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SHORT COMMUNICATION
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Background: The National Institutes of Health Stroke Scale
(NIHSS) is the first choice among stroke scales. The Scandi-
navian Stroke Scale (SSS) is an alternative scale that is easy
to apply in the clinic.

Aim: To compare the ability of the SSS with that of the
NIHSS in identifying patients who are dead or dependent at
3-month follow-up.

Methods: A prospective study including patients with acute
stroke. NIHSS and SSS measurements were obtained during
index hospital stay. The receiver operating characteristics
curve was used to determine the optimal dichotomization of
the NIHSS and the SSS by using a modified Rankin Scale
(mRS)>2 at 3-month follow-up as the criterion standard.
Positive and negative predictive values (PPV and NPV) were
calculated.

Results: A total of 104 patients (mean age 79 years, 57.7%
men) were included. Median (interquartile range (IQR))
NIHSS and SSS score were 6.0 (2.0-11.8) and 43.5 (30.0—
51.0), respectively. The areas under the curve were 0.769 and
0.796 for NIHSS and SSS, respectively, > (p=0.303). The
best cut-off point for NIHSS was 6/7 points (PPV=76.2%,
NPV =69.0%) while for SSS it was 42/43 points (PPV=71.4%,
NPV=73.2%).

Conclusion: The SSS was as good as the NIHSS in identi-
fying patients who had died or were dependent at 3-month
follow-up. The measurement properties of the SSS should be
investigated further.
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INTRODUCTION

The National Institutes of Health Stroke Scale (NIHSS) is a
well-established and extensively used measure in acute stroke

© 2016 The Authors. doi: 10.2340/16501977-2155

treatment, which is recommended for use in clinical trials
after stroke (1). The reliability of the scale is clear, but some
items have consistently shown moderate to low inter-rater
reliability (Kappa score less than 0.75). These items are level
of consciousness, gaze, facial palsy, ataxia and dysarthria (2,
3). The ability of the NIHSS to identify 3-month outcome
has shown to be superior to other stroke scales, such as the
Canadian Neurological Scale and the Middle Cerebral Artery
Neurological Score (1). Furthermore, a baseline NIHSS score
<6 is associated with a high probability of good recovery, and
the ability to predict 6-month outcome is shown to be equally
good at 2 days vs 5 days or 9 days post-stroke (4, 5).

The Scandinavian Stroke Scale (SSS) is an alternative stroke
scale, which is frequently used in Scandinavian countries and
has recently also been validated in the Portuguese language
(6). Inter-rater reliability of the items varies from excellent for
conscious level, orientation and gait, (kappa 0.84, 0.86 and
1.0, respectively) to moderate for facial palsy (kappa 0.59)
(6). In a multivariate logistic regression model, neurological
recovery, as measured by the SSS change score during the first
week after onset of stroke, was shown to be an independent
predictor of good functional outcome (7, 8).

The advantage of the SSS is its simplicity, which makes it
easy to perform repeated measures in the very acute phase after
stroke (9). However, the ability of the SSS to identify outcome
at 3 months after onset of stroke has not been validated. As the
NIHSS is regarded as the gold standard measure, the purpose
of the present study was to compare the SSS with the NIHSS
to identify patients who are dead or dependent at 3-month
follow-up. A secondary aim was to compare their ability to
identify outcome in patients from different age groups and
with different severity levels.

MATERIAL AND METHODS
Methods

This was a prospective cohort study with an initial assessment within
14 days after onset of stroke and a follow-up assessment conducted
in the patient’s home 3 months later.
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All patients admitted to the Stroke Unit at Trondheim University Hos-
pital, Norway, with the diagnosis of stroke were eligible for inclusion,
except for those with a devastating stroke receiving end-of-life palliative
care. Eligible patients were included if they were able and willing to sign
informed consent. Patients who were not able to give informed consent
were also included if their next of kin gave oral consent to participation.
The study was approved by the Regional Committee of Medical and
Health Research Ethics and Norwegian Social Science Data Services.

Age, sex, time since stroke, stroke type, Oxfordshire Classification
of Stroke, NIHSS, total score ranges from 0 (no symptoms) to 42 and
Scandinavian Stroke Scale, total score ranges from 0 to 58 (no symp-
toms) were assessed at baseline. At 3 months follow-up a home visit
was conducted for all surviving patients. Death or dependency 3 months
after stroke was determined by modified Rankin Scale (mRS) (11). Two
well-trained assessors performed the baseline assessments. The same as-
sessor obtained the NIHSS and the SSS score. A third assessor, who was
blinded to the initial assessment, performed the follow-up assessments.

