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Accuracy of clinician vs risk score prediction of ischemic stroke
outcomes

ABSTRACT

Objective: We compared the accuracy of clinicians and a risk score (iScore) to predict observed
outcomes following an acute ischemic stroke.

Methods: The JURaSSiC (Clinician JUdgment vs Risk Score to predict Stroke outComes) study
assigned 111 clinicians with expertise in acute stroke care to predict the probability of outcomes
of 5 ischemic stroke case scenarios. Cases (n 5 1,415) were selected as being representative of
the 10 most common clinical presentations from a pool of more than 12,000 stroke patients admit-
ted to 12 stroke centers. The primary outcome was prediction of death or disability (modified Rankin
Scale [mRS] $3) at discharge within the 95% confidence interval (CI) of observed outcomes. Sec-
ondary outcomes included 30-day mortality and death or institutionalization at discharge.

Results: Clinicians made 1,661 predictions with overall accuracy of 16.9% for death or disability
at discharge, 46.9% for 30-day mortality, and 33.1% for death or institutionalization at dis-
charge. In contrast, 90% of the iScore-based estimates were within the 95%CI of observed out-
comes. Nearly half (n 5 53 of 111; 48%) of participants were unable to accurately predict the
probability of the primary outcome in any of the 5 rated cases. Less than 1% (n 5 1) provided
accurate predictions in 4 of the 5 cases and none accurately predicted all 5 case outcomes. In
multivariable analyses, the presence of patient characteristics associated with poor outcomes
(mRS $3 or death) in previous studies (older age, high NIH Stroke Scale score, and nonlacunar
subtype) were associated with more accurate clinician predictions of death at 30 days (odds ratio
[OR] 2.40, 95% CI 1.57–3.67) and with a trend for more accurate predictions of death or dis-
ability at discharge (OR 1.85, 95% CI 0.99–3.46).

Conclusions: Clinicianswith expertise in stroke performed poorly compared to a validated tool in pre-
dicting the outcomes of patients with an acute ischemic stroke. Use of the risk stroke outcome tool
may be superior for decision-making following an acute ischemic stroke. Neurology� 2013;81:448–
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GLOSSARY
CI5 confidence interval; JURaSSiC5Clinician JUdgment vs Risk Score to predict Stroke outComes study;mRS5modified
Rankin Scale score;NIHSS5NIH Stroke Scale;OR5 odds ratio; RCSN5 Registry of the Canadian Stroke Network;RPDB5
Ontario Registered Persons Database.

Stroke is a leading cause of adult disability and can be devastating for patients and their families.
Approximately two-thirds of stroke survivors have long-term functional deficits that can diminish
their quality of life.1,2 Patients and families naturally have questions about prognosis after an acute
ischemic stroke. Advanced age, stroke severity, and a cardioembolic mechanism are the most com-
mon factors associated with death and disability after ischemic stroke.3–6 The process underlying
clinicians’ prognostication is complex and difficult, especially when considering the diversity of stroke
syndromes and the multiple factors influencing outcomes.7 Clinicians involved in the acute man-
agement of patients with ischemic stroke provide outcome predictions based on their assessment of
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the clinical context and the knowledge they have
acquired from previous experience. Although a
variety of risk prediction tools are available to
estimate the likelihood of death or disability after
stroke, they are not commonly used in clinical
practice. A better understanding of the accuracy
of clinicians’ prognosis estimations vs a validated
risk score tool compared to observed stroke out-
comes could help identify unknown biases and
sources of error.

Our objectives were to 1) determine clini-
cian accuracy and consistency in estimating
the probability of stroke outcomes, 2) evaluate
factors influencing clinician estimations, and
3) compare clinician and validated risk score
prognostic estimations.

METHODS The Clinician JUdgment vs Risk Score to predict

Stroke outComes (JURaSSiC) study randomized 111 clinicians

with expertise in acute stroke care to predict clinical outcomes

of 5 assigned case-based ischemic stroke scenarios.

Participants were enrolled in the study if they were practicing

clinicians who provided stroke care in Ontario and were directly

involved in medical decision-making during the initial presenta-

tion or hospitalization. There was no restriction on age, expertise,

years of experience, or level of training.

