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Objective: Stroke care in the US is increasingly regionalized. Many patients undergo
interhospital transfer to access specialized, time-sensitive interventions such as
mechanical thrombectomy. Methods: Using a stratified survey design of the US
Nationwide Inpatient Sample (2009-2014) we examined trends in interhospital
transfers for ischemic stroke resulting in mechanical thrombectomy. International
Classification of Disease—Ninth Revision (ICD-9) codes were used to identify stroke
admissions and inpatient procedures within endovascular-capable hospitals.
Regression analysis was used to identify factors associated with patient outcomes.
Results: From 2009-2014, 772,437 ischemic stroke admissions were identified. Stroke
admissions that arrived via interhospital transfer increased from 12.5% to 16.8%,
2009-2014 (P-trend < .001). Transfers receiving thrombectomy increased from 4.0%
to 5.2%, 2009-2014 (P-trend = .016), while those receiving tissue plasminogen activa-
tor increased from 16.0% to 20.0%, 2009-2014 (P-trend < .001). One in 4 patients
receiving thrombectomy were transferred from another acute care facility (n = 6,014
of 24,861). Compared to patients arriving via the hospital “front door” receiving
mechanical thrombectomy, those arriving via transfer were more often from rural
areas and received by teaching hospitals with greater frequency of thrombectomy.
Those arriving via interhospital transfer undergoing thrombectomy had greater
odds of symptomatic intracranial hemorrhage (adjusted odds ratio [AOR] 1.19, 95%
CI: 1.01-1.42) versus “front door” arrivals. There were no differences in inpatient
mortality (AOR 1.11, 95% CI: .93-1.33). Conclusions: From 2009 to 2014, interhospital
stroke transfers to endovascular-capable hospitals increased by one-third. For every
»15 additional transfers over the time period one additional patient received
thrombectomy. Optimization of transfers presents an opportunity to increase access
to thrombectomy.
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thrombolysis—transfer—interfacility transfer—interhospital transfer—transport
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Figure 1. Patient selection method
*Key variables include patient urban/rural origin, age, sex, payer,

length of stay, death, and hospital teaching status.
†Hospitals performing mechanical thrombectomy were identified

as those centers performing at least one thrombectomy annually.
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Introduction

Following an acute ischemic stroke, time to brain reperfu-
sion is the most critical aspect in preventing disability.1 The
availability of thrombolysis up to 4.5 hours from stroke
onset, and the need for specialty and subspecialty care fol-
lowing thrombolytic therapy has led to an extensive network
of primary and comprehensive stroke centers in the US.2

However, studies have identified poor recanalization with
thrombolytics alone for large vessel occlusions.1 Mechanical
thrombectomy or clot retrieval for large vessel occlusions
may be performed with good efficacy and may be offered in
longer timeframes compared to that for thrombolysis3-7 �
usually within large, comprehensive stroke centers. The vali-
dation of mechanical thrombectomy as a proven treatment
for acute ischemic stroke has further underscored the impor-
tance of prompt transfer of stroke patients to centers with
available neurosurgical and/or angiographic capabilities.3-8

The American Heart Association/American Stroke Associa-
tion recommends emergent evaluation and triage of stroke
patients in primary stroke centers with consideration of tis-
sue plasminogen activator (tPA) administration and urgent
transfer to a comprehensive stroke center with angiographic
capabilities for further evaluation, intervention, and monitor-
ing.9 However, under optimal conditions a large proportion
of the US population will be unable to access comprehensive
stroke centers in a timely manner.10 More expeditious or effi-
cient transfer mechanisms may be available in some areas,
including helicopter transport11,12 or mobile stroke units,13

with the goal of decreasing time to intervention of stroke.
Despite the expanding sophistication in the care and net-
works serving stroke patients, there is little known about the
frequency and outcomes of mechanical thrombectomy for
stroke patients undergoing interhospital transfer.

