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IMPORTANCE Treatments for time-sensitive acute stroke are not available at every hospital,
often requiring interhospital transfer. Current guidelines recommend hospitals achieve
a door-in-door-out time of no more than 120 minutes at the transferring emergency
department (ED).

OBJECTIVE To evaluate door-in-door-out times for acute stroke transfers in the American
Heart Association Get With The Guidelines-Stroke registry and to identify patient and hospital
factors associated with door-in-door-out times.

DESIGN, SETTING, AND PARTICIPANTS US registry–based, retrospective study of patients with
ischemic or hemorrhagic stroke from January 2019 through December 2021 who were
transferred from the ED at registry-affiliated hospitals to other acute care hospitals.

EXPOSURE Patient- and hospital-level characteristics.

MAIN OUTCOMES AND MEASURES The primary outcome was the door-in-door-out time
(time of transfer out minus time of arrival to the transferring ED) as a continuous variable and
a categorical variable (�120 minutes, >120 minutes). Generalized estimating equation (GEE)
regression models were used to identify patient and hospital-level characteristics associated
with door-in-door-out time overall and in subgroups of patients with hemorrhagic stroke,
acute ischemic stroke eligible for endovascular therapy, and acute ischemic stroke transferred
for reasons other than endovascular therapy.

RESULTS Among 108 913 patients (mean [SD] age, 66.7 [15.2] years; 71.7% non-Hispanic
White; 50.6% male) transferred from 1925 hospitals, 67 235 had acute ischemic stroke and
41 678 had hemorrhagic stroke. Overall, the median door-in-door-out time was 174 minutes
(IQR, 116-276 minutes): 29 741 patients (27.3%) had a door-in-door-out time of 120 minutes
or less. The factors significantly associated with longer median times were age 80 years or
older (vs 18-59 years; 14.9 minutes, 95% CI, 12.3 to 17.5 minutes), female sex (5.2 minutes;
95% CI, 3.6 to 6.9 minutes), non-Hispanic Black vs non-Hispanic White (8.2 minutes, 95% CI,
5.7 to 10.8 minutes), and Hispanic ethnicity vs non-Hispanic White (5.4 minutes, 95% CI, 1.8
to 9.0 minutes). The following were significantly associated with shorter median
door-in-door-out time: emergency medical services prenotification (−20.1 minutes; 95% CI,
−22.1 to −18.1 minutes), National Institutes of Health Stroke Scale (NIHSS) score exceeding 12
vs a score of 0 to 1 (−66.7 minutes; 95% CI, −68.7 to −64.7 minutes), and patients with acute
ischemic stroke eligible for endovascular therapy vs the hemorrhagic stroke subgroup
(−16.8 minutes; 95% CI, −21.0 to −12.7 minutes). Among patients with acute ischemic stroke
eligible for endovascular therapy, female sex, Black race, and Hispanic ethnicity were
associated with a significantly higher door-in-door-out time, whereas emergency medical
services prenotification, intravenous thrombolysis, and a higher NIHSS score were associated
with significantly lower door-in-door-out times.

CONCLUSIONS AND RELEVANCE In this US registry–based study of interhospital transfer for
acute stroke, the median door-in-door-out time was 174 minutes, which is longer than
current recommendations for acute stroke transfer. Disparities and modifiable health system
factors associated with longer door-in-door-out times are suitable targets for quality
improvement initiatives.
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I nterhospital transfer is often required to ensure efficient
access to time–dependent acute ischemic stroke thera-
pies including intravenous (IV) thrombolysis and endovas-

cular therapy.1,2 Additionally, patients with hemorrhagic stroke
or acute ischemic stroke can be transferred for neurosurgical
or neurocritical care services. Analyses of nationwide data sug-
gested that 13% of acute ischemic stroke admissions from
January 2010 to March 2014 involved an interhospital transfer3

with even higher rates for patients requiring endovascular
therapy between 2012 and 2017.4 Because stroke treatments are
exquisitely time-sensitive,1,2 the Joint Commission5 and Brain
Attack Coalition6 recommend that the time from “arrival to dis-
charge” for transfer from an emergency department (ED)–door-
in-door-out time be less than 120 minutes for stroke transfers.
However, for patients with acute ischemic stroke who are eli-
gible for endovascular therapy, door-in-door-out times are of-
ten prolonged,4,7 leading to worse clinical outcomes.3,4,8,9

Data are limited on door-in-door-out times in clinical prac-
tice with incomplete knowledge about factors associated with
interhospital transfer.7,10,11 Understanding existing disparities,
as well as potentially modifiable factors associated with door-
in-door-out times, could help hospitals redesign interhospital
transfer processes to reduce delays.7 Additionally, establish-
ing a national baseline for door-in-door-out times could help in-
form targets for future interhospital transfer interventions in
acute stroke. The objective of this study was to characterize
door-in-door-out times for acute stroke transfers in a large, con-
temporary sample of US hospitals participating in the Get With
the Guidelines–Stroke registry and to identify patient and hos-
pital factors associated with door-in-door-out times.

Methods
Data were obtained from the Get With The Guidelines–Stroke
registry, an ongoing, national database for voluntary quality
improvement maintained by American Heart Association/
American Stroke Association (AHA/ASA). This database,
which is representative of the US Medicare ischemic stroke
population,12 is used by more than 2000 hospitals and has more
than 9 million patient records.3,13,14 Participating hospitals re-
ceived human research approval to enroll patients without in-
dividual consent under the Common Rule15 or a waiver of au-
thorization and exemption by its institutional review board
(IRB). Advarra, the IRB for the AHA, determined this study was
exempt from oversight. This study follows Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE)16 guidelines for observational studies.

