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Background and purpose: ASTRAL, SEDAN and DRAGON scores are three

well-validated scores for stroke outcome prediction. Whether these scores pre-

dict stroke outcome more accurately compared with physicians interested in

stroke was investigated.

Methods: Physicians interested in stroke were invited to an online anonymous

survey to provide outcome estimates in randomly allocated structured scenar-

ios of recent real-life stroke patients. Their estimates were compared to scores’

predictions in the same scenarios. An estimate was considered accurate if it

was within 95% confidence intervals of actual outcome.

Results: In all, 244 participants from 32 different countries responded assess-

ing 720 real scenarios and 2636 outcomes. The majority of physicians’ esti-

mates were inaccurate (1422/2636, 53.9%). 400 (56.8%) of physicians’

estimates about the percentage probability of 3-month modified Rankin score

(mRS) > 2 were accurate compared with 609 (86.5%) of ASTRAL score esti-

mates (P < 0.0001). 394 (61.2%) of physicians’ estimates about the percentage

probability of post-thrombolysis symptomatic intracranial haemorrhage were

accurate compared with 583 (90.5%) of SEDAN score estimates (P < 0.0001).

160 (24.8%) of physicians’ estimates about post-thrombolysis 3-month per-

centage probability of mRS 0–2 were accurate compared with 240 (37.3%)

DRAGON score estimates (P < 0.0001). 260 (40.4%) of physicians’ estimates

about the percentage probability of post-thrombolysis mRS 5–6 were accurate

compared with 518 (80.4%) DRAGON score estimates (P < 0.0001).

Conclusions: ASTRAL, DRAGON and SEDAN scores predict outcome of

acute ischaemic stroke patients with higher accuracy compared to physicians

interested in stroke.

Introduction

Several prognostic scores were recently introduced for

outcome prediction in acute ischaemic stroke patients,

which could be helpful in the clinical and research set-

ting [1]. Amongst others, the ASTRAL score predicts

functional outcome in the general ischaemic stroke

population [2], and the DRAGON and SEDAN scores

predict functional outcome and symptomatic intracra-

nial haemorrhage (sICH) respectively in patients trea-

ted with intravenous thrombolysis (IVT) [3,4]. These

three scores were validated in large external popula-

tions and it was shown that they can offer a reliable

estimate of patient outcome, with the areas under the

curve in the validation cohorts of the original publica-

tions ranging between 0.77 and 0.902 [5–14]. Their

association with outcome is summarized in Data S1.

Stroke prognostic scores received criticism that they

aim at the non-specialist physician and that they may

be less useful than a stroke specialist’s prognostication.
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Our aim was to investigate whether the ASTRAL,

DRAGON and SEDAN scores make a more accurate

prediction of stroke outcome compared with physi-

cians.

Methods

An online anonymous survey was developed based

on open-source software [15]. Invitations for partici-

pation in the survey were sent to physicians with

interest in stroke medicine through (i) the European

Stroke Organization and the World Stroke Organiza-

tion newsletters, (ii) the stroke societies of the

authors’ countries and (iii) personal contacts of the

authors.

The survey consisted of a random set of six real sce-

narios with predefined structure (Data S2). The

patients’ parameters presented in the scenarios were

more extensive than the parameters needed to calcu-

late the three scores, i.e. the scenarios included also

information about specific patient symptoms/signs

and comorbidities. The patients presented in the sce-

narios were retrieved from the Acute Stroke Registry

and Analysis of Lausanne (ASTRAL registry) which

was also used for the development of the ASTRAL

score [16]. In an effort to prevent bias, the present

study included only patients entered in the ASTRAL

registry after the development of the ASTRAL score.

The study was performed according to the ethical

guidelines of the commission for research on humans

of the Canton of Vaud, subcommission III.

