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ABSTRACT
Background/objective This study compares the global 
disability status of patients who had a mild ischaemic 
stroke at 30 and 90 days poststroke, as measured by the 
modified Rankin Scale (mRS), and identifies predictors of 
change in disability status between 30 and 90 days.
Methods The study population included 1339 patients 
who had a ischaemic stroke enrolled in the Mild and 
Rapidly Improving Stroke Study with National Institutes 
of Health (NIH) stroke score 0–5 and mRS measurements 
at 30 and 90 days. Outcomes were (1) Improvement 
defined as having mRS >1 at 30 days and mRS 0–1 
at 90 days OR mRS >2 at 30 days and mRS 0–2 at 90 
days and (2) Worsening defined as an increase of ≥2 
points or a worsening from mRS of 1 at 30 days to 2 
at 90 days. Demographic and clinical characteristics at 
hospital arrival were abstracted from medical records, 
and regression models were used to identify predictors of 
functional improvement and decline from 30 to 90 days 
post- stroke. Significant predictors were mutually adjusted 
in multivariable models that also included age and stroke 
severity.
Results Fifty- seven per cent of study participants had no 
change in mRS value from 30 to 90 days. Overall, there 
was moderate agreement in mRS between the two time 
points (weighted kappa=0.59 (95% CI 0.56 to 0.62)). 
However, worsening on the mRS was observed in 7.54% 
of the study population from 30 to 90 days, and 17.33% 
improved. Participants of older age (per year OR 1.02, 95% 
CI 1.00 to 1.03), greater stroke severity (per NIH Stroke 
Scale (NIHSS) point at admission OR 1.17, 95% CI 1.03 
to 1.34), and those with no alteplase treatment (OR 1.72, 
95% CI 1.11 to 2.69) were more likely to show functional 
decline after mutual adjustment.
Discussion A quarter of all mild ischaemic stroke 
participants exhibited functional changes between 30 
and 90 days, suggesting that the 30- day outcome may 
insufficiently represent long- term recovery in mild stroke 
and longer follow- up may be clinically necessary.
Trial registration number NCT02072681.

INTRODUCTION
The final disability status after an ischaemic 
stroke has typically been assessed at 90 days in 
clinical trials. However, it has been shown that 

the functional status at 30 days poststroke, 
measured by the modified Rankin Scale 
(mRS),1 is a reliable predictor of functional 
status at 90 days.2 In fact, the 30- day mRS alone 
explained 65.6% of the variance in the 90- day 
mRS. Whether this is true specifically among 
the survivors of mild strokes is not known, as 
they have been understudied. If poststroke 
functional status in mild stroke could be reli-
ably assessed at 30 days rather than 90 days, 
it could potentially benefit patients, clini-
cians and researchers by allowing assessment 
at an earlier time after stroke, reducing lost 
to follow- up and accelerating planning for 
reintegration into the patient’s usual activi-
ties, including work. Clinical trials of acute 
treatments for mild ischaemic stroke could 
be done with a shorter follow- up period, 
reducing the time to complete the trials and 

Key messages

What is already known on this topic
 ► Functional status at 30 days poststroke has been 
shown to be a reliable predictor of functional status 
at 90 days, but whether this applies to survivors of 
mild strokes is not known, and can have important 
clinical and research implications.

What this study adds
 ► Using a conservative definition of change in Modified 
Rankin Scale, we found that a quarter of all mild 
stroke survivors exhibited functional changes be-
tween 30 and 90 days poststroke, with 8% declining 
and 17% improving.

How this study might affect research, practice or 
policy

 ► Although the use of a 30- day functional outcome 
assessment would improve clinical study partici-
pant attrition and expedience of results, possibly 
decrease costs, and provide an earlier indicator of 
long- term functional prognosis, the results indicate 
that a 90- day outcome measure should remain the 
standard practice in clinical studies of patients who 
had a mild stroke.
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thereby realising cost savings. Therefore, the goal of this 
study is to compare the global disability status of patients 
who had a mild ischaemic stroke at 30 and 90 days post-
stroke and identify predictors of change in disability status 
between 30 and 90 days, including alteplase treatment.