To reflect actual clinical practice, ischemic stroke cases for

scenario development were selected to be representative of the

10 most common clinical presentations (n 5 1,415). This was

possible by creating a patient profile matrix matched by age, sex,

stroke severity, stroke subtype, presence of vascular risk factors,

glucose on admission, preadmission status, and risk stratum.

These selection conditions were applied to a pool of more than

12,000 ischemic stroke patients participating in the Registry of

the Canadian Stroke Network (RCSN).8,9 The RCSN is a clinical

database of patients seen in the emergency department or admit-

ted to hospital with an acute stroke in one of the 12 regional

stroke centers in Ontario, Canada. Acute ischemic stroke was

confirmed in all registry patients by neuroimaging. Further reg-

istry details may be obtained from the RCSN Report at www.

rcsn.org and in previous publications.8,10

The 10 representative clinical scenarios were then divided into 2

matched sets (A and B) to allow a unique but equal allocation of case

mix (e.g., low, moderate, and high probability of a favorable or poor

outcome) (see case-based allocation strategy/matrix, figure e-1 on the

Neurology® Web site at www.neurology.org) with each clinician

evaluating 5 cases. Thrombolysis was not included in the case

scenarios. Advanced age, high NIH Stroke Scale score (NIHSS),

and nonlacunar stroke subtype are well-known factors associated

with poorer stroke outcomes.6,10,11 Cases more likely to have a

poor outcome were defined a priori if 2 of the following

conditions were present: age .75 years, NIHSS .15, or a

nonlacunar stroke subtype. The remaining cases were classified as

being less likely to have a poor outcome.

Administration of case-based scenarios. Clinician predic-

tions were obtained independently in a single session conducted

during standard working hours (8 AM to 5 PM) in a quiet room.

Information on initial stroke severity (NIHSS score) and degree

of disability was available and explained at the beginning of the

session. The use of electronic devices or Web tools (with the

exception of the iScore) was permitted as per each clinician’s routine

clinical practice. All participants received a group of 5 cases with

similar content structure, word count (mean words per case: 45

[range 41–51]), and case details (which were variables represented

in the iScore), ranging from low (27%) to high (94.7%) risk of

death or disability at discharge (see appendix e-1). There was no

imposed time limit; on average, sessions lasted 15 minutes. No

incentives were offered. In addition to the 5 cases for evaluation,

clinicians were asked to provide minimal demographic information,

to provide a few details about their practice, and to report their

overall level of confidence with their predictions using a scale rang-

ing from 0 (lack of confidence) to 100 (fully confident).

The iScore was used as the validated risk score tool to estimate

the risk of short- and long-term mortality, functional outcomes, and

response to thrombolysis after an acute ischemic stroke.10,12–14 The

iScore was calculated based on the provided information for each

case scenario. Details of the selection of variables for the iScore,

data sources, and the creation and conceptualization of the

iScore have been published elsewhere.10,12 An online Web-based

tool (www.sorcan.ca/iscore) and iPhone version are available for

clinical use.

Main outcome measures. Clinicians were asked to estimate the

probability of 3 alternatives of outcomes for each case: 1) death or dis-

ability at discharge defined as a modified Rankin Scale score (mRS)

3–6 (primary outcome); 2) 30-day mortality (secondary outcome);

and 3) death or institutionalization at discharge (secondary outcome).

Actual observed poststroke all-cause mortality was obtained through

linkages to the Ontario Registered Persons Database (RPDB) at the

Institute for Clinical Evaluative Sciences. The RPDB is a population-

based administrative database that includes basic demographic data

and date of death for all residents in the province.

Statistical analysis. The probability of death or disability at dis-
charge (as well as other outcomes) for each case was derived from

a determined number of ischemic stroke patients matched by age,

sex, stroke severity, stroke subtype, risk factors, glucose on admis-

sion, preadmission status, and risk stratum. Predictions within

the 95% confidence interval (CI) for the actual outcomes were

considered accurate. This was calculated using exact binomial

CI for proportions from the 1,415 stroke patients. A sensitivity

analysis was performed using a relative difference of 30% from

the actual outcome criteria. If clinicians provided a range of esti-

mates, the average was used for the primary analysis.