Study Population
Reporting of door-in-door-out times to the Joint Commission
began in January 2019.5 We included patients who had acute
ischemic stroke or hemorrhagic stroke between January 2019
and December 2021 who were (1) not admitted at the trans-
ferring hospital and (2) transferred from the ED to another acute
care hospital. These data were obtained from the transferring
hospital. Additionally, patients were excluded if they (1) had
transient ischemic attack (TIA), (2) were transferred from a

comprehensive stroke center or another acute care hospital be-
cause such transfers do not represent typical interhospital care
pathways, (3) had door-in-door-out times that were negative
values or exceeded 3 days, or (4) had a stroke type listed as “not
otherwise specified” (Figure 1).

Outcomes
The primary outcome was door-in-door-out time (arrival time
to transfer out of the ED) as continuous and categorical vari-
ables (≤120 vs 120 minutes).

Prespecified Covariates
Patient demographic and clinical characteristics, as well as ar-
rival, hospital, and geographic factors contained in the regis-
try, were included in the analysis. Patient-level demograph-
ics included age, sex, race and ethnicity, and health insurance.
Patient demographics, including fixed categories for race and
ethnicity were extracted from the medical record for inclu-
sion in the registry. These variables were included as racial and
sex disparities in other aspects of stroke identification and care
have been well described in the literature.17-19 Patient risk fac-
tors included history of hypertension, diabetes, dyslipid-
emia, atrial fibrillation, prior stroke, prior TIA, prosthetic heart
valve, coronary artery disease or myocardial infarction, ca-
rotid artery stenosis, peripheral vascular disease, heart fail-
ure, and smoking.

Arrival covariates included mode of arrival to ED (eg, use of
emergency medical services [EMS] to the transferring hospital
vs private mode of arrival), EMS prenotification (defined as ad-
vanced notification of suspected stroke by EMS technicians),20

after-hours arrival (defined during the weekend [Saturday or
Sunday] or before 7 AM or after 6 PM on Monday-Friday),21 and
presentation during the COVID-19 pandemic (before or after
March 11, 2020).22 Clinical covariates included stroke type (hem-
orrhagic stroke or acute ischemic stroke), National Institutes of
Health Stroke Scale (NIHSS) scores stratified by quartiles, and IV
thrombolysis administration at the transferring hospital. Imaging
testsperformedandlargevesselocclusionvisualizationwerealso
evaluated for inclusion in the analysis; however, both were ul-
timately excluded due to high rates of missingness.

Key Points
Question What is the median door-in-door-out time for
interhospital transfer of patients with stroke, and what patient and
hospital-level factors are associated with door-in-door-out time?

Findings In this retrospective US registry–based study that included
108 913 patients with acute stroke requiring interhospital transfer
from 1925 hospitals, the median door-in-door-out time was 174
minutes. Age 80 years or older, female sex, Black race, and Hispanic
ethnicity were significantly associated with longer door-in-door-out
times, whereas emergency medical services prenotification, severe
stroke, and ischemic stroke eligible for endovascular therapy were
significantly associated with shorter times.

Meaning This US registry–based study evaluated door-in-door-out
times for patients with acute stroke requiring interhospital transfer
and identified disparities and health system factors that could be
possible targets for quality improvement initiatives.
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Transferring hospital characteristics included geo-
graphic location (rural or urban), annual volume of throm-
bolysis, teaching status, mean daily hospital census, and pri-
mary stroke center certification level (vs acute stroke–ready
and noncertified hospitals).

Statistical Analysis
Descriptive statistics were performed for the overall cohort
and stratified by prespecified stroke subgroups: (1) patients
with hemorrhagic stroke; (2) patients with acute ischemic
stroke transferred for endovascular therapy consideration;

Figure 1. Study Population

1 689 280 Patients with a stroke in the Get With The
Guidelines–Stroke registry from 2231 hospitals

519 Evaluated for IV
thrombolyticb

11 718 Management after
IV thrombolyticb

77 047 Advanced stroke
careb,c

3245 Patient/family
requestb

2620 Other advanced
careb,d

2286 Not documentedb

1 525 831 Excluded (admitted at the participating
hospital or unknown disposition)

5944 Excluded (transferred from a
comprehensive stroke center)

38 806 Excluded (diagnosis of stroke not
otherwise specified)

1900 Negative door-in-door-out time

2655 Excluded (door-in-door-out >3 d)a

5231 Excluded
2769 Transferred from another hospital
2417 Unknown mode of arrival to hospital

45 Mobile stroke unit

163 449 Transferred from the ED to
another acute care hospital

157 505 Remain

155 605 Remain

152 950 Remain

147 719 Remain

41 678 Subarachnoid and intracerebral
hemorrhage

21 690 With acute ischemic stroke eligible
for endovascular therapyb

45 545 With acute ischemic stroke not
eligible for endovascular therapy

108 913 Included from 1925 referring hospitals

a Door-in-door-out times exceeding 3 days were excluded based on an assessment
of the distribution of the time and an empiric interpretation that such outliers
would likely represent atypical reasons for transfer such as family request, bed
capacity constraints, or insurance (out of network) factors rather than clinical
factors, although some excluded may have had clinical reasons for their transfer.

b Participating hospitals were allowed to report more than 1 transfer reason
from the 7 prespecified options

c Advanced stroke care includes neurocritical care and surgical or other
time-critical therapy.

d Other advanced care includes critical care not related to stroke.

ED indicates emergency department; IV, intravenous.
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and (3) patients with acute ischemic stroke transferred for
reasons other than endovascular therapy consideration.
These prespecified groupings were chosen to reflect current
door-in-door-out performance measures recognized by the
Joint Commission.23 Median door-in-door-out times were
calculated for each US state. Absolute standardized differ-
ences (SD) compared characteristics between door-in-door-
out time categories (≤120 vs >120 minutes). This approach was
used given the large sample size,24,25 wherein an absolute SD
of more than 10% indicates a practical important difference in
covariates between the door-in-door-out time groups.

