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ABSTRACT

Objectives To understand variability in modified Rankin
Scale scores from discharge to 90 days in acute ischaemic
stroke patients following treatment, and examine
prediction of 90-day modified Rankin Scale score by
using discharge modified Rankin Scale and discharge
disposition.

Materials and methods Retrospective analysis of

acute ischaemic stroke patients following treatment

was performed from January 2016 to March 2020.

Data collection included demographic and clinical
characteristics and outcomes data (modified Rankin Scale
score at discharge, 30 days and 90 days and discharge
disposition). Pearson’s x2 test assessed statistical
differences in distribution of modified Rankin Scale scores
at discharge, 30 days and 90 days. The predictive power
of discharge modified Rankin Scale score and disposition
quantified the association with 90-day outcome.

Results A total of 280 acute ischaemic stroke patients
(65.4% aged >65 years, 47.1% female, 60.7% white)
were included in the analysis. The modified Rankin Scale
score significantly changed between 30 and 90 days

from discharge (p<0.001) after remaining stable from
discharge to 30 days (p=0.665). The positive and negative
predictive values of an unfavourable long-term outcome
for discharge modified Rankin Scale scores of 3—-5 were
67.7% (95% Cl 60.4% to 75.0%) and 82.0% (95% ClI
75.1% to 88.8%), and for non-home discharge disposition
were 72.4% (95% Cl 64.5% to 80.2%) and 74.5% (95% CI
67.8% to 81.3%), respectively.

Conclusions Discharge modified Rankin Scale score

and non-home discharge disposition are good individual
predictors of 90-day modified Rankin Scale score for
ischaemic stroke patients following treatment.

INTRODUCTION

Stroke is the primary cause of adult-onset
disability and a leading cause of death in the
USA." Understanding the degree of long-
term disability in stroke survivors is important
for rehabilitation planning, estimating the
cost efficiency of stroke care and determining
the efficacy of acute stroke interventions
and rr1an21gemc3nt.2_4 The modified Rankin

Scale (mRS) score is the standard disability
outcome measure used in both stroke patient
care and clinical trials and has been found to
be especially valuable when evaluated at 90
days after stroke onset.”™

Because of the practical difficulty obtaining
reliable follow-up information from stroke
survivors, mRS scores are not commonly
assessed after patient discharge in clinical
settings. Even in research studies, long-term
follow-up is often challenging and incom-
plete. Therefore, discharge mRS scores are
often employed as a surrogate for long-term
outcomes.® One study of 261 patients in a
statewide hospital-based acute stroke registry
found discharge mRS to be a strong indepen-
dent predictor of 90-day mRS scores.” Another
study found that discharge mRS correlates
strongly with clinical scores predicting long-
term adverse outcomes.'” However, both
concluded that discharge mRS score is not
a sufficient proxy of 90-day mRS score based
on their calculations of Cohen’s weighted
kappa statistics between 0.21 and 0.40, a
range which has been suggested to indicate
only fair agreement.'’ Nevertheless, there is
some evidence that 30-day mRS scores may be
a good proxy for 90-day mRS score.'*

Furthermore, others have used discharge
disposition, whichis readily available in admin-
istrative claims databases, as the primary post-
stroke outcome.'”™'® While previous studies
examining the association between discharge
disposition and 90-day mRS indicate that
discharge disposition is a good predictor of
90-day mRS scores, these were conducted
within clinical trials.'”® There is no research
assessing the association between discharge
disposition and 90-day mRS in the clinical
practice setting, which is necessary to ensure
findings from clinical trials are generalisable
to real-world populations.
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The purpose of this study was to better understand the
variability of individual mRS scores from stroke hospi-
talisation discharge to 90 days and to assess prediction
of 90-day mRS scores using discharge mRS scores and
discharge disposition in a non-clinical trial cohort.