Details about the scores have been published previ-

ously [2–8]. Each survey participant was offered a dif-

ferent set of six scenarios selected from the ASTRAL

registry with the use of a random number generator:

the first three scenarios of each set referred to the gen-

eral ischaemic stroke population (i.e. regardless of

whether the patient was thrombolysed) and the partic-

ipant was asked to predict the percentage probability

of a 3-month modified Rankin score (mRS) > 2 (this

estimate was compared to the ASTRAL score’s prog-

nosis for the same scenario). The last three scenarios

of each set referred to IVT patients and the partici-

pant was asked to predict (i) the percentage probabil-

ity of sICH defined with the ECASS-II criteria [17]

(this estimate was compared to the SEDAN score’s

prognosis for the same scenario), (ii) the percentage

probability of 3-month mRS 0–2 (this estimate was

compared to the DRAGON score’s prognosis for the

same scenario) and (iii) the percentage probability of

3-month mRS 5–6 (this estimate was compared to the

DRAGON score’s prognosis for the same scenario).

Participants were explicitly asked (i) to use solely their

clinical judgement and avoid any prognostic tool and

(ii) to complete a set of demographic questions

focused on their own age, specialty status, hospital

setting and stroke treatment experience. There was no

time limit for the completion of the survey and partic-

ipants were not reimbursed or offered any other incen-

tive.

An estimate was considered accurate if it was within

the 95% confidence interval (CI) of the actual out-

come. Any interaction between the accuracy of the

physicians’ estimates with the values of the scores was

also investigated. This was performed by linear regres-

sion using natural cubic splines to generate trend

lines. The comparison of the estimates was performed

with the v2 test. Categorical covariates are summa-

rized as median and interquartile range (IQR). Statis-

tical analysis was performed with the R v.3.2.0 [18]

statistical package.

Results

Between 20 November 2014 and 1 February 2015, 244

physicians [median age 41.0 (IQR 14.0) years] from 32

countries and four continents participated in the sur-

vey. 83 (34.0%) were females; 194 (79.5%) were prac-

tising in university hospitals and 50 (20.5%) in

community hospitals; 88 (36.1%) were specialty physi-

cians for >10 years, 107 (43.8%) for ≤10 years and 49

(20.1%) were in specialization training. 123 (50.4%)

were treating >10 stroke patients weekly, 88 (36.1%)

between 5 and 10, and 33 (13.5%) <5 patients. The

majority of participants were neurologists (n = 193,

79.1%), 24 (9.8%) internists and 15 (6.1%) geriatri-

cians.

In total, 720 different real scenarios (39.4% females)

were used in the survey with median age 68.8 (IQR

19.4) years and median National Institutes of Health

Stroke Scale (NIHSS) 9 (IQR 19.4).

ASTRAL score versus physicians for the prediction of

3-month mRS > 2 in the general ischaemic stroke

population

In all, 244 physicians responded to 704 scenarios

(431 different real-life patients). 609 (86.5%)

ASTRAL score estimates and 400 (56.8%) physi-

cians’ estimates were accurate (P < 0.0001) (Fig. 1).

There was an interaction between physicians’ accu-

racy and patients’ ASTRAL score (P < 0.001), i.e.

the degree of accuracy of the physicians was higher

in patients with very low and very high ASTRAL

score (Fig. 2, upper left panel). The majority of

physicians’ inaccurate estimates (n = 231, 76.0%) rep-

resented an overestimation of the probability of unfa-

vourable outcome.
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SEDAN score versus physicians for the prediction of

sICH in IVT patients

Two hundred and twenty physicians responded to 644

scenarios (380 different real-life IVT patients). 583

(90.5%) SEDAN score estimates and 394 (61.2%)

clinicians’ estimates were accurate (P < 0.0001)

(Fig. 3). There was no interaction between physicians’

accuracy and patients’ SEDAN score, i.e. the degree

of physicians’ accuracy was constant across the whole

range of the SEDAN score (Fig. 2, upper right panel).

The majority of physicians’ inaccurate estimates

(n = 219, 87.6%) represented an overestimation of the

probability of sICH.

DRAGON score versus physicians for the prediction of

3-month mRS ≤ 2 in IVT patients

Two hundred and twenty physicians responded to 644

scenarios (380 different real-life IVT patients). Two

hundred and forty (37.3%) DRAGON score estimates

and 160 (24.8%) physicians’ estimates were accurate

Figure 1 Probability of mRS > 2 in the

general ischaemic stroke population

stratified by ASTRAL score: actual out-

come and 95%CI range (blue dots);

physicians’ outcome estimates (white cir-

cles; size corresponds to number of

responses, range 1–10); ASTRAL score

outcome estimates (red squares).