METHODS
The design and methodology of the Mild and Rapidly 
Improving Stroke Study (MaRISS) has been described 
previously.3 The primary objectives of MaRISS were to 
identify the long- term outcomes of patients with mild 
and rapidly improving strokes as well as the predictors of 
long- term outcomes, with a particular focus on alteplase 
treatment. MaRISS is a prospective observational study of 
patients arriving to the hospital within 4.5 hours of a mild 
(NIH Stroke Scale (NIHSS) 0–5) or rapidly improving 
stroke. The patients were treated at 100 MaRISS hospi-
tals (online supplemental table 1), selected among those 
participating in the American Heart Association’s (AHA) 
Get With The Guidelines (GWTG) Stroke quality improve-
ment programme, with >300 annual stroke discharges, 
and identified to represent the overall geographical and 
academic/non- academic status of the overall GWTG- 
Stroke hospital distribution. All MaRISS sites completed 
an online training module that focused on the mRS. 
We excluded all patients with an mRS >2 prior to their 
stroke and those with complete resolution of symptoms at 
arrival. Recruitment into the study was ascertained after 
the decision to administer thrombolytic agents was made. 
The current analysis was restricted to study participants 
with NIHSS 0–5 at baseline and a final diagnosis of an 
ischaemic stroke. IQVIA (Parsippany, New Jersey) serves 
as the data collection and coordination centre.

Demographic and clinical characteristics at hospital 
arrival were abstracted from medical records by trained 
hospital personnel as part of GWTG- Stroke. The mRS- 9Q 
version4 was used to limit inter- rater variability; it was 
obtained at 30 days and again at 90 days through a 
structured telephone interview performed by trained 
and certified site study personnel. A good outcome was 
defined as mRS 0–1. Improvement from 30 to 90 days was 
defined as having mRS>1 at 30 days and mRS 0–1 at 90 
days OR mRS>2 at 30 days and mRS 0–2 at 90 days. Wors-
ening from 30 to 90 days was defined as an increase of two 
or more points or a worsening from mRS of 1 at 30 days 
to 2 at 90 days. A weighted kappa statistic was calculated 
to represent agreement between the 30- day and 90- day 
mRS.

Univariate χ2 analyses were used to describe categor-
ical patient and treatment characteristics in relation to 
mRS improvement (improvement vs no improvement) 
and mRS worsening (worsening vs no worsening). The 
potential predictors of interest included sex, race/
ethnicity, insurance status, off hours arrival, stroke mech-
anism, altered consciousness, weakness, aphasia, hyper-
tension, diabetes mellitus, hyperlipidaemia, tobacco 
use, prior stroke or transient ischemic attack (TIA), 

atrial fibrillation (AF), coronary artery disease (CAD)/
prior myocardial infarction (MI), heart failure, carotid 
disease, peripheral vascular disease, anticoagulation 
use, antiplatelet use, alteplase treatment, haemorrhagic 
complication of alteplase treatment and endovascular 
therapy. The univariate relationships between age and 
mRS worsening and improvement were examined using 
t- tests, and the relationships between baseline NIHSS 
and mRS worsening and improvement were examined 
using the Wilcoxon rank sum test. Variables that were 
significantly associated with worsening or improvement 
in univariate analyses (p<0.05) were included in mutually 
adjusted multivariable logistic regression models using 
the complete case approach due to minimal missing data. 
In these models the dichotomous outcomes were mRS 
worsening and improvement, as described above, and all 
variables that reached statistical significance in univar-
iate analyses were included simultaneously as indepen-
dent variables in addition to age and NIHSS at admission 
(included a priori), and we accounted for clustering by 
hospital.

The authors are not authorised to make the data 
publicly available.

RESULTS
The MaRISS study population included 1765 participants 
with a mild stroke (NIHSS 0–5) and an ischaemic stroke 
or TIA, of whom 1339 were included in the current anal-
ysis of patients who had a ischaemic stroke with NIHSS 
0–5 and mRS at 30 and 90 days (177 with TIA and 249 
with missing mRS were excluded). Participants who were 
missing one or two mRS assessments were not different 
in relation to stroke severity, but tended to be younger 
than participants who had both mRS documented 
(p<0.05). Out of 1461 participants with 30- day mRS, 122 
were missing 90- day mRS. Among the patients with 30- day 
mRS, the 30- day mRS value was not a predictor of having 
the 90- day mRS missing (p=0.61) in logistic regression 
models adjusting for age and NIHSS at admission.