Methods

Database

We conducted a retrospective observational study of
the Nationwide Inpatient Sample (NIS) from the Agency
for Healthcare Research and Quality, Healthcare Cost and
Utilization Project (HCUP)14 from January 1, 2009 to
December 31, 2014 to examine nationwide trends in inter-
hospital transfers for acute ischemic stroke and the rela-
tionship between transfers and thrombectomy. For this
type of study, formal consent is not required. All HCUP
data have been deidentified, and therefore, the analysis is
exempt from federal regulations for the protection of
human research participants, and institutional review
board approval was not necessary. The analysis is in com-
pliance with the HCUP data use agreement.

Hospitalization Selection

We included adult patients (age �18 years) with a pri-
mary diagnosis of acute ischemic stroke (Fig 1). The analy-
sis was restricted to hospitals with the capabilities to
perform mechanical thrombectomy which was defined as
performing at least one annually. International Classifica-
tion of Disease—Ninth Revision (ICD-9) primary diagnosis
codes were used to identify acute stroke admissions (ICD-
9 diagnosis code 433.x1, 434.x1, 436). ICD-9 codes were
used to identify tPA administration (ICD-9 procedure
code 99.10 for “front door” patients or ICD-9 diagnosis
code V45.88 for interhospital transfers)15 and mechanical
thrombectomy (ICD-9 procedure code 39.74).16 Elective
admissions and transfers out of hospital were excluded.
Those admissions with missing data regarding urban/
rural origin, age, sex, payer, length of stay, death, and
hospital teaching status were excluded (Fig 1).
Outcome Measures

Patients transferred into hospitals were explicitly identi-
fied using available NIS variables for transferred-in
patients. Transfers were defined as interhospital transfers
whereby a patient is seen within the emergency depart-
ment of one acute care facility and subsequently trans-
ferred to another acute care hospital. “Front door” arrival
was defined as patient arrival directly to the hospital from
the scene.
We identified patient outcomes including length of

stay, discharge disposition, inpatient mortality, and hos-
pital charges directly from the dataset. Hospital charges
were converted to costs using hospital cost-to-charge



982 B.P. GEORGE ET AL.
ratios and adjusted to 2014 US dollars using the medical
consumer price index for all urban consumers.17 Gastro-
stomy and tracheostomy were identified from any of 15
procedural fields (ICD-9 procedure codes 43.1, 43.11,
43.19, 43.2, 44.32 and 31.1, 31.21, 31.29, respectively).
Symptomatic intracranial hemorrhage was identified
from available secondary diagnoses (ICD-9 diagnosis
code 431).

Statistical Analysis

The stratified survey design of the NIS was used to
obtain nationwide estimates. Due to changes in data col-
lection methods for 2012 and beyond, adjusted discharge
weights were used per HCUP guidelines to better esti-
mate trends.18 We compared categorical variables using
chi-squared tests and continuous variables with Student t
test or Wilcoxon rank-sum tests as indicated. Trends were
assessed using a Cochran�Armitage test of trends. Multi-
variable logistic regression analysis was used to identify
factors associated with interhospital transfer versus “front
door” arrival mechanical thrombectomy. Regression anal-
ysis was additionally used to determine the association
with interhospital transfer mechanical thrombectomy and
Figure 2. Trends in interhospital transfer versus “front door” arrival for (A) tota
2009-2014*

* “Front door” patients are defined as those arriving directly to the admit
were seen at an acute care facility hospital or emergency department and sub
various patient outcomes. For the analysis of outcomes
logistic regression was used for binary variables and neg-
ative binomial regression was used for continuous varia-
bles. Statistical significance was set a priori at P <.05.
Analyses were performed using Stata version 14.1 (Stata,
College Station, TX).
Results

We identified 772,437 acute ischemic stroke admissions
from 2009 to 2014 within hospitals performing mechanical
thrombectomy. The proportion of stroke admissions that
arrived via interhospital transfer increased from 12.5% in
2009 to 16.8% in 2014 (P-trend <.001) (Fig 2A). Among all
transferred stroke patients, 16.0% received tPA or “drip
and ship” transfer in 2009 compared to 20.0% in 2014
(P-trend < .001). Among all transferred stroke patients,
4.0% received mechanical thrombectomy in 2009 com-
pared to 5.2% in 2014 (P-trend = .016) (Fig 3). The absolute
increase in interhospital stroke transfers increased by
12,960 patients and the absolute increase in interhospital
transfers undergoing thrombectomy increased by 833
patients from 2009 to 2014, or one additional
l ischemic stroke (B) tPA administration and (C) mechanical thrombectomy,

ting hospital via EMS or other means. Transfer patients are those who
sequently transferred to another acute care hospital.



