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IMPORTANCE A significant proportion of acute ischemic strokes occur while patients are
hospitalized. Limited contemporary data exist on the utilization rates of intravenous
thrombolysis or endovascular therapy for in-hospital stroke.

OBJECTIVE To use a national registry to examine temporal trends in the use of intravenous
and endovascular reperfusion therapies for treatment of in-hospital stroke.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study analyzed data from
267 956 patients who underwent reperfusion therapy for stroke with in-hospital or
out-of-hospital onset reported in the Get With the Guidelines-Stroke national registry from
January 2008 to September 2018.

EXPOSURES In-hospital onset vs out-of-hospital onset of stroke symptoms.

MAIN OUTCOMES AND MEASURES Temporal trends in the use of reperfusion therapy, process
measures of quality, and the association between functional outcomes and key patient
characteristics, comorbidities, and treatments.

RESULTS Of 67 493 patients with in-hospital stroke onset, this study observed increased rates
of vascular risk factors (standardized mean difference >10%) but no significant differences
in age or sex in patients undergoing intravenous thrombolysis only (mean [interquartile
range {IQR}] age, 72 [80-62] y; 53.2% female) or those undergoing endovascular therapy
(mean [IQR] age, 69 [59-79] y; 49.8% female). Of these patients, 10 481 (15.5%) received
intravenous thrombolysis and 2494 (3.7%) underwent endovascular therapy. Compared
with 2008, in 2018 the proportion of in-hospital stroke among all stroke hospital discharges
was higher (3.5% vs 2.7%; P < .001), as was use of intravenous thrombolysis (19.1% vs 9.1%;
P < .001) and endovascular therapy (6.4% vs 2.5%; P < .001) in patients with in-hospital
stroke, with a significant increase in endovascular therapy in mid-2015 (P < .001). Compared
with patients who received intravenous thrombolysis for out-of-hospital stroke onset, those
with in-hospital onset were associated with longer median (IQR) times from stroke
recognition to cranial imaging (33 [18-60] vs 16 [9-26] minutes; P < .001) and to thrombolysis
bolus (81 [52-125] vs 60 [45-84] minutes; P < .001). In adjusted analyses, patients with
in-hospital stroke onset who were treated with intravenous thrombolysis were less likely to
ambulate independently at discharge (adjusted odds ratio, 0.78; 95% CI, 0.74-0.82; P < .001)
and were more likely to die or to be discharged to hospice (adjusted odds ratio, 1.39; 95% CI,
1.29-1.50; P < .001) than patients with out-of-hospital onset who also received intravenous
thrombolysis treatment. Comparisons among patients treated with endovascular therapy
yielded similar findings.

CONCLUSIONS AND RELEVANCE In this cohort study, in-hospital stroke onset was increasingly
reported and treated with reperfusion therapy. Compared with out-of-hospital stroke
onset, in-hospital onset was associated with longer delays to reperfusion and worse
functional outcomes, highlighting opportunities to further care for patients with in-hospital
stroke onset.
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I n-hospital onsets of acute ischemic stroke (AIS) account
for 2.2% to 10.8% of all AIS.1-4 These in-hospital AISs are
often associated with more severe clinical syndromes,

increased medical comorbidities, and higher rates of poor
functional outcome and in-hospital mortality.3,5,6 The lim-
ited national data that exist on the use of intravenous throm-
bolysis (IVT) for treatment of in-hospital stroke have shown
that patients with in-hospital strokes have longer delays
from recognition to imaging and to thrombolysis and are
overall less likely to be treated with IVT even in the absence
of contraindications than patients with out-of-hospital
stroke onset.1,4,7-9

No large national data have yet been reported on the use
of endovascular therapy (EVT) in patients with AIS onset in the
hospital.4 Given the changing landscape of reperfusion therapy
with the advent of EVT, we sought to characterize the tempo-
ral trends of reperfusion therapy for in-hospital stroke, com-
paring patient characteristics, process measures of quality, and
outcomes for in-hospital vs out-of-hospital stroke onset in
a national registry.10

Methods
We performed a retrospective cohort analysis of the Ameri-
can Heart Association Get With the Guidelines–Stroke regis-
try, a voluntary, national stroke registry and performance
improvement program with more than 6 million stroke ad-
missions reported. The details and validity of the program have
been previously described.11,12 IQVIA is the data coordination
center. The Duke Clinical Research Institute is the statistical
coordinating center and analyzes deidentified data under
an institutional review board–approved protocol. The require-
ment for obtaining informed consent was waived by
local institutional review boards. This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Study Population
We retrospectively reviewed patients 18 years or older admit-
ted to Get With the Guidelines–Stroke hospitals between Janu-
ary 1, 2008, and September 30, 2018. Patients were included
if they were admitted via the emergency department with AIS
or experienced AIS while hospitalized, for a total of 2 869 919
patients from 2338 sites (eFigure 1 in the Supplement). Be-
cause imaging and treatment times from initial presentation
are significantly confounded by interhospital transfers,
patients were excluded if they were admitted via hospital to
hospital transfer (408 806 patients and 2 sites were ex-
cluded). Patients were also excluded if they left against medi-
cal advice or had unknown discharge disposition (27 529
patients and 3 sites were excluded) or if reperfusion data were
missing (5356 patients excluded). Sites with less than 30 throm-
bolysis or thrombectomy attempts (190 435 patients, 978
sites) during the 10-year study period were excluded. These
sites were thought to be nonrepresentative, low-volume cen-
ters without a robust system of stroke care to deliver reperfu-
sion therapy.

