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Comparison of the National Institutes of Health Stroke Scale
With Disability Outcome Measures in Acute Stroke Trials

Fiona B. Young, BSc; Christopher J. Weir, PhD; Kennedy R. Lees, MD, FRCP; for the
GAIN International Trial Steering Committee and Investigators

Background and Purpose—Acute stroke trials typically use disability scales as their primary end point. Neurologic
impairment scales such as the National Institutes of Health Stroke Scale (NIHSS) are possibly more sensitive to change
in patient status. We aimed to compare a range of potential NIHSS end points with modified Rankin Scale (mRS) and
Barthel Index (BI) end points.

Methods—We simulated a total of 6000 clinical trials, each with 1400 patients. We estimated statistical power for a range
of NIHSS end points, including prognosis-adjusted and fixed dichotomized end points. These end points were compared
with the BI and mRS dichotomized at 95 and 1, respectively.

Results—The most powerful fixed end point was the NIHSS dichotomized at 1. For prognosis-adjusted outcome, we found
greatest power if we defined success as achieving a score of �1 or improvement by at least 11 points from baseline.
We are more likely to achieve a statistically significant result by using this prognosis-adjusted end point instead of
NIHSS �1 (odds ratio, 2.8; 95% confidence interval [CI], 2.5 to 3.2). Use of the optimal NIHSS prognosis-adjusted end
point rather than BI �95 could justify a reduction in sample size of approximately 68% (95% CI, 67% to 69%) without
loss of statistical power.

Conclusions—The NIHSS neurologic scale appears more sensitive than the BI or mRS, allowing smaller sample sizes or
greater statistical power. The use of an NIHSS prognosis-adjusted end point could allow therapeutic effects from drugs
to be more easily identified. (Stroke. 2005;36:2187-2192.)

Key Words: acute stroke � clinical trial � end point determination

Regulatory authorities favor functional outcome scales
such as the modified Rankin Scale (MRS) or Barthel

Index (BI),1 but they are crude and potentially insensitive
measures of outcome after stroke. However, handicap and
disability scales may reflect outcomes of greatest relevance to
patients. Given the limited success of acute trials, inconsis-
tency of primary end points chosen, and limitations of
available stroke scales, it may now be appropriate to recon-
sider the use of neurologic impairment scales as primary end
points. Neurologic scales may provide greater statistical
power than disability or handicap scales and, like disability
and handicap scales, have proven reliability and validity.2

Consequently, there may be a greater chance of detecting a
treatment effect using a neurologic scale. We aimed to assess
the potential extent of any statistical advantage.

The National Institutes of Health Stroke Scale
The National Institutes of Health Stroke Scale (NIHSS)3 has
recently been widely favored in acute stroke trials. It was developed
to measure neurologic outcome and recovery in patients with stroke.
NIHSS measures an overall degree of neurologic impairment.4 A
potential flaw in the NIHSS is that there may be a ceiling effect

below the theoretical limit because many scale items are untestable
in patients with very severe stroke.4

The NIHSS is one of the most reliable and valid instru-
ments of clinical measurement in stroke,5,6 and the modified
scale was shown to be highly correlated to BI, mRS, and
Glasgow Outcome Score (GOS) at 90 days.7

Like with disability scales, analysis of outcome assessed by
NIHSS has often relied on simple dichotomization.8 The
ATLANTIS trial9 used a “prognosis-adjusted” secondary end
point (Table 1). The NIHSS was used as part of a global
primary end point in the NINDS trial,10 along with the GOS,
BI, and mRS. Global and “prognosis-adjusted” end points are
rarely used in acute stroke trials. Global end points allow
patients to be simultaneously assessed on many measurement
scales. Furthermore, prognosis-adjusted end points allow
patients to be assessed on realistic goals while maintaining
generalizability. A selection of NIHSS end points that have
been used are given in Table 1.

