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Modeling Early Neurologic Trajectories After Elevated Leg
Positioning in Acute Moderate Ischemic Stroke:
A Secondary Analysis of the LEG-UP Randomized
Feasibility Study

Kayode Ahmed® b ¢®, Benjamin Wolden?, Mitchell Wolden?

Abstract

Background: Elevated leg positioning (ELP) is a noninvasive inter-
vention hypothesized to augment venous return and cerebral perfu-
sion in acute ischemic stroke. The association between ELP and early
neurologic recovery has not been established, and prior positioning
trials have not demonstrated plausible functional benefit. We evaluat-
ed the association between randomized assignments to ELP and early
neurologic trajectory, assessed using the day-7 National Institutes of
Health Stroke Scale (NIHSS) after adjusting for baseline neurologic
severity.

Methods: This exploratory secondary analysis used individual partic-
ipant data from LEG-UP, a randomized, open-label, blinded-endpoint
feasibility study of 50 participants with acute moderate ischemic
stroke randomized 1:1 to ELP or standard positioning. The primary
outcome of day-7 NIHSS was analyzed by analysis of covariance
(ANCOVA) adjusted for baseline NIHSS, with robust (HC3), boot-
strap, and permutation sensitivity analyses. Early neurologic dete-
rioration, 90-day modified Rankin Scale (mRS) score, and mortality
were assessed as exploratory outcomes.

Results: Among the 50 participants, the mean baseline NIHSS score
was slightly higher in the ELP group than in the control group (11.2
vs. 10.4). The unadjusted day-7 NIHSS score was 8.0 with ELP and
8.9 with control (difference, —0.92; 95% confidence interval (CI),
—3.49 to 1.65). After adjustment for baseline NIHSS, the mean day-7
score was 7.45 (95% CI, 6.67 to 8.22) with ELP and 9.39 (95% CI,
8.62 to 10.17) with control (adjusted difference, —1.95; 95% CI, —3.04
to —0.85; P = 0.0008); sensitivity analyses yielded similar estimates
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(bootstrap 95% CI, —2.98 to —0.84). No episodes of early neurologic
deterioration occurred in either group (0 of 25 participants). Among
the 47 participants with 90-day follow-up data, which included seven
patients who had died by 90 days (three in the ELP group and four in
the control group), an mRS score of 0 to 2 occurred in 14 of 24 par-
ticipants (58.3%) in the ELP group and 11 of 23 participants (47.8%)
in the control group (risk difference, 10.5 percentage points; 95% CI,
—16.9 to 35.8). Treatment was completed without interruption in 21
of 25 participants (84%) assigned to ELP.

Conclusions: In this exploratory analysis, treatment with ELP was
associated with a lower adjusted day-7 NIHSS score compared with
control. The unadjusted between-group difference was small and
imprecise and estimates at 90 days were uncertain. The clinical im-
portance of a 2-point difference in NIHSS score has not been estab-
lished. These findings are hypothesis-generating and do not establish
the efficacy or safety of ELP. A larger, blinded trial with a functional
primary outcome is warranted.

Keywords: Acute moderate ischemic stroke; Elevated leg position-
ing; NIHSS; Early neurologic trajectory; Analysis of covariance; Fea-
sibility trial; LEG-UP

Introduction

Acute ischemic stroke is characterized by dynamic changes
in cerebral perfusion and neurologic function during the first
hours and days after arterial occlusion. Prognosis is influenced
by the location and size of the occluded vessel, the extent of
collateral flow, and reperfusion time [1, 2]. Although reper-
fusion therapies have transformed care for selected patients,
many remain vulnerable to persistent deficits and infarct pro-
gression. Simple interventions capable of supporting cerebral
perfusion during this window could have broad applicability.
Positioning is an attractive intervention strategy because
it is inexpensive, rapidly deployable, nonpharmacologic, and
applicable across diverse settings. Unlike many acute stroke
interventions, positioning may exert its effects by directly
modifying cerebral perfusion. Cerebral blood flow (CBF) is
position-dependent in acute ischemic stroke. Bedside diffuse
correlation spectroscopy has demonstrated that lowering the
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head of bed from 30° to flat increases ipsilesional frontal corti-
cal CBF by approximately 17%, although individual responses
vary and occasionally paradoxically reverse [3]. A systematic
review of 21 studies similarly found that flatter positioning
generally increases CBF velocity in the ischemic hemisphere,
with a pooled increase of 8.4 cm/s in the ischemic middle
cerebral artery from 30° to 0° at < 7 days [4]. However, sub-
stantial heterogeneity and high risk of bias limit confidence in
the magnitude of the effects [4]. Preclinical data extend this
rationale to head-down tilt, which reduced infarct size and
improved functional outcome in a pooled analysis of 104 rats
with transient middle cerebral artery occlusion by augmenting
penumbral perfusion [5].

Elevated leg positioning (ELP) is hypothesized to increase
venous return and central blood volume and could thereby in-
fluence systemic and cerebral hemodynamics. However, the
clinical relevance of this physiologic hypothesis remains un-
certain, and completed positioning trials have not demonstrated
functional benefit. The Head Positioning in Acute Stroke Trial
(HeadPoST), a cluster-randomized crossover trial of 11,093
patients, found no difference in 90-day disability between ly-
ing-flat and sitting-up strategies (unadjusted odds ratio, 1.01;
95% confidence interval (CI), 0.92—1.10) [6]. A prespecified
subgroup analysis found no benefit of flat positioning even in
patients with moderate-to-severe stroke treated early [7]. The
Trendelenburg-position trial in patients with large-artery ath-
erosclerosis likewise showed no significant functional benefit
[8]. The 2026 American Heart Association/American Stroke
Association guideline concludes that temporary 0° head posi-
tioning may have clinical use in selected patients to improve
cerebral perfusion but makes no recommendation regarding
leg elevation [9].