The distribution of the mRS at 30 days and 90 days, and 
the difference from 30 to 90 days is shown in figure 1 and 
online supplemental table 2. Fifty- seven per cent of study 
participants had the same mRS value at 30 and 90 days, 
while 17% improved by 1 point, and 9% declined by 1 
point (1.6% starting at mRS=1). A weighted kappa of 0.59 
(95% CI 0.56 to 0.62) suggested moderate agreement 
between the scores at the two time points. Figure 2 shows 
the distribution of mRS at 30 and 90 days.

Employing the more parsimonious definitions of wors-
ening and improvement between 30 and 90 days defined 
for this analysis (worsening: increase mRS >2 or change 
from 1 to 2; improvement: change from mRS >1 to 0–1 
or change from mRS >2 to 0–2), we observed worsening 
in 7.54% (n=101) and improvement in 17.33% (n=232). 
As shown in online supplemental table 2, there were 10 
additional participants who improved by more than 1 
point but never achieved an mRS of 0–2 at 90 days. All of 
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these participants improved from an mRS=5 to an mRS=3, 
which can also represent important clinical improvement, 
but was not included in the more parsimonious definition 
used in this study.

Table 1 shows the distribution of the patient and clin-
ical characteristics in the full study population, and 
stratified by mRS worsening and improvement. In these 
analyses, patients with clinically insignificant worsening 
or improvement (ie, those that did not meet the defini-
tions of worsening or improvement indicated above but 
did not have the exact same mRS at 30 and 90 days) were 
still included, as part of the ‘did not worsen’ or ‘did not 
improve’ categories, respectively.

In univariate analyses the following variables were asso-
ciated with mRS worsening from 30 to 90 days (p<0.05): 
older age, cardioembolic stroke mechanism, AF and no 
alteplase treatment. These variables remained significant 
after adjusting for age and NIHSS at hospital admission 
(table 2). After mutual adjustment in the final multivari-
able model, AF was no longer a significant predictor of 
decline, while increased stroke severity was associated 
with decline.

In univariate analyses, the following variables were 
associated with mRS improvement from 30 to 90 days 
(p<0.05): private arrival mode, no hypertension, no 
dyslipidaemia, no previous CAD or MI. No hyperten-
sion, no dyslipidaemia and no previous CAD or MI all 
remained significant predictors after adjusted for age 

and NIHSS, but their associations were attenuated after 
mutual adjustment (table 3).

DISCUSSION
In this study of patients who had a mild ischaemic 
stroke treated at select GWTG- Stroke hospitals across 
the USA, we examined whether an mRS assessment at 
30 days may be an adequate representation of long- 
term disability at 90 days. It is widely accepted that 
an accurate prognosis of recovery after stroke can 
be made by 90 days from stroke onset,5 and an mRS 
assessment at 90 days is common in clinical trials. It 
has been previously suggested that the mRS at 30 days 
is similar to that at 90 days2; in that study the mRS at 
30 days after discharge did not differ in approximately 
50% of patients at 90 days, and those who showed 
functional change over time were more likely to 
worsen than improve. However, data on mild strokes 
are limited and the course of recovery may differ from 
more severe strokes. While mild stroke symptoms may 
improve faster, it is also possible that small insults 
allow surrounding brain tissue to engage in more 
vigorous neuroplasticity and recovery,6 underscoring 
the need to examine the functional trajectory from 
30 to 90 days specifically in a large sample of mild 
strokes.

The results of the current study align with previous 
data suggesting consistency in function at 30 and 90 
days poststroke from a statistical standpoint, but from 
a clinical perspective there was a high proportion of 
participants that had functional changes between 30 
and 90 days. Specifically, with our conservative defi-
nition of mRS change, we found that a quarter of 
all study participants exhibited functional changes 
between 30 and 90 days, with 8% declining and 17% 
improving. For these patients the 30- day outcome was 
not representative of long- term recovery and a longer 
follow- up was clinically necessary. The potential 
causes of functional decline between 30 and 90 days in 
almost 8% of this population are many, such as stroke 
recurrence or other vascular events and depression. 
However, the MaRISS study did not collect the data 
needed to better understand interim clinical condi-
tions that may have contributed to functional decline.

