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Abstract

Background: Early prognostication of long-term outcomes following ischemic stroke can fa-
cilitate medical decision-making. We hypothesized that the 24-hour National Institute of
Health Stroke Scale (NIHSS) predicts 3-month clinical outcomes in anterior circulation stroke.
Methods: Secondary analyses of the Interventional Management of Stroke 3 (IMS3) and in-
travenous tissue plasminogen activator (IV tPA) for acute ischemic stroke [National Institute
of Neurological Diseases and Stroke (NINDS) IV tPA] trials were performed. In participants
with documented 24-hour NIHSS and 3-month Modified Rankin Scale (mRS), the predictive
power of the 24-hour NIHSS and 24-hour NIHSS improvement for 3-month outcomes [mRS
0-2 and Barthel Index (BI) >95] was assessed. Percentages of good outcome (mRS 0-2 or BI
>95) at 3, 6, and 12 months and mean quality of life (EQ5D™) index at 3 months across 24-
hour NIHSS quartiles were compared. Results: The majority of the study participants were
included (IMS3 n = 587/656, NINDS IV tPA n = 619/624). The 24-hour NIHSS was correlated
with 3-month mRS (R = 0.73) with excellent predictive power for mRS 0-2 [area under the
curve (AUC) = 0.91] and BI =95 (AUC = 0.9) in both cohorts. A model with the 24-hour NIHSS
alone correctly classified 82-84% of patients in both cohorts. The percentages of good out-
comes at 3-12 months across 24-hour NIHSS quartiles were similar in both cohorts. mRS 0-2
was achieved by 75.6-77.7% of patients with 24-hour NIHSS <11 but by only 1.4-3.6% with
24-hour NIHSS >20. The EQ5D index at 3 months varied among NIHSS 0—-4 (mean 0.86 + 0.16),
5-11(0.77 £ 0.18), and 12-19 (0.59 + 0.26) quartiles. Conclusions: The 24-hour NIHSS strong-
ly predicts long-term stroke outcomes and is associated with quality of life. Its easy availabil-
ity, reliability, and validity support its use as an early prognostic marker and surrogate of
clinical outcome in ischemic stroke. © 2016 S. Karger AG, Basel
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Introduction

Anterior circulation ischemic stroke is associated with significant disability and vari-
ability in observed clinical outcomes [1]. Robust predictors of clinical outcome including age,
medical comorbidities (diabetes, hypertension, atrial fibrillation), time to treatment, infarct
size,and hemorrhagic transformation may explain some of this variability in clinical outcomes
[2-4]. The importance of the neurological examination at 24-48 h after presentation in neuro-
logically critically ill patients is well known to neurologists. A National Institute of Health
Stroke Scale (NIHSS) score <2 at 24 h strongly predicts the effectiveness of thrombolytic
therapy [5], but data regarding its prognostic power for predicting long-term clinical outcome
in ischemic stroke patients are limited [6, 7]. In stroke patients, the NIHSS score is a well-
accepted and widely used scoring scheme that captures neurological deficits [8-10]. NIHSS
on admission, while being independently associated with clinical outcomes in stroke patients,
often changes within the first 24 h [6]. Early neurological improvement, a predictor of 3-month
outcomes, might reflect timely recanalization of the occluded vessel [7], either spontaneously
or due to treatment, while clinical decline may result from infarct expansion, stroke-related
complications, cerebral edema or hemorrhage [11]. Since the follow-up neurological exami-
nation is likely influenced by a multitude of measured and unmeasured factors that may or
may not be directly related to stroke, it is possible that this easily available yet complex
variable by itself may have a significant prognostic value as a determinant of long-term clinical
outcome.