MATERIALS AND METHODS

Study population

A consecutive series of acute ischaemic stroke patients
treated at a single comprehensive stroke centre from
January 2016 to March 2020 were identified from the
Get-With-The-Guidelines Stroke (GWTG-Stroke) registry.
Patients meeting the following inclusion criteria were
studied: aged =18 years; discharge diagnosis of acute isch-
aemic stroke; arrival to the comprehensive stroke centre
within 24 hours of last known well time; and treatment
with either intravenous tissue-type plasminogen activator
(IV-tPA) or endovascular therapy (EVT) or both. Patients
were excluded if they expired during hospitalisation; were
not discharged to home, inpatient rehabilitation facility
(IRF), or skilled nursing facility (SNF); or had incom-
plete mRS scores from the 30-day and/or 90-day follow-up
periods. We only included treated patients in our anal-
ysis because this group primarily had complete follow-up
mRS scores available in the GWTG-Stroke registry. The
mRS assessments were performed by neurology residents
who are certified in mRS scoring.

Data collection

Data were collected and managed using Research Elec-
tronic Data Capture.”’ Individual patientlevel demo-
graphic and clinical data was collected: age (<65, 265),
biological sex, race (white, black, other), admission
National Institutes of Health Stroke Scale (NIHSS)
score (0-9, 10-19, 20-42), transfer status from primary
stroke centre, last known well time to arrival (0-6 hours,
6—24 hours), stroke treatment type (IV-tPA, EVT, both),
length of stay (LOS) (<7 days, >7 days), and stroke
risk factors (atrial fibrillation, coronary artery disease,
diabetes mellitus, dyslipidaemia, hypertension, obesity,
previous stroke and smoking history). Consistent with
previous studies, discharge disposition was categorised
as discharged to either home, IRF or SNFE."" The mRS
score was adapted from the original Rankin Scale score to
include levels 0 and 6, thus categorising the magnitude
of disability into one of 7 mutually exclusive categories:
0 (no symptoms), 1 (no significant disability), 2 (slight
disability), 3 (moderate disability), 4 (moderately severe
disability), 5 (severe disability), 6 (expired).*' **

Statistical analysis

Group comparisons were conducted using Pearson’s chi-
squared test for categorical variables. The mRS scores
at discharge, 30 days and 90 days were categorised as:
good outcome (mRS 0-2), poor outcome (mRS 3-5)
and expired (mRS 6). An unfavourable outcome (mRS
score of 3-6 at 90 days) was selected as the outcome of

interest in the prediction modelling. Pearson’s x2 test was
performed among all combinations of the distributions of
mRS scores at discharge, 30 days and 90 days. Multivariate
logistic regression was used to estimate the association
between all model variables and 90-day mRS (dependent
variable). The least absolute shrinkage and selection
operator (LASSO) logistic regression with 10-fold cross-
validation and bootstrapped resamples was used to select
the most important predictors of 90-day mRS. LASSO
predictors were selected using the one-standard-error
rule with receiver operating characteristic area under the
curve as the performance metric.* Positive and negative
predictive values (PPV and NPV) and positive and nega-
tive likelihood ratios (PLR and NLR) were computed.
The PPV represents the proportion of patients that expe-
rienced an unfavourable outcome according to the vari-
able of interest, while the NPV represents the proportion
of patients that experienced a favourable outcome when
the variable of interest is negated. The PLR measures how
likely the variable of interest predicts an unfavourable
outcome, while the NLR measures how likely the negated
variable of interest predicts a favourable outcome. We
used a weighted generalised score statistic to compare
PPVs and NPVs.** Statistical significance was assessed as
p-values less than 0.05. All analyses were performed using
R version 4.0.0 (R Foundation for Statistical Computing,
Vienna, Austria), and Sankey diagrams were generated
using the ggalluvial package V.0.11.3.% %

RESULTS

A total of 816 patients with acute ischaemic stroke who
received treatment were identified from the GWTG-
Stroke registry during the study period. Figure 1 presents
the flow diagram for patient inclusion in this study. Of the
816 ischaemic stroke patients with a recorded discharge
mRS score, 10.7% (87/816) expired during the hospi-
talisation and were excluded from the analyses. Of the
remaining stroke survivors, 3.8% (28/729) were excluded

Treated patients with acute
ischemic stroke from
January 2016 through
March 2020: n=2816