The 17% probability of significant improvement 
between 30 and 90 days in this mild stroke population 
supports the hypothesis that a mild stroke may result in 
greater opportunity for longer- term functional improve-
ment compared with a major stroke that may be so debil-
itating that the prospect for improvement is diminished. 
The expected course of recovery for stroke, in general, 
depends on the severity of the initial stroke. Most patients 
who had a mild acute stroke are discharged home with 
none to mild neurological and functional disabilities 
after leaving the hospital, while most patients who had 
a severe stroke experience severe neurological and func-
tional disability at discharge.7 Previous data suggest that 

Figure 1 Change in modified Rankin Scale (mRS) between 
30 and 90 days.

Figure 2 Distribution of modified Rankin Scale (mRS) at 30 
and 90 days poststroke (%).
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Table 1 Description of the study population by change in functional status

Improved
N=232

Did not improve 
N=1107 P value

Worsened 
N=101

Did not worsen 
N=1238 P value

Age: mean, SD 65, 14 66, 13 0.43 69, 13 66, 13 0.01

Admission NIHSS: median, IQR 2, 1–3 3, 1–4 0.51 3, 2–4 3, 1–4 0.13

Stroke mechanism % 0.64 0.04

  Cardioembolism 22 23 35 22

  Large artery atherosclerosis 16 13 14 14

  Small artery occlusion 29 27 19 29

  Undetermined 25 29 29 28

  Other determined 6 5 4 5

  Missing 2 2 0 2

Male % 52 59 0.06 55 58 0.63

Race/ethnicity % 0.19 0.07

  White 74 77 71 77

  Black 11 13 14 12

  Hispanic 8 5 11 5

Insurance % 0.08 0.38

  Medicaid 4 6 6 6

  Medicare 47 52 58 50

  Private 38 35 30 36

Arrival off hours % 53 58 0.25 59 57 0.73

Arrival mode % 0.04 1.00

  EMS 47 49 49 49

  Private 35 29 31 30

  Transfer 13 19 18 18

  Other 5 3 3 3

Altered consciousness % 1 3 0.25 5 2 0.08

Weakness % 39 39 0.87 43 38 0.41

Aphasia % 27 28 0.75 32 27 0.33

Tobacco use % 24 19 0.09 18 20 0.62

Previous stroke/TIA % 18 20 0.44 25 20 0.21

CAD/MI % 13 20 0.01 21 19 0.60

Atrial fibrillation % 10 15 0.07 24 13 0.004

Carotid stenosis % 3 3 0.69 2 3 0.76

PVD % 3 2 0.38 2 2 1.00

Heart failure % 3 5 0.40 5 4 0.80

Anticoagulant use % 4 4 0.82 7 4 0.18

Antiplatelet use % 36 42 0.10 45 41 0.43

Hypertension % 63 72 0.01 72 71 0.73

Diabetes % 26 32 0.08 33 31 0.65

Dyslipidaemia % 49 56 0.04 60 55 0.25

Alteplase treatment % 65 60 0.19 51 61 0.04

Endovascular therapy % 4 2 0.16 4 2 0.31

sICH in alteplase- treated patients % 1 <1 0.56 0 1 1.00

CAD, coronary artery disease; EMS, emergency medical services; MI, myocardial infarction; NIHSS, NIH Stroke Scale; PVD, peripheral 
vascular disease; sICH, symptomatic intracranial haemorrhage; TIA, Transient ischemic attack.
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approximately 80% of patients that suffered mild strokes 
reached their best neurological state within 2.5–6.5 
weeks, while 80% of patients that suffered very severe 
strokes reached their best neurological state within 10–13 
weeks.5 However, the current data supports the opportu-
nity for continued improvement up to 90 days poststroke 
in low NIHSS stroke.

The results of this study also provided novel infor-
mation about how to predict patients that might be 
more likely to improve or decline between 30 and 90 

days, which can help investigators and medical profes-
sionals target specific patients for whom an additional 
90- day assessment may be important. Patients with AF 
were more likely to decline between 30 and 90 days, 
even after accounting for age and stroke severity, while 
alteplase treatment was associated with a decreased 
risk of decline. AF is recognised as a strong predictor 
of recurrent stroke, and patients with AF not treated 
with anticoagulants have been shown to have a twofold 
increased risk of stroke recurrence.8 It is possible that 
patients with a recent stroke are not anticoagulated at 
discharge.9 However, the MaRISS study did not collect 
data on medication prescription and adherence at 
90- days post- discharge. As expected, increasing age 
and stroke severity were also independent predic-
tors of decline. In contrast the results suggested that 
patients with prior CAD or MI, hypertension and 
dyslipidaemia were less likely to improve between 
30 and 90 days but none of these variables remained 
independent predictors after mutual adjustment.