Aims
We aimed to assess a range of possible NIHSS end points in
terms of statistical power and relative sample size. Statistical
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power is the probability that a statistical test will identify a
treatment effect (where one truly exists) at a given signifi-
cance level and sample size.22 Additionally, the NIHSS end
points are compared with BI and mRS end points.

Methods
For this study, we used a bootstrap simulation approach,23 which has
been already been used to assess disability end points.24

We based our work on data from the GAIN international trial.12

The GAIN trial was neutral; however, to avoid any bias, only the
placebo patients were used. We generated 6000 clinical trials, each
with 1400 patients split equally between active treatment and
placebo groups. Patients were simulated by randomly sampling with
replacement from the GAIN data. The characteristics of the simu-
lated patients were based on real examples from the GAIN trial,
preserving the correlation among the NIHSS, Oxford classification,
and final outcome. The simulated placebo and treatment groups were
generated slightly differently. The simulated treatment group was
forced to have slightly milder stroke (assessed by NIHSS at
baseline). The difference between the average baseline NIHSS for
the 2 groups was 1, 2, or 3 points (“treatment level”). The simulated
treatment group patients were selected from subgroups with similar
clinical characteristics as the sampled placebo patients to avoid
confounding by other factors. Figure 1 details the
simulation technique.

In generating a “treatment” effect that separated the groups by a
small difference in baseline NIHSS, we were effectively making an
assumption about how neuroprotection or reperfusion would trans-
late into neurologic function in the first few hours after treatment.
We anticipate that an effective treatment would limit the extent of
infarction and thus be equivalent to presentation with a slightly
milder event, but that thereafter, the pattern of recovery and
associated final outcome at 90 days would relate to initial severity in
an identical manner to any other patient presenting with a stroke of

TABLE 1. NIHSS End Points Used in Acute Stroke Trials

Type of End Point End Point Study

Primary Dichotomized �1 ATLANTIS9

Part of global �1 NINDS (part 2)10

Improvement by �4 NINDS (part 1)10

Secondary or additional Dichotomized �1 GAIN–Americas11
GAIN–International12

PROACT13

PROACT II14

Citicoline15

Dichotomized �7 Lubeluzole16

Improvement by �11 ATLANTIS9

Median RANTTAS17

ASSIST18

ECASS19

Median change
from baseline

ECASS II20

ASSIST18

Post hoc analysis Part of global �1 ECASS II21

Figure 1. Flowchart to show the simula-
tion method used.
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that milder degree. The extent of the simulated treatment effect was
equivalent to generating an improvement of 1, 2, or 3 NIHSS points
in stroke severity. We also assumed that all patients benefit from
treatment. The effect of different patterns of treatment effect have
been explored elsewhere and found to have limited impact.24

We assessed several different types of end point. The 90-day
NIHSS was dichotomized at 1, 3, 5, and 7. Prognosis-adjusted end
points were also included: each patient was considered to have a
favorable outcome if they achieved either a score of NIHSS �1 or an
improvement from baseline of more than n points, where n ranged
from 2 to 15. End points that simply assessed whether a patient had
improved from baseline by n points were also included: n ranged
from 2 to 15. Finally, a global end point was considered, incorpo-
rating the dichotomizations BI �95, mRS �1, and NIHSS �1.

Each of the clinical trials was assessed by Pearson’s chi square for
dichotomized end points and by generalized estimating equations25

for the global end points. The statistical power and 95% confidence
intervals were estimated using a bootstrap approach. Relative sample
sizes, showing the trial size that would be required to maintain the
statistical power of a reference end point, were assessed using
standard sample size equations.26,27 End points were also compared
using logistic regression28 controlling for treatment level.

