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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 χ2 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% CI 60.4% to 75.0%) and 82.0% (95% CI 
75.1% to 88.8%), and for non- home discharge disposition 
were 72.4% (95% CI 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.1 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 management.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.5–7

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.8 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.9 Another 
study found that discharge mRS correlates 
strongly with clinical scores predicting long- 
term adverse outcomes.10 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.11 Nevertheless, there is 
some evidence that 30- day mRS scores may be 
a good proxy for 90- day mRS score.12

Furthermore, others have used discharge 
disposition, which is readily available in admin-
istrative claims databases, as the primary post-
stroke outcome.13–16 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.17–19 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.20 Individual patient- level demo-
graphic and clinical data was collected: age (<65, ≥65), 
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 SNF.17–19 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).21 22

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 χ2 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.23 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.24 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.0.11.3.25 26

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 

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

Variable
Overall
n=280

Home
n=122 (43.6%)

IRF
n=116 (41.4%)

SNF
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%)

  10–19 103 (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%) 20 (15.6%) 22 (19.0%) 18 (42.9%) <0.001

  Coronary artery disease 46 (16.4%) 20 (16.4%) 15 (12.9%) 11 (26.2%) 0.138

  Diabetes mellitus 54 (19.3%) 23 (18.9%) 20 (17.2%) 11 (26.2%) 0.447

  Dyslipidaemia 105 (37.5%) 48 (39.3%) 36 (31.0%) 21 (50.0%) 0.080

  Hypertension 171 (61.1%) 67 (54.9%) 75 (64.7%) 29 (69.0%) 0.158

  Obesity 124 (44.3%) 55 (45.1%) 56 (48.3%) 13 (31.0%) 0.149

  Previous stroke 25 (8.9%) 10 (8.2%) 7 (6.0%) 8 (19.0%) 0.038

  Smoker 41 (14.6%) 21 (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%) 70 (60.3%) 18 (42.9%)

  Not transfer 117 (41.8%) 64 (52.5%) 35 (30.2%) 18 (42.9%)

  Missing 26 (9.3%) 9 (7.4%) 11 (9.5%) 6 (14.3%)

IV- tPA 233 (83.2%) 112 (91.8%) 89 (76.7%) 32 (76.2%) 0.003

EVT 111 (39.6%) 26 (21.3%) 66 (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%) 18 (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 15 (5.4%) 2 (1.6%) 8 (6.9%) 5 (11.9%)

Continued
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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. 
It is 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.9 10 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 

Variable
Overall
n=280

Home
n=122 (43.6%)

IRF
n=116 (41.4%)

SNF
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 (5.7%) 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 (0.8%) 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 χ2 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.

Table 1 Continued

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

Variable
Overall
n=280

Home
n=122 (43.6%)

IRF
n=116 (41.4%)

SNF
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 χ2 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 χ2 test for overall and each discharge disposition.
IRF, inpatient rehabilitation facility; mRS, modified Rankin Scale; SNF, skilled nursing facility.
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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.27 28 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 LASSO 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.17–19 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 

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.
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and 2006 which found that the 30- day mRS alone reliably 
predicted the 90- day mRS.12 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 
clinical trials.18 19

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% CIs for the PLRs and NLRs for each discharge 

Table 3 Logistic regression analyses predicting 90- day mRS score for the two model versions using all variables and selected 
variables

Variable

All variables model Selected variables model

OR 95% CI P value OR 95% CI 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 1.03 to 5.16 0.044 2.88 1.50 to 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 1.35 to 8.69 0.010

Dyslipidaemia 0.74 0.34 to 1.60 0.450

Hypertension 0.70 0.33 to 1.49 0.358

Obesity 1.06 0.54 to 2.08 0.861

Previous stroke 0.69 0.19 to 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 to 5.66 0.005

Discharge disposition

  IRF

  Home 0.32 0.13 to 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 1.35 to 5.66 0.005

LOS

  ≤7

  >7 3.72 1.63 to 8.70 0.002 2.99 1.49 to 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.
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disposition of predicting an unfavourable 90- day mRS 
(online supplemental table 2) overlapped with those of a 
recently published study analysing clinical trial data.19 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.17 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.29 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.30 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.

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 67.7% (60.4% to 75.0%) 82.0% (75.1% to 88.8%)

Discharge mRS 3–5 72.4% (64.5% to 80.3%) 74.5% (67.8% to 81.3%)

Selected variables model 74.4% (67.0% to 81.8%)* 79.6% (73.1% to 86.1%)†

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).
†This 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.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://neurologyopen.bm

j.com
/

B
M

J N
eurol O

pen: first published as 10.1136/bm
jno-2021-000177 on 24 June 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjno-2021-000177
https://dx.doi.org/10.1136/bmjno-2021-000177
https://dx.doi.org/10.1136/bmjno-2021-000177
http://neurologyopen.bmj.com/