We have previously shown in MaRISS that patients 
treated with alteplase were more likely to experience 
early improvement in the NIHSS, but we did not identify 
an association of alteplase with 90- day outcome between 
patients who were treated and untreated in this observa-
tional study, except for patients with NIHSS in the 3–5 
range: those who received alteplase treatment performed 
better on the Stroke Impact Scale- 16 at 90 days.10 The 
current study adds to the observations regarding poten-
tial modest benefits of alteplase treatment in patients with 
mild stroke, as treated participants were also less likely to 
decline on the mRS from 30 to 90 days, controlling for 
age and stroke severity. In MaRISS, a very small number 
had thrombectomy and therefore we could not assess 
its effect on outcomes. A recent multicentre study and 
meta- analysis did not find a clear benefit of thrombec-
tomy over best medical management in patients with low 
NIHSS,11 but there are ongoing thrombectomy trials in 
this population.

Important strengths of the current study were the focus 
on mild strokes with a broad range of important clin-
ical characteristics collected prospectively at the time of 
hospital admission, the collection of repeated mRS assess-
ments by trained study personnel, the use of the mRS- 9Q 
V.4 to reduce interobserver variability, and the minimal 
lost to follow- up. Potential selection bias in relation to 
alteplase treatment is important to note, as MaRISS 
included a very large proportion of alteplase treated 
patients (57%), higher than that reported in other large 
US- based studies of mild strokes.12 It is also important to 
note that excluded participants without mRS at both 30 
and 90 days tended to be slightly younger and therefore 
possibly less likely to worsen. However, it was reassuring to 
observe that the 30- day mRS performance was unrelated 
to missingness of 90- day mRS. Finally, we did not collect 
information about access and intensity of rehabilitation 
after hospital discharge, medication adherence, lifestyle 
modifications, social support, nor stroke recurrence and 

Table 2 Predictors of decline between 30 and 90 days

Risk factor
OR (95% CI)
Model 1*

OR (95% CI)
Model 2†

NIHSS 1.10 (0.96 to 1.27) 1.17 (1.03 to 1.34)

Age (by year) 1.02 (1.01 to 1.04) 1.02 (1.00 to 1.03)

Stroke mechanism

  Cardioembolism Ref Ref

  Large artery 
atherosclerosis

0.63 (0.35 to 1.14) 0.75 (0.40 to 1.40)

  Small artery 
occlusion

0.46 (0.26 to 0.81) 0.54 (0.30 to 0.99)

  Other 0.64 (0.39 to 1.05) 0.77 (0.44 to 1.33)

Atrial fibrillation 1.86 (1.13 to 3.06) 1.36 (0.76 to 2.41)

Alteplase treatment 0.55 (0.36 to 0.83) 0.58 (0.37 to 0.90)

Forty- six participants (3.4%) had an mRS 0–1 at 30 days but 
worsened to an mRS ≥3 at 90 days. This small group was older (mean 
age=74±12), with higher percentage of cardioembolic stroke (48%), 
atrial fibrillation (33%), anticoagulation therapy (12%), dyslipidaemia 
(70%), Medicare (74%), female (57%) and had a higher percentage of 
alteplase treatment (47%), p<0.05 in univariate analyses.
*Model 1: adjusted for NIHSS and age.
†Model 2: mutually adjusted for NIHSS, age, stroke mechanism, atrial 
fibrillation, alteplase treatment.
mRS, modified Rankin Scale; NIHSS, NIH Stroke Scale.