Discharge mRS = 6:

n=_87
n=729
Not discharged home or to inpatient
rehabilitation facility or skilled nursing
facility: n =28
n=701

Incomplete follow-up: n =421
-156 with no 30- or 90-day follow-up
-258 with no 90-day follow-up
-7 with no 30-day follow-up

Final cohort: n =280

Figure 1 Flow diagram of patient inclusion in the study
cohort. MRS, modified Rankin Scale.
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due to leaving against medical advice or were discharged
to hospice or some other ambiguously labelled facility. In
this exclusion group, only 25.0% (7/28) of patients had
complete follow-up information—all of whom expired
by 90 days. Of the remaining patients, 60.1% (421/701)
had incomplete follow-up information after discharge,
with 37.1% (156/421) missing both 30-day and 90-day
mRS score, 61.3% (258/421) missing only 90-day mRS
score, and 1.7% (7/421) missing only 30-day mRS score.
The final study cohort was comprised of 280 treated
acute ischaemic stroke survivors having complete mRS
scores recorded at discharge, 30-day and 90-day follow-up
periods.

Table 1 outlines the demographic and clinical char-
acteristics of the study cohort overall and stratified by
discharge disposition. Overall, patients were 65.4%
(183/280) aged =65 years (mean of 69.8 years with
range of 30-96 years), 47.1% (132/280) female and
60.7% (170/280) white with 88.6% (248/280). Online
supplemental table 1 details the differences in demo-
graphic and clinical characteristics and discharge mRS
scores between patients with and without complete
follow-up. There was no statistically significant differ-
ence in the distribution of discharge mRS scores
(p=0.556) nor discharge disposition (p=0.683) in the
study cohort with complete follow-up data compared
with patients excluded from this study because of incom-
plete follow-up data.

Among all patients, 43.6% (122/280) were discharged
home, 41.4% (116/280) to IRF, and 15.0% (42/280) to
SNF. When compared with those discharged to IRF or SNF,
those who were discharged home had the highest propor-
tion of admission NIHSS scores between 0 and 9 (67.2%
(82/122), p<0.001), LOS<7 days (91.0% (111/122),
p<0.001) and IV-tPA (91.8% (112/122), p=0.002). Those
discharged to IRF, compared with the other two groups,
had significantly more male patients (65.5% (76/116),
p<0.001), transfer patients from a primary stroke centre
(60.3% (70/116), p=0.007) and EVT patients (56.9%
(66/116), p<0.001). Those discharged to SNF had signifi-
cantly higher proportion of patients=65 years (88.1%
(37/42), p=0.003) and the highest proportions of stroke
risk factors, including atrial fibrillation (42.9% (18/42),
p<0.001) and previous stroke (19.0% (8/42), p=0.038),
with the lowest proportion of patients arriving within 6
hours of last known well time (76.2% (32/42), p=0.023).
There were no significant differences among the
discharge disposition groups according to race, coronary
artery disease, diabetes mellitus, dyslipidaemia, hyperten-
sion, obesity or smoking.

Table 1 also shows the discharge, 30-day and 90-day
mRS scores of stroke survivors for the study cohort and
stratified by discharge disposition. For each time period,
patients discharged to home had the highest percentage
of mRS scores 0, 1 and 2, IRF had the highest percentage
of patients with mRS score 3, and SNF had the highest
percentage of patients with mRS scores 4, 5 and 6
(p<0.001), with the exception that the mRS scores of 2

and 4 at 90 days being highest proportionally for those
discharged to IRF.

Table 2 compares the distribution of mRS scores
at different intervals (discharge, 30-day and 90-day
follow-up) for the study cohort and stratified by discharge
disposition. The distribution of discharge and 30-day mRS
scores were not significantly difference for the overall
cohort (p=0.665) or when stratified by discharge disposi-
tion (Home (p=1); IRF (p=1); SNF (p=0.637)). However,
there were significant differences in the distribution
of mRS scores when comparing 90-day mRS to either
discharge or 30-day mRS for the overall cohort and when
stratified by discharge dispositions of home (discharge
vs 90 days (p<0.001); 30 days vs 90 days (p<0.001)) and
SNF (discharge vs 90 days (p<0.001), 30 days vs 90 days
(p=0.026)). The significant variability in mRS scores over
time are more explicitly seen when the paths of mRS scores
are drawn out from discharge to 30 days to 90 days with
a Sankey diagram (figure 2A). Despite the lack of statisti-
cally significant difference between discharge and 90-day
mRS score when stratified for patients discharged to IRF
(p=0.149), 13.8% (16/116) of patients worsened from
the mRS 0-2 group at discharge to the mRS 3-6 group at
90 days and 21.6% (25/116) of patients improved from
the mRS 3-5 group at discharge to the mRS 0-2 group at
90 days (figure 2B).