Any treatment that influences systemic hemodynamics
may not necessarily improve neurologic outcomes, and effects
may vary by baseline severity, treatment timing, vascular anat-
omy, collateral circulation, and blood pressure. The LEG-UP
randomized feasibility study evaluated ELP in patients with
acute moderate ischemic stroke and collected National Insti-
tutes of Health Stroke Scale (NIHSS) scores at baseline and
day 7, permitting an exploratory analysis of early neurologic
trajectories.

Early neurologic trajectory is a useful intermediate out-
come following acute ischemic stroke. Early NIHSS is a
strong predictor of long-term function. NIHSS scores at 24
to 48 h alone predict 90-day outcome with an area under the
curve near 0.9 in both large-vessel-occlusion and non—large-
vessel-occlusion cohorts, and predictive power increases pro-
gressively over the first week, peaking around days 7 to 10
[1, 2, 10]. Trajectory-based modeling of early NIHSS predicts
90-day modified Rankin Scale (mRS) more accurately than
baseline severity or infarct volume alone [11]. Critically, an
absolute early NIHSS adjusted for baseline is more powerful
than change scores or percentage change for predicting 90-day
outcome [12]. A systematic review of 116 randomized trials
found that early NIHSS agreed with 90-day mRS trial-level
classifications in 84% of cases, though individual-patient mis-
classification occurred in roughly one-quarter of patients [13].

A single unadjusted comparison of day-7 NIHSS scores
may be confounded by baseline imbalance; hence, modeling

day-7 NIHSS scores conditional on baseline NIHSS scores
preserves the continuous information in the scale while adjust-
ing for the strongest baseline determinant of subsequent status
[12]. Dichotomizing continuous outcomes discards clinically
meaningful variation, reduces statistical power by approxi-
mately 30%, and retains approximately 60% of the informa-
tion in the underlying continuous measure [14, 15]. For this
small feasibility cohort, retaining continuous information is
especially valuable.

The objective of this secondary analysis was to deter-
mine whether randomized assignment to ELP was associated
with lower day-7 NIHSS scores after adjustment for baseline
NIHSS scores. Secondary objectives were to characterize early
neurologic deterioration (END) and to explore the association
between ELP and favorable 90-day functional outcome.

Materials and Methods

Parent study and data source

This was an exploratory secondary analysis of LEG-UP (EI-
evated Leg Positioning for Acute Moderate Ischemic Stroke),
a single-center, prospective, randomized, parallel-group, open-
label, outcome-assessor-masked feasibility study conducted at
Jose R. Reyes Memorial Medical Center, Manila, Philippines.
Participants were enrolled from May to September 2025, and
follow-up was completed in December 2025 [16]. The parent
study was approved by the Institutional Review Board (JR-
RMMC IRB No. 2024-279), and participants or their legally
authorized representatives gave written informed consent. Its
primary outcomes were feasibility (adherence to assigned ELP,
with 80% or higher defined as the feasibility threshold) and ad-
verse events, and it was not designed or powered to test effica-
cy [16]. The trial record (ClinicalTrials.gov (NCT07483580))
was first submitted on March 16, 2026, after enrollment and
follow-up had ended, so outcome definitions were not regis-
tered prospectively [17]. We analyzed the publicly available
deidentified individual participant data [16] and did not alter
allocation, eligibility, or outcome definitions.

Participants

Eligible participants were adults (> 18 years) with imaging-
confirmed acute ischemic stroke and time from onset or last
known well to enrollment of 24 h or less [17]. They had a mod-
erate deficit (NIHSS score 6-16), probable large-artery athero-
sclerosis by TOAST criteria, unilateral stenosis or occlusion of
the internal carotid artery or the M1 or proximal M2 segment
of the middle cerebral artery corresponding to the presumed
culprit, and pre-stroke mRS score of 1 or less [17]. Exclusion
criteria included decreased consciousness (NIHSS item la >
1), planned or completed intravenous thrombolysis or endo-
vascular therapy, planned revascularization within 3 months,
intracranial hemorrhage, alternative stroke etiologies (includ-
ing cardioembolism), serious systemic illness, prior stroke
with residual deficit (mRS > 2), intracerebral hemorrhage
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within 12 months, and any contraindication to leg elevation
(for example, active vomiting, pneumonia, or uncontrolled
heart failure) [17].

Randomization, intervention, and masking

Participants were randomized 1:1 to ELP or control (25 per
group). In the ELP group, positioning began within 30 min of
randomization and no later than 24 h after onset. The legs were
passively elevated to 30° with the head kept at 0°, using cali-
brated hospital beds [17]. This position was maintained continu-
ously for 24 h, including during eating, drinking, and toileting.
Thereafter, mobilization with toilet privileges was permitted and
ELP was applied for 3 h three times daily, continuing to day 7.
Participants could report discomfort, and ELP could be inter-
rupted by the patient, caregiver, or investigator for up to three
nonconsecutive periods of 30 min or less, with gradual return
to the horizontal position. In the control group, no positional
intervention was specified, and participants could lie supine or
sit[17]. All participants received standard medical management.
Participants and treating clinicians could not be masked to po-
sitioning. Outcome assessors were masked to allocation [17].

Outcomes

Neurologic status was measured with the NIHSS (range 0-42;
higher scores indicate greater impairment). Baseline NIHSS
was recorded at enrollment, and day-7 NIHSS was recorded
approximately 7 days after randomization. The outcome of
this analysis was day-7 NIHSS as a continuous variable. The
trial record lists change in NIHSS from baseline to day 7 as
a secondary outcome; the baseline-adjusted analysis of day-7
NIHSS used here was chosen by the authors for this secondary
analysis and is not a registered analysis [17]. Early improve-
ment was defined as a reduction of 4 or more points from base-
line to day 7.

END was defined in the parent protocol as an NIHSS in-
crease of 4 or more points within 48 h of randomization not
attributable to intracranial hemorrhage and was recorded for
all 50 participants. Adverse events (headache, anxiety or fear,
aspiration pneumonia, intracranial hemorrhage, venous throm-
boembolism, and other new cardiovascular or peripheral vas-
cular events) were recorded during the 7-day treatment period.
Serious adverse events (SAEs) followed International Council
for Harmonisation Good Clinical Practice criteria and were ad-
judicated by an independent investigator. Mortality was ascer-
tained separately at 30 days and 90 days (mRS 6). Functional
independence was defined as mRS 0-2 at 90 days. Adherence
was defined as completing assigned ELP; interruptions, their
number and their reasons were recorded in the ELP group [17].