9ElHabr AK, et al. BMJ Neurol Open 2021;3:e000177. doi:10.1136/bmjno-2021-000177

Open access

Author affiliations
1Department of Industrial and Systems Engineering, Georgia Institute of Technology, 
Atlanta, Georgia, USA
2Department of Neurology, Donald and Barbara Zucker School of Medicine at 
Hofstra/Northwell, Manhasset, New York, USA
3Department of Radiology, Donald and Barbara Zucker School of Medicine at 
Hofstra/Northwell, Hempstead, New York, USA
4Department of Medicine, Donald and Barbara Zucker School of Medicine at 
Hofstra/Northwell, Hempstead, New York, USA
5Center for Health Innovations and Outcomes Research, Feinstein Institute for 
Medical Research, Manhasset, New York, USA
6Siemens Healthineers, Malvern, Pennsylvania, USA
7Department of Neurology, North Shore University Hospital at Manhasset, 
Manhasset, New York, USA
8School of Economics, Georgia Institute of Technology, Atlanta, Georgia, USA
9Department of Radiology and Imaging Sciences, Emory University, Atlanta, Georgia, 
USA

Contributors AKE, DRH and PS contributed to the study conception and design. 
AKE performed material preparation, data collection and analyses. AKE wrote the 
initial draft of the manuscript, and all authors commented on previous versions 
of the manuscript with considerable feedback coming from JMK, DRH and PS. All 
authors read and approved the final manuscript.

Funding This work was supported by National Institutes of Health grant number 
R56NS114275.

Competing interests GM is a Siemens Healthineers employee and shareholder.

Patient consent for publication Not required.

Ethics approval Feinstein Institutes for Medical Research (Northwell Health) 
Institutional Review Board number HS16-0480 approval was obtained with a waiver 
of consent due to the retrospective nature of the study.

Provenance and peer review Not commissioned; internally peer reviewed.

Data availability statement The data that support the findings of this study are 
available from the corresponding author on reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iD
Andrew K ElHabr http:// orcid. org/ 0000- 0003- 3778- 5350

REFERENCES
 1 GBD 2016 Stroke Collaborators. Global, regional, and national 

burden of stroke, 1990-2016: a systematic analysis for the global 
burden of disease study 2016. Lancet Neurol 2019;18:439–58.

 2 Johnson BH, Bonafede MM, Watson C. Short- and longer- term 
health- care resource utilization and costs associated with acute 
ischemic stroke. Clinicoecon Outcomes Res 2016;8:53–61.

 3 Duncan PW, Jorgensen HS, Wade DT. Outcome measures in acute 
stroke trials. Stroke 2000;31:1429–38.

 4 Jahan R, Saver JL, Schwamm LH, et al. Association between time 
to treatment with endovascular reperfusion therapy and outcomes in 
patients with acute ischemic stroke treated in clinical practice. JAMA 
2019;322:252–63.

 5 Banks JL, Marotta CA, Banks Jamie L, Marotta Charles A. Outcomes 
validity and reliability of the modified Rankin scale: implications 
for stroke clinical trials: a literature review and synthesis. Stroke 
2007;38:1091–6.

 6 Lees KR, Bath PMW, Schellinger PD, et al. Contemporary outcome 
measures in acute stroke research. Stroke 2012;43:1163–70.

 7 Lees KR, Khatri P, Lees Kennedy R, Pooja K, Andrei A V, STAIR 
IX Collaborators. Stroke treatment academic industry roundtable 
recommendations for individual data pooling analyses in stroke. 
Stroke 2016;47:2154–9.

 8 Schweitzer AD, Parikh NS, Askin G, et al. Imaging characteristics 
associated with clinical outcomes in posterior reversible 
encephalopathy syndrome. Neuroradiology 2017;59:379–86.

 9 Thompson Michael P, Mat R. Abstract 168: assessing the utility of 
the modified Rankin scale (mRS) at discharge to predict day 90 
outcomes in acute stroke registries. Circulation 2012;5:A168.

 10 Asuzu D, Nystrom K, Amin H, et al. Modest association between 
the discharge modified Rankin scale score and symptomatic 
intracerebral hemorrhage after intravenous thrombolysis. J Stroke 
Cerebrovasc Dis 2015;24:548–53.

 11 McHugh ML. Interrater reliability: the kappa statistic. Biochem Med 
2012;22:276–82.

 12 Ovbiagele B, Lyden PD, Saver JL, et al. Disability status at 1 month 
is a reliable proxy for final ischemic stroke outcome. Neurology 
2010;75:688–92.

 13 Schlegel DJ, Tanne D, Demchuk AM, et al. Prediction of hospital 
disposition after thrombolysis for acute ischemic stroke using 
the National Institutes of Health stroke scale. Arch Neurol 
2004;61:1061–4.

 14 Saver JL, Fonarow GC, Smith EE, et al. Time to treatment with 
intravenous tissue plasminogen activator and outcome from acute 
ischemic stroke. JAMA 2013;309:2480–8.

 15 Bekelis K, Missios S, Coy S, et al. Comparison of outcomes of 
patients with inpatient or outpatient onset ischemic stroke. J 
Neurointerv Surg 2016;8:1221–5.