The multivariate logistic regression results are reported
in table 3. Age >65 years (OR: 2.27, p=0.044), males (OR:
0.36, p=0.009), diabetes mellitus (OR: 3.35, p=0.010),
discharge mRS of 3-5 (OR: 3.13, p=0.005), discharge
disposition of home (OR: 0.32, p=0.011) and LOS>7
days (OR: 3.72, p=0.002) were found to be significantly
associated with mRS scores of 3-6 at 90 days. When
performing variable selection with LASSO, only age =65
years (OR: 2.88, p=0.002), discharge mRS of 3-5 (OR:
2.76, p=0.005), discharge disposition (home (OR: 0.44,
p=0.037), SNF (OR: 3.62, p=0.005)), and LOS>7 days
(OR: 2.99, p=0.002) were selected.

Table 4 displays the predictive values for the discharge
variables selected by the LASSO model and the overall
predictions made by this model for observing mRS
scores of 3—-6 at 90 days. Because the discharge disposi-
tion of home is more closely correlated with a favourable
outcome than an unfavourable one, we used the combi-
nation of the two non-home sites, that is, IRF/SNF, as
a single discharge disposition. Of the patients that the
selected variables model predicted to have an unfavor-
able outcome (90-day mRS 3-6), 74.4% (95% CI 67.0% to
81.8%) are predicted correctly (PPV); and of the patients
that this model predicted to have a favourable outcome
(90-day mRS 0-2), 79.6% (95% CI 73.1% to 86.1%)
are predicted correctly (NPV). This PPV is significantly
greater than the PPV of discharge disposition IRF/SNF
(p=0.002), but not significantly different than that of
discharge mRS 3-5 (p=0.318). Similarly, the model’s NPV
is significantly greater than the NPV of discharge mRS
3-5 (p=0.045), but not significantly different than that
of discharge disposition IRF/SNF (p=0.191). The PPV,
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Table 1 Demographic and clinical characteristics and outcomes of stroke survivors who received treatment stratified by