Table 3 Predictors of improvement between 30 and 90 
days

Risk factor
OR (95% CI)
Model 1*

OR (95% CI)
Model 2†

NIHSS 0.97 (0.90 to 1.06) 1.00 (0.92 to 1.08)

Age 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.01)

Arrival mode

  EMS Ref Ref

  Private 1.29 (0.97 to 1.71) 1.29 (0.97 to 1.70)

  Transfer 0.73 (0.48 to 1.10) 0.71 (0.47 to 1.07)

  Other 1.77 (0.98 to 3.20) 1.70 (0.93 to 3.10)

Previous CAD/
MI

0.58 (0.36 to 0.95) 0.63 (0.37 to 1.07)

Hypertension 0.67 (0.52 to 0.87) 0.76 (0.56 to 1.03)

Dyslipidaemia 0.75 (0.59 to 0.95) 0.87 (0.67 to 1.14)

*Model 1: adjusted for NIHSS and age.
†Model 2: mutually adjusted for NIHSS, age, arrival mode, 
previous CAD/MI, hypertension, dyslipidaemia.
CAD, coronary artery disease; EMS, Emergency Medical 
Services; MI, myocardial infarction; NIHSS, NIH Stroke Scale.
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readmission that could clarify the influential factors for 
deterioration or improvement after day 30. Future studies 
are needed to better understand and ultimately prevent 
the clinical circumstances associated with significant long- 
term decline after stroke in this mild patient population.

In conclusion, the use of a 30- day outcome assess-
ment would improve clinical study participant attrition 
and expedience of results, possibly decrease costs and 
provide an earlier indicator of long- term functional prog-
nosis. However, we found that the 30- day mRS is not a 
valid predictor of delayed outcomes for a quarter of the 
mild stroke population, indicating that a 90- day outcome 
measure should remain the standard practice in clinical 
studies of patients who had a mild stroke.
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Supplemental Table 1. MaRISS participating hospitals, site principal investigator and principal coordinator. 

Recruiting site (enrolled participants) Site principal investigator Principal coordinator 

Rhode Island Hospital, Providence, RI (160) Brian Mac Grory Scott Moody 

Ohio State University Wexner Medical Center, Columbus OH (79) Deepak Gulati Weiping Ye 

Kaiser Permanente/Los Angeles Medical Center, Los Angeles, CA (71)  Navdeep S. Sangha Vena Sobhawongse 

Mercy Hospital, Oklahoma City, OK (69) Jeffrey M. Craig Heloisa Pearson 

St. Luke’s Hospital, Kansas City, MO (62) Karin E. Olds Deborah Summers 

University of Rochester Medical Center, Rochester, NY (55) Curtis G. Benesch, Adam Kelly Christine Boerman 

Faxton St. Luke's Healthcare, Utica, NY (52) Scott S. Brehaut Christy Rice 

Providence St. Vincent Medical Center, Portland, OR (50) Amit C. Kansara Robin Kintner 

Methodist Hospital-Merrillville, Merrillville, IN (49) Mayumi Oka Sarah Baran 

Novant/Forsyth, Winston-Salem, NC (48) Christina Roels Maureen Dosunmu 

Queen's Medical Center, Honolulu, HI (45) Cherylee W. J. Chang, Jennifer 

Moran 

Denise Ditrich 

Conemaugh Memorial Medical Center, Johnstown, PA (44) Nicholas Lanciano Aimee Mann 

UPMC Hamot, Erie, PA (42) Charles E. Romero Becky Thiele 

Dignity Chandler Regional, Chandler, AZ (40) David Salvatore Annette Taylor 

Greenville Memorial Hospital, Greenville, SC (38) Neel Shah, Rodney Leacock, 

Angel Rochester 

Fanny Guillerminet 

Carolinas Healthcare, Charlotte, NC (37) Jerry C. Martin Johnny Jones, Nicol 

Brandon 

Legacy Emanuel Medical Center, Portland, OR (37) Vikas Grover Maryika Gibson 

Saint Anthony's Medical Center, St. Louis, MO (35) Maheen Malik Carol Mechem 

Mercy at St Louis, St. Louis, MO (34) William R. Logan Camilla Cook 

Spectrum Health, Grand Rapids, MI (31) Muhib A Khan  Christa Rood 

Mercy Hospital at Buffalo, Buffalo, NY (31) Arun Babu Leah Steinig 

St Vincent, Erie, PA (31) Jestin Carlson Melanie Henderson 

Ochsner New Orleans, New Orleans, LA (31) Gabriel Vidal Bethany Jennings 

Cox Health, Springfield, MO (30) Jennifer Lynch Jessica Ratcliff 

Montefiore Medical Center-Bronx, Bronx, NY (30) Kathryn Kirchoff Khadean Moncrieffe 