Analysis of populations and missing data

All analyses of NIHSS, END, and SAEs included all 50 ran-
domized participants, analyzed as randomized (intention

to treat) regardless of interruptions [17]. Day-7 NIHSS was
available for all participants, and none died before day 7, so
no imputation was required. Thirty-day mortality and 90-day
mRS were available for 47 participants (23 control, 24 ELP);
three patients (two in control group, one in ELP group) were
lost to follow-up [16]. Follow-up outcomes were analyzed as
complete cases, with best-case and worst-case scenarios for
the 3 missing participants [16].

Primary model

Day-7 NIHSS was modeled by ordinary least squares analysis
of covariance (ANCOVA):

NIHSS (day 7) =3, + B,"ELP +3,-NIHSS (baseline) + ¢

where ELP is 1 for ELP and 0 for control. B, is the adjusted be-
tween-group difference, and a negative value indicates lower
impairment with ELP. ANCOVA was chosen because in rand-
omized trials it is unbiased and more precise than change-score
or unadjusted analysis, particularly when the baseline covari-
ate strongly predicts the follow-up measure [18-23]. Baseline
NIHSS was selected as the sole adjustment covariate because
of its established prognostic value and the small sample [18,
24-26]. Other covariates were examined only in sensitivity
analyses. Estimated marginal means were computed at the
mean baseline NIHSS, and effect size was summarized as par-
tial w?. This secondary analysis was designed after the parent
study ended and after the data were available; all analyses are
therefore post hoc and exploratory.

Diagnostics and robust inference

We assessed residual normality (Shapiro-Wilk), constant vari-
ance (studentized Breusch-Pagan test), linearity (added quad-
ratic baseline term), parallel slopes (allocation x baseline inter-
action), and influence (Cook distance and leverage). Because of
the small sample and possible unequal variance, we also report
CIs and P values using HC3 heteroscedasticity-consistent stand-
ard errors (HC2 also shown), with the t distribution on residual
degrees of freedom, alongside the model-based estimates.

Bootstrap and randomization tests

We drew 2,000 bootstrap samples of the 50 participants, refit
the primary model in each, and recorded the ELP coefficient.
Resampling was performed on participants, both without strat-
ification and stratified by arm (25 per arm in each sample), us-
ing a fixed random seed (20260923). We report the median and
the 2.5th and 97.5th percentiles, plus bias-corrected and accel-
erated intervals. No replicate failed. As a further check we ran
a randomization test with 10,000 random permutations of al-
location labels, assuming simple 1:1 randomization: two-sided
P = (1 + number of permuted estimates at least as extreme as
observed)/(10,001) [27, 28]. Bootstrap and permutation results
are supplementary to and do not replace the primary model.
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Sensitivity analyses

We repeated the ANCOVA with a quadratic baseline term;
with age, onset-to-randomization time, and baseline systolic
blood pressure added; excluding ELP participants with an
interruption; excluding participants who died by day 30; re-
stricting to the 47-participant follow-up cohort; and excluding
observations with Cook distance above 4/n. We also report the
unadjusted difference and a change-score model.

Secondary and exploratory outcomes

Baseline characteristics were compared descriptively with
Welch ¢ tests, Wilcoxon rank-sum tests (NIHSS, mRS), and
Fisher exact tests; these comparisons were not used to select
covariates. Binary outcomes are reported as counts with the
evaluable denominator and as risk differences (ELP minus
control) with Newcombe hybrid-score 95% CIs and Fisher
exact P values. The full 90-day mRS distribution, including
deaths and missing participants, is presented, with a Wilcoxon
rank-sum test and proportional-odds models (unadjusted, and
adjusted for baseline NIHSS as an exploratory analysis) with
profile-likelihood ClIs. Subgroup analyses (responsible vessel,
age, sex, onset time, heart failure) used allocation x subgroup
interaction terms and are descriptive.

END

END was evaluated as a secondary outcome by the study defi-
nition and was ascertained for all 50 participants. END defini-
tions vary across the literature, with commonly used thresh-
olds including an NIHSS increase of > 2 or > 4 points within
24 to 72 h and reported incidence ranging from approximately
7% to 23% depending on definition and population [29-32].
Because no END events occurred in either group, this analysis
was descriptive, and no between-group test was performed.

Functional outcome and mortality

Ninety-day function was assessed with the mRS; favorable
outcome was defined as mRS 0-2. Thirty-day all-cause mor-
tality and 90-day mRS were available for 47 participants, and
percentages used the evaluable denominator in each group.
These analyses were exploratory given the small sample and
incomplete ascertainment.

Statistical analysis

This was a post hoc, exploratory secondary analysis. The base-
line-adjusted ANCOVA of day-7 NIHSS was designated the
primary analysis of this study and used a two-sided signifi-
cance level of 0.05. All other analyses, including sensitivity,
subgroup, and secondary outcome analyses, were exploratory.
No adjustment was made for multiple comparisons, and their

P values should be read descriptively. Results are reported as
effect estimates with 95% ClIs to emphasize the magnitude and
precision of associations rather than statistical significance
alone. Continuous variables are summarized as mean (stand-
ard deviation (SD)) or median (interquartile range (IQR)) and
categorical variables as counts and percentages. All analyses
were performed with R, version 4.5.3 (R Foundation for Sta-
tistical Computing) [33].

Ethical compliance with human study

According to the original investigators, the LEG-UP study
was conducted in compliance with the ethical standards of the
responsible institution on human subjects as well as with the
Helsinki Declaration and was approved by the Institutional
Review Board of Jose R. Reyes Memorial Medical Center
(JRRMMC IRB No. 2024-279). This secondary analysis used
only publicly available, deidentified individual participant
data released by the original investigators; therefore, separate
institutional review board approval was not sought.