Results
The most powerful dichotomized end point for distinguishing
between treatment groups was the �1 end point (Table 2).
The power tended to decrease as cutpoints were moved
toward higher NIHSS values. All of the prognosis-adjusted
end points were more powerful than the �1 dichotomized

end point (Table 2). Simply assessing whether the patient
improved by at least a certain number of NIHSS points
tended to be less powerful than the prognosis-adjusted end
points. The inclusion of BI �95 and mRS �1 with NIHSS
�1 in a global end point had similar power to the NIHSS �1
dichotomized end point.

The results in Table 3 are given in terms of a relative
sample size. By using any of the prognosis-adjusted end
points instead of the �1 dichotomy, the sample size can be
reduced without a reduction in power.

The odds of reaching a statistically significant result were
increased by 188% (95% confidence interval [CI], 158% to
221%) if the prognosis-adjusted (NIHSS �1 or �11-point
improvement) end point was used instead of the �1 dichot-
omized end point. The �1 or improvement by 11 points or
more prognosis-adjusted end point was clearly the most
powerful of all end points tested across all treatment levels
(see Figure 2).

We have previously shown the BI �95 and mRS �1 to be
the best available disability end points,23 in this study, the
NIHSS end points tended to be more powerful. If the NIHSS
�1 dichotomy were to be used instead of BI �95, the relative
sample size required to maintain the statistical power would
be around 62% (see Table 4). The NIHSS end points showed
similar advantages over mRS �1.

TABLE 2. Statistical Power Obtained for Each End Point

End Point

Treatment Level*

1 2 3

Dichotomy

�1 0.286 (0.268–0.302) 0.833 (0.819–0.843) 0.993 (0.992–0.994)

�3 0.230 (0.215–0.246) 0.814 (0.802–0.826) 0.998 (0.998–0.999)

�5 0.194 (0.181–0.207) 0.647 (0.631–0.663) 0.992 (0.991–0.993)

�7 0.205 (0.193–0.220) 0.558 (0.539–0.577) 0.980 (0.978–0.982)

Prognosis-adjusted

�1- or �2-point improvement 0.330 (0.306–0.349) 0.906 (0.894–0.915) 0.992 (0.991–0.993)

�1 -or �5-point improvement 0.449 (0.425–0.473) 0.945 (0.937–0.951) 1.000 (1.000–1.000)

�1- or �7-point improvement 0.576 (0.552–0.600) 0.977 (0.974–0.980) 1.000 (1.000–1.000)

�1- or �9-point improvement 0.501 (0.476–0.523) 0.968 (0.964–0.972) 1.000 (1.000–1.000)

�1- or �11-point improvement 0.617 (0.594–0.637) 0.984 (0.981–0.986) 1.000 (1.000–1.000)

�1- or �13-point improvement 0.353 (0.336–0.372) 0.886 (0.876–0.897) 1.000 (1.000–1.000)

�1- or �15-point improvement 0.397 (0.377–0.419) 0.905 (0.897–0.913) 0.998 (0.998–0.999)

Improvement only

�2-point improvement 0.384 (0.364–0.406) 0.926 (0.918–0.934) 0.995 (0.994–0.996)

�5-point improvement 0.324 (0.302–0.344) 0.914 (0.904–0.921) 1.000 (1.000–1.000)

�7-point improvement 0.550 (0.529–0.571) 0.927 (0.920–0.935) 0.997 (0.997–0.998)

�9-point improvement 0.264 (0.247–0.283) 0.793 (0.779–0.809) 0.998 (0.998–0.999)

�11-point improvement 0.469 (0.448–0.489) 0.793 (0.777–0.807) 0.990 (0.988–0.991)

�13-point improvement 0.228 (0.211–0.244) 0.324 (0.304–0.341) 0.917 (0.910–0.925)

�15-point improvement 0.158 (0.143–0.170) 0.183 (0.168–0.197) 0.538 (0.516–0.560)

Global

Dichotomy† 0.262 (0.247–0.279) 0.832 (0.818–0.844) 0.996 (0.996–0.997)