A generalized linear mixed model was used to determine fac-

tors associated with clinician accuracy. The variables, which were

specified a priori, included clinician specialty, position, number

of stroke patients per year, confidence in estimates, clinician

age, years in practice, and case risk level. For the binary outcome,

success was considered if the clinician estimate for the particular

outcome of interest was within the 95% CI based the actual out-

come. Because each clinician contributed more than one observa-

tion (i.e., case), a mixed-effect model was needed to control for

within-clinician correlation. Medians were used for continuous

variables for the Forest-style plots. To evaluate the association

between case mix and accurate estimations, we categorized cases

into high and low likelihood of poor outcome as explained above.

Statistical analysis was performed using R software (version

2.14.0), Vienna, Austria. The R package lme4.0 was used for

the mixed-effect models. MegaXL application (Epigear, Wilston,

Australia) was used to create the forest plots. All tests were 2-tailed,

and p values ,0.05 were considered statistically significant.

Standard protocol approvals, registrations, and patient
consents. This study was registered in ClinicalTrials.gov

NCT01657279. Approval was obtained from the St. Michael’s
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Hospital ethics review board. As the RCSN was created for

improving quality of care, patient consent was waived. Verbal

consent was obtained for participating clinicians.

RESULTS Clinician characteristics. The 111 clinicians
made 1,665 predictions for groups of 5 case scenarios
from the pool of 1,415 patients. Four estimations
(0.2%) were unreadable or uninterpretable, leaving
1,661 for the analysis. Patient outcomes were based
on a mean of 141 (range 37–349) observations of
actual patients with an ischemic stroke. Table 1 gives
patient and table 2 clinician characteristics. Clinician
mean age was 40 6 12 years; two-thirds were male.
Fifty percent were active staff clinicians, including 47
(42%) neurologists, 45 (41%) internists, 11 (10%)

emergency clinicians, and 8 (7%) board-certified vas-
cular neurologists. The mean number of stroke patients
assessed per clinician/year was 98 (6151); 92 (84%)
provided acute stroke care (initial 48 hours).

Clinician accuracy. Of 1,661 clinician estimates, 536
(32.3%) fell within the 95% CI of observed outcomes.
When analyzing each outcome separately, clinicians
provided estimations within the 95% CI range of
actual outcomes in 16.9% of cases for death or disabil-
ity at discharge, 46.9% for 30-day mortality, and
33.1% for death or institutionalization at discharge
(table 3). More than 40% of clinicians (71 of 174)
predicted a low chance of death or disability at dis-
charge (range 2%–60%) for cases with high-risk char-
acteristics (observed rate 90%). Similarly, 33% of
clinicians (36 of 110) predicted a low chance of death
at 30 days (range 0%–10%) for cases with high-risk
characteristics (observed rate 25%). There were no sig-
nificant differences in the estimations provided by clini-
cians with neurology vs internal medicine training
background (accuracy for death or disability: 17.6%
[internal medicine] vs 20.8% [neurology]) (table 3).

Among those participants who were not able to pro-
vide accurate estimations, most clinicians underestimated

Table 1 Characteristics of patients with an
ischemic strokea

Variable All, n 5 1,415 (%)

Age, y, mean 6 SD 69.1 6 14

Age group, y

18–65 537 (38)

66–79 497 (35.1)

>80 381 (26.9)

Male sex 931 (65.8)

Stroke severity

Severe (NIHSS >14) 168 (11.9)

Moderate (NIHSS 9–13) 97 (6.9)

Mild (NIHSS <8) 1,150 (81.3)

Glucose on admission, mmol/dL,
mean 6 SD

6.7 6 2.67

Vascular risk factors

Hypertension 1,120 (79.2)

Diabetes 145 (10.2)

Atrial fibrillation 170 (12.0)

Previous myocardial infarction 177 (12.5)

Dyslipidemia 523 (37)

Current smoker 335 (23.7)

Prestroke status, dependent 102 (7.2)

Arrival by ambulance 658 (47.6)

Decreased level of consciousness
on arrival

94 (6.6)

Stroke subtype

Large artery disease 381 (26.9)

Cardioembolic 416 (29.4)

Lacunar 381 (26.9)

Undetermined/other determined
etiology

225 (15.9)

Thrombolysis 156 (11.0)

Abbreviation: NIHSS 5 NIH Stroke Scale.
a Transportation was missing in 32 (2.3%) patients. Conver-
sion from mmol/L to mg/dL is obtained by multiplying by 18.