Results

Participants

Of the 50 randomized participants (25 assigned to control, 25
to ELP), all had baseline and day-7 NIHSS, END, and SAE
data available. Three participants (two in control group, one
in ELP group) were lost to follow-up, leaving 47 (94%; 23
control, 24 ELP) with 30-day mortality and 90-day mRS data
(Table 1). The mean (SD) age was 59.3 (15.1) years, and 32
participants (64.0%) were men. Hypertension (37 (74.0%)),
dyslipidemia (26 (52.0%)), and diabetes mellitus (16 (32.0%))
were the most common comorbidities. The mean (SD) time
from onset to randomization was 7.5 (5.5) h. All participants
were functionally independent before stroke (pre-morbid mRS
0in 45, 1 in 5). The responsible vessel was the M1 segment of
the middle cerebral artery in 36 participants (72.0%), the inter-
nal carotid artery in 11 (22.0%), and the M2 segment in three
(6.0%). Median baseline NIHSS was 11 (IQR, 8-14). Baseline
characteristics were similar between groups. Mean baseline
NIHSS was slightly higher in the ELP group (11.2 vs 10.4).
The results are shown in Table 1.

Day-7 NIHSS

The unadjusted mean (SD) day-7 NIHSS was 8.0 (4.3) with
ELP and 8.9 (4.7) with control (difference, —0.92; 95% ClI,
—3.49 to 1.65; P = 0.47). After adjustment, the estimated
marginal mean day-7 NIHSS was 7.45 (95% CI, 6.67-8.22)
with ELP and 9.39 (95% ClI, 8.62—10.17) with control, an ad-
justed difference of —1.95 points (95% CI, —3.04 to —0.85; P
= 0.0008; partial @, 0.19) (Tables 2, 3). Each 1-point higher
baseline score was associated with a 1.35-point higher day-7
score (95% CI, 1.17-1.53).
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Table 1. Baseline Characteristics and Clinical Outcomes by Randomized Group

Characteristic Control ELP P value?
Baseline characteristics (all randomized: control n =25, ELP n = 25)
Age, mean (SD), years 58.6 (15.8) 60.1 (14.8) 0.73
Male sex, n/total (%) 14/25 (56.0) 18/25 (72.0) 0.38
Onset to randomization, mean (SD), h 8.0 (6.0) 7.1 (4.9) 0.58
Previous ischemic stroke, n/total (%) 5/25 (20.0) 4/25 (16.0) >0.99
Pre-morbid mRS score of 1°, n/total (%) 2/25 (8.0) 3/25 (12.0) >0.99
Hypertension, n/total (%) 17/25 (68.0) 20/25 (80.0) 0.52
Dyslipidemia, n/total (%) 14/25 (56.0) 12/25 (48.0) 0.78
Diabetes mellitus, n/total (%) 9/25 (36.0) 7/25 (28.0) 0.76
Congestive heart failure, n/total (%) 2/25 (8.0) 3/25 (12.0) >0.99
Atrial fibrillation, n/total (%) 0/25 (0.0) 0/25 (0.0) >0.99
Ischemic heart disease, n/total (%) 4/25 (16.0) 6/25 (24.0) 0.73
Current smoker, n/total (%) 8/25(32.0) 10/25 (40.0) 0.77
Capillary blood glucose, mean (SD), mg/dL. 134.2 (56.7) 127.4 (47.1) 0.64
Systolic blood pressure, mean (SD), mm Hg 146.4 (25.5) 155.6 (28.4) 0.23
Diastolic blood pressure, mean (SD), mm Hg 94.4 (11.6) 100.4 (15.4) 0.13
Baseline NIHSS score, median (IQR) 11.0 (8.0-13.0) 11.0 (9.0-14.0) 0.43
Degree of stenosis, mean (SD)® 0.72 (0.18) 0.73 (0.19) 0.85
Responsible vesseld, n/total (%) 0.61
Internal carotid artery 4/25 (16.0) 7/25 (28.0)
Middle cerebral artery, M1 19/25 (76.0) 17/25 (68.0)
Middle cerebral artery, M2 2/25 (8.0) 1/25 (4.0)
Early outcomes (all randomized: control n =25, ELP n = 25)
NIHSS score at day 7, mean (SD) 8.9 (4.7) 8.0 (4.3) 0.47
NIHSS reduction, baseline minus day 7, median (IQR) 2.0 (1.0-3.0) 4.0 (3.04.0) 0.001
Early improvement®, n/total (%) 4/25 (16.0) 18/25 (72.0) <0.001
END, n/total (%) 0/25 (0.0) 0/25 (0.0) >0.99
Serious adverse event within 7 days, n/total (%) 0/25 (0.0) 0/25 (0.0) >0.99
Follow-up outcomes (participants with 90-day data: control n = 23, ELP n = 24)
mRS score at 90 days, median (IQR) 3.0 (2.0-4.5) 2.0 (1.0-4.0) 0.27
Functional independencef, n/total (%) 11/23 (47.8) 14/24 (58.3) 0.56
30-day all-cause mortality, n/total (%) 3/23 (13.0) 2/24 (8.3) 0.67
90-day mortality (mRS 6), n/total (%) 4/23 (17.4) 3/24 (12.5) 0.70

aP values are descriptive and were calculated with Welch ¢ tests for continuous variables, Wilcoxon rank-sum tests for baseline NIHSS, NIHSS reduc-
tion, and mRS, and a Welch t test for day-7 NIHSS, and Fisher exact tests for categorical variables. PAll other participants had a pre-morbid mRS
score of 0. °Proportion of luminal narrowing as recorded in the parent study. dInternal carotid artery includes intracranial and extracranial segments;
the P value is an overall test across categories. ®Reduction in NIHSS score of 4 or more points from baseline to day 7. fmRS score of 0 to 2 at 90
days. Baseline, day-7, END, and SAE data were available for all 50 randomized participants. Three participants (two in control group, one in ELP
group) were lost to follow-up and had no 30- or 90-day data; denominators for follow-up outcomes are therefore 23 (control) and 24 (ELP). SAEs
were ascertained within 7 days of randomization; all seven deaths by 90 days occurred after day 7. ELP: elevated leg positioning; IQR: interquartile
range; mRS: modified Rankin Scale; NIHSS: National Institutes of Health Stroke Scale; END: early neurologic deterioration; SD: standard deviation.