Figure 2 Proportion of clinicians’ accurate estimates stratified by patients’ prognostic scores. Dashed lines and P values correspond to

trends of accuracy of physicians’ estimates with the patients’ score values.
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(P < 0.0001) (Fig. 4). Physicians’ accuracy increased

with increasing values of the DRAGON score (i.e.

with decreasing risk of favourable outcome)

(P = 0.03, Fig. 2, lower left panel). The majority of

physicians’ inaccurate estimates (n = 415, 85.7%) rep-

resented an underestimation of the probability of

unfavourable outcome.

DRAGON score versus physicians for the prediction of

3-month mRS ≥ 5 in IVT patients

Two hundred and twenty physicians responded to

644 scenarios (380 different real-life IVT patients).

518 (80.4%) DRAGON score estimates and 260

(40.4%) physicians’ estimates were accurate

(P < 0.0001) (Fig. 5). There was an interaction

between physicians’ accuracy and patients’ DRA-

GON score (P = 0.04), i.e. the degree of physicians’

accuracy was highest in patients with the lowest

DRAGON score (Fig. 2, lower right panel). The

majority of physicians’ inaccurate estimates (n = 247,

64.3%) represented an overestimation of the proba-

bility of unfavourable outcome.

Accuracy of clinicians’ estimates

Overall, the majority of physicians’ estimates were

inaccurate (1422/2636, 53.9%). In sensitivity analysis,

prognostic score estimates were more accurate than

clinicians’ estimates regardless of their age, sex, spe-

cialization, specialty status, experience and hospital

setting (Table S1).

Discussion

The present study compared three well-validated prog-

nostic scores to a large set of physicians interested in

stroke medicine aiming to investigate if the accuracy

of their outcome prediction was similar. It was found

that stroke outcome was predicted much more accu-

rately by prognostic scores compared with physicians

interested in stroke medicine.

Perhaps some would be surprised by the results that

prognostic scores predict stroke outcome more accu-

rately than stroke physicians, even the more experi-

enced ones, especially taking into account that the

patients’ parameters presented in the scenarios were

Figure 3 Probability of symptomatic

intracranial haemorrhage in thrombol-

ysed patients stratified by SEDAN score:

actual outcome and 95%CI range (blue

dots); physicians’ outcome estimates

(white circles; size corresponds to num-

ber of responses, range 1–82) and
SEDAN score outcome estimates (red

squares).

Figure 4 Probability of mRS ≤ 2 in

thrombolysed patients stratified by

DRAGON score: actual outcome and

95%CI range (blue dots); physicians’

outcome estimates (white circles; size

corresponds to number of responses,

range 1–22); DRAGON score outcome

estimates (red squares).
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more extensive than the parameters needed to calcu-

late the three scores. However, this should not come

as a surprise because these scores represent the output

of methodologically solid mathematical models which

were developed and validated on the basis of dozens

of demographic, clinical, laboratory and radiological

parameters of thousands of patients.

This is the second study that shows that a stroke

prognostic score is more accurate than physicians

interested in stroke: recently, the Clinician Judgment

versus Risk Score to Predict Stroke Outcomes (JUR-

aSSiC) study showed that the iScore performed more

accurately in outcome prediction of acute ischaemic

stroke patients than clinicians with expertise in stroke

[19]. The present study expands these results to

include three more well-validated risk scores which

may allow for the prediction of several stroke out-

comes, i.e. functional outcome in the general ischae-

mic stroke population and in IVT patients, as well as

sICH in the latter population.

Stroke prognostic scores were criticized for being

aimed for non-specialist physicians and that they

would be of no use for stroke specialists [20]. How-

ever, the present study and the JURaSSIC study [19]

show that probably this is not the case given that

scores are much more accurate than physicians; of

importance, this finding remained across several physi-

cian subgroups such as stroke expertise, specialization,

specialty status, hospital setting and others. Also, they

were criticized that they do not incorporate technol-

ogy like brain and arterial imaging; recently, the addi-

tion of multimodal imaging did not increase the

prognostic accuracy of the ASTRAL score [21] but it

improved the accuracy of the DRAGON score [9,10].