Primary Analysis
Multivariable regression models were estimated to identify pa-
tient and hospital characteristics associated with the door-in-
door-out time. Generalized estimating equations (GEE) were
used to account for within-hospital clustering, a method used
by previous studies conducted using Get With The Guide-
lines data.4,26 Door-in-door-out time as a continuous out-
come was log-transformed to account for the rightward skew
of the data. The association between covariates and door-in-
door-out times and the corresponding 95% CIs were
calculated27 using GEE median and logistic regression mod-
els for the overall cohort and each stroke subgroup adjusting
for the prespecified covariates noted above. For GEE regres-
sion models, an intercept was calculated for each model, rep-
resenting the median door-in-door-out time for each model
with all patient and hospital characteristics set as the refer-
ence category. Analysis outputs from these models are re-
ported as minutes greater than or less than the intercept (me-
dian) door-in-door-out time. The odds ratios in the logistic
regression models represent the odds of door-in-door-out time
longer than 120 minutes relative to the reference category for
each variable adjusted for all other patient and hospital char-
acteristics. Patients with missing NIHSS values were not in-
cluded in the primary analysis. Given their degree of missing-
ness, vascular imaging and large vessel occlusion visualization
were not included in any models. All statistical tests were
2-sided using the nominal type I error rate α = .05.

Secondary Analysis
To account for missingness, we conducted 2 imputation meth-
ods for GEE models. First, in a rule-based imputation ap-
proach, missing values for insurance status were assigned to
Medicare for patients 65 years or older, an approach used by
other Get With The Guidelines studies.28 The missing values
in all other categorical covariates were imputed to the most
frequent category and the GEE models were then fit on the im-
puted data sets.4 Second, we used multiple imputations by
chained equations (eMethods in Supplement 1).

Post Hoc Exploratory Analysis
We performed additional analyses using variables derived post
hoc, including the last time the patient was known to be well
to arrival time and various hospital-level variables including
(1) stroke transfer volume, (2) telestroke utilization, (3) hos-
pitals’ proportions of patients in our sample with Medicaid or
self-pay insurance, and (4) tenecteplase utilization. The im-

puted and exploratory models are further described in the
eMethods section of Supplement 1.

All statistical analyses were performed on the AHA Precision
Medicine Platform using statistical software available on the plat-
form including SAS Studio, version 9.4, and R version 4.2.0. The
R package geepack was used to estimate the GEE models.29

Results
The baseline characteristics for the overall cohort and the sub-
groups are provided in Table 1. Among 108 913 patients (mean
[SD] age, 66.7 [15.2] years; 71.7% White; 50.6% male) trans-
ferred from 1925 hospitals, 67 235 patients had acute ische-
mic stroke and 41 678 patients had hemorrhagic stroke. The
most common reasons for transfer were advanced stroke care
(70.7%), evaluation for endovascular therapy (20.3%), and IV
thrombolysis management (10.8%). Most patients presented
to teaching hospitals (62.9%), in urban areas (68.5%), and dur-
ing the COVID-19 pandemic (59.6%). EMS prenotification was
used in 43.9% overall patients and in 62.7% of patients with
acute ischemic stroke eligible for endovascular therapy. Most
covariates had low missing values (<10%), with the exception
of NIHSS score (21.4%), insurance status (27.5%), whether vas-
cular imaging was obtained (49.8%), and large vessel occlu-
sion visualization (58.2%). The median NIHSS score was 7 (IQR,
2-15). Vascular imaging was obtained from 38 318 of 67 235 pa-
tients (57.0%) with acute ischemic stroke, and of those 21 849
(32.5%) had a large vessel occlusion visualized.

Median door-in-door-out times were 174 minutes (IQR, 116-
276 minutes) overall; 132 minutes (IQR, 97-189 minutes) among
patients with acute ischemic stroke eligible for endovascular
therapy; 178 minutes (IQR, 119-275 minutes), with hemor-
rhagic stroke; and 201 minutes (IQR, 129-319 minutes) with
acute ischemic stroke-other. The median door-in-door-out
times by state in the overall cohort and by stroke subgroup are
depicted in Figure 2.

Table 2 compares characteristics between door-in-door-
out time groups (dichotomized by ≤120 vs >120 minutes). Door-
in-door-out time of 120 minutes or less was achieved in 27.3%
overall. Patients with the following characteristics were sig-
nificantly more likely to have door-in-door-out time exceed-
ing 120 minutes than those with times of 120 minutes or less:
Black race (15.3% vs 12.8%); Hispanic ethnicity (7.0% vs 5.1%);
pandemic period (61.0% vs 55.8%); and magnetic resonance
imaging (MRI) performed (4.8% vs 0.8%). The following char-
acteristics were significantly more frequent in the door-in-
door-out time of 120 minutes or less group: White race (74.6%
vs 70.6%), EMS prenotification (57.3% vs 38.8%), and NIHSS
score exceeding 12 (39.2% vs 19.7%).