The assumptions of normality, linearity, and parallel slopes consistent with normality (Shapiro-Wilk P = 0.14), the slopes
were met (Supplementary Material 1, jnr.elmerpub.com). Base- were parallel between groups (interaction P = .58), and no obser-
line NIHSS was strongly associated with day-7 NIHSS (r=0.88) vation was highly influential (maximum Cook distance, 0.16).
(Supplementary Material 2, jnr.elmerpub.com). Residuals were Residual variance was not constant (Breusch-Pagan P = 0.015),
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Table 2. Primary ANCOVA Model for Day-7 NIHSS Score (N = 50)

Predictor B SE 95% CI P value Partial »?
Intercept -5.17 1.02 —7.23to —3.12 <0.001 —

ELP vs. control -1.95 0.55 —3.04 to —0.85 0.0008 0.19
Baseline NIHSS score (per 1-point increase) 1.35 0.09 1.17 to 1.53 <0.001 —

Model: day-7 NIHSS = B, + B, (ELP) + B, (baseline NIHSS), fitted by ordinary least squares in all 50 randomized participants (25 per group). ELP was
coded 1 for elevated leg positioning and 0 for control; a negative B, indicates a lower day-7 score with ELP. Residual standard deviation, 1.91. The
95% ClI for the ELP coefficient using HC3 heteroscedasticity-robust standard errors was -3.10 to —0.80 (P = 0.001). A randomization (permutation)
test with 10,000 permutations gave P < 0.001. Partial w? is the adjusted proportion of variance in day-7 NIHSS attributable to allocation after ac-
counting for baseline NIHSS. ClI: confidence interval; ELP: elevated leg positioning; NIHSS: National Institutes of Health Stroke Scale; SE: standard

error; ANCOVA: analysis of covariance.

so we report robust inference. The HC3 95% CI was —3.10 to
—0.80 (P=0.001). Bootstrap resampling yielded a median differ-
ence of —1.92 (percentile 95% CI, —2.98 to —0.84; bias-corrected
and accelerated CI, —2.99 to —0.87), and a randomization test
gave P <0.001. Estimates ranged from —1.68 to —2.08 across all
baseline-adjusted and change-score sensitivity analyses, includ-
ing exclusion of participants with an ELP interruption, of those
who died by day 30, and of influential observations (Table 4).

Early neurologic change, deterioration, and safety

The median NIHSS reduction from baseline to day 7 was 2
points (IQR, 1-3) with control and 4 points (IQR, 3—4) with
ELP (Fig. la—c). Early improvement (> 4-point reduction)
occurred in four of 25 control participants (16.0%) and 18 of
25 ELP participants (72.0%) (risk difference, 56.0 percentage
points; 95% CI, 29.0 to 72.7). This was an exploratory second-
ary outcome. No participant had END (0 of 25 in each group),

and no SAEs were recorded during the 7-day treatment period.
Because there were no events, the CI for the risk difference
(—13.3 to 13.3 percentage points) mainly reflects the sample
size and cannot exclude a clinically important difference in
either direction. Three participants had non-SAEs: anxiety in
one ELP participant, angina pectoris in one control participant,
and anxiety with headache in another control participant.

Ninety-day outcomes

The full 90-day mRS distribution is shown here (Supplementa-
ry Material 3, 4, jnr.elmerpub.com). Among the 47 participants
with follow-up data, mRS 0 to 2 was reached by 25 (53.2%):
11 of 23 (47.8%) control and 14 of 24 (58.3%) ELP partici-
pants (risk difference, 10.5 percentage points; 95% CI, —16.9
to 35.8; P = 0.56). Median 90-day mRS was 3 (IQR, 2-4.5)
with control and 2 (IQR, 1-4) with ELP (P = 0.27). Assuming
the three missing outcomes were favorable or unfavorable, the

Table 3. Neurologic, Functional, and Safety Outcomes by Randomized Group

Between-group difference

Outcome Control ELP 95% CI)?* P value
Day-7 NIHSS score (n = 25 per group)
Adjusted mean (95% CI)® 9.39 (8.62t0 10.17)  7.45(6.67 to 8.22) —1.95 (—3.04 to —0.85) 0.0008
Unadjusted mean (SD) 8.94.7) 8.0 (4.3) —0.92 (—3.49 to 1.65) 0.47
Early events (n = 25 per group)
Early improvement®, n/total (%) 4/25 (16.0) 18/25 (72.0) 56.0 (29.0 to 72.7) <0.001
Early neurologic deterioration, n/total (%) 0/25 (0.0) 0/25 (0.0) 0.0 (—13.3 to0 13.3) >0.99
Serious adverse event within 7 days, n/total (%) 0/25 (0.0) 0/25 (0.0) 0.0 (—13.3t0 13.3) >0.99
Follow-up outcomes (control n =23, ELP n = 24)
mRS score 0-2 at 90 days, n/total (%) 11/23 (47.8) 14/24 (58.3) 10.5 (-16.9 to 35.8) 0.56
30-day all-cause mortality, n/total (%) 3/23 (13.0) 2/24 (8.3) —4.7 (—24.7 to 14.8) 0.67
90-day mortality (mRS 6), n/total (%) 4/23 (17.4) 3/24 (12.5) —4.9 (—26.3 t0 16.3) 0.70

aDifference in NIHSS points (ELP minus control) for day-7 NIHSS; risk difference in percentage points (ELP minus control) for binary outcomes, with
Newcombe hybrid-score 95% Cls. P values for binary outcomes are from Fisher exact tests; for day-7 NIHSS, from the ANCOVA (adjusted) or an un-
adjusted t test. PEstimated marginal means from the ANCOVA in Table 2, evaluated at the mean baseline NIHSS score (10.78). “Reduction in NIHSS
score of 4 or more points from baseline to day 7. With no events in either group, the CI for early neurologic deterioration and serious adverse events
reflects only the sample size (an event-rate difference of up to about 13 percentage points cannot be excluded). Follow-up outcomes are exploratory,
and no multiplicity adjustment was applied. ELP: elevated leg positioning; mRS: modified Rankin Scale; NIHSS: National Institutes of Health Stroke
Scale; ANCOVA: analysis of covariance.
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Table 4. Sensitivity and Robustness Analyses of the ELP Effect on Day-7 NIHSS Score