Statistical analysis

Descriptive statistics were used for the baseline characteristics. Pri-
mary outcome was comparison of the area under the receiver operating
characteristics (ROC) curve (AUC) for both NIHSS and SSS. The y?
test was used to compare the AUCs for the NIHSS and the SSS. ROC
curve analysis was used to determine the optimal dichotomization of
the NIHSS and the SSS, respectively, using Youden’s criteria (12). The
criterion standard was mRS >2. Since the SSS ranges from 0 to 58, with
0 as the worst score, and the NIHSS ranges from 0 to 42, with 42 as
the worst score, the SSS sum score was transformed to an SSS inverse
score according to the following equation; SSS inverse=maximum SSS
score minus original SSS score. The SSS inverse score was used in the
ROC analysis to make it possible to compare the 2 scales. In all other
analyses, the original score of the SSS has been reported. Sensitivity
and specificity were reported for the optimal dichotomization, while
positive and negative predictive values (PPV and NPV) were standard-
ized to a 50% pre-test chance of responding. For the subgroup analysis,
patients were divided into subgroups according to age (dichotomized
at 80 vs 81 years) and according to stroke severity (NHISS<8, NIHSS
8-16, NIHSS>16). The statistical analysis was conducted using IBM
SPSS Statistics version 19 and Stata v13.

RESULTS

Over 18 months, 124 patients were included in the study; 23%
of all patients admitted to the stroke unit during this period.
Two patients were excluded because inclusion exceeded 14
days post-stroke, one patient was found not to have stroke,
and 6 patients were excluded because of incomplete data at
baseline. Eleven patients were lost to follow-up, leaving a total
of 104 patients in the analysis.

At baseline, the median age was 81 years and 57.7 % were
male. Median (IQR) NIHSS and SSS scores were 6.0 (2.0—
11.75) and 43.5 (30.0-51.0), respectively (Table I).

At 3-month follow-up, a total of 59 patients were classified
as dependent (mRS >2) and 45 as independent. Nine patients
(15.3%) died in the 3-month follow-up interval. The ROC curve
(Fig. 1) revealed an AUC of 0.769 and 0.796 for the NIHSS and
the SSS, respectively, p=0.303. The optimal dichotomization
was between 6 and 7 points for the NIHSS (64.4% sensitivity
and 80.0% specificity), while for the SSS it was between 42
and 43 points (69.5% sensitivity and 82.2% specificity).

Ninety-three patients (89.4%) were equally classified as
dependent or independent with the SSS and the NIHSS, while
11 (10.6%) patients were incongruent in classification.
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Table 1. Baseline characteristics (n=104)

Baseline characteristics

Men, n (%) 60 (57.7)
First ever stroke, n (%) 76 (73.1)
Age, years, mean (SD) 79.1 (9.0)
Days since stroke, median (IQR) 6.0 (4.0-9.0)

SSS score, median (IQR)
NIHSS score, median (IQR)
Severity groups, 1 (%)

43.5 (30.0-51.0)
6.0 (2.0-11.75)

Mild stroke (NIHSS <8) 63 (60.6)

Moderate stroke (NIHSS 8-16) 27 (26.0)

Severe stroke (NIHSS >16) 14 (13.5)
Stroke classification, n (%)

Infarction 81(77.9)

Haemorrhage 21 (20.2)

Unknown 2(1.9)

SD: standard deviation; IQR: interquartile range; SSS: Scandinavian
Stroke Scale; NIHSS: National Institutes of Health Stroke Scale.

Table II shows the predictive values standardized to a
50% pre-test chance of being dependent. The PPVs showed
a 76% chance of being dependent at 3-months post-stroke if
the NIHSS score was 7 points or more, and a 71% chance of
being dependent if the SSS score was 42 points or less. The
NPVs were 69% and 73% for NHISS and SSS, respectively.

The results of subgroup analysis are shown in Table III,
showing no significant differences between the two scales for
any of the subgroups. However, both scales showed better
measurement properties for patients of older age (<80 years)
and those with moderate strokes (NIHSS 8-16).

DISCUSSION

This study showed that the SSS was equally as good as the
NIHSS in identifying patients who were dead or dependent 3
months after stroke. Subgroup analysis showed that the meas-
urement properties for both scales were better for patients with
moderate strokes and for those of older age.
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Fig. 1. Receiver operating characteristics (ROC) curves for the National
Institutes of Stroke Scale (NIHSS) and the Scandinavian Stroke Scale
(SSS) with the modified Rankin Scale >2 as criterion standard.