Table 3 presents median door-in-door-out times using GEE
regression models overall and by stroke subgroup. In the over-
all model, the following were significantly associated with lon-
ger door-in-door-out times: age 80 years or older vs those aged
18 through 59 years (14.90 minutes; 95% CI, 12.32-17.47 min-
utes), female sex (5.21 minutes; 95% CI, 3.55-6.86 minutes),
Black non-Hispanic vs White non-Hispanic (8.21 minutes;
95% CI, 5.67-10.75 minutes), Hispanic vs White non-Hispanic
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Table 1. Characteristics of the Patients With Stroke and by Stroke Type

No. (%) of patients

Overall
(N = 108 913)

Acute ischemic stroke
Hemorrhagic stroke
(n = 41 678)

Endovascular therapy eligible
(n = 21 690)

Other
(n = 45 545)

Demographics

Age, y

18-≤59 33 271 (30.5) 5291 (24.4) 13 444 (29.5) 14 536 (34.9)

60-≤69 25 496 (23.4) 5083 (23.4) 11 167 (24.5) 9246 (22.2)

70-≤79 26 282 (24.1) 5461 (25.2) 11 224 (24.6) 9597 (23.0)

80-≤110 23 864 (21.9) 5855 (27.0) 9710 (21.3) 8299 (19.9)

Sex, No. 10 8852 21 680 45 511 41 661
Female 53 808 (49.4) 10 746 (49.6) 21 850 (48.0) 21 212 (50.9)

Male 55 044 (50.6) 10 934 (50.4) 23 661 (52.0) 20 449 (49.1)

Race/ethnicity, No. 108 827 21 656 45 514 41 657
Black or African American non-Hispanic 15 917 (14.6) 3222 (14.9) 6487 (14.3) 6208 (14.9)

Hispanic 7070 (6.5) 1306 (6.0) 2441 (5.4) 3323 (8.0)

Other non-Hispanica 7798 (7.2) 1573 (7.3) 2575 (5.7) 3650 (8.8)

White non-Hispanic 78 042 (71.7) 15 555 (71.8) 34 011 (74.7) 28 476 (68.4)

Insurance, No.b 78 975 16 550 33 184 29 241

Medicaid 3364 (4.3) 570 (3.4) 1442 (4.3) 1352 (4.6)

Medicare 61 947 (78.4) 13 483 (81.5) 26 407 (79.6) 22 057 (75.4)

Private, VA, CHAMPUS, or other 10 431 (13.2) 1866 (11.3) 4220 (12.7) 4345 (14.9)

Self-pay or none 2568 (3.3) 475 (2.9) 893 (2.7) 1200 (4.1)

Not determined 665 (0.8) 156 (0.9) 222 (0.7) 287 (1.0)

Medical history, No. 108 215 21 488 45 399 41 328

Hypertension 68 685 (63.5) 14 028 (65.3) 30 221 (66.6) 24 436 (59.1)

Dyslipidemia 37 810 (34.97) 7997 (37.2) 17 310 (38.1) 12 503 (30.3)

Diabetes 27 228 (25.2) 5405 (25.2) 13 493 (29.7) 8330 (20.2)

Prior stroke 20 456 (18.9) 3872 (18.0) 10 017 (22.1) 6567 (15.9)

CAD or MI 18 050 (16.7) 4045 (18.8) 8630 (19.0) 5375 (13.0)

Smoking 16 001 (14.8) 3082 (14.3) 7746 (17.1) 5173 (12.5)

Atrial fibrillation 15 376 (14.2) 4557 (21.2) 6003 (13.2) 4816 (11.7)

Heart failure 7385 (6.8) 1999 (9.3) 3210 (7.1) 2176 (5.3)

Prior TIA 6183 (5.7) 1198 (5.6) 3365 (7.4) 1620 (3.9)

Peripheral vascular disease 2266 (2.1) 520 (2.4) 1065 (2.3) 681 (1.6)

Carotid artery stenosis 2080 (1.9) 511 (2.4) 1040 (2.3) 529 (1.3)

Prosthetic heart valve 961 (0.9) 246 (1.1) 364 (0.8) 351 (0.8)

Arrival and clinical data

Arrival mode, No. 107 370 21 456 44 962 40 952
Private 36 719 (34.2) 3884 (18.1) 18 808 (41.8) 14 027 (34.3)

EMS no prenotification 23 555 (21.9) 4113 (19.2) 8643 (19.2) 10 799 (26.4)

EMS prenotification 47 096 (43.9) 13 459 (62.7) 17 511 (38.9) 16 126 (39.4)

During pandemic 64 941 (59.6) 13 336 (61.5) 26 902 (59.1) 24 703 (59.3)

NIH Stroke Scale score, No.c 85 597 21 158 41 456 22 983
0-1 16 574 (19.4) 1312 (6.2) 7798 (18.8) 7464 (32.5)

2-4 17 789 (20.8) 2572 (12.2) 11 228 (27.1) 3989 (17.4)

5-12 24 006 (28.0) 6346 (30.0) 12 888 (31.1) 4772 (20.8)

>12 27 228 (31.8) 10 928 (51.6) 9542 (23.0) 6758 (29.4)

Missing 23 316 (21.4) 532 (2.5) 4089 (9.0) 18 695 (44.9)

Median (IQR) 7 (2-15) 13 (6-20) 5 (2-12) 5 (1-15)

IV thrombolytic initiated NA 9201 (42.4) 15 066 (33.1) NA

Imaging characteristics

Vascular imaging performed 38 323 (35.2) 16 436 (75.8) 21 882 (48.0) 5 (<1)

Vascular imaging data missingd 54 259 (49.8) 2824 (13.0) 9795 (21.5) 41 640 (99.9)

Large vessel occlusion 21 849 (20.1) 14 359 (66.2) 7490 (16.4) 0

Data missing 63 346 (58.2) 4593 (21.2) 17 076 (37.5) 41 677 (100.0)

(continued)
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(5.37 minutes; 95% CI, 1.77-8.97 minutes), acute ischemic stroke–
other stroke type vs hemorrhagic stroke type (46.98 minutes;
95% CI, 42.24-51.72 minutes), urban location (14.30 minutes;
95% CI, 7.34-21.25 minutes), pandemic period (16.13 minutes;
95% CI, 13.84-18.43 minutes), hospital daily census of 200 or
more patients vs 0 to 99 (26.06 minutes; 95% CI, 14.84-37.28
minutes), and annual IV thrombolysis volume of 30 to 126 vs 0
to 9 (27.09 minutes; 95% CI, 13.31-40.87 minutes).