Adjusted difference,

Analysis N ELP vs control (95% CI) Pvalue
Regression-based analyses
Primary ANCOVA (model-based standard errors) 50 —1.95 (-3.04 to —0.85) <0.001
Primary ANCOVA, HC3 robust standard errors 50 —1.95 (-3.10 to —0.80) 0.001
Primary ANCOVA, HC2 robust standard errors 50 —1.95 (=3.06 to —0.83) 0.001
ANCOVA with quadratic baseline term 50 —1.96 (-3.03 to —0.90) <0.001
ANCOVA plus age, onset to randomization, baseline SBP? 50 —1.83 (=2.97 to —0.70) 0.002
Unadjusted difference in day-7 NIHSS 50 —0.92 (-3.49 to 1.65) 0.47
Change-score model (day 7 minus baseline) 50 —1.68 (=2.91 to —0.45) 0.009
Restricted analyses (ANCOVA)
Excluding ELP participants with a treatment interruption 46 —2.01 (=3.21 to —0.82) 0.002
Excluding participants who died by day 30 45 —1.70 (-2.57 to —0.83) <0.001
Participants with 90-day follow-up only 47 —1.83 (—2.98 to —0.68) 0.003
Excluding observations with Cook distance > 4/nP 46 —2.08 (—2.98 to —1.19) <0.001
Resampling-based inference for the primary ANCOVA (2,000 bootstrap replicates)
Bootstrap, patients resampled: median (percentile CI) 50 —1.92 (—2.98 to —0.84) —
Bootstrap, patients resampled: BCa CI 50 —1.92 (=2.99 to —0.87) —
Bootstrap stratified by arm: median (percentile CI) 50 —1.94 (-3.01 to —0.81) —
Bootstrap stratified by arm: BCa CI 50 —1.94 (=2.99 to —0.81) —
Randomization test (10,000 permutations of allocation) 50 — <0.001

All models estimate the ELP-minus-control difference in day-7 NIHSS score (negative values favor ELP) except for the unadjusted and change-
score rows, which are not adjusted for baseline NIHSS as indicated. No bootstrap replicate failed. Bootstrap medians are shown with their intervals;
BCa intervals are bias-corrected and accelerated. 28SBP, systolic blood pressure at randomization; covariates were added as a sensitivity analysis
only. PFour observations exceeded the threshold and were removed. ANCOVA: analysis of covariance; BCa: bias-corrected and accelerated; ELP:

elevated leg positioning; NIHSS: National Institutes of Health Stroke Scale.

risk difference ranged from 4.0 to 16.0 percentage points, with
all intervals including zero (Supplementary Material 5, jnr.
elmerpub.com). Five participants died within 30 days (three
in control group, two in ELP group; risk difference, —4.7 per-
centage points; 95% CI, —24.7 to 14.8) and seven within 90
days (four in control group, three in ELP group; risk differ-
ence, —4.9 percentage points; 95% CI, —26.3 to 16.3). Allhad a
day-7 NIHSS recorded and were therefore alive at day 7 (Sup-
plementary Material 6, jnr.elmerpub.com). These estimates are
imprecise, and the study cannot distinguish a benefit of ELP
from no difference in functional outcome or mortality.

Day-7 NIHSS score subgroup heterogeneity and adjusted
treatment effect

Exploratory subgroup estimates showed no clear heterogene-
ity of effect (all interaction P > 0.07) (Supplementary Material
7, jnr.elmerpub.com), but these analyses were underpowered.
The adjusted difference was larger than the unadjusted dif-
ference for two reasons: the ELP group began with a slightly
higher baseline score (by 0.76 points), and day-7 scores in-
creased by more than 1 point per baseline point (Supplemen-
tary Material 8, jnr.elmerpub.com).

Adherence

Twenty-one of 25 ELP participants (84%) completed treatment
without interruption, meeting the parent study’s 80% feasibil-
ity threshold. Four participants had an interruption (three for
discomfort, one for anxiety). The mean change in NIHSS was
similar in interrupted (n =4) and uninterrupted (n = 21) partici-
pants (—3.25 vs. —3.19), although this comparison is descrip-
tive and not randomized (Fig. 1d; Supplementary Material 9,
jor.elmerpub.com).

Discussion

In this secondary analysis of the LEG-UP feasibility study,
randomized assignment to ELP was associated with a lower
day-7 NIHSS score after adjustment for baseline stroke se-
verity. The unadjusted difference in day-7 NIHSS was small
and imprecise. The larger adjusted estimate reflects two
features of the data: the ELP group had a marginally higher
mean baseline NIHSS, and day-7 NIHSS increased by more
than 1 point per baseline point. ANCOVA correctly removes
this baseline imbalance, but the divergence between the ad-
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Figure 1. Neurologic trajectory and change in NIHSS score from baseline to day 7, according to treatment group. (a) Individual
patient trajectories in NIHSS score from baseline to day 7 in the control group (25 patients) and the elevated leg positioning (ELP)
group (25 patients). Each line represents one patient and connects the baseline and day-7 NIHSS scores. (b) The mean NIHSS
score at baseline and day 7 in each treatment group; error bars indicate 95% Cls. (c) The change in NIHSS score from baseline to
day 7 (day-7 score minus baseline score) in each treatment group. Boxes indicate the interquartile range, horizontal lines indicate
the medians, and whiskers indicate the most extreme values within 1.5 times the interquartile range; individual observations are
shown as points. (d) The change in NIHSS score from baseline to day 7 in the ELP group according to treatment adherence, with
patients categorized as having received uninterrupted ELP (21 patients) or interrupted ELP (four patients). More negative values
in (c) and (d) indicate greater reductions in NIHSS score and therefore greater improvement in neurologic status. Cl: confidence
interval; ELP: elevated leg positioning; NIHSS: National Institutes of Health Stroke Scale.

justed and unadjusted estimates means the finding depends
materially on model specification, and it should be reported
and interpreted as such rather than presented as a single un-
qualified treatment effect.