Baylor Scott & White-Temple Hospital, Temple, TX (30) Jennifer Rasmussen-Winkler Leigh Allen 

Riverside Univ Health System Med Center, Moreno Valley , CA (30) Gary Thompson Christopher Firek 

Hackensack/Jersey Shore University Medical Center, Neptune, NJ (29) Stephen Martino Baher Georgy 

Eastern Maine Medical Center, Bangor, ME (29) Gillian L. Gordon-Perue Nina Vekima 

Houston Methodist Willowbrook, Houston, TX (29) Kasey Gildersleeve Marian Skewes 

Kaiser Permanente Downey, Downey, CA (28) Navdeep S Sangha Christina Valdovinos 

Hospital of Central Connecticut, Hartford, CT (26) Timothy C. Parsons Cynthia Marques 

Orange County Global Medical Center, Santa Ana, CA (26) John W. Chen, David Lombardi Brenda Perez 

Jackson Memorial Hospital, Miami, FL (25) Jose Romano, Amer Malik Kathy Hesse 

Wake Forest University Health Sciences, Winston-Salem, NC (25) Amy Guzik Sandra E. Norona 

Intermountain Health, Murray, UT (24) Robert Hoesch Jacki Anderson 

Valley Hospital, Ridgewood, NJ (23) Dorothea Altschul Farah Fermin 

New York-Presbyterian Brooklyn Methodist Hosp, Brooklyn, NY (23) Miran Salgado Jonathan Muller 

Florida Hospital Orlando, Orlando, FL (23) Indrani Acosta Brooke Hartwell 

Sacred Heart Pensacola, Pensacola, FL (23) Terry A. Neill Carrie Hundley 

Overlake Hospital, Bellevue, WA (23) Abhineet Chowdhary Tina Fortney 

Boston Medical Center, Boston, MA (21) Jose Rafael Romero Brandon Finn 

St. Peter's Hospital, Albany, NY (21) Refat Assad Maggie Ellithorpe 

University of Mississippi Medical Center, Jackson, MS (21)  Rebecca Sugg Susan Hetzel 

West Virginia University, Morgantown, WV (20) Muhammad M. Alvi Jay Sherman 
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Kaiser Permanente Sacramento, Sacramento, CA (20) Jonathan Hartman Tashia Orr 

Osceola Regional Medical Center, Kissimmee, FL (19) Ankur Garg Melissa Turner 

Baptist Health Lexington, Lexington, KY (19) Curtis Given Sara Renfrow 

St. Vincent Indianapolis/Ascension, Indianapolis, IN (15) Jeffrey Hilburn Ellen Looney 

University of Vermont, Burlington, VT (15) Christopher Commichau Paul Jarvis 

UPMC Altoona, Altoona, PA (15) Changsoo Hahm Melissa Mccaulley 

St. David's NeuroTexas, Austin, TX (15) Angel Pulido Sergio Michel 

Long Beach Memorial Medical Center, Long Beach, CA (15) Nima Ramezan-Arab Françoise Toussaint-

Jones 

Shands Hospital University of Florida, Gainesville, FL (14) Anna Khanna Esther Olasoji 

Bon Secours DePaul Medical Center, Norfolk, VA (14) Armistead Williams Elizabeth Purrington 

Health Network, Fort Worth, TX (14) Ratna Reddy Renee Potter 

Pomona Valley Hospital, Pomona, CA (14) Bhupat Desai Karen Tse-Chang 

Berkshire Medical Center, Pittsfield, MA (13) Laurence Ufford Leslie Drager 

Mississippi Baptist Medical Center, Jackson, MS (13) Keith O. Jones Teresa Ellebusch 

Ocean Medical Center, Brick, NJ (12) Stephen Martino Michelle Dobrzynski 

University of Louisville, Louisville, KY (12) Elizabeth H. Wise Ann Jerde 

Norton HealthCare, Louisville, KY (12) Gauhar Chaudhary Robyn McLean 

MetroHealth Medical Center, Cleveland, OH (11) Joseph Hanna Dana Cook 

Alexian Brothers, Arlington Heights, IL (11) Franklin Marden Jennifer Orde 

Morton Plant, Clearwater, FL (11) Ajay Arora Shawna Miller 

Penn State Hershey Medical Center, Hershey, PA (10) Raymond Reichwein Deborah Hoffman 