The following were significantly associated with shorter
median door-in-door-out times: acute ischemic stroke eli-
gible for endovascular therapy vs hemorrhagic stroke sub-
group (−16.83 minutes; 95% CI, −21.01 to −12.66 minutes),
NIHSS score exceeding 12 vs 0 to 1 (−66.68 minutes; 95% CI,
−68.67 to −64.68 minutes), and EMS prenotification (−20.12
minutes; 95% CI, −22.12 to −18.13 minutes).

Significantly longer median door-in-door-out times were
associated with the following factors in patients with acute is-
chemic stroke eligible for endovascular therapy: age 80 years
or older vs 18 through 59 years (12.29 minutes; 95% CI, 7.78-
16.79 minutes), female sex (4.16 minutes; 95% CI, 1.26-7.07
minutes), Black non-Hispanic vs White non-Hispanic (12.36
minutes; 95% CI, 7.46-17.26 minutes), Hispanic vs White non-
Hispanic (11.20 minutes; 95% CI, 4.69-17.71 minutes), and ad-
mitted after hours (10.95 minutes; 95% CI, 7.92-13.97 min-
utes). The following characteristics were associated with
significantly shorter median door-in-door-out times: IV throm-
bolysis administration (−15.30 minutes; 95% CI, −18.24 to

−12.36 minutes), NIHSS score exceeding 12 vs 0 to 1 (−77.98 min-
utes; 95% CI, −83.57 to −72.32 minutes), urban location (−9.63
minutes; 95% CI, −17.33 to −1.93 minutes), and EMS prenoti-
fication (−15.38 minutes; 95% CI, −19.5 to −11.23 minutes).

GEE logistic regression (eTable 1 in Supplement 2), rule-
based imputation (eTable 2 in Supplement 2), and multiple im-
putation (eTable 3 in Supplement 3) models yielded overall
similar results to the above (eResults in Supplement 1). Nota-
bly, with imputations, the point estimate of the association be-
tween Black race or Hispanic ethnicity and door-in-door-out
times was somewhat attenuated. In post hoc exploratory analy-
ses, increasing time from the last time a patient was known to
be well to ED arrival was significantly associated with increas-
ing door-in-door-out times and higher volume of stroke trans-
fers per hospital was significantly associated with decreasing
door-in-door-out times (eTable 4 in Supplement).

Discussion
In this study of patients with acute stroke transferred from hos-
pitals participating in the Get With The Guidelines–Stroke reg-
istry, the overall median door-in-door-out time was 174 min-
utes. Several patient and hospital factors, including age, female
sex, Black race, Hispanic ethnicity, stroke severity, stroke type
or reason for transfer, and EMS prenotification were associ-
ated with door-in-door-out times.

Table 1. Characteristics of the Patients With Stroke and by Stroke Type (continued)

No. (%) of patients

Overall
(N = 108 913)

Acute ischemic stroke
Hemorrhagic stroke
(n = 41 678)

Endovascular therapy eligible
(n = 21 690)

Other
(n = 45 545)

Transferring hospital characteristics

Primary stroke center

Yes 46 488 (42.7) 11 676 (53.8) 15 066 (33.1) 19 746 (47.4)

Noe 62 425 (57.3) 10 014 (46.2) 30 479 (66.9) 21 932 (52.6)

Location, No. 107 556 21 405 44 901 41 250

Rural 33 932 (31.5) 4366 (20.4) 18 602 (41.4) 10 964 (26.6)

Urban 73 624 (68.5) 17 039 (79.6) 26 299 (58.6) 30 286 (73.4)

IV thrombolytic cases per y, No. 108 164 21 666 44 963 41 535
0-9 32 012 (29.6) 3777 (17.4) 16 994 (37.8) 11 241 (27.1)

10-19 37 995 (35.1) 7505 (34.6) 14 921 (33.2) 15 569 (37.5)

20-29 24 275 (22.4) 6532 (30.1) 8302 (18.5) 9441 (22.7)

30-126 13 882 (12.8) 3852 (17.8) 4746 (10.6) 5284 (12.7)

Teaching status, No. 99 664 20 047 41 376 38 241
Teaching hospital 62 681 (62.9) 14 754 (73.6) 22 382 (54.1) 25 545 (66.8)

Daily hospital census, No. 99 664 20 047 41 376 38 241
0-99 52 526 (52.7) 6981 (34.8) 26 441 (63.9) 19 104 (50.0)

100-199 32 230 (32.3) 8209 (40.9) 10 494 (25.4) 13 527 (35.4)

≥200 14 908 (15.0) 4857 (24.2) 4441 (10.7) 5610 (14.7)

Abbreviations: CAD, coronary artery disease; CHAMPUS, Civilian Health and
Medical Program of the Uniformed Services; EMS, emergency medical services;
EVT, endovascular therapy; IV, intravenous; MI, myocardial infarction; NA, not
applicable; NIH, National Institutes of Health; TIA, transient ischemic attack; VA,
Veterans Affairs.
a Other includes American Indian or Alaska Native, Asian, Native Hawaiian or

Pacific Islander, or unable to determine, extracted from the medical record for
inclusion in the registry.

b Extracted from the medical record for inclusion in the registry. Patients with
both Medicaid and Medicare were assigned to Medicare.

c Score ranges from 0 to 42 (higher scores indicate greater severity).
d Imaging that was not performed or not reported at the transferring hospital.
e Included acute stroke ready and noncertified hospitals.
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For the subgroup with acute ischemic stroke eligible for
endovascular therapy, the median door-in-door-out time was
132 minutes, the fastest door-in-door-out times that may be
explained by the clearly efficacious and time-dependent na-
ture of endovascular therapy and existence of established pro-
tocols for screening, identification, and rapid transfer.3,8 It is
well established in the literature that decreased time to reper-
fusion can increase the likelihood of good clinical outcomes2,30;
thus, the current study provides contemporary national door-
in-door-out times that could serve as a baseline for future
broad-scale quality improvement interventions.