 16 Parikh NS, Merkler AE, Schneider Y, Merkler Alexander E, Yecheskel 
S, et al. Discharge disposition after stroke in patients with liver 
disease. Stroke 2017;48:476–8.

 17 Qureshi AI, Chaudhry SA, Sapkota BL, et al. Discharge destination 
as a surrogate for modified Rankin scale defined outcomes at 3- 
and 12- months poststroke among stroke survivors. Arch Phys Med 
Rehabil 2012;93:1408–13.

 18 Zhang Q, Yang Y, Saver JL. Discharge destination after acute 
hospitalization strongly predicts three month disability outcome in 
ischemic stroke. Restor Neurol Neurosci 2015;33:771–5.

 19 Asaithambi G, Tipps ME. Predictive value of discharge destination 
for 90- day outcomes among ischemic stroke patients eligible for 
endovascular treatment: Post- hoc analysis of DEFUSE 3. J Stroke 
Cerebrovasc Dis 2020;29:104902.

 20 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture 
(REDCap)--a metadata- driven methodology and workflow process 
for providing translational research informatics support. J Biomed 
Inform 2009;42:377–81.

 21 Rankin J. Cerebral vascular accidents in patients over the age of 60. 
II. prognosis. Scott Med J 1957;2:200–15.

 22 Modified Rankin scale for neurologic disability. MDCalc. Available: 
https://www. mdcalc. com/ modified- rankin- scale- neurologic- disability 
[Accessed 1 Sep 2020].

 23 Hastie T, Tibshirani R, Friedman J. The elements of statistical 
learning: data mining, inference, and prediction. 2 edn. Springer 
Science & Business Media, 2009.

 24 Kosinski AS. A weighted generalized score statistic for comparison 
of predictive values of diagnostic tests. Stat Med 2013;32:964–77.

 25 Brunson J. ggalluvial: layered grammar for Alluvial plots. JOSS 
2017;5.

 26 R Core Team. R: a language and environment for statistical 
computing. Vienna, Austria: R Foundation for Statistical Computing, 
2020. https://www. R- project. org/

 27 Lee KB, Lim SH, Kim KH, et al. Six- month functional recovery 
of stroke patients: a multi- time- point study. Int J Rehabil Res 
2015;38:173–80.

 28 Verheyden G, Nieuwboer A, De Wit L, et al. Time course of trunk, 
arm, leg, and functional recovery after ischemic stroke. Neurorehabil 
Neural Repair 2008;22:173–9.

 29 Messé SR, Khatri P, Reeves MJ, et al. Why are acute ischemic stroke 
patients not receiving IV tPA? Neurology 2016;87:1565–74.

 30 Saber H, Navi BB, Grotta JC, et al. Real- world treatment trends in 
endovascular stroke therapy. Stroke 2019;50:683–9.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://neurologyopen.bm

j.com
/

B
M

J N
eurol O

pen: first published as 10.1136/bm
jno-2021-000177 on 24 June 2021. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3778-5350
http://dx.doi.org/10.1016/S1474-4422(19)30034-1
http://dx.doi.org/10.2147/CEOR.S95662
http://dx.doi.org/10.1161/01.STR.31.6.1429
http://dx.doi.org/10.1001/jama.2019.8286
http://dx.doi.org/10.1161/01.STR.0000258355.23810.c6
http://dx.doi.org/10.1161/STROKEAHA.111.641423
http://dx.doi.org/10.1161/STROKEAHA.116.012966
http://dx.doi.org/10.1007/s00234-017-1815-1
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.09.034
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.09.034
http://dx.doi.org/10.11613/BM.2012.031
http://dx.doi.org/10.1212/WNL.0b013e3181eee426
http://dx.doi.org/10.1001/archneur.61.7.1061
http://dx.doi.org/10.1001/jama.2013.6959
http://dx.doi.org/10.1136/neurintsurg-2015-012145
http://dx.doi.org/10.1136/neurintsurg-2015-012145
http://dx.doi.org/10.1161/STROKEAHA.116.016016
http://dx.doi.org/10.1016/j.apmr.2012.02.032
http://dx.doi.org/10.1016/j.apmr.2012.02.032
http://dx.doi.org/10.3233/RNN-150531
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.104902
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.104902
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1177/003693305700200504
https://www.mdcalc.com/modified-rankin-scale-neurologic-disability
http://dx.doi.org/10.1002/sim.5587
http://dx.doi.org/10.21105/joss.02017
https://www.R-project.org/
http://dx.doi.org/10.1097/MRR.0000000000000108
http://dx.doi.org/10.1177/1545968307305456
http://dx.doi.org/10.1177/1545968307305456
http://dx.doi.org/10.1212/WNL.0000000000003198
http://dx.doi.org/10.1161/STROKEAHA.118.023967
http://neurologyopen.bmj.com/

	Predicting 90-day modified Rankin Scale score with discharge information in acute ischaemic stroke patients following treatment
	Abstract
	Introduction
	Materials and methods
	Study population
	Data collection
	Statistical analysis

	Results
	Discussion
	References