We hypothesized that the 24-hour NIHSS accurately predicts 3-month clinical outcome
in anterior circulation ischemic stroke patients. To test this hypothesis, we first performed a
secondary analysis of the Interventional Management of Stroke 3 (IMS3) clinical trial database
that compared intravenous tissue plasminogen activator (IV tPA) alone with IV tPA plus
endovascular treatment in acute ischemic stroke patients [12]. The predictive power of the
24-hour NIHSS, absolute and relative improvements in NIHSS over 24 h, and 3-month good
outcomes [Modified Rankin Scale (mRS) score 0-2 and Barthel Index (BI) 295] were deter-
mined. The additional prognostic value of the 24-hour NIHSS, after adjusting for age, medical
comorbidities, and time to treatment, was also assessed. Risk categories based on observed
rates of good outcome across 24-hour NIHSS quartiles were created. The predictive power of
the 24-hour NIHSS and the identified risk strata were then validated in the National Institute
of Neurological Diseases and Stroke (NINDS) IV tPA for acute ischemic stroke trial cohort.

Materials and Methods

Patient Selection

IMS3 was a multicenter, double-arm study evaluating clinical outcomes after IV tPA alone versus IV tPA
plus endovascular therapy in patients with acute ischemic stroke. The study included subjects aged 18-82
years with initiation of IV tPA within 3 h of symptom onset and an NIHSS >10 or >8 points with the level of
occlusion confirmed by CT angiography, at the onset of IV tPA. The validation population was derived from
the NINDS IV tPA trial, a multicenter randomized clinical trial that compared IV tPA with placebo, for patients
presenting with stroke symptoms measurable by the NIHSS within 3 h from symptom onset [13]. Publicly
available, archived, and completely de-identified IMS3 and NINDS IV tPA datasets were obtained from the
NINDS, and the study was exempt from Institutional Review Board review.

Study Measures

All variables had been collected as part of the IMS3 trial and NINDS IV tPA trials. The primary outcome
variable for our analysis was good clinical outcome at 3 months defined by the mRS of 0-2 [14]. Bl 295 was
also considered as a measure of good outcome in our study [15]. In both studies, 3-month mRS and BI were
determined by a study investigator who was blinded to the treatment assignment and was not involved in
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acute management of the patient. The 24-hour NIHSS examination was performed by a physician who was
not involved in initial management. NIHSS documented at 24 + 8 h in both studies was considered as the
24-hour NIHSS score for our analysis. Absolute NIHSS improvement (24-hour NIHSS - baseline NIHSS) and
relative NIHSS improvement (24-hour NIHSS - baseline NIHSS/baseline NIHSS) were calculated. The
presence of parenchymal hemorrhage (PH) was assessed on a 24 * 6 h non-contrast CT scan and classified
as PH1 or PH2 in IMS3 [12]. Additional imaging variables such as infarct volume at follow-up were not
available in the publicly available datasets for analysis. EQ5D™ questionnaires were completed by IMS3
participants at 3 months. Using published utility weights for a United States population, an EQ5D index score
was calculated for each participant [16]. For the US general population, the possible EQ-5D index scores
range from -0.11 to 1.0 on a scale where 0.0 equals death and 1.0 represents perfect health. Patients who
died prior to 3 months were excluded from the analysis and no data were imputed.

Statistical Analysis

The correlation between two variables was assessed using the Pearson’s coefficient. Receiver operator
characteristic curve analysis was performed to determine the predictive power [area under the curve (AUC)]
of the 24-hour NIHSS, absolute and relative NIHSS improvement for 3-month mRS 0-2 and for 3-month BI
>95. Multivariable logistic regression was used to model mRS 0-2 at 3 months. Missing data points (3-month
mRS, Bl, and 24-hour NIHSS) were notimputed in either database. SPSS Version 22 was used for all statistical
analyses.

Results

Patient Characteristics

Ofthe 656 patients enrolled in IMS3, 587 were included in the analysis: 69 were excluded
due to missing 24-hour NIHSS (n = 56) or missing 3-month mRS (n = 13). Patient character-
istics of the IMS3 cohort have been previously published [12]. The study population had a
mean age of 66 + 12 years, median baseline NIHSS of 17 (IQR 13-20), and mean time-to-
randomization of 105 * 35 min. 48.6% were randomized to the endovascular arm. PH1 or
PH2 occurred in 7.5% (n =39) of patients and 45.1% (n = 265) achieved a good outcome (mRS
0-2) at 3 months. The 24-hour NIHSS was recorded at a mean time of 22.7 h (range 16.25-
31.5), and a median 24-hour NIHSS was 11 (IQR 4-19). Bl was available in 509 patients who
survived until 3 months. EQ5D data at the 3-month follow-up were available for 423 patients
from IMS3.