The study population of interest comprised patients with
in-hospital or out-of-hospital stroke onset who were treated
with either IVT or EVT (267 956 patients from 1355 sites). Data
from patients were not analyzed if they did not undergo reper-
fusion therapy. The exposure of interest was patient location
at time of stroke symptom recognition by the health system,
dichotomized by onset in the hospital vs out of the hospital.

Population Characteristics
Patient characteristics included age, sex, race/ethnicity, in-
surance status, medical comorbidities, preadmission medica-
tions, vital signs on presentation, National Institutes of Health
Stroke Scale (NIHSS) score on arrival, and mode of arrival.
Hospital characteristics included the volume of patients with
ischemic stroke, stroke certification by the Joint Commis-
sion, academic status, rural location, geographic region, and
number of beds.

Outcome Measures
Primary outcomes were time intervals to cranial imaging, to
IVT, and to EVT. For out-of-hospital stroke onset, the index time
was the time of presentation to the emergency department.
For in-hospital stroke onset, the index time was symptom rec-
ognition because it was the first opportunity by health care staff
to mobilize stroke systems of care. This permitted direct com-
parisons of systems of stroke care once the stroke response
team had been activated. Latency from symptom onset to
imaging was not analyzed owing to intrinsic differences be-
tween time intervals for in vs out of the hospital that would
not reflect comparable systems of care. Symptom recogni-
tion was therefore used as the index time to directly compare
the efficiency of systems of stroke care for in-hospital vs out-
of-hospital stroke onset once the system had been activated
and had the opportunity to respond. Secondary outcomes in-
cluded rates of thrombolysis within 60 minutes, endovascu-
lar therapy within 120 minutes, in-hospital mortality, and
symptomatic intracranial hemorrhage as well as the distribu-
tion at discharge of potential postacute destinations, ambu-
latory status, and modified Rankin Scale scores.

Key Points
Question How has reperfusion therapy for in-hospital onset
of ischemic stroke changed in the endovascular era?

Findings This cohort study of 2 237 793 patients found that
in-hospital stroke onset was increasingly reported. Endovascular
therapy use steadily increased after 2015, whereas the rate of
intravenous thrombolysis use doubled since 2008; however,
patients with in-hospital stroke onset underwent intravenous
thrombolysis and endovascular therapies at significantly slower
rates with worse functional outcomes than those with
out-of-hospital onset.

Meaning Although patients with in-hospital stroke onset were
increasingly reported and treated with reperfusion therapy,
disparities in care persisted, highlighting opportunities to further
care for these patients, including the use of dedicated inpatient
stroke protocols to bridge this disparity in stroke care.
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Statistical Analysis
We described the annual reperfusion rates of IVT only, or of
EVT with or without IVT, among patients with in-hospital on-
set of ischemic stroke from 2008 to 2018. The Cochran-
Armitage test for trend was used to assess the trend for each
reperfusion treatment. Quarterly reperfusion rates were also
calculated and are presented in plots. A linear model was fit-
ted on quarterly IVT rates, and a piecewise linear model was
fitted on quarterly EVT rates with 2 cutoffs, at 2013 and 2015,
to assess the temporal trends. Cutoffs were chosen based on
the triad of negative trials in 2013 and the subsequent posi-
tive trials in 2015.13-20

We then compared patient demographic characteristics,
clinical data, and hospital characteristics between patients with
in-hospital vs out-of-hospital onset in each treatment cohort.
Categorical variables are presented as counts and propor-
tions, and differences were tested using the Pearson χ2 test.
Continuous variables are presented as the median (interquar-
tile range [IQR]), and differences between groups were tested
using the Wilcoxon rank sum test. Given the large sample size,
percent standardized mean differences (SMDs) were also pro-
vided for all variables between the groups of patients with in-
hospital vs out-of-hospital stroke onset to help distinguish
meaningful differences between groups. Standardized mean
differences greater than 10% are considered a meaningful dif-
ference, rather than using P values alone for consideration of
statistical significance.

Unadjusted and adjusted associations between short-
term outcomes and symptom location were analyzed in each
treatment cohort by using logistic regression models. Covar-
iates in the multivariable models included patient character-
istics: age, sex, race/ethnicity (White, Black, Hispanic, Asian,
and other), medical history (atrial fibrillation or flutter, pre-
vious stroke or transient ischemic attack, coronary artery dis-
ease or prior myocardial infarction, diabetes, heart failure,
carotid stenosis, peripheral vascular disease, hypertension,
dyslipidemia, and smoking), arrival during routine working
hours, NIHSS score, admission year, and hospital characteris-
tics (geographic region, teaching status, rural location, num-
ber of beds, annual admissions for ischemic stroke, and stroke
center certification). Generalized estimating equations were
used to account for the correlation of cases from the same site.
Missing covariates were handled by imputation based on pa-
tient or hospital characteristics and the extent of missing-
ness, as detailed in eTable 1 in the Supplement.