In 2013, the Brain Attack Coalition recommended a door-
in-door-out time of 120 minutes or less for acute stroke–

ready hospitals, hospitals capable of initiating acute stroke care
before transferring appropriate patients for definitive care.6 In
this study, only 27.3% of patients had a door-in-door-out time
of 120 minutes or less, suggesting that current median door-
in-door-out times exceed this recommended target.

A possible explanation for why the hemorrhagic stroke sub-
group had faster door-in-door-out times than the acute ische-
mic stroke–other subgroup is that guidelines recommend
emergency transfer of patients with hemorrhagic stroke
from community hospitals to centers with dedicated stroke
expertise,31,32 significantly streamlining the transfer algo-
rithm for such patients. It is also likely that additional workup
and treatment of acute ischemic stroke, including computed

Figure 2. Median Door-in-Door-out Times by State
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NA indicates not applicable (Wyoming did not have any patients with acute ischemic stroke transferred who met the study’s inclusion criteria).
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tomographic (CT) angiogram as well as IV thrombolysis, adds
substantial time7 or impedes transfer.

From a systems and quality improvement standpoint, EMS
prenotification, not merely EMS mode of arrival, was signifi-
cantly associated with shorter door-in-door-out times in the
overall cohort and in the subgroup with acute ischemic stroke
eligible for endovascular therapy. EMS prenotification has been
previously associated with reduced door-to-needle times in
acute ischemic stroke thrombolysis.33 The data from this study
suggest that EMS prenotification may also be helpful for ex-
pediting door-in-door-out times.

This study also found sex and race and ethnic disparities
in door-in-door-out times. Black race and Hispanic ethnicity
were both significantly associated with longer door-in-door-
out times. Racial disparities in stroke care and outcomes are
well described and constitute a major public health concern.34

More specifically, Black patients and patients with low-
income may be less likely to receive endovascular therapy17;
however, this has been improving over time.18 Although lim-
ited access to advanced care may be one explanation, it may
also be a multifactorial problem with contributions from struc-
tural racism and other factors at the hospital and systems lev-
els as well.35 Additionally, female sex was significantly asso-
ciated with prolonged door-in-door-out time. Prior literature
has shown that female patients are less likely to receive cer-
tain stroke care benchmarks, such as door-to-CT time of 25
minutes or less.19 Controlling for insurance status partially miti-
gated these disparities, but further study is warranted to as-
certain the underlying causes and to ultimately implement sys-
tem redesigns to achieve health equity.

There was substantial geographic variation in overall door-
in-door-out times by state and each stroke subgroup. Urban
hospital location was significantly associated with prolonged
door-in-door-out times in the overall cohort compared with a
rural location. However, the direction of this association was
not uniform across subgroups. Comparing the subgroup with
acute ischemic stroke eligible for endovascular therapy with
the hemorrhagic stroke subgroup, the former was associated
with faster times in urban locations whereas the latter with
slower times in urban locations. Prior literature has shown that
patients with hemorrhagic stroke hospitalized at rural hospi-
tals had twice the odds of mortality than those in urban
hospitals,36 and thus ED clinicians in rural areas may be quicker
to transfer such patients than clinicians in urban areas. An-
other study found that patients with acute ischemic stroke un-
dergoing endovascular therapy from rural areas had worse
functional outcomes than those from urban areas, an associa-
tion hypothesized to be due to longer times to reperfusion in
rural vs urban patients.37 Indeed, a rural location was signifi-
cantly associated with increased door-in-door-out time among
patients with acute ischemic stroke eligible for endovascular
therapy, although time to reperfusion was not assessed in this
study. Reducing geographic variation in care is a worthy goal
for future quality improvement initiatives.

During the COVID-19 pandemic, the median door-in-door-
out time in the overall stroke cohort was 16 minutes greater than
it was prior to the pandemic. The COVID-19 pandemic was asso-
ciated with a transient decline in overall stroke hospitalizations,Ta
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Table 3. Generalized Estimating Equations Regression Results for the Overall Cohort and Stroke Subgroups

Minutes (95% CI)

Overall
(N = 74 083)

Acute ischemic stroke

Hemorrhagic
(n = 19 890)

Eligible for endovascular therapy
(n = 18 481)

Other
(n = 35 698)

Intercepta 185.26 (177.43 to 193.08) 206.85 (193.48 to 220.21) 244.60 (232.60 to 256.61) 168.58 (158.14 to 179.02)

Demographics

Age, y

18-≤59 [Reference] [Reference] [Reference] [Reference]

60-≤69 1.24 (−0.86 to 3.33) −1.28 (−5.26 to 2.69) 0.33 (−3.51 to 4.16) 2.38 (−1.50 to 6.27)

70-≤79 5.56 (3.38 to 7.74) 2.18 (−1.96 to 6.31) 4.12 (0.12 to 8.12) 10.08 (5.69 to 14.46)

80-≤110 14.90 (12.32 to 17.47) 12.29 (7.78 to 16.79) 8.61 (4.02 to 13.21) 30.77 (24.70 to 36.84)

Sex

Male [Reference] [Reference] [Reference] [Reference]

Female 5.21 (3.55 to 6.86) 4.16 (1.26 to 7.07) 6.92 (3.97 to 9.88) 6.47 (3.46 to 9.49)