Still, one should keep in mind that these scores were

developed to be used at admission and, in most cen-

tres worldwide, advanced multimodal imaging is not

available at admission.

The finding that the ASTRAL, DRAGON and

SEDAN scores (as well as the iScore [19]) make a

more accurate prediction of stroke outcome than

physicians interested in stroke medicine should remind

the latter to be careful when discussing outcome pre-

diction in the acute phase of stroke. It also justifies

the use of these scores whenever an estimate of a

patient’s outcome is needed, and independently of the

physicians’ experience and self-perceived likelihood of

patient outcome. This may apply to the clinical set-

ting, e.g. informing patients and relatives, planning

the long-term living setting of the patient and, per-

haps, even for treatment decisions: patients with

NIHSS < 4 were excluded from the IVT randomized

trials and, as a result, many patients with an

NIHSS < 4 are not treated with thrombolysis even

though meta-analyses showed that these patients may

also benefit [22]. In this context, the use of stroke

prognostic scores could identify patients with an

NIHSS < 4 but with a moderate outcome prognosis

who could possibly benefit from thrombolysis and

thus allow stroke physicians to bypass this ‘rigid’

NIHSS threshold and tailor treatment to each

patient’s characteristics. Perhaps just as importantly,

the use of prognostic scores may be warranted in the

research setting, e.g. scores could be used in acute

stroke treatment trials as selection criteria leading to

exclusion of patients whose pre-treatment likelihood

of a favourable outcome is too high or too low to

allow detection of a treatment effect. This could

reduce ‘noise’ and therefore the estimated population

sample necessary to show a treatment effect, especially

if the study aims at achieving a rigid cut-off such as a

functional outcome defined as mRS 0–2. In a shift-

analysis approach, however, treatment effects across

functional outcomes may be discovered, and pre-ran-

domization prognostication may be less useful [23].

Also, scores may be used in non-randomized studies

Figure 5 Probability of mRS ≥ 5 in

thrombolysed patients stratified by

DRAGON score: actual outcome and

95%CI range (blue dots); physicians’

outcome estimates (white circles; size

corresponds to number of responses,

range 1–33); DRAGON score outcome

estimates (red squares).
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to control for case-mix variation. In addition, the

implementation of risk scores could be a useful tool

towards increasing thrombolysis rates: our results

showed that most stroke physicians overestimated the

ICH risk after IVT, which frequently discourages

physicians from offering this treatment modality in eli-

gible acute stroke patients. In this context, the imple-

mentation of the SEDAN score for more accurate

ICH prediction could reassure hesitant treating physi-

cians and prevent them from depriving their patients

of this treatment. Finally, this result could also have

implications for stroke care organizations given that

anyone can have 90% accuracy in predicting ICH

after thrombolysis using the SEDAN score.

The strengths of this study include the large number

of scenarios used, the fact that scenarios were different

for and randomly allocated to each participant, the

large and representative set of responders originating

from 32 different countries, the considerable stroke

expertise of participating physicians and, finally, the

fact that the survey responders based their estimates

on a broader set of patient parameters than those

included in the scores. A possible bias of our study

was that the scenarios were derived from the

ASTRAL registry which was also used for the devel-

opment of the ASTRAL score; however, the patients

included in this analysis were different from those

included in the ASTRAL score development, and the

ASTRAL score performed similarly well when vali-

dated externally in several other stroke registries [6,7].

Another limitation is that the patient dataset origi-

nated from a single hospital registry characterized by

specific stroke expertise and resources, which obvi-

ously influenced stroke outcome; it is possible that

outcomes in these patients may have been different

from what would be expected by participating physi-

cians serving in other hospitals with different levels of

stroke expertise and resources. Similar studies using

datasets from different stroke registries would be use-

ful to confirm the conclusions.

The ASTRAL, DRAGON and SEDAN scores pre-

dict outcome of patients with acute ischaemic stroke

with higher accuracy compared to a large representa-

tive set of physicians interested in stroke medicine.

This highlights the importance of using these scores in

clinical practice and research to help clinicians make

better-informed decisions and researchers design stud-

ies more efficiently.
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