Analyses were performed using SAS, version 9.4 (SAS
Institute Inc). All P values are from 2-sided tests and are con-
sidered statistically significant at less than .05.

Results
After exclusions, we identified 2 237 793 patients discharged
with acute ischemic stroke at 1355 sites (eFigure 1 in the Supple-
ment). Of these patients, 67 493 (3.0%) (mean [IQR] age, 72 [60-
82] years; 53.2% female) at 1340 sites had in-hospital stroke
onset. There was a significant increase in the proportion of in-
hospital strokes among all AIS discharges reported in Get With

the Guidelines from 2008 to 2018 (2.7% vs 3.5%; P < .001), and
a significant increase in the percentage of sites entering any
stroke with in-hospital onset into the Get With the Guide-
lines registry (61.9% to 73.6%; P < .001) (Figure, A). Of 67 493
patients with in-hospital stroke onset, 10 481 (15.5%) were
treated with IVT and 2494 (3.7%) underwent EVT. Of the
2 170 250 patients with out-of-hospital stroke, 214 345 (9.9%)
were treated with IVT and 40 636 (1.9%) underwent EVT. Dur-
ing the study period, IVT utilization rates for in-hospital stroke
onset steadily increased (9.1% vs 19.1%; P < .001) (Figure, B and
C). Inclusion of sites with low numbers of reperfusions did not
modify this trend (eTable 2 in the Supplement). During this
same period, the rate of EVT for in-hospital stroke onset was
stable at 2.5% from 2008 through the first quarter (Q1) of 2015,
with nonsignificant changes in utilization rates both before
2013 and between Q1 2013 and the Q1 2015. After the positive
endovascular trials were published in Q1 2015, there was
a 0.23% per quarter increase in EVT rates every quarter there-
after (P < .001; Figure, D). As of the third quarter of 2018, 6.9%
of strokes with in-hospital onset were treated with EVT. Given
the increasing reports of both in-hospital stroke and reperfu-
sion therapy, we assessed the demographic, clinical, and
outcome differences between groups of patients with stroke
onset in vs out of the hospital who had received reperfusion
therapies.

Intravenous Thrombolysis Only
First, we compared patients receiving IVT only, dichoto-
mized by location of stroke onset. Patients did not differ sig-
nificantly by race/ethnicity, age, or sex between stroke onset
in the hospital vs out of the hospital or by treatment with reper-
fusion therapy. There were important differences in medical
comorbidities, with higher rates of vascular risk factors, heart
failure, and kidney insufficiency and lower functional ambu-
latory status among patients with AIS having in-hospital on-
set, and higher rates of premorbid medications for these risk
factors among patients with AIS having in-hospital onset who
underwent EVT (Table 1). The patients in these cohorts were
otherwise similar, except for a small but significant differ-
ence in the NIHSS score distribution among IVT-treated pa-
tients. Given that the criteria to offer reperfusion therapy may
have changed after the publication of the 2015 randomized EVT
trials, we repeated this analysis restricted to patients treated
during or after 2015 and found similar between-group differ-
ences in demographic and baseline characteristics (eTable 3
in the Supplement). A full list of all baseline characteristics
assessed is reported in eTable 4 in the Supplement.

Patients with in-hospital stroke onset who received IVT
only had longer median (IQR) times from presentation to cra-
nial imaging (33 [18-60] vs 16 [9-26] minutes; P < .001) or to
IVT bolus (81 [52-125] vs 60 [45-84] minutes; P < .001) and from
cranial imaging to IVT bolus (61 [36-101] vs 42 [28-62] min-
utes; P < .001) (Table 2). These results were similar when re-
stricting analyses to patients presenting from 2015 (eTable 5
in the Supplement). Latencies to cranial imaging and IVT im-
proved each year during the 10-year study period, although the
differences between the in-hospital and out-of-hospital groups
persisted (P < .01) (eFigure 2 in the Supplement). The median
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(IQR) modified Rankin Scale score at hospital discharge
was clinically similar but statistically different in both groups
(3 [1-4] vs 3 [1-4]; P < .001) but was missing in a large number
of participants (49.7% of patients with in-hospital onset and
55.7% of patients with out-of-hospital onset) and was not fur-
ther analyzed.

After adjusting for available patient and hospital charac-
teristics, patients with in-hospital stroke onset were less likely
than those with out-of-hospital onset to be treated with IVT
within 60 minutes of onset (adjusted odds ratio [aOR], 0.45;
95% CI, 0.42-0.48; P < .001) (Table 3). Patients with in-
hospital onset had worse functional outcomes at hospital dis-
charge, with decreased likelihood of independent ambula-
tion (aOR, 0.78; 95% CI, 0.74-0.82; P < .001) or of being
discharged to home (aOR, 0.69; 95% CI, 0.66-0.73; P < .001),
and increased likelihood of in-hospital mortality or discharge
to hospice (aOR, 1.39; 95% CI, 1.29-1.50; P < .001). The rates
of symptomatic intracranial hemorrhage were not different
between the 2 groups (aOR, 0.93; 95% CI, 0.83-1.05; P = .26).