discharge disposition

Overall Home IRF SNF
Variable n=280 n=122 (43.6%) n=116 (41.4%) n=42 (15.0%) P value
Age 0.003
<65 97 (34.6%) 50 (41.0%) 42 (36.2%) 5(11.9%)
>65 183 (65.4%) 72 (59.0%) 74 (63.8%) 37 (88.1%)
Sex <0.001
Female 132 (47.1%) 65 (53.2%) 40 (34.5%) 27 (64.3%)
Male 148 (52.9%) 57 (46.7%) 76 (65.5%) 15 (35.7%)
Race 0.885
Black 51 (18.2%) 21 (17.2%) 20 (17.2%) 10 (23.8%)
Other 59 (21.1%) 26 (21.3%) 24 (20.7%) 9 (21.4%)
White 170 (60.7%) 75 (61.5%) 72 (62.1%) 23 (54.8%)
NIHSS on Admission <0.001
0-9 120 (42.9%) 82 (67.2%) 30 (25.9%) 8 (19.0%)
10-19 03 (36.8%) 26 (21.3%) 56 (48.3%) 21 (50.0%)
20-42 56 (20.0%) 14 (11.5%) 29 (25.0%) 13 (31.0%)
Missing 1 (0.4%) 0 (0.0%) 1(0.9%) 0 (0.0%)
Stroke risk factors
Atrial fibrillation 59 (21.1%) 0 (15.6%) 2 (19.0%) 8 (42.9%) <0.001
Coronary artery disease 46 (16.4%) 0 (16.4%) 5 (12.9%) 1(26.2%) 0.138
Diabetes mellitus 54 (19.3%) 3 (18.9%) 0(17.2%) 1(26.2%) 0.447
Dyslipidaemia 105 (37.5%) 48 (39.3%) 6 (31.0%) 1(50.0%) 0.080
Hypertension 171 (61.1%) 7 (54.9%) 75 (64.7%) 9 (69.0%) 0.158
Obesity 124 (44.3%) 5 (45.1%) 56 (48.3%) 3 (31.0%) 0.149
Previous stroke 25 (8.9%) 0 (8.2%) 7 (6.0%) 8 (19.0%) 0.038
Smoker 41 (14.6%) 1(17.2%) 19 (16.4%) 1(2.4%) 0.050
Last known well time to arrival 0.023
0-6 hours 248 (88.6%) 111 (91.0%) 105 (90.5%) 32 (76.2%)
6-24 hours 27 (9.6%) 10 (8.2%) 10 (8.6%) 7 (16.7%)
Missing 5(1.8%) 1(0.8%) 1(0.9%) 3(7.1%)
Transfer 0.007
Transfer 137 (48.9%) 49 (40.2%) 0 (60.3%) 18 (42.9%)
Not transfer 117 (41.8%) 64 (52.5%) 5 (30.2%) 18 (42.9%)
Missing 26 (9.3%) 9 (7.4%) 1(9.5%) 6 (14.3%)
IV-tPA 233 (83.2%) 112 (91.8%) 9 (76.7 %) 32 (76.2%) 0.003
EVT 111 (39.6%) 26 (21.3%) 6 (56.9%) 19 (45.2%) <0.001
LOS <0.001
<7 days 160 (57.1%) 111 (91.0%) 39 (33.6%) 10 (23.8%)
>7 days 120 (42.9%) 11 (9.0%) 77 (66.4%) 32 (76.2%)
Discharge mRS <0.001
0 64 (22.9%) 55 (45.1%) 6 (5.2%) 3 (7.1%)
1 57 (20.4%) 39 (32.0%) 15 (12.9%) 3(7.1%)
2 36 (12.9%) 8 (14.8%) 16 (13.8%) 2 (4.8%)
3 47 (16.8%) 7 (5.7%) 30 (25.9%) 10 (23.8%)
4 61 (21.8%) 1(0.8%) 41 (35.3%) 19 (45.2%)
5 5 (5.4%) 2 (1.6%) 8 (6.9%) 5(11.9%)
Continued
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Table 1 Continued

Overall Home IRF SNF
Variable n=280 n=122 (43.6%) n=116 (41.4%) n=42 (15.0%) P value
30-day mRS <0.001
0 64 (22.9%) 55 (45.1%) 6 (5.1%) 3 (7.1%)
1 57 (20.4%) 39 (32.0%) 15 (12.9%) 3 (7.1%)
2 36 (12.9%) 18 (14.8%) 16 (13.8%) 2 (4.8%)
3 46 (16.4%) 7. 30 (25.9%) 9 (21.4%)
4 58 (20.7%) 1(0.8% 41 (35.3%) 16 (38.1%)
5 15 (5.4%) 2(1.6% 8 (6.9%) 5(11.9%)
6 4(1.4%) 0(0.0% 0(0.0%) 4 (9.5%)
90-day mRS <0.001
0 75 (26.8%) 61 (50.0%) 11 (9.5%) 3(7.1%)
1 59 (21.1%) 38 (31.1%) 19 (16.4%) 2 (4.8%)
2 17 (6.1%) 1(0. 16 (13.8%) 0(0.0%)
3 46 (16.4%) 15 (12.3%) 26 (22.4%) 5(11.9%)
4 42 (15.0%) 6(4.9% 28 (24.1%) 8 (19.0%)
5 19 (6.8%) 0(0.0% 12 (10.3%) 7 (16.7%)
6 22 (7.9%) 1(0.8% 4 (3.4%) 17 (40.5%)

All variables were presented with n (%). The denominator for the stratified groups in the header is n=280. Comparison of the discharge

groups were conducted using Pearson’s %2 test.