*Magnitude of treatment effect in NIHSS points.
†Global end point included BI �95, mRS �1 and NIHSS �1.
Parentheses contain the 95% CI for the power.
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Discussion
There is potential for the use of the NIHSS as a primary end
point in acute stroke trials. We propose that the use of NIHSS
end points could substantially increase statistical power or
allow a decrease in sample size without a loss of power when
compared with disability end points. The most discriminating
NIHSS end point was a “prognosis-adjusted” end point that
defined favorable outcome as a final score of �1 at 90 days
or an improvement from baseline of at least 11 points.
However, simple dichotomization at NIHSS �1 was also

effective, because were many end points that included only an
n-point improvement. Useful values of n tended to be small,
however, because larger values render the end point subject to
a ceiling effect (because patients with mild stroke cannot
improve beyond a score of 0). Including the NIHSS, BI, and
mRS in a global end point also demonstrated reasonable
statistical power, similar to that of the single NIHSS compo-
nent. However, our global end point did not include the GOS.
Although a global endpoint is attractive because it incorpo-
rates several important outcome measures, it is likely that the

TABLE 3. Comparison of End Points in Terms of Relative Sample Size Required

End Point

Treatment Level*

1 2 3

Dichotomy

�1 100 100 100

�3 130.9 (122.3–139.4) 104.8 (101.0–108.9) 81.3 (77.3–86.7)

�5 162.3 (151.9–172.7) 156.1 (149.9–163.0) 101.3 (95.1–110.7)

�7 151.0 (141.3–160.7) 192.3 (184.3–200.9) 120.7 (111.4–138.4)

Prognosis-adjusted

�1- or �2-point improvement 84.1 (78.4–90.0) 79.4 (76.9–82.1) 101.9 (95.7–111.6)

�1- or �5-point improvement 58.0 (53.9–62.1) 67.4 (65.4–69.6) 57.1 (54.7–60.4)

�1- or �7-point improvement 42.0 (39.0–45.0) 54.4 (53.0–56.0) 56.4 (53.9–59.7)

�1- or �9-point improvement 50.6 (47.0–54.1) 58.6 (56.9–62.3) 51.0 (48.9–54.0)

�1- or �11-point improvement 38.1 (35.4–40.9) 50.9 (49.4–52.1) 47.1 (45.0–49.9)

�1- or �13-point improvement 77.7 (72.3–83.1) 85.1 (82.3–88.1) 66.0 (63.1–70.0)

�1- or �15-point improvement 67.6 (62.7–72.3) 79.7 (77.1–82.4) 80.7 (76.9–86.0)

Improvement only

�2-point improvement 70.1 (65.3–75.1) 73.3 (71.0–75.7) 95.0 (89.9–103.0)

�5-point improvement 86.1 (80.3–92.1) 77.1 (74.7–97.7) 47.9 (45.7–50.6)

�7-point improvement 44.7 (41.6–48.0) 73.14 (70.9–75.6) 87.23 (83.0–93.7)

�9-point improvement 110.0 (102.7–117.4) 110.4 (106.4–114.9) 81.3 (77.3–86.7)

�11-point improvement 55.0 (51.1–59.0) 110.6 (106.6–115.0) 106.9 (100.0–118.1)

�13-point improvement 132.1 (123.6–140.9) 337.6 (362.6–393.9 ) 174.1 (153.4–226.6)

�15-point improvement 212.0 (199.0–225.1) 764.4 (737.0–794.0) 462.3 (381.6–552.0)

Global

Dichotomy† 111.4 (103.9–118.6) 100.3 (96.7–104.1) 91.9 (87.0–99.0)

*Magnitude of treatment effect (NIHSS points).
†Global end point included BI �95, mRS �1, and NIHSS �1.
Table data show the trial size (95% CI) required-maintain statistical power as a percentage relative to the size of

a trial conducted using the disability endpoint. Relative sample sizes less than 100% are better.