Endovascular Therapy
We next compared patients who received EVT, dichotomized
by location of stroke onset. Compared with patients with out-
of-hospital stroke onset who received EVT, those with
in-hospital onset were more likely to have vascular risk fac-
tors, including coronary artery disease, peripheral vascular
disease, chronic heart failure, and chronic kidney failure, and
were more likely to be taking antiplatelet, anticoagulant,
antihypertensive, cholesterol-reducing, or diabetic drugs
(Table 1). Restricting the patients included to only those
treated after the publication of the 2015 EVT trials did not
modify the observed between-group differences in demo-
graphic and baseline characteristics (eTable 3 in the Supple-
ment). A full list of baseline characteristics is reported in
eTable 6 in the Supplement.

Despite similar NIHSS scores, patients with in-hospital
stroke onset who received EVT had longer median (IQR) times
from presentation to cranial imaging (38 [22-69] vs 15 [9-26]
minutes; P < .001; SMD 102.9%) and to arterial puncture

Figure. Proportions and Trends of Reperfusion Therapy for Patients With In-Hospital Stroke Onset From 2008 to 2018
in the Get With The Guidelines-Stroke National Database
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quarter; and tPA, tissue plasminogen activator.
a P < .001.
b P = .94.
c P = .40.
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(165 [113-245] vs 138 [96-202] minutes; P < .001; SMD, 29.8%)
(Table 2); however, the delay from computed tomography to
arterial puncture was not significantly different as measured
by SMD (126 [79-211] vs 120 [81-178] minutes; P < .001; SMD
7.8%). These results were similar when restricting the analy-
sis to patients presenting from 2015 (eTable 5 in the Supple-
ment). Latencies to cranial imaging and EVT improved each
year during the 10-year study period, although the differ-
ences between the in-hospital and out-of-hospital groups per-
sisted (P < .01) (eFigure 2 in the Supplement). Fewer patients
with in-hospital stroke had IVT before EVT (25.8% vs 45.6%;
P < .001). The median (IQR) modified Rankin Scale score at hos-
pital discharge was higher for patients with in-hospital stroke
onset (4 [3-6] vs 4 [3-5]; P < .001), but this variable was miss-
ing in 40.9% of patients in the EVT group with in-hospital

onset and 40.2% in the EVT group with out-of-hospital onset
and was not further analyzed.

After adjusting for patient and hospital characteristics, pa-
tients with in-hospital stroke onset were less likely to be treated
within 120 minutes of symptom recognition or emergency de-
partment arrival (aOR, 0.65; 95% CI, 0.57-0.75; P < .001)
(Table 4). Despite a decreased risk of symptomatic intracra-
nial hemorrhage among EVT-treated patients with in-
hospital stroke onset compared with out-of-hospital onset
(aOR, 0.75; 95% CI, 0.61-0.92; P = .005), functional out-
comes at hospital discharge were still worse for those with in-
hospital onset, with decreased likelihood of ambulating inde-
pendently (aOR, 0.77; 95% CI, 0.68-0.86; P < .001) or being
discharged to home (aOR, 0.68; 95% CI, 0.61-0.77; P < .001).
Patients who received EVT for stroke with in-hospital onset

Table 1. Demographic and Baseline Characteristics of Patients Receiving IVT Only or EVT After Experiencing In-Hospital
vs Out-of-Hospital Stroke Onset

Variable

IVT only, No. (%)

SMD,
%a

EVT, No. (%)

SMD,
%a

Overall
(n = 224 826)

In-hospital
stroke
(n = 10 481)

Out-of-hospital
stroke
(n = 214 345)

Overall
(n = 43 130)

In-hospital
stroke
(n = 2494)

Out-of-hospital
stroke
(n = 40 636)

Demographic characteristic

Age, mean (IQR), yb 71 (59-82) 72 (60-82) 71 (59-82) 3.7 71 (59-81) 69 (59-79) 71 (59-81) 6.7

Female 112 720 (50.1) 5579 (53.2) 107 141 (50.0) 6.5 21 651 (50.2) 1243 (49.8) 20 408 (50.2) 0.8

Race/ethnicity

White 156 608 (69.7) 7238 (69.2) 149 370 (69.8)

4.3

29 661 (68.8) 1754 (70.4) 27 907 (68.7)

5.5

Black 34 818 (15.5) 1752 (16.7) 33 066 (15.4) 6745 (15.6) 371 (14.9) 6374 (15.7)

Hispanic (any race) 17 243 (7.7) 736 (7.0) 16 507 (7.7) 3207 (7.4) 187 (7.5) 3020 (7.4)

Asian 6664 (3.0) 295 (2.8) 6369 (3.0) 1487 (3.4) 67 (2.7) 1420 (3.5)

Other, not reported 9283 (4.1) 445 (4.3) 8838 (4.1) 2009 (4.7) 113 (4.5) 1896 (4.7)