Measurement properties of NIHSS and SSS 911

Table 1. Predictive values for National Institutes of Health Stroke Scale (NIHSS) and Scandinavian Stroke Scale (SSS) with modified Rankin Scale

(mRS)> 2 as the criterion standard

True False True False Positive predictive ~ Negative
positive positive negative negative  Sensitivity  Specificity ~ value* predictive value*
n n n n % % % %

SSS (42/43) 41 8 37 18 69.5 822 71.4 73.2

NIHSS (6/7) 38 9 36 21 64.4 80.0 76.2 69.0

*Predictive values were standardized to a 50% pre-test chance of responding.

Modified Rankin Scale > 2 is the most widely used definition
of death and dependency after stroke (13). Using this defini-
tion as the criterion standard for the ROC analysis revealed an
AUC 0f 0.769 for NIHSS and 0.796 for SSS, which should be
regarded as adequate (14). Even though the AUC for SSS was
slightly larger compared with NIHSS, there were no statisti-
cally significant differences between the two scales.

From a clinical perspective the PPV and NPV are of even
greater interest. However, these two values are known to be
prevalence dependent. To make comparison between scales
more feasible the predictive values should be standardized to
a 50% pre-test chance of responding. A NPV of 73% for the
SSS and 69% for the NIHSS means that patients have a 73%
chance of truly being independent if the initial SSS score is
43 points or more, or a 69% chance if the NIHSS score is 6
points or less, indicating that the SSS is superior to the NIHSS
in ruling out the problem. However, the PPV was 71% for the

Table II1. Subgroup analysis

Variables NIHSS SSS p-value®
All patients (n=104)
AUC 0.769 0.796 0.303
Sensitivity 64.4 69.5
Specificity 80.0 80.2
Optimal cut-off 6/7 42/43
Age >80 years (n=54)
AUC 0.806 0.827 0.592
Sensitivity 68.4 76.3
Specificity 87.5 81.2
Optimal cut-off 6/7 45/46
Age <80 years (n=50)
AUC 0.755 0.778 0.613
Sensitivity 66.7 76.2
Specificity 62.1 75.9
Optimal cut-off 5/6 42/43
NIHSS <8 (n=63)
AUC 0.608 0.632 0.709
Sensitivity 65.4 61.5
Specificity 54.1 64.9
Optimal cut-off 2/3 48/49
NIHSS 8-16 (n=27)
AUC 0.809 0.901 0.246
Sensitivity 78.9 84.2
Specificity 75.0 87.5
Optimal cut-oft 10/11 33/34

NITHSS >16°(n=14)

NIHSS: National Institutes of Health Stroke Scale; SSS: Scandinavian
Stroke Scale; AUC: area under the curve.

2 test for differences in AUC.

"Receiver operating characteristics (ROC) curves could not be drawn
because no patients were classified as independent at 3-month follow-up.

SSS vs 76% for the NIHSS, indicating that the NIHSS might be
better than the SSS in predicting the chance of being dependent
at 3 months. Whether one should use the PPV or the NPV is a
matter of discussion. From the patients’ perspective it might
be of greater value to know the chance of being independent,
while for the healthcare system it might be of greater value to
know the chance of being in need of future healthcare services.

Although the measurement properties of the NIHSS and the
SSS are equal in their ability to identify outcome, the superiority
of the SSS lies with its simplicity and ease of use in the clinic.
An example is the difference in measuring motor function be-
tween the two scales. While in the NIHSS patients are asked to
keep their limb against gravity for 10 s, which means that you
need a watch, in the SSS patients must keep their limb against
manual resistance to get a full score. This advantage of the SSS
is of particular importance when repeated measures of selected
items are used to detect early neurological deterioration (9).

In the NIHSS muscle power is measured in both the affected
and the unaffected limb, while SSS measures only the affected
limb. This might indicate that the two scales act differently
in patients with first ever and recurrent stroke. Future stud-
ies should therefore assess measurement properties in these
subgroups of patients.

The present study included a rather unselected stroke sample;
however, the prevalence of death (15.5% at 3 months) and
dependency appears to be a little lower than in the general
stroke population (15). Hence, the next step should be to
validate the predictive capacity of the SSS and the NIHSS in
a new patient sample.

In conclusion, the SSS and the NIHSS showed equally good
measurement properties. The SSS is a simple tool, which is
easy to apply in the acute clinical setting, and its measurement
properties should be further investigated.
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