Table 2 Participants’ characteristics

Variable Mean 6 SD or n (%)

Age, y 40 6 12

Male sex 70 (63)

Physician status

Staff 63 (57)

Resident/fellow 48 (43)

Specialty

Emergency medicine 11 (10)

Internal medicine 45 (41)

Neurology 47 (42)

Vascular neurology 8 (7)

Years in practice 11 6 12

No. of stroke patients in
the last 12 months

98 6 151

No. of stroke patients in the last 12 months, quartile

Q1 0–17

Q2 18–47

Q3 48–119

Q4 120–750

Time devoted to patient care

0%–24% 7 (7)

25%–50% 15 (14)

51%–100% 84 (79)

Physicians assessing stroke patients
within the last 48 hours

92 (84)
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Table 3 Outcome measuresa

Primary outcome Secondary outcomes

Disability or death at discharge 30-day mortality Institutionalization or death

Estimation-level outcomes

No. of estimations (n 5 1,661) 555 554 552

% of estimations within 95% CI of actual outcomes 94 (16.9) 260 (46.9) 183 (33.1)

No. (%) of estimations above the upper CI (overestimations) 75 (13.5) 210 (37.9) 271 (49.1)

No. (%) of estimations below the lower CI (underestimations) 386 (69.6) 84 (15.2) 98 (17.8)

No. (%) of estimations within 95% CI of actual outcomes by case severity

High risk (n 5 332) 68 (20.4) 178 (53.6) 96 (29.1)

Low risk (n 5 222) 26 (11.7) 82 (36.9) 87 (39.2)

High risk

No. (%) of estimations above the upper CI (overestimations) 36 (10.8) 84 (25.3) 164 (49.7)

No. (%) of estimations below the lower CI (underestimations) 229 (68.8) 70 (21.1) 70 (21.2)

Low risk

No. (%) of estimations above the upper CI (overestimations) 39 (17.6) 126 (56.8) 107 (48.2)

No. (%) of estimations below the lower CI (underestimations) 157 (70.7) 14 (6.3) 28 (12.6)

No. (%) of estimations within 95% CI of actual outcomes by stroke subtype

Lacunar 111 (16.2) 111 (34.2) 111 (30.6)

Nonlacunar 385 (16.6) 384 (49.4) 382 (35.6)

Undetermined 59 (20.3) 59 (54.2) 59 (22.0)

Participant-level outcomes (n 5 111)

Mean percentage of estimations within 95% CI of actual outcomes by years in practice

Q1 (0–4) 16.7 46.0 35.7

Q2 (5–7) 15.0 41.7 31.7

Q3 (8–19) 20.0 50.0 30.4

Q4 (20–47) 16.2 49.6 31.5

Mean percentage of estimations within 95% CI of actual outcomes by no. of strokes/y

Q1 (0–18) 13.0 40.0 34.7

Q2 (19–48) 10.8 46.7 33.8

Q3 (49–120) 20.9 46.5 32.2

Q4 (121–750) 18.1 57.1 34.8

Mean percentage of estimations within 95% CI of actual outcomes by level of participants’ training

Residents (n 5 48) 16.9 40.5 32.3

Staff physicians (n 5 63) 17.5 46.7 31.2

Mean percentage of estimations within 95% CI of actual outcomes by specialty

Emergency department (n 5 11) 14.5 40.9 33.6

Internal medicine (n 5 45) 17.6 49.4 43.5

Neurology (n 5 47) 20.8 46.0 30.0

Vascular neurology (n 5 8) 17.5 70.0 37.5

Mean percentage of estimations within 95% CI by clinicians’ confidence

Q1 (0–25) 14.4 39.7 32.5

Q2 (26–50) 13.7 47.4 31.6

Q3 (51–75) 16.0 58.0 35.3

Q4 (76–100) 24.2 42.5 33.8

Abbreviations: CI 5 confidence interval; Q 5 quartile (Q1 indicates the lowest quartile, Q4 the highest).
a Number of strokes/y defined as the number of acute stroke cases seen in the last 12 months.
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the risk of death or disability at discharge as 386 of 461
(83.7%) estimations were below the lower CI of the
actual outcome. Clinicians overestimated the risk of
death at 30 days (210/554 [37.9%] estimations were
above and 84/554 [15.2%] were below the lower CI
of the actual outcome). Similar trends were observed
in the stratified analysis by case mix (table 3).