Medical historyc

Coronary artery disease 53 571 (23.9) 3073 (29.4) 50 498 (23.7) 13.0 10 127 (23.5) 813 (32.6) 9314 (23.0) 21.7

Diabetes 63 803 (28.5) 3449 (33.0) 60 354 (28.3) 10.2 10 754 (25.0) 725 (29.1) 10 029 (24.7) 9.8

Peripheral vascular disease 7920 (3.5) 545 (5.2) 7375 (3.5) 8.6 1663 (3.9) 171 (6.9) 1492 (3.7) 14.3

Heart failure 20 792 (9.3) 1512 (14.5) 19 280 (9.0) 16.9 5005 (11.6) 415 (16.7) 4590 (11.3) 15.4

Chronic kidney insufficiency 11 203 (5.0) 788 (7.5) 10 415 (4.9) 11.0 2244 (5.2) 206 (8.3) 2038 (5.0) 13.0

Premorbid ambulation

Independent 154 624 (88.3) 7366 (86.4) 147 258 (88.4)

7.9

31 803 (87.6) 1818 (82.2) 29 985 (88.0)

17.3With assistance 6459 (3.7) 414 (4.9) 6045 (3.6) 1084 (3.0) 118 (5.3) 966 (2.8)

Unable to ambulate 4083 (2.3) 177 (2.1) 3906 (2.3) 666 (1.8) 60 (2.7) 606 (1.8)

Arrival information

Off-hour presentationd 121 506 (54.0) 5724 (54.6) 115 782 (54.0) 1.2 22 295 (51.7) 1426 (57.2) 20 869 (51.4) 11.7

Initial NIHSS score,
median (IQR)

8 (4-15) 8 (4-14) 8 (4-15) 12.3 16 (10-21) 16 (9-21) 16 (10-21) 1.9

Premorbid medication

Antiplatelet 94 950 (47.1) 4797 (50.0) 90 153 (47.0) 6 15 877 (42.7) 1075 (50.3) 14 802 (42.2) 16.4

Anticoagulant 11 805 (8.5) 720 (11.0) 11 085 (8.3) 9.1 6968 (22.9) 559 (31.7) 6409 (22.3) 21.3

Antihypertensive 124 113 (65.9) 6465 (69.6) 117 648 (65.7) 8.4 25 133 (64.5) 1695 (72.1) 23 438 (64.0) 17.3

Cholesterol reducer 95 571 (42.6) 4796 (45.9) 90 775 (42.5) 6.9 17 508 (40.7) 1142 (45.9) 16 366 (40.4) 11.2

Diabetic 39 327 (21.6) 2323 (25.8) 37 004 (21.4) 10.4 6715 (18.0) 505 (22.2) 6210 (17.7) 11.3

Abbreviations: EVT, endovascular therapy; IQR, interquartile range;
IVT, intravenous thrombolysis; NIHSS, National Institutes of Health Stroke Scale;
SMD, standardized mean difference.
a SMD higher than 10.0% is considered meaningful.
b Continuous variable.
c Additional variables tested but not reported owing to the lack of significant

differences between arrival mode for either IVT or EVT include atrial
fibrillation/flutter, prosthetic heart valve, previous stroke/ transient ischemic
attack, carotid stenosis, hypertension, smoking, and dyslipidemia.

d Defined as any stroke presentation and recognition outside of regular hours
(7 AM to 6 PM weekdays, excluding holidays).
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were more likely to die or be discharged to hospice (aOR, 1.58;
95% CI, 1.43-1.75; P < .001).

Discussion
Using a representative, nationwide registry of patients with acute
ischemic stroke from 2008 to 2018, we found that in-hospital
stroke onset was increasingly reported and treated with reper-
fusion therapy, but was nevertheless associated with longer de-

lays in imaging and treatment initiation and worse functional
outcomes than patients with out-of-hospital stroke onset.

In-hospital stroke onset was increasingly reported in this
national registry, both in terms of percentages of overall cases
and of sites reporting in-hospital stroke onset (Figure). We hy-
pothesized that in the endovascular era, EVT would be in-
creasingly used while IVT rates would remain relatively stable.
As hypothesized, EVT utilization rates for in-hospital strokes
significantly increased after the publication of the pivotal 2015
trials, with quarterly increases of 0.2% after publication in the

Table 2. Quality Metrics and Short-term Treatment Outcome for Patients Receiving IVT Only or EVT After Experiencing In-Hospital
vs Out-of-Hospital Stroke Onset

Variable

IVT only, No. (%)

SMD,
%a

EVT, No. (%)

SMD,
%a

Overall
(n = 224 826)

In-hospital
stroke
(n = 10 481)

Out-of-hospital
stroke
(n = 214 345)

Overall
(n = 43 130)

In-hospital
stroke
(n = 2494)

Out-of-hospital
stroke
(n = 40 636)

Quality metricsb

Presentation to
CT, minc

Median (IQR) 16 (9-26) 33 (18-60) 16 (9-26)
80.5

16 (9-28) 38 (22-69) 15 (9-26)
102.9

Missing 7287 (3.3) 2274 (22.4) 5013 (2.4) 1113 (2.7) 368 (15.6) 745 (1.9)