EVT, endovascular therapy; IRF, inpatient rehabilitation facility; IV-tPA, intravenous tissue-type plasminogen activator; LOS, length of
stay; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; SNF, skilled nursing facility.

NPV, PLR and NLR values for all discharge variables are
in online supplemental table 2.

DISCUSSION

This study demonstrates the use of employing both
discharge mRS and discharge disposition for predicting
90-day mRS scores, the standard measure of long-term
functional outcomes in acute ischaemic stroke patients.
Itis important to understand the predictive value of these
variables because both discharge mRS and discharge
disposition are readily available in clinical and admin-
istrative datasets enabling widespread study of stroke
outcomes following treatment outside the context of clin-
ical trials in real-world practice.

The first part of our analysis showed that although there
were minimal changes in patient mRS scores between
discharge and 30 days, there were considerable differ-
ences between 30 and 90 days. This finding aligns with the
observation that there is only modest agreement between
discharge and 90-day mRS in clinical settings.” ' Even
though the changes in mRS scores between 30 days and
90 days are statistically significant (table 2), we find that
figure 2 is even more informative on this matter. When
we study these numbers at the individual patient level,
we find that 98.6% (276/280) of patients maintained
the exact same functional status between discharge and
30 days, while this was only true for 31.8% (89,/280) of
patients between 30 and 90 days. Moreover, the functional

Table 2 Comparison of MRS scores between interval time periods stratified by discharge disposition

Overall Home IRF SNF
Variable n=280 n=122 (43.6%) n=116 (41.4%) n=42 (15.0%)
Discharge mRS
vs 30-day mRS p=0.665 p=1 p=1 p=0.635
vs 90-day mRS p<0.001 p<0.001 p=0.149 p<0.001
30-day mRS
vs 90-day mRS p<0.001 p<0.001 p=0.149 p=0.026

Numbers presented are Pearson’s 2 two sample test p values for mRS scores at different time points. The denominator for the stratified groups in
the header is n=280. Group comparisons were conducted using the Pearson’s %2 test for overall and each discharge disposition.
IRF, inpatient rehabilitation facility; mRS, modified Rankin Scale; SNF, skilled nursing facility.
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Figure 2

(A) Sankey diagram demonstrating the variability in mRS scores from discharge to 30 days to 90 days for the overall

stroke survivor cohort (n=280). (B) Sankey diagram demonstrating the variability in the mRS scores from discharge to 30 days
to 90 days for stroke survivors stratified by discharge disposition. The mRS scores are categorised as good outcome (MRS
0-2), poor outcome (MRS 3-5) and death (MRS 6). IRF, inpatient rehabilitation facility; mRS, modified Rankin Scale; SNF, skilled

nursing facility.

status of 33.2% (93/280) and 35.0% (98/280) of patients
improved and worsened, respectively, between 30 and 90
days. This observation is upheld to some extent when the
mRS scores are stratified by discharge disposition. Since
most improvement from rehabilitation has been reported
within the first 90 days after stroke, we would not expect
significant changes observed in mRS scores between
discharge and 90 days to continue.”” ® Because there was
almost no difference between mRS scores at discharge
and 30 days in our study, and discharge scores are more
likely to exist in comparable studies, we used discharge
mRS scores for the rest of the analysis.

Although the previous observations indicate that there
is a descriptive statistical difference between mRS scores
at discharge and 90 days, there may be a use for the inter-
mediate outcomes of discharge disposition and discharge
mRS to predict 90-day mRS score. Thus, we investigated
discharge disposition and mRS score, both individually,
and in combination with additional factors to predict
90-day mRS score. First, instead of using all possible vari-
ables to build a final predictive model of 90-day mRS
score, we used LLASSO to select a subset of these variables

with the idea that LASSO will select discharge disposition
and discharge mRS if they are deemed to have better
predictive capabilities than other available variables. In
our analysis, discharge disposition and discharge mRS
were selected along with age and LOS.