Race and ethnicity

Black or African American
non-Hispanic

8.21 (5.67 to 10.75) 12.36 (7.46 to 17.26) 12.56 (7.73 to 17.39) 2.51 (−2.14 to 7.15)

Hispanic 5.37 (1.77 to 8.97) 11.20 (4.69 to 17.71) 7.00 (−0.09 to 14.09) 5.63 (0.80 to 12.05)

Other non-Hispanicb 0.22 (−2.85 to 3.28) 3.01 (−2.84 to 8.87) 4.38 (−1.89 to 10.64) −5.82 (−11.00 to −0.65)

White non-Hispanic [Reference] [Reference] [Reference] [Reference]

Medical history and prior medications

Hypertension 0.31 (−1.38 to 2.00) 3.72 (0.57 to 6.88) 0.53 (−2.46 to 3.52) −2.57 (−5.80 to 0.65)

Dyslipidemia 0.14 (−1.65 to 1.93) −1.88 (−4.79 to 1.04) 0.54 (−2.79 to 3.88) 1.09 (−2.55 to 4.73)

Diabetes 8.93 (6.96 to 10.90) 7.22 (3.82 to 10.61) 8.73 (5.24 to 12.22) 10.23 (6.18 to 14.27)

Prior stroke 12.66 (10.46 to 14.86) 9.48 (5.47 to 13.49) 10.26 (6.80 to 13.72) 15.83 (11.13 to 20.53)

CAD/prior MI 1.62 (−0.54 to 3.78) 1.90 (−1.85 to 5.66) 3.46 (−0.33 to 7.25) 2.00 (−2.91 to 6.92)

Smoking 6.70 (4.35 to 9.05) 6.31 (1.77 to 10.85) 7.02 (2.92 to 11.13) 3.34 (−1.21 to 7.89)

Atrial fibrillation −4.04 (−6.24 to −1.83) −6.77 (−10.16 to −3.39) −8.99 (−13.27 to −4.71) 1.74 (−3.43 to 6.90)

Heart failure 4.71 (1.68 to 7.73) 2.26 (−2.48 to 7.00) 7.73 (2.01 to 13.46) 13.18 (5.51 to 20.86)

Prior TIA −0.46 (−3.62 to 2.69) −0.49 (−6.46 to 5.48) −1.30 (−6.28 to 3.68) 2.75 (−4.86 to 10.35)

Peripheral vascular disease 5.50 (−0.28 to 11.28) 3.39 (−6.52 to 13.30) 4.53 (−5.01 to 14.06) 3.95 (−9.07 to 16.96)

Carotid artery stenosis 4.65 (−1.01 to 10.32) 2.33 (−6.98 to 11.64) 2.57 (−6.74 to 11.89) 11.60 (−3.77 to 26.98)

Prosthetic heart valve 0.26 (−6.66 to 7.19) −2.46 (−13.25 to 8.34) −7.53 (−23.34 to 8.28) 5.71 (−8.53 to 19.94)

Prior antithrombotic medication −4.27 (−6.08 to −2.47) 0.05 (−3.28 to 3.37) −2.91 (−5.93 to 0.11) −3.63 (−7.36 to 0.10)

Arrival and clinical data

Stroke subtype

Hemorrhagic stroke [Reference] NA NA NA

Acute ischemic stroke

Endovascular therapy eligible −16.83 (−21.01 to −12.66) NA NA NA

Other 46.98 (42.24 to 51.72) NA NA NA

Received IV Thrombolytic NA −15.30 (−18.24 to −12.36) −59.64 (−63.48 to −55.80) NA

NIH Stroke Scale scorec

0-1 [Reference] [Reference] [Reference] [Reference]

2-4 −33.07 (−35.35 to −30.79) −36.80 (−44.03 to −29.57) −35.47 (−39.30 to −31.64) −31.47 (−34.90 to −28.04)

5-12 −53.95 (−56.03 to −51.87) −64.79 (−70.53 to −59.05) −57.27 (−61.08 to −53.46) −47.07 (−50.20 to −43.94)

>12 −66.68 (−68.67 to −64.68) −77.98 (−83.57 to −72.38) −84.84 (−88.50 to −81.18) −46.22 (−49.48 to −42.96)

Arrival mode and time

Private arrival mode [Reference] [Reference] [Reference] [Reference]

EMS no prenotification 1.22 (−1.32 to 3.77) 7.26 (1.68 to 12.83) 5.23 (0.76 to 9.70) −6.80 (−10.91 to −2.68)

EMS prenotification −20.12 (−22.12 to −18.13) −15.38 (−19.52 to −11.23) −18.36 (−21.71 to −15.01) −22.95 (−26.36 to −19.54)

After hours −2.78 (−4.43 to −1.13) 10.95 (7.92 to 13.97) −7.83 (−10.75 to −4.92) −5.35 (−8.21 to −2.48)

During pandemic 16.13 (13.84 to 18.43) 3.21 (−0.21 to 6.62) 27.68 (23.64 to 31.71) 16.10 (12.49 to 19.71)

(continued)
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interhospital transfer for acute interventions, IV thrombolysis,38

and endovascular therapy.39 In-hospital delays in care, particu-
larly with acute stroke treatments such as IV thrombolysis and
endovascular therapy, were demonstrated in some cases.40

However, patients admitted with stroke during the COVID-19
pandemic had a higher probability of having a large vessel oc-
clusion warranting endovascular therapy, higher in-hospital
mortality, and higher baseline NIHSS scores,41 potentially re-
lated to the postulated unique pathophysiology in COVID-19–
associated stroke,42 as well as higher thresholds for patients pre-
senting to medical attention during the pandemic.43 Further
delineation of the specific factors leading to time delays in acute
stroke treatment and transfer during the COVID-19 pandemic
is imperative to optimize care delivery during future health sys-
tem emergencies.

