for admission
and which can be managed in progressive and traditional
outpatient settings.
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