There was considerable variability in predictions at
the individual clinician level (figure 1). Depending on
the case, 70%–100% of clinician estimates were out-
side the 95% CI of observed outcomes. Similar find-
ings were observed for the secondary outcomes. In
contrast, 90% of the iScore-based estimates were
within the 95% CI of observed outcomes.

Overall, nearly half (n 5 53; 47.7%) of clinicians
provided primary outcome predictions outside of the
95% CI of actual outcomes in all 5 cases. Less than
1% (n5 1) provided accurate predictions in 4 of the
5 cases and no clinician was accurate for all 5 cases.
Only 5.6% (n 5 6) of clinicians provided accurate
estimates in 4 of 5 cases (none for the 5 cases) for
death at 30 days or institutionalization at discharge.
Clinicians were slightly better at predicting death at
30 days, with 20.9% (n 5 23) able to provide an
accurate estimation in 4 or 5 cases.

We found no significant differences in the results
by changing the accuracy criteria (within 30% of the
actual outcome considered accurate). For the primary
outcome, 105 of 555 (18.9%) estimations were accu-
rate. Similar findings with minor differences were
observed for the secondary outcomes (data not
shown). At the case level, 59.3%–100% of clinicians’
estimates were outside the 30% criteria.

Effect of clinician confidence. The mean confidence
level in estimating stroke outcomes was 38% (range
0%–100%). There was no difference in the accuracy
of outcome predictions by clinician’s confidence level
(i.e., higher clinician confidence was not associated
with more accurate predictions; p5 0.85; table 3 and
figure 2).

Factors independently associated with accurate estimations.

In multivariable analyses, the presence of high-risk
patient characteristics (older age, high NIHSS score,
and nonlacunar subtype) was the only variable associ-
ated with more accurate clinician estimates of 30-day
mortality (odds ratio [OR] 2.40, 95% CI 1.57–3.67).
Similar associations were observed for death or disa-
bility at discharge (OR 1.85; 95% CI 0.99–3.46)
(figure 2). The lack of these characteristics was associated
with more accurate estimations for noninstitutionali-
zation or survival (OR 1.43, 95% CI 1.13–1.63).
Clinician characteristics and higher levels of confidence
were not associated with more accurate predictions.

DISCUSSION The prediction of either a clinical
response to a specific intervention or prognosis for

Figure 1 Scatterplot of clinicians’ estimations, iScore predictions, and actual
outcomes

Scatterplot of observed outcomes (95% confidence interval [CI]) (red triangle), the iScore (blue
X), and clinicians’ (black dot) estimations by each stroke case for the outcomes of interest. (A)
Death or disability. (B) The 30-day mortality. (C) Institutionalization or death. Each black dot
represents the individual clinician’s estimation. Multiple black dots horizontally aligned repre-
sent more clinicians providing similar estimations. Note the wide range of clinicians’ estimations
by case, with the great majority outside of the 95% CI of the observed outcome.
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individual patients is difficult. The cognitive
processes involved in clinical reasoning for prog-
nostication are complex.15,16 There is limited in-
formation on how clinicians make decisions or
estimate outcomes. Decisions based on erroneous

predictions may result in incorrect patient and
family expectations, and potentially inappropriate
treatment, counseling, or discharge planning (e.g.,
longer than expected length of hospitalization,
placement).

Figure 2 Forest plot representing variables associated with clinicians’ accuracy

Forest plot representing variables associated with clinicians’ accuracy for outcomes of interest. (A) Death or disability
(modified Rankin Scale [mRS] 3–5) at discharge. (B) Death at 30 days. (C) Institutionalization or death. Note that high risk
cases were associated with clinicians’ outcome predictions. Further details are explained in the text. CI 5 confidence
interval; OR 5 odds ratio.
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The findings of our study suggest that clinicians
with expertise in stroke care performed poorly in esti-
mating the probability of key clinical outcomes associ-
ated with ischemic stroke. For example, only about
1 in 6 (16.9%) clinician estimations for the primary
outcome were within the 95%CI of the actual observed
outcomes. Further, clinicians more accurately predicted
more severe, singular outcomes such as death at 30 days
relative to other composite outcomes such as death or
disability at discharge. In contrast, a validated risk pre-
diction tool was considerably more accurate (90%) than
clinician estimation of the probability of clinical out-
comes. Specifically, fewer than 1% of clinicians were
accurate in 4 out of 5 cases and none was correct in
all cases for prediction of the primary outcome. In the
multivariable analysis, the presence of certain high-risk
patient characteristics was associated with more accurate
clinician predictions. No associations were found for cli-
nician age, type of expertise (neurology vs medicine
training), level of training, years of practice, or number
of stroke patients seen per year and prediction accuracy.