In table 4, we found that the selected variable model
significantly outperformed discharge disposition and
discharge mRS in one of the two predictive metrics
(PPV or NPV), but not both. Specifically, we found no
significant difference between the model and discharge
disposition when predicting a favourable 90-day mRS
score, and no significant difference between the model
and discharge mRS when predicting an unfavourable
90-day mRS score. These results provide more evidence
that discharge disposition and discharge mRS are good
individual predictors of 90-day mRS score, even outside
the context of clinical trials."” " Given that we observed
almost no difference between discharge and 30-day mRS
in our study, our finding that discharge mRS is a good
individual predictor of 90-day mRS is in accordance with
a previously published study of 5997 stroke patients aggre-
gated from numerous clinical stroke trials between 1998
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Table 3 Logistic regression analyses predicting 90-day mRS score for the two model versions using all variables and selected

variables
All variables model Selected variables model
Variable OR 95% CI P value OR 95% ClI P value
(Intercept) 0.32 0.07 to 1.47 0.147 0.19 0.07 to 0.46 <0.001
Age
<65
>65 2.27 1.03t0 5.16 0.044 2.88 1.50t0 5.73 0.002
Sex
Female
Male 0.36 0.17 to 0.76 0.009
Race
White
Black 0.69 0.26 to 1.77 0.440
Other 0.55 0.24 to 1.27 0.167
NIHSS
0-9
10-19 1.83 0.73 to 4.56 0.196
20-42 1.83 0.60 to 5.64 0.287
Atrial fibrillation 2.38 0.99 to 5.96 0.057
Coronary artery disease 1.88 0.72 to 4.99 0.200
Diabetes mellitus 3.35 1.35t0 8.69 0.010
Dyslipidaemia 0.74 0.34 to 1.60 0.450
Hypertension 0.70 0.33t0 1.49 0.358
Obesity 1.06 0.54 to 2.08 0.861
Previous stroke 0.69 0.19to0 2.52 0.570
Smoker 1.51 0.58 to 3.95 0.395
IV-tPA 1.21 0.44 to 3.40 0.711
EVT 0.43 0.16 to 1.14 0.095
Discharge mRS
0-2
3-5 3.13 1.40 to 7.07 0.005 2.76 1.35 t0 5.66 0.005
Discharge disposition
IRF
Home 0.32 0.13t0 0.76 0.011 0.44 0.20 to 0.95 0.037
SNF 2.29 0.75 to 8.08 0.164 3.62 1.35t0 5.66 0.005
LOS
<7
>7 3.72 1.63 10 8.70 0.002 2.99 1.49 t0 6.05 0.002

Categories with empty OR, 95% CI and p value were the reference level in the model and p values were the reference level in the model.
EVT, endovascular therapy; IRF, Inpatient rehabilitation facility; IV-tPA, intravenous tissue-type plasminogen activator; LOS, length of
stay; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; SNF, skilled nursing facility.

and 2006 which found that the 30-day mRS alone reliably
predicted the 90-day mRS."* We also found that supple-
menting discharge information with patient age and LOS
can significantly enhance the prediction of 90-day mRS
scores, similar to what has been previously suggested in

.. . 181
clinical trials.'®

When comparing the predictive metrics of discharge
disposition for 90-day mRS score with similar studies
using data gathered for clinical trials that found discharge
disposition to be a strong independent predictor of
90-day mRS, our findings were generally similar. Our esti-
mated 95% ClIs for the PLRs and NLRs for each discharge
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Table 4 Positive and negative predictive values for selected discharge variables to predict unfavourable outcome (MRS 3-6)

at the 90-day follow-up period

Variable PPV (95% CI)

NPV (95% CI)

Discharge disposition IRF/SNF
Discharge mRS 3-5
Selected variables model

67.7% (60.4% to 75.0%)
72.4% (64.5% to 80.3%)
74.4% (67.0% to 81.8%)*

82.0% (75.1% to 88.8%)
74.5% (67.8% to 81.3%)
79.6% (73.1% to 86.1%)t

The variables in the selected variables model include age, discharge mRS, discharge disposition and LOS.
*This PPV is significantly greater than the PPV of discharge disposition IRF/SNF (p=0.002), but not significantly different than the PPV of

discharge mRS 3-5 (p=0.318).