Limitations
This study has several limitations. First, missing or incom-
plete data are a limitation of this data set. Hospitals sending
patients for transfer may be more likely to have missing or in-
complete data. Of note, the NIHSS score was missing in 21.4%
of the study sample. The data set also included a large propor-
tion of patients with hemorrhagic strokes, and NIHSS score is
not typically recorded for these patients. The missingness of
the NIHSS score may not be random; a previous study of the
Get With The Guidelines–Stroke data found that documenta-
tion of NIHSS scores was higher in patients who arrived by

ambulance, arrived soon after onset, and were treated at pri-
mary stroke centers.44 Nearly half of patients had missing vari-
ables related to vascular imaging. These missing data on
imaging and other procedural steps make understanding the
root causes of interhospital transfer delays challenging.

Second, there is inherent selection bias because hospitals
participating in the Get With The Guidelines–Stroke registry
have exhibited an interest in tracking and improving stroke
care. The majority of the patients in this study were trans-
ferred from teaching hospitals in urban areas, which is typi-
cal of participating hospitals12 but differs from a prior study
reporting US nationwide interhospital transfer for acute ische-
mic stroke and TIA.45 Together, these factors may somewhat
limit the generalizability of the study results, although, over-
all, the registry has been shown to be accurate46 and repre-
sentative of the national Medicare stroke population.12

Third, the self-report of transfer indication (eg, for endo-
vascular therapy) may be erroneous. Fourth, although EMS
prenotification was found to be a key process step associated
with door-in-door-out time, there was a lack of information
on EMS systems (eg, public vs private). Fifth, some potential
determinants of door-in-door-out time were not considered
in this analysis, including: distance to comprehensive stroke
center and bed availability (previous studies have shown
this was a rate-limiting issue for care especially in the early
pandemic)47; simultaneous vs consecutive vascular imaging;
and utilization of automated artificial intelligence imaging

Table 3. Generalized Estimating Equations Regression Results for the Overall Cohort and Stroke Subgroups (continued)

Minutes (95% CI)

Overall
(N = 74 083)

Acute ischemic stroke

Hemorrhagic
(n = 19 890)

Eligible for endovascular therapy
(n = 18 481)

Other
(n = 35 698)

Transferring hospital characteristics

Primary stroke center 4.97 (−0.96 to 10.90) −0.78 (−7.51 to 5.96) 6.19 (−2.90 to 15.28) 9.75 (1.81 to 17.69)

Location

Rural [Reference] [Reference] [Reference] [Reference]

Urban 14.30 (7.34 to 21.25) −9.63 (−17.33 to −1.93) 24.22 (13.42 to 35.03) 14.19 (5.35 to 23.02)

Annual thrombolysis volume

0-9 [Reference] [Reference] [Reference] [Reference]

10-19 5.94 (−1.15 to 13.04) 2.40 (−6.58 to 11.39) 5.00 (−5.35 to 15.35) 6.06 (−2.90 to 15.03)

20-29 7.79 (−1.43 to 17.01) −3.42 (−13.76 to 6.92) 11.95 (−2.49 to 26.39) 14.32 (2.29 to 26.35)

30-126 27.09 (13.31 to 40.87) −2.68 (−14.89 to 9.53) 22.82 (2.39 to 43.24) 33.79 (15.23 to 52.35)

Teaching status

Nonteaching [Reference] [Reference] [Reference] [Reference]

Teaching −3.20 (−8.97 to 2.58) 0.75 (−6.68 to 8.19) −1.56 (−10.47 to 7.35) −5.66 (−13.06 to 1.73)

Daily census

0-99 [Reference] [Reference] [Reference] [Reference]

100-199 9.88 (2.63 to 17.12) 10.05 (1.70 to 18.41) 1.52 (−8.95 to 11.99) 23.20 (12.99 to 33.42)

≥200 26.06 (14.84 to 37.28) 7.22 (−3.85 to 18.29) 6.31 (−9.40 to 22.03) 58.53 (40.44 to 76.61)

Abbreviations: CAD, coronary artery disease; EMS, emergency medical services;
IV, intravenous; MI, myocardial infarction; NA, not applicable; NIH, National
Institute of Health; TIA, transient ischemic attack.
a The intercept represents the median door-in-door-out time for each model

with all patient and hospital characteristics set as the reference category.
Analysis outputs from these models are reported as minutes greater or less
than the intercept (median door-in-door-out time).

b Other includes American Indian or Alaska Native, Asian, Native Hawaiian or
Pacific Islander, or unable to determine; extracted from the medical record for
inclusion in the registry.

c Score ranges from 0-42 (higher scores indicate greater severity).
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software for CT angiogram/CT perfusion. Several additional
hospital-level variables were derived and included in eTable 4
in Supplement 2; however, given that these variables were not
present within the original Get With The Guidelines data set,
these results should be treated as exploratory and confirmed
with future research.

Sixth, although the analysis included a covariate to as-
sess the impact of the pandemic on door-in-door-out times,
the dichotomized variable may not sufficiently capture the
temporal effects of COVID-19 in EMS availability, hospital ca-
pacity, and bed availability, which impacted interhospital trans-
fer. Seventh, the current study did not evaluate for an asso-

ciation between door-in-door-out times and clinical outcomes,
a crucial future area of study.

Conclusions
In this US registry-based study of patients who required inter-
hospital transfer for acute stroke, the median door-in-door-out
time was 174 minutes, which was longer than current recom-
mendations for acute stroke transfer. Disparities and modifi-
able health system factors associated with longer door-in-door-
out times are suitable targets for quality improvement initiatives.
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