Validation was performed in the NINDS IV tPA trial cohort, the characteristics of which
have been published previously [13]. Of 624 patients enrolled, 619 had both documented
24-hour NIHSS and 3-month mRS available for analysis. The validation cohort had a mean age
of 66.9 + 11.7 years, median baseline NIHSS of 15 (IQR 9-20), and mean time-to-random-
ization of 119 * 37 min. The median 24-hour NIHSS was 11 (IQR 4-19) and 44.1% (n = 273)
achieved a good outcome (mRS 0-2) at 3 months. All ischemic stroke patients were included
for validation regardless of stroke territory. Bl was available in 503 patients who survived
until 3 months. EQ5D was not available for NINDS [V tPA patients.

Predictive Value of the 24-Hour NIHSS for Long-Term Clinical Outcomes

NIHSS at 24 h was strongly positively correlated with 3-month mRS (IMS3: Pearson’s
coefficient 0.73, p < 0.001; NINDS tPA: 0.74, p < 0.001), negatively correlated with 3-month
BI (IMS3: Pearson’s coefficient -0.64, p < 0.001; fig. 1), as well as inversely correlated with
quality of life estimated by the EQ5D index (IMS3: Pearson’s coefficient -0.496, p < 0.001). In
contrast, NIHSS at presentation was only weakly to moderately correlated with 3-month mRS
(Pearson’s coefficient 0.37, p < 0.001 in IMS3, and 0.54, p < 0.001 in NINDS tPA), BI (IMS3:
Pearson’s coefficient -0.29, p < 0.001), and the EQ5D index (IMS3: Pearson'’s coefficient-0.17,
p=0.001). These observations corroborate a previous report of high correlation between the
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Fig. 1. The 24-hour NIHSS is highly correlated with 3-month clinical disability scores in IMS3. a Negative cor-
relation between the 24-hour NIHSS and 3-month BI. Pearson R? is shown. Dotted lines represent 95% con-
fidence limits. b Positive correlation between the 24-hour NIHSS and 3-month mRS. Box plots are shown.
Pearson correlation coefficient = 0.73, p < 0.001.
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Fig. 2. Excellent predictive power (AUC) of the 24-hour NIHSS for 3-month good clinical outcomes (BI >95
and mRS 0-2).

24-hour NIHSS and mRS at 3 months [6]. The predictive power of the 24-hour NIHSS alone
for 3-month good outcome (mRS 0-2) was excellent (AUC = 0.92; fig. 2a). The 24-hour NIHSS
also had excellent predictive power (AUC = 0.91) for 3-month good outcome defined by BI
>95; fig. 2b). Similarly, in the NINDS IV tPA cohort, the 24-hour NIHSS had excellent predictive
power for 3-month good outcome as defined by mRS 0-2 (AUC = 0.91) and BI 295 (AUC =
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Table 1. Comparison of the predictive power of baseline and follow-up NIHSS measurements for 3-month
good clinical outcome

Variable IMS3 NINDS tPA

Predictive power for 3-month mRS 0-2

24-hour NIHSS 0.91 0.922
NIHSS improvement in 24 h (24 h - baseline) 0.83 0.76
Relative improvement in NIHSS over 24 h 0.87 0.83
Baseline NIHSS 0.73 0.78
2-hour NIHSS n.a. 0.85
Predictive power for 3-month BI 295

24-hour NIHSS 0.9 0.9
NIHSS improvement in 24 h (24 h - baseline) 0.84 0.76
Relative improvement in NIHSS over 24 h 0.87 0.83
Baseline NIHSS 0.66 0.75
2-hour NIHSS n.a. 0.82

n.a. = Not available.