The clinical interpretation of an approximately 2-point
difference also warrants caution. A change of 2 or more
points on the NIHSS has been used in prior trials as a con-
vention for identifying potentially relevant change in serial
neurologic status, but this threshold has not been indepen-
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dently validated as a minimal clinically important difference
[34]. The more commonly applied threshold for early neu-
rologic improvement is a reduction of 4 or more points, and
recent work suggests that percentage change in NIHSS may
predict functional outcome and recanalization more reliably
than an absolute point change [35, 36]. The present findings
therefore represent a statistical association of uncertain clini-
cal magnitude rather than a validated measure of meaningful
early recovery.

257



Neurologic Trajectories After ELP

J Neurol Res. 2026;16(4):250-262

This analysis does not establish that a between-group dif-
ference in early NIHSS translates into patient-level functional
benefit. Early neurologic change and longer-term functional
outcome can dissociate, as illustrated by mobilization trials in
which effects on early impairment did not track cleanly with
3-month disability [37, 38]. Modeling follow-up NIHSS by
ANCOVA with baseline as a covariate, and reporting esti-
mated marginal means, is statistically preferable to analysis of
change from baseline, which rests on assumptions that are fre-
quently unmet and loses power [39]. However, the surrogate
validity of early NIHSS has been established primarily in acute
reperfusion trials (thrombolysis and endovascular thrombecto-
my), where it is considered suitable as a primary outcome par-
ticularly for phase II studies; its extrapolation to a positioning
intervention such as ELP, whose hypothesized mechanism is
hemodynamic rather than reperfusion-based, is unproven [40].
Confirmation using a patient-centered functional endpoint
such as the mRS is therefore required before this endpoint can
be used to support efficacy claims.

The LEG-UP cohort was restricted by design to large ar-
tery atherosclerosis, and no participant had atrial fibrillation
or other cardioembolic source. Cardioembolic stroke follows
a distinct and often more severe early course, driven substan-
tially by the risk of early recurrent embolism [41]. The physi-
ological rationale for ELP, augmentation of cerebral perfusion
via collateral flow in a steno-occlusive lesion, may not extend
to an embolic mechanism with a fundamentally different risk
profile. There is also a theoretical concern that positional
change could influence embolic redistribution. The safety and
efficacy of ELP in cardioembolic stroke is therefore an open
question requiring dedicated study and cannot be inferred from
the present findings.

Whether ELP is feasible, safe, and beneficial in the oldest-
old population could not be determined in this analysis. This
population has a distinct causal profile, a greater burden of
medical complications, and mortality driven substantially by
altered consciousness rather than baseline neurologic deficit;
only four participants were 80 years of age or older, and pa-
tients with impaired consciousness were excluded by proto-
col [42]. This population represents a clinically important and
mechanistically distinct direction for future investigation, ide-
ally in a cohort that reflects the causal diversity and coexisting-
illness burden characteristic of very elderly patients with acute
ischemic stroke.

Several features of this analysis mitigate the effects of the
small sample size. Residual diagnostics were reassuring, with
no evidence of non-normality, non-linearity, or non-parallel
slopes, but the variance of day-7 NIHSS was not constant
across the sample, so model-based standard errors alone are
not sufficient; a heteroscedasticity-robust interval and a per-
mutation-based randomization test support the direction and
approximate magnitude of the estimate under weaker assump-
tions. A resampling-based sensitivity analysis, performed both
unstratified and stratified by allocation, produced estimates
close to the model-based result. Because the bootstrap resam-
ples the same 50 participants, this indicates only that the esti-
mate is not an artifact of the specific residuals or an unstable
fit; it does not substitute for replication in an independently
sampled, adequately powered cohort [27].

Early neurologic trajectory as an intermediate outcome

The primary analysis modeled continuous day-7 NIHSS rath-
er than a binary endpoint. Retaining the full range of NIHSS
avoids the loss of information, and the substantial loss of power,
associated with dichotomization [14, 15]. Adjusting for baseline
via ANCOVA accounts for the dominant prognostic influence of
initial severity and, in randomized trials, provides unbiased and
more precise estimates than change-score analysis [19-21]. The
association between baseline and day-7 NIHSS observed in this
cohort supports baseline adjustment as a methodologically ap-
propriate approach for a future trial, while also explaining why
the adjusted and unadjusted estimates diverged in this analysis.

Magnitude of the observed effect

The observed adjusted difference would be notable for a simple,
noninvasive, potentially scalable intervention if replicated. The
CI is compatible with effects ranging from marginal to moder-
ately large, and the unadjusted analysis, which showed no sig-
nificant difference, is a reminder that this range should not be
read as excluding a null or trivial effect in an adequately pow-
ered, more heterogeneous population. These findings should be
interpreted with appropriate caution given the sample size and
the post hoc nature of the analysis [27, 28].

Dissociation between early neurologic and 90-day func-
tional findings

The day-7 NIHSS effect was accompanied by a modest, impre-
cise difference in 90-day functional independence and in mortal-
ity. Both intervals include the null, and sensitivity analyses ac-
counting for the participants lost to follow-up did not materially
change this conclusion. This dissociation is consistent with prior
positioning trials in which hemodynamic or early neurologic
signals did not translate into functional benefit [6, 8]. Potential
explanations include limited power for a dichotomized 90-day
endpoint in this small cohort, incomplete follow-up, individual-
patient misclassification of early NIHSS relative to 90-day mRS
(reported at roughly 25% in prior work) [13], and the contribution
of post-acute factors: rehabilitation, lesion location, cognition,
medical complications, and social support, to functional recovery
[14]. The early neurologic signal should be regarded as hypothe-
sis-generating and should not be interpreted as evidence of dura-
ble functional benefit or of a mortality effect in either direction.