There are a few studies evaluating the accuracy of
clinicians’ prognostic estimates, and none compare
those predictions with a risk score and actual clinical
outcomes. A survey of emergency clinicians and neu-
rologists showed that only 11% (95% CI 0%–22%)
could correctly predict the benefit of thrombolysis
and only 39% were able to correctly estimate the risk
of symptomatic and fatal intracerebral hemorrhage.17

An observational study including neurovascular fel-
lows assessed outcomes in 66 patients with subarach-
noid hemorrhage.18 Final outcomes were determined
by phone interview and dichotomized into good
(mRS 0–2) and poor (mRS 3–6). Estimates were only
provided by a single fellow during intensive care unit
rotation. The same fellow provided estimates for the
same patient each day. Overall, clinician accuracy
ranged from 78% to 88% with no significant day-
to-day variation.18 Of note, fellows were able to use
variables known to predict outcomes including scales
such as the Hunt-Hess scale, Fisher score, Glasgow
Coma Scale on admission, and need for mechanical
ventilation. Similar results in clinician predictions
were observed in the SUPPORT study using the
APACHE score in critically ill patients.19

Inaccuracies in clinicians’ estimations may occur due
to 1) overemphasis on positive findings or minimization
of pertinent negative information; 2) disregarding facts
inconsistent with a favored hypothesis; 3) misinterpre-
tation of the evidence; or 4) the diverse potential effect
of multiple competing factors affecting outcome in dif-
ferent directions. For example, clinicians may overesti-
mate the outcome for patients with a moderate to severe
stroke at a young age. Some researchers believe that
extreme cases (those with very low or very high proba-
bility of achieving a good outcome) can be identified by

pattern recognition, whereas intermediary cases need
systematic generation and testing of hypotheses.20 Cat-
egorizing a patient’s presentation as easy or difficult is a
function of the knowledge and experience of the clini-
cian.16 As shown in our study, many diagnostic and
prognostic variables are so complex in their interaction
that an accurate answer may not be reached solely on
personal experience or greater expertise.21–23

Judgment errors are often ascribed to limitations in
our cognitive capacities to deal with imperfect informa-
tion and the human tendency to adopt shortcuts in rea-
soning.16 Our study showed better predictions for death
at 30 days among high-risk (vs low-risk) cases. This may
be explained by clinicians giving more importance to
age, stroke severity, and stroke subtype, the 3 most com-
mon factors influencing stroke outcomes. Alternatively,
clinicians may overestimate the probability of a more
serious condition, as patients and their families may
experience a “relief” reaction if the outcome is better
than expected.

Our study has limitations and strengths. First, it is
possible that the absence of some variables (e.g.,
imaging data) from the case scenarios may have con-
tributed to clinician inaccuracies. Predictions, how-
ever, were more accurate with the validated risk
tool, even though it does not include imaging criteria.
Second, case scenarios reflected the clinical situation
early after hospital admission. Clinician accuracy
may improve in a different setting or period (e.g.,
prior to discharge). Moreover, subspecialization in
medicine may have contributed to decrease clinicians’
prognostic ability for specific conditions as some
clinicians may not follow patients after discharge.
Third, the statistical stability of regression models
may be limited by the scarcity of data.

Strengths of our study include a random allocation
of clinicians to cases, a large number of predictions
based on the most common “real-world” stroke case
scenarios reflecting actual clinical practice, selection
of clinically relevant outcomes, diversity of clinician
expertise, and the concurrent comparison of clini-
cians’ estimations with a validated risk score and
actual stroke outcomes.

Clinicians may wonder whether our results offer a
practical means of more accurately predicting patient
prognosis compared to their clinical judgment. A recent
systematic review concluded that computerized clinical
decision support systems improve clinician perfor-
mance.24 Our results suggest that prognosis in ische-
mic stroke patients may not be accurately estimated
on clinical judgment alone. Previous studies6–9 in
conjunction with our results suggest that the use
of a validated clinical risk score may improve clini-
cian performance and assist in providing more accu-
rate prognostic information when counseling stroke
patients and their families.
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