TABLE 4. Comparison of Selected NIHSS End Points-Disability End Points in Terms of
Relative Sample Size Required

NIHSS End Points
Disability

End Points

Treatment Level*

1 2 3

�1 BI�95 54.7 (48.6–60.8) 62.3 (60.0–64.4) 97.1 (91.8–105.0)

mRS�1 69.8 (68.6–76.1) 84.1 (81.3–87.1) 74.1 (71.6–77.0)

�1- or �11-point improvement BI�95 21.0 (18.4–23.4) 31.7 (30.8–32.7) 46.0 (44.1–48.6)

mRS�1 26.7 (24.1–29.3) 42.8 (41.7–44.0) 35.1 (34.0–36.3)

*Magnitude of treatment effect (NIHSS points).
Table data show the trial size (95% CI) required-maintain power as a percentage relative to the size of a trial

conducted using the disability end point. Relative sample sizes less than 100% are better.
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power of the global end point was restricted by the inclusion
of less powerful mRS and BI measures.

The benefit of prognosis-adjusted end points has been
demonstrated. Assessing whether a patient reaches a score of
0 or 1 on the NIHSS or improves from baseline by at least 11
points allows more patients to contribute to the results,
because simply dichotomizing the scale ultimately results in
a loss of meaningful information. This is logical: some
patients may never reach a score of 0 or 1 but could still show
significant improvement and therefore will contribute to this
type of analysis.

In this study, we tested only a fixed treatment effect,
assuming that the initial severity of all active treatment group
patients improved by the same amount. This may not be the
most likely scenario, because patients can benefit from
treatments in a variety of ways. The actual treatment effect
may only benefit subgroups of patients such as male or young
patients or may depend on the severity of the stroke. How-
ever, in a previous study,24 we demonstrated consistent
performance of outcome measures across a variety of likely
treatment effect patterns. Second, our analysis was not
adjusted for any factors relating to stroke outcome. If covari-
ates had been included, the statistical power of the end points
would likely have been increased.29 Third, we chose as our
surrogate treatment effect an “improved” baseline NIHSS
score to increase the chance of improved outcome at 90 days.
It is possible that this method of applying a simulated
treatment effect may have overestimated the statistical power
obtained by the NIHSS end points in comparison to the BI or
mRS end points through some subtle link. We tested for this
by including baseline NIHSS as a covariate. However, when
the effect of baseline NIHSS was controlled, the advantage of
the NIHSS end points over the BI and mRS end points
decreased only minimally, suggesting that any inflation of the
power values was small. All of the end points in our study
included dichotomizations of the NIHSS. An alternative
would be to use all categories and apply proportional odds
(PO) logistic regression.30 However, we found that the use of
the PO model did not improve the power compared with the
best prognosis-adjusted end point and was similar to the �1
dichotomy.

Our study only used data from the GAIN International
Trial.12 This population was considered representative of
most patients with stroke presenting to hospital acutely.

Nevertheless, it may be informative to use different trial data
to assess the generalizability of our findings.

Despite the apparent potential improvement in statistical
power, neurologic impairment scales have been used infre-
quently as primary end points.10,15 Instead, trials have tended
to favor disability scales, driven in part by regulatory author-
ities. The European Medicines Evaluation Authority
(EMEA)31 accepts that neurologic outcome scales should be
supportive as secondary efficacy end points, but also recom-
mend that they should not be dichotomized, because impor-
tant information may be missed. Impairment scales are more
sensitive to change in patient status and may be more relevant
for earlier phase trials. Disability or handicap scales are
perceived as being more relevant to patients with stroke for
phase III trials,1 and the BI has been shown to be reliable even
when administered over the telephone.6

In conclusion, we found benefits from using the NIHSS at
90 days as an end point. We speculate that this will translate
into more powerful clinical trials. Clinical trials of acute
stroke therapies should consider the use of neurologic impair-
ment scales to assess benefit from treatment.
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