CT to treatment, minc

Median (IQR) 43 (28-63) 61 (36-101) 42 (28-62)
50.2

120 (81-180) 126 (79-211) 120 (81-178)
7.8

Missing 10 281 (4.6) 606 (6.0) 9675 (4.5) 5847 (13.9) 374 (15.9) 5473 (13.8)

Presentation to
treatment, minc

Median (IQR) 60 (45-85) 81 (52-125) 60 (45-84)
44.4

139 (97-204) 165 (113-245) 138 (96-202)
29.8

Missing 2202 (1.0) 438 (4.2) 1764 (0.8) 5383 (12.5) 442 (17.7) 4941 (12.2)

Received EVT and IVT

Yes NA NA NA
NA

19 172 (44.5) 642 (25.8) 18 530 (45.6)
42.3

Missing 35 (0.1) 5 (0.2) 30 (0.1)

Short-term outcome

Discharge disposition

Home 105 143
(46.8)

4217 (40.2) 100 926 (47.1)

19.7

11 497 (26.7) 526 (21.1) 10 971 (27.0)

22.2

Hospice 10 976 (4.9) 497 (4.7) 10 479 (4.9) 2954 (6.8) 190 (7.6) 2764 (6.8)

SNF 32 267 (14.4) 1696 (16.2) 30 571 (14.3) 6912 (16.0) 422 (16.9) 6490 (16.0)

IRF 51 773 (23.0) 2398 (22.9) 49 375 (23.0) 13 251 (30.7) 722 (28.9) 12 529 (30.8)

Acute care facility 7415 (3.3) 644 (6.1) 6771 (3.2) 1023 (2.4) 35 (1.4) 988 (2.4)

Other health care
facility

3781 (1.7) 206 (2.0) 3575 (1.7) 1354 (3.1) 89 (3.6) 1265 (3.1)

In-hospital death 13 471 (6.0) 823 (7.9) 12 648 (5.9) 6139 (14.2) 510 (20.4) 5629 (13.9)

Discharge ambulatory
status

Independent 95 144 (48.6) 4212 (45.1) 90 932 (48.8)

9.8

12 302 (30.9) 631 (26.9) 11 671 (31.1)

18.8

With assistance 55 512 (28.3) 2654 (28.4) 52 858 (28.3) 11 812 (29.7) 623 (26.5) 11 189 (29.9)

Unable to ambulate 31 735 (16.2) 1650 (17.7) 30 085 (16.1) 9566 (24.0) 585 (24.9) 8981 (24.0)

In-hospital death 13 471 (6.9) 823 (8.8) 12 648 (6.8) 6139 (15.4) 510 (21.7) 5629 (15.0)

Missing 28 964 (12.9) 1142 (10.9) 27 822 (13.0) 3311 (7.7) 145 (5.8) 3166 (7.8)

sICH

Yes 8373 (3.8) 357 (3.5) 8016 (3.9)
2.0

2587 (6.1) 129 (5.2) 2458 (6.1)
3.8

Missing 6977 (3.1) 222 (2.1) 6755 (3.2) 492 (1.1) 36 (1.4) 456 (1.1)

Abbreviations: CT, computed tomography; EVT, endovascular therapy;
IRF, inpatient rehabilitation facility; IQR, interquartile range; IVT, intravenous
thrombolysis; NA, not applicable; sICH, symptomatic intracranial hemorrhage
within 36 hours of treatment; SMD, standardized mean difference; SNF, skilled
nursing facility.
a SMD higher than 10% is considered meaningful.

b Index times for quality intervals are the time of presentation to the emergency
department for out-of-hospital stroke and time to symptom recognition for
in-hospital stroke onset.

c Continuous variable.
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first quarter of 2015 through the end of this study period. In
contrast to our hypothesis, the reported IVT utilization rate also
significantly increased throughout this period, doubling dur-
ing this 10-year span (9.1% vs 19.1%). Some of this increase may
be due to increased ascertainment and reporting of in-
hospital strokes, with a greater tendency to include cases if they
received IVT or EVT.

Despite the observed increase in utilization rates, the pre-
sent study found that disparities in both care and outcomes
persisted for in-hospital stroke onset. Compared with pa-
tients with out-of-hospital stroke onset, those with in-
hospital onset had longer times from symptom recognition to
imaging and reperfusion therapy initiation, and these pa-
tients had worse functional outcomes even when controlling
for known patient- and hospital-specific factors in adjusted
analyses. It is possible that unmeasured confounding ac-
counted for some of the difference in outcomes, but it is pos-
sible that the time delays were also important associated fac-
tors. In both the EVT- and IVT-treated cohorts, in-hospital
stroke onset was associated with decreased odds of discharg-
ing to home or ambulating independently at hospital dis-
charge, and increased likelihood of in-hospital mortality or
hospice placement. This study also found that EVT for in-
hospital onset was associated with decreased symptomatic

intracranial hemorrhage, although this is likely due in part to
these patients being less likely to have received IVT prior to
EVT (25.8% vs 45.6%). The lower utilization rates of IVT have
been previously attributed to medical contraindications or
delayed recognition from time last known to be well, and de-
spite the decreased rates of symptomatic intracranial hemor-
rhage observed for the in-hospital patients who received EVT,
these patients still had worse outcomes.4 These data suggest
that there may be unmeasured confounding factors beyond
time delays that are associated with worse outcomes among
patients who receive EVT.