0.9). The 24-hour NIHSS also had excellent predictive power for good clinical outcomes at 6
months (mRS 0-2: AUC = 0.91, BI >95: AUC = 0.89) as well as 12 months (mRS 0-2: AUC =
0.88, Bl 295: AUC = 0.87). Absolute and relative change in NIHSS at 24 h (in IMS3 and NINDS
tPA cohorts) as well as 2-hour NIHSS (in the NINDS tPA cohort) had lower predictive powers
for good outcome defined by mRS 0-2 or BI 295 as compared to the 24-hour NIHSS (table 1).
Toaddress the inherentbias of the NIHSS towards lefthemisphericinvolvement, we compared
the predictive power of the 24-hour NIHSS for 3-month outcomes in left and right hemi-
spheric strokes separately in IMS3 and found similar results: AUC for 3-month mRS 0-2 was
0.93 in right- and 0.90 in left-sided strokes.

In the multivariable logistic regression analysis using IMS3, age (per year, OR =0.96,95%
CI 0.94-0.98, p < 0.01), and the 24-hour NIHSS (per point, OR = 0.75, 95% CI 0.72-0.79, p <
0.001) were found to be the only independent predictors of good outcome (3-month mRS
0-2) after adjusting for time to randomization, medical comorbidities (diabetes mellitus,
hypertension, atrial fibrillation), race, baseline NIHSS, baseline ASPECTS, treatment arm
(endovascular vs. medical), and PH (online suppl. table 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000443801) [17]. The correct classification rate of the full
11-variable model was 84.9%, while that of the 2-variable (age, 24-hour NIHSS) model was
83.7%. Dropping age from the two-variable model only slightly reduced the correct classifi-
cation rate to 82.6% but significantly impacted the overall model fit (likelihood ratio test
statistic comparing the 2-variable to a 1-variable model = 16.06, p < 0.001). Similarly, in the
NINDS IV tPA cohort, age (OR = 0.97, 95% CI 0.94-0.99, p = 0.002) and the 24-hour NIHSS
(OR =0.73, 95% CI 0.69-0.76, p < 0.001) were the two most important predictors of good
outcome after controlling for time to randomization, treatment arm (IV tPA vs. placebo),
medical comorbidities, and hemorrhagic transformation. Like in the IMS3, dropping age from
the 2-variable model did not affect the correct classification rate (84.3 to 84.7%), while the
model fit was significantly reduced (likelihood ratio test statistic=11.63, p < 0.001). Although
the 24-hour NIHSS may be the more important of the two variables, age still adds additional
prognostic value. Also, the observation that baseline NIHSS loses significance as a predictor
after including the 24-hour NIHSS confirms that the 24-hour examination is of greater prog-
nostic value than a baseline examination.
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Fig. 3. Risk quartiles based on the 24-hour NIHSS. a Comparison of observed rates of 3-month good outcome
(mRS 0-2) in IMS3 and NINDS IV tPA cohorts. b Observed rates of good outcome (mRS 0-2) based on stroke
laterality in IMS3 (p values calculated based on x? or Fisher’s exact test are reported). ¢, d Comparison of 3-,
6-, and 12-month rates of good outcome in the NINDS IV tPA trial across 24-hour NIHSS risk quartiles.

Risk Categories Based on the 24-Hour NIHSS

Since the 24-hour NIHSS by itself can correctly classify patients as having good or bad
outcomes more than 82% of the time, we created 24-hour NIHSS risk categories based on
observed rates of good outcome (mRS 0-2) in NIHSS quartiles in IMS3 and compared the
observations with those in the NINDS IV tPA cohort. In IMS3, patients with a 24-hour NIHSS
of 0-4 had a 93% chance of achieving a good outcome at 3 months, while patients with a
24-hour NIHSS of 220 had only a 3.6% chance of achieving a good outcome. Observed rates
of good outcomes in the four identified risk categories were very similar in both study cohorts,
confirming the validity of this risk stratification (fig. 3a, online suppl. fig. 1). Rates of good
clinical outcomes observed at 6 and 12 months in the NINDS IV tPA cohort were also very
similar to 3-month outcomes across all 24-hour NIHSS risk quartiles (fig. 3c, d). In IMS3,
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differences in observed rates of good outcome in right and left hemispheric strokes were only
observed in the NIHSS 12-19 subgroup (left: 30.1% vs. right: 11.2%, p = 0.004; fig. 3b). Simi-
larly, patients in NINDS IV tPA in the 24-hour NIHSS 12-19 group with left-sided strokes had
a higher rate of good outcome (23.4%) as compared to right-sided strokes (13.9%), although
this did not reach statistical significance (p = 0.13). The EQ5D index among IMS3 survivors at
3 months significantly differed among the NIHSS 0-4 (mean index 0.86 * 0.16), 5-11 (mean
index 0.77 £ 0.18), and 12-19 (mean index 0.59 + 0.26) groups, but was similar in the 12-19
and >20 (mean index 0.52 * 0.26) risk groups (fig. 4).