Rochester General Hospital, Rochester, NY (10) Kelly Matmati Nabil Matmati 

WellStar Kennestone Hospital, Marietta, GA (10) Kumiko Owada Laura Murphy 

Integris Baptist Medical Center, Oklahoma City, OK (10) Ashish Masih Bethany Fife 

Saint Francis Hospital, Tulsa, OK (10) Larry Shepherd Matthew Holzmann 

Kaiser Permanent NW Oregon, Clackamas, OR (10) Stephen Gancher Sabrina Enoch 

Navicent Health, Macon, GA (9) Matthew Smith Denise Goings 

Carolinas Healthcare Blue Ridge, Morganton, NC (8) Joseph Mazzola, Edward Plyler Lisa Landers 

Aurora BayCare, Green Bay, WI (7) James Napier Laura Thoreson 

SSM De Paul, St. Louis, MO (7) Amer Alshekhlee Michelle Raymond 

Crouse Hospital, Syracuse, NY (7) Tarakad Ramachandran, 

Michael Jorolemon, David 

Padalino, Collin Maloney 

Jenny Rae Mott 

Wesley Medical Center, Wichita, KS (6) Laxmi P. Dhakal Cindy Murphy 

Seton Medical Center Austin, Austin, TX (6) Truman J. Milling Patrick Lawrence 

Central DuPage Hospital, Winfield, IL (5) Harish Shownkeen Kathy Hansen 

Ascension-St. John Providence, Detroit, MI (4) Paul A. Cullis Lynne Froehlich 

Memorial Medical Center-Springfield, Springfield, IL (4) Sajjad Mueed Ryan Pavolka 

SUNY Downstate Medical Center, Brooklyn, NY (4) Steven R. Levine Nadege Gilles 

Seton Medical Center Brackenridge, Austin, TX (4) Truman J. Milling Laura LaChance 

Providence Holy Cross Medical Center, Mission Hills, CA (4) Kanwal Nayyar Karen Klein 

Aurora Grafton, Grafton, WI (3) Rose Dotson Kristopher Rowe 

University of Cincinnati Medical Center, Cincinnati, OH (3) Elisheva Coleman Emily Sayles 

Houston Methodist Hospital, Houston, TX (3) Rajan Gadhia Jason Lee 

King's Daughters Medical Center, Ashland, KY (3) Paul W. Lewis Jenny Nunley 

Aurora-St. Luke's, Milwaukee, WI (2) Rehan Sajjad Carol Halliday 

Henry Ford Health System, Detroit, MI (2) Angelos Katramados Theresa Holmes 

Ascension Borgess, Kalamazoo, MI (2) Rashmikant Kothari Linda Mader 

Parkview Hospital, Fort Wayne, IN (2) Fen Lei Chang Kelly Western 

Clear Lake Regional Medical Center, Webster, TX (2) Kinjal Desai Colleen Kehr 
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HonorHealth-Scottsdale Osborn, Scottsdale, AZ (2) Gary Reese, Ashu Jadhav  Mackenzie Steinbach 

University California Los Angeles Medical Center, Los Angeles, CA (2) Jeffrey Saver Gilda Avila 

University Colorado Health Memorial, Colorado Springs, CO (1) Janice A. Miller Alicia Gneiting 

Good Samaritan, Los Angeles, CA (1) Matthew S. Tenser Sarah Burke 
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Supplemental Table 2: Change in mRS from 30 to 90 days 

N 30-day mRS  

30-day-90-day 

mRS 

0 1 2 3 4 5 6  

-6 (decline) 3       0.2% 

-5  1      0.1% 

-4 2 3      0.4% 

-3 22 3 1 4    2.2% 

-2 16 12 8 4 1   3.1% 

-1 45 21 27 16 4 3  8.7% 

0 394 132 72 117 33 12 9 57.4% 

1  80 56 41 39 13  17.1% 

2   55 30 9 10  7.8% 

3    35 1 1  2.8% 

4      3   0.2% 

5 (improve)      1  0.1% 
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