Our data notably conflict with recent reports of compa-
rable or even faster treatment times and equivalent out-
comes for patients with in-hospital stroke onset who re-
ceived EVT, although these reports were indexed to symptom
onset and not to our use of stroke presentation.21,22 Those stud-
ies were limited by being reported from single, high-volume
centers, uncertainty about any bias regarding when in-
hospital EVT was offered, and the low frequency of EVT for
in-hospital stroke at any given institution. Conversely, our re-
port leverages a national database to analyze time intervals in
2494 patients who experienced strokes at a hospital and were
treated with EVT to show that similar to patients treated with
IVT, patients receiving EVT had longer delays to treatment and

Table 3. Association Between In-Hospital Stroke Onset and IVT Treatment Only Outcome in an Adjusted Model

Short-term outcome

Unadjusted analysis
Adjusted for patient
characteristicsa

Adjusted for patient and hospital
characteristicsa,b

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Symptom recognition to IVT ≤60 min 0.50 (0.47-0.53) <.001 0.45 (0.42-0.48) <.001 0.45 (0.42-0.48) <.001

In-hospital mortality or discharge to hospicec 1.21 (1.14-1.29) <.001 1.38 (1.28-1.49) <.001 1.39 (1.29-1.50) <.001

Discharge to homec 0.75 (0.72-0.79) <.001 0.69 (0.65-0.72) <.001 0.69 (0.66-0.73) <.001

Symptomatic intracranial hemorrhage 0.90 (0.80-1.01) .07 0.94 (0.84-1.06) .30 0.93 (0.83-1.05) .26

Independent ambulation at dischargec 0.83 (0.79-0.87) <.001 0.78 (0.74-0.82) <.001 0.78 (0.74-0.82) <.001

Abbreviations: IVT, intravenous thrombolysis; NIHSS, National Institutes of
Health Stroke Scale; OR, odds ratio.
a The following patient variables were included in the adjusted models: age,

sex, race, medical history (atrial fibrillation, prior stroke or transient ischemic
attack, coronary artery disease, diabetes, heart failure, carotid stenosis,
peripheral vascular disease, hypertension, dyslipidemia, and smoking), arrival
via ambulance, arrival during on or off hours, NIHSS score, and admission year.

b The following hospital characteristics were included: geographic region,
teaching status, rural location, number of beds, annual admissions for ischemic
stroke, and stroke center certification status.

c In-hospital deaths were not excluded from the denominator population for
these outcomes.

Table 4. Association Between In-Hospital Stroke Onset and EVT Outcome in an Adjusted Model

Short-term outcome

Unadjusted analysis
Adjusted for patient
characteristicsa

Adjusted for patient and hospital
characteristicsa,b

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Symptom recognition to EVT ≤120 min 0.65 (0.58-0.73) <.001 0.65 (0.57-0.75) <.001 0.65 (0.57-0.75) <.001

In-hospital mortality or discharge to hospicec 1.48 (1.36-1.61) <.001 1.57 (1.42-1.73) <.001 1.58 (1.43-1.75) <.001

Discharge to homec 0.76 (0.69-0.84) <.001 0.68 (0.61-0.76) <.001 0.68 (0.61-0.77) <.001

Symptomatic intracranial hemorrhage 0.84 (0.70-1.02) .08 0.75 (0.61-0.92) .005 0.75 (0.61-0.92) .005

Independent ambulation at dischargec 0.83 (0.75-0.92) .001 0.77 (0.69-0.86) <.001 0.77 (0.68-0.86) <.001

Abbreviations: EVT, endovascular therapy; NIHSS, National Institutes of Health
Stroke Scale; OR, odds ratio.
a The following patient variables were included in the adjusted models: age,

sex, race, medical history (atrial fibrillation, prior stroke or transient ischemic
attack, coronary artery disease, diabetes, heart failure, carotid stenosis,
peripheral vascular disease, hypertension, dyslipidemia, smoking), arrival via
ambulance, arrival during on or off hours, NIHSS score, and admission year.

b The following hospital characteristics were included: geographic region,
teaching status, rural location, number of beds, annual admissions for ischemic
stroke, and stroke center certification status.

c In-hospital deaths were not excluded from the denominator population for
these outcomes.
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worse functional outcomes despite already being in the hos-
pital at stroke onset.