1This NPV is significantly greater than the NPV of discharge mRS 3-5 (p=0.045), but not significantly different than the NPV of discharge

disposition IRF/SNF (p=0.191).

IRF, inpatient rehabilitation facility; LOS, length of stay; mRS, modified Rankin Scale; NPV, negative predictive value; PPV, positive

predictive value; SNF, skilled nursing facility.

disposition of predicting an unfavourable 90-day mRS
(online supplemental table 2) overlapped with those of a
recently published study analysing clinical trial data." We
make similar observations when comparing our study to
a separate study, except that the PLR for IRF was signifi-
cantly higher and NLR for IRF was significantly lower
in their study when compared with ours, based on non-
overlapping confidence intervals of these PLR and NLR
estimates.'” This indicates that the patients in our study
were more likely to have a favourable mRS score at 90
days when discharged to IRF. Although it is difficult to tell
whether this finding is a result of varying patient cohorts,
hospital discharge decisions or rehabilitation results,
it serves as further evidence of the importance of eval-
uating the predictive value of discharge disposition and
discharge mRS specifically within clinical practice.

There were a few notable limitations to this study. First,
the reasons for the lack of follow-up for excluded patients
were unknown. This potential bias can work both ways.
For those with a favourable mRS score at discharge, it may
be assumed that they were still doing well months later.
Conversely, it is possible that a patient with a favourable
outcome at discharge regressed quickly and expired, and
it was difficult to find a relative to contact for follow-up, or
the patient switched healthcare providers. Although there
were a few significant differences in the presenting char-
acteristics between patients with and without follow-up,
we highlight that there were no significant differences
in the discharge disposition nor discharge mRS (online
supplemental table 1), which supports the generalis-
ability of our results to a population of treated ischaemic
stroke patients in clinical practice. The only significant
differences between these two groups were the propor-
tion of atrial fibrillation, transfer status, and the specific
type of treatment utilisation (IV-tPA, EVT and both).
We repeated the analysis to include patients without
follow-up while using discharge mRS as the outcome, and
none of the aforementioned variables were found to be
significantly associated with discharge mRS.

Another limitation is our small sample size. Our
concern about the available sample size is one reason
why we chose to use the LASSO variable selection

procedure, so as to increase the power of our model.
Also, last known well time to arrival and transfer status
were not used in the main logistic regression analysis
because there were too many missing observations. This
time window is important for treatment, and a larger and
more complete sample size may be helpful in further
evaluating the predictive value of treatment for 90-day
mRS.

In conclusion, we found that discharge mRS scores
remained stable for the first month after discharge, regard-
less of the discharge location. However, between 30 days
and 90 days postdischarge, mRS scores changed signifi-
cantly in 2/3 of patients (approximately 1/3 improved,
1/3 deteriorated and 1/3 unchanged). Also, the discharge
mRS score and discharge disposition of home by them-
selves do not perform significantly worse than a model
combining this information along with age and LOS for
predicting 90-day mRS in acute ischaemic stroke patients
following treatment. In particular, discharge mRS 3-5
predicted unfavourable outcomes (90-day mRS 3-6)
while discharge disposition to home predicted favour-
able outcomes (90-day mRS 0-2) similar to the model.
Thus, if a proxy for 90-day mRS must be used, it may be
sufficient to use one of these two discharge variables by
themselves. Although generalising these results to only
the treated population may seem limiting, we know that
the number of ischaemic stroke patients arriving within
the treatment window for IV-tPA has increased over time
and that approximately three-fourths of these patients are
able to receive treatment.?’ Also, with extension of the
EVT treatment eligibility time window up to 24 hours, the
number of hospitals performing EVT has increased over
time, even in lower annual EVT volume hospitals.” In the
future, similar analyses may be performed with adminis-
trative claims data to determine if an improved model can
be developed with more observations and data sourced
from multiple locations. If an improved model is devel-
oped with this type of data, we may better understand the
impact of stroke intervention and resource utilisation on
long-term functional outcomes with a much larger cohort
than has previously been studied.
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