Discussion

Clinical outcomes in ischemic stroke are typically measured using disability scales such
as the mRS and BI, and a 3-month assessment is the most frequently used time point for
primary outcome assessment in stroke research. An mRS 0-2 or BI >95 at 3 months is
considered a good clinical outcome that is indicative of functional independence in ischemic
stroke patients [18]. An early and accurate surrogate of 3-month or later clinical outcomes
could facilitate early decision-making, reduce uncertainties regarding prognosis, and also
minimize attrition, limit sample size, and reduce costs associated with stroke clinical trials.
We show that the 24-hour NIHSS strongly correlates with 3-month outcome and quality of
life and has excellent predictive power for 3, 6, and 12-month good outcomes in ischemic
stroke, specifically those involving the anterior circulation. We also present objective prog-
nostic data and risk groups based on the 24-hour NIHSS that may be clinically meaningful.
Based on our results and reports by others [6, 7], we propose that the 24-hour NIHSS may
represent a very early, yet accurate and reliable surrogate of long-term outcomes in stroke
patients.
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The 24-hour poststroke time point is clinically important because many prognostically
relevant clinical and radiological variables become available at or after 24 h following ad-
mission for acute ischemic stroke. Patients who received IV tPA typically undergo 24-hour
follow-up brain imaging to exclude hemorrhagic transformation, and MRI imaging is often
performed around this time point, making an assessment of infarct size and location possible.
The risk of hemorrhagic transformation decreases after 24 h, and rapid clinical improvement
or early neurological decline is also likely to clear by this time [17]. In addition, discussions
regarding prognosis, goals of care and treatment decisions regarding the level of aggres-
siveness often occur after the first 24 h. Prognostication of clinical outcome at the 24-hour
time point should take into consideration all information available at the time of admission
as well as the events that have elapsed since admission in order to be prognostically mean-
ingful. A consideration of all possible prestroke and poststroke variables in a predictive
model, while ideal, is likely to be impractical, and the complexity of the resulting tool may
make it not clinically useful. Instead, it may be possible that a complex variable that is influ-
enced by several measured and unmeasured factors could serve as a single determinant of
clinical outcome inischemic stroke patients. We have found that clinical neurological disability
as measured by the 24-hour NIHSS is a robust predictor of 3-month disability with excellent
predictive power. Our results from one cohort were replicated with nearly identical results
in a second independent cohort, establishing the validity of our observations. The 24-hour
NIHSS explained about 50% of the variance in clinical disability scores at 3 months in both
cohorts, consistent with prior observations [6]. Since the NIHSS is universally used and is
easily and reliably ascertained [10, 19], its excellent predictive power for 3-month good
clinical outcome is particularly remarkable and emphasizes the importance and prognostic
value of an objective neurological examination at 24 h in ischemic stroke patients.