These delays highlight challenges in standardizing acute
care protocols for relatively low-frequency events through-
out a hospital. We initially hypothesized that the greatest de-
lay would be mobilizing the patient to the initial computed to-
mography scan, but that after cranial imaging was conducted,
times from imaging to reperfusion therapy would be compa-
rable. Activating acute stroke responders, identifying the ap-
propriate radiology suite, and mobilizing an interdisciplinary
team to transport the patient are likely slower in the inpatient
setting as opposed to the emergency department, where higher
volumes and numbers of dedicated personnel can facilitate the
acute stroke treatment pathway. Even after the initial com-
puted tomography scan, the present study found that there
were still longer delays to both IVT bolus and arterial access
for EVT. These delays likely reflect the lack of rigorous proto-
col use and adherence, similar to the early experience re-
ported in the interventional cardiology literature, or the in-
ability to rapidly access a legally authorized representative to
provide consent.23 Once the patient reaches the scanner, mo-
bilizing reperfusion therapy resources should be similar, irre-
spective of location of stroke onset. In fact, several institu-
tions have shown that with dedicated inpatient stroke
protocols, treatment times and likelihood of offering reperfu-
sion therapy can be significantly improved.24-28 Those proto-
cols vary, but they all share the following characteristics: de-
fining a dedicated inpatient stroke response team, widespread
educational programs for all hospital staff to recognize both
the symptoms and acuity of a stroke, and expanding the pool
of staff who can trigger an acute stroke response. Ensuring that
the acute stroke alert activates a multidisciplinary set of re-
sponders (including stroke nursing, intravenous access nurse,
neurologist, pharmacist, and radiologist) further accelerates
and streamlines the initial stroke response. The paucity of in-
hospital strokes in nonneurologic units complicates efforts to
consistently execute those protocols, but there may be added
yield in practicing the protocols in higher-frequency units, such
as postsurgical units and cardiac units.1 Finally, patients who
require specialized nonneurologic care and experience an in-
hospital stroke may be less likely to be transferred to a stroke
unit. Given the improved outcomes associated with stroke
units, this lack of transfer may further contribute to our ob-
served differences associated with functional outcomes.29

Limitations
Our report has a number of limitations. First, by analyzing
national registry data, we only evaluated hospitals that volun-
tarily chose to participate in this registry. This voluntary par-
ticipation likely overrepresents facilities that were more in-
vested in stroke quality improvement and may not have fully
captured the state of in-hospital stroke nationally. Second, there
may be reporting bias. Patients with in-hospital stroke onset
who underwent reperfusion therapy may be more likely to be
reported in the database than patients who did not receive
reperfusion therapy, whereas those who were examined in con-
sultation without IVT or EVT, or who were never examined by
a neurologist, may be more likely to go unreported in the da-

tabase, especially if they were not discharged with a primary
diagnosis of ischemic stroke. In addition, the incidence of in-
hospital strokes is significantly lower in registry data sets than
in single-center data sets, likely reflecting the decreased like-
lihood to report in-hospital strokes.1,4,30-32 Furthermore, se-
vere strokes may be more likely to be reported than minor
strokes, confounding the reported proportions and severity of
in-hospital stroke. Our analyses likely underestimated the de-
nominator of both the proportion and rate of reperfusion for
in-hospital stroke. Reporting bias is nevertheless unlikely to en-
tirely explain the annual increase in reporting and reperfu-
sion therapy for in-hospital stroke. Prior US and Canadian
registry data reported 11% and 12% IVT use, respectively, for
in-hospital stroke through 2012, consistent with our observa-
tions in the early part of our study period (eTable 1 in the
Supplement).1,4 As disparities in care for in-hospital stroke on-
set have been increasingly recognized, inpatient protocols have
been developed to increase both the rates and speed of IVT
administration.24-28 Although the true denominator remains
unknown, our data likely reflected this increased effort to both
recognize and treat in-hospital stroke, with a consistent year-
by-year increase in both reporting and reperfusion for in-
hospital stroke onset. Third, prearrival notification systems,
where present and used, alert emergency departments and
stroke teams before the arrival of individuals with stroke on-
set outside the hospital, thereby potentially further accelerat-
ing the emergency department times to care. There is no cor-
ollary for this for in-hospital stroke onset. Finally, the indication
for hospital admission is not reported in the national registry
for in-hospital stroke onset, thereby limiting the ability to fur-
ther comment on comorbidities or procedural complications
that may be enriched in the inpatient cohort, such as cardiac
interventions. It is likely that the comorbidities listed do not
fully capture the general illness severity of already hospital-
ized patients and that these comorbid illnesses likely contrib-
ute to the worse functional outcome. Nevertheless, although
comorbidities likely contribute to the observed worse out-
comes, they do not negate the observed treatment delays in
these patients. The inferior outcomes are likely associated with
both treatment delays and comorbid illnesses.

Conclusions
In-hospital stroke onset was increasingly reported and treated
with both intravenous and endovascular reperfusion thera-
pies. Indeed, we found that a higher percentage of reported
patients with in-hospital stroke than with out-of-hospital stroke
received EVT. Nevertheless, disparities in systems of stroke care
persist. This study found that patients with in-hospital stroke
onset underwent intravenous and endovascular therapies at
significantly slower rates with attendant worse functional out-
comes than did patients with out-of-hospital stroke. These data
highlight increased reporting of in-hospital stroke and use of
reperfusion therapy while emphasizing opportunities to fur-
ther improve inpatient systems of stroke care. Dedicated in-
patient stroke protocols are advised to bridge this disparity in
stroke care.
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