Potential mechanisms

The observed association is biologically compatible with the hy-
pothesis that leg elevation increases venous return and preload,
thereby modifying cerebral perfusion pressure in tissue depend-
ent on collateral circulation [3—5]. This study did not measure
cerebral perfusion, cardiac output, or collateral status, so this
mechanistic interpretation remains hypothetical. Because the
eligibility criteria restricted enrollment to probable large-artery
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atherosclerosis with a single, well-defined culprit lesion and
excluded cardioembolic and other stroke etiologies, any per-
fusion-mediated mechanism, if present, may be specific to this
population and may not generalize to other stroke mechanisms.
Larger positioning trials in broader populations have not translat-
ed hemodynamic effects into functional benefit [6, 8], underscor-
ing that an early neurologic association in a small, etiologically
restricted cohort cannot establish a perfusion-mediated mecha-
nism. Future studies incorporating perfusion imaging, collateral
assessment, transcranial Doppler, or continuous blood-pressure
monitoring are needed to determine whether treatment-associat-
ed neurologic change is hemodynamically mediated [3, 4].

END and safety

No END event occurred in either group, and no SAEs were re-
corded during the 7-day treatment window. Because there were
no events, the CI for the between-group difference is wide and
cannot exclude a clinically important difference in END risk in
either direction; the finding should be interpreted as reassur-
ing but inconclusive rather than as evidence of safety. Reported
END incidence in the broader stroke literature ranges from ap-
proximately 7% to 23% depending on definition and population
[29-31]; the absence of events here likely reflects the small sam-
ple, the restrictive eligibility criteria (moderate NIHSS, single-
vessel large-artery disease, exclusion of hemorrhage and cardi-
oembolism), and close early monitoring. A future trial should
retain a prospectively defined END outcome and enroll a sam-
ple large enough to estimate group differences with reasonable
precision. Also, the cause of death was not adjudicated in the
parent dataset, precluding classification of the observed deaths
as neurological or non-neurological. The numerically lower 90-
day mortality in the ELP group should therefore be interpreted
with substantial caution; with this event count, we cannot dis-
tinguish a true mechanistic effect from chance, and future trials
should prospectively incorporate independent, blinded cause-of-
death adjudication as a secondary endpoint.

Feasibility and clinical translation

Most ELP participants completed treatment without interrup-
tion, meeting the parent study’s prespecified feasibility thresh-
old; interruptions were attributable to discomfort and anxiety.
Mean NIHSS change was similar in interrupted and uninterrupt-
ed participants, though this comparison is descriptive, based on
a post-randomization subgroup, and not causally interpretable.
ELP therefore appears implementable in an acute stroke unit
with the described protocol, though patient tolerance remains a
consideration, consistent with prior positioning trials in which
deviation from habitual positioning reduced adherence [6]. A fu-
ture efficacy trial should prospectively monitor treatment fidel-
ity, cumulative exposure, and reasons for interruption.

Implications for future research

This analysis provides parameters to inform a future trial: an

adjusted point estimate with a CI extending from a small to a
moderate effect, a strong baseline—day-7 correlation supporting
continued use of baseline-adjusted ANCOVA, and evidence that
continuous NIHSS modeling is feasible in this population [12,
19]. Given the unadjusted-versus-adjusted discrepancy identi-
fied here, a future trial should prespecify the adjusted analysis,
its covariates, and its handling of any baseline imbalance be-
fore unblinding. It should also specify: (1) baseline NIHSS as
the primary adjustment covariate; (2) standardized timing of
follow-up NIHSS assessment; (3) a prospectively defined END
outcome with adequate power; (4) 90-day functional outcome
as a co-primary or key secondary outcome; (5) systematic cap-
ture of treatment adherence and interruptions; (6) vascular and
perfusion characteristics where feasible; and (7) a prespecified,
clinically justified target effect size [29, 32]. Because this co-
hort was restricted to large-artery atherosclerosis, a future trial
should determine whether effects, if any, extend to other stroke
mechanisms, or should retain similar eligibility criteria and de-
scribe this as a limitation on generalizability.

Strengths and limitations

Strengths include randomized allocation as the primary ex-
posure, limiting confounding; complete ascertainment of the
primary outcome and of END and SAEs in all randomized
participants; a well-defined, protocol-driven intervention with
documented adherence; baseline adjustment using a method
that is unbiased and efficient in randomized trials; robustness
of the point estimate across multiple sensitivity approaches; and
preservation of continuous NIHSS data. Limitations include the
small sample size, which limits precision, generalizability, and
the interpretability of subgroup analyses (all of which were ex-
ploratory and underpowered); a parent-trial design intended to
assess feasibility rather than efficacy; a substantial divergence
between the unadjusted and baseline-adjusted treatment effect
that cannot be fully resolved at this sample size; heteroscedas-
tic residuals requiring robust standard errors; an exploratory
analysis of multiple secondary outcomes without multiplicity
adjustment; incomplete 30-day mortality and 90-day mRS data;
zero END and SAEs, which precludes any comparative safety
estimate; the absence of mechanistic perfusion or hemodynamic
measurement; open-label treatment delivery, with masking lim-
ited to outcome assessment; a restrictive, single-etiology, single-
center eligibility profile that may limit generalizability; and post
hoc registration of the trial record, so that this specific baseline-
adjusted analysis was not prospectively specified. Given that
larger positioning trials in broader populations have been neutral
[6-8], these findings should be viewed as hypothesis-generating
and supportive of further evaluation, not as evidence of efficacy.

Conclusions

In this exploratory study of acute moderate ischemic stroke,
ELP was associated with a lower baseline-adjusted day-7
NIHSS score than control, though the unadjusted difference
was small and 90-day estimates were consistent with no dif-
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ference. No END occurred in either group, but the absence
of events precludes conclusions about safety. These findings
do not establish efficacy; hence, a larger, adequately powered,
randomized trial with a patient-centered primary outcome,
such as the 90-day mRS score, is warranted.
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