The 24-hour exam is likely influenced by stroke size, stroke location, laterality, and other
clinical events such as hemorrhagic transformation and early systemic complications that
potentially worsen the neurological examination [20, 21]. Therefore, the 24-hour NIHSS
likely captures the effect of many other parameters that impact long-term outcomes in stroke
patients. Final infarct volume has been proposed as a surrogate of 3-month clinical outcomes
and has been found to be a stronger outcome predictor than age, baseline NIHSS, and reper-
fusion status in the large vessel occlusion population [3]; however, its correlation with
3-month disability scores is modest (correlation coefficient 0.3-0.5) [22]. Furthermore, the
predictive power of previously published multivariate models that incorporate age, final
infarct volume, and hemorrhagic complications ranges from 0.75 to 0.85 [3, 4]. The 24-hour
NIHSS, on the other hand, is strongly correlated with 3-month clinical outcomes and has by
itself excellent predictive power (AUC = 0.90) for 3, 6, and 12-month good outcomes defined
by the mRS or BI. A direct comparison of the 24-hour NIHSS and infarct volume is needed and
whether the addition of the 24-hour NIHSS improves the predictive power and accuracy of
previously validated prognostic tools remains to be determined.

Our results also confirm the effect of stroke laterality on clinical outcome. While patients
with 24-hour NIHSS <11 and >20 had similar outcomes in right and left hemispheric strokes,
we observed that patients with a 24-hour NIHSS of 12-19 with left hemispheric strokes had
significantly better outcomes compared to right hemispheric strokes despite similar median
24-hour NIHSS scores (15 vs. 16, respectively). We speculate that the higher rate of good
outcome in left hemispheric lesions with 24-hour NIHSS 12-19 may be a result of a relatively
greater degree ofimprovementinlanguage dysfunction as compared to subcortical symptoms
in stroke patients as well as the bias of the NIHSS towards the dominant hemisphere [21, 23].
Despite moderate-to-severe neurological impairment at 24 h (NIHSS 12-19), 18% of patients
still achieved functional independence at 3 months, suggesting that this group may be a target
for aggressive supportive and rehabilitative care.
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A significant strength of our study is the use of large randomized clinical trial databases,
where the 24-hour NIHSS examination was performed in a prospective and blinded manner
and not calculated retrospectively from documented neurological examinations [12]. Another
strength is the replication of observations in two independent trial datasets despite differ-
ences between the two trials. IMS3 included patients with higher stroke severity as compared
to NINDS IV tPA. All patients in IMS3 were also treated with IV tPA, while half the patients in
NINDS IV tPA received placebo. These highlight the greater applicability of our results to
anterior circulation stroke patients.

The limitations of our study need to be acknowledged. Firstly, our study did not assess
the effect of many clinical, psychological, and socioeconomic factors that also influence stroke
outcomes. Accounting for these variables may explain a significant proportion of the variance
in mRS not explained by the 24-hour NIHSS. Next, our results are applicable only to anterior
circulation stroke since the majority of IMS3 and NINDS IV tPA participants suffered anterior
circulation strokes. The validity of the 24-hour NIHSS in posterior circulation strokes needs
to be determined. Next, IMS3 participants who did not have a 24-hour NIHSS measurement
(n = 26) due to chemical paralysis were excluded. Since these represented a minority of the
study population, we do not expect their exclusion to bias our results. Missing data for
3-month mRS and Bl and 24-hour NIHSS were not imputed because these were the primary
variables of interest in our analysis. Although the missing data were minimal, the 3-month BI
was available for 78% in IMS3 and 81% in NINDS IV tPA trials. We also did not impute all
deceased patients as having a Bl of 0 in order to limit overestimating the predictive power of
the 24-hour NIHSS. Lastly, our analysis also shares the limitations of the mRS as a measure
of clinical outcome that is biased towards motor recovery. Therefore, we used BI as an al-
ternative clinical disability measure and EQ5D as a health-related quality-of-life measure.
Further validation of the 24-hour NIHSS as a predictor of other quality of life measures (stroke
impact scale, SF-36) should be considered in more recent randomized clinical trial data.

In conclusion, we demonstrate that the 24-hour clinical examination using the NIHSS
strongly predicts 3-month functional independence and health-related quality of life, and the
four 24-hour NIHSS risk quartiles may facilitate accurate and early prognostication in anterior
circulation ischemic stroke patients. Our results emphasize the value of consistently capturing
the NIHSS at 24 h in routine clinical practice and also support the use of the 24-hour NIHSS
as a surrogate early endpoint in stroke research.
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