Figure 3. Distribution of interventions among ischemic stroke patients undergoing interhospital transfer, 2009-2014*
Abbreviation: tPA=tissue plasminogen activator
*Interventions were divided into those receiving thrombectomy, tPA only, or both, as well as those receiving neither procedure or no acute

intervention.
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thrombectomy for every 15 additional transfers (Table I
and Table II in the Supplementary Appendix).
There were 102,538 (13.3%) stroke admissions identified

as receiving tPA from 2009 to 2014. The proportion of
admissions receiving tPA that arrived via interhospital
transfer (i.e., “drip and ship”) increased from 18.8% in
2009 to 22.0% in 2014 (P-trend = .002) (Fig 2B). There were
24,861 (3.2%) stroke admissions that received mechanical
thrombectomy from 2009 to 2014 within hospitals per-
forming mechanical thrombectomy. Among those who
received mechanical thrombectomy, nearly 1 in 4 (24.2%;
n = 6,014) arrived via interhospital transfer (Fig 2C) � and
while the number of transferred patients receiving throm-
bectomy increased over time the proportion relative to
“front door” arrivals receiving thrombectomy remained
unchanged (P-trend = .49).
Compared to “front door” patients who received

mechanical thrombectomy, those arriving via interhospi-
tal transfer were more often from rural areas (Table 1).
Additionally, interhospital transfers were more often pri-
vately insured, less likely to have received tPA (in addi-
tion to thrombectomy), and more likely to be admitted to
teaching hospitals and facilities with greater frequency of
thrombectomy procedures among stroke inpatients
(Table 1).
Those arriving via interhospital transfer who received

mechanical thrombectomy had greater odds of symptom-
atic intracranial hemorrhage and lower odds of discharge
home compared to those arriving via “front door”. The
unadjusted absolute difference between interhospital
transfers and “front door” patients receiving mechanical
thrombectomy in subsequent symptomatic intracranial
hemorrhage was 3% (P=.02) and discharge home (for sur-
vivors) was 7% (P<.001). However, there were no differ-
ences between interhospital transfer versus “front door”
thrombectomy in length of stay, hospital costs, gastro-
stomy and tracheostomy placement, and inpatient mortal-
ity (Table 2).
Discussion

We found that from 2009 to 2014, approximately 1 in 5
transferred stroke patients received tPA and 1 in 20 trans-
ferred stroke patients received mechanical thrombectomy
within endovascular-capable, or hospitals performing
endovascular revascularization. For every »15 additional



Table 1. Patient and hospital characteristics associated with interhospital transfer mechanical thrombectomy

Patient and hospital characteristics Transfer, No. (%) “Front door”, No. (%) Unadjusted odds ratio

(95% CI)*

Adjusted odds ratio

(95% CI)*

Total mechanical thrombectomies 6014 (100) 18,847 (100) NA NA

Sex

Male 3173 (53) 9396 (50) Reference Reference

Female 2841 (47) 9451 (50) .89 (.78-1.01) .96 (.83-1.10)

Age, mean years (SD) 65 (15) 68 (15) NA NA

Age Categories, years

18-59 2009 (33) 5397 (29) Reference Reference

60-69 1394 (23) 4057 (22) .92 (.77-1.10) .93 (.76-1.13)

70-79 1643 (27) 4844 (26) .91 (.77-1.08) 1.02 (.81-1.28)

�80 968 (16) 4549 (24) .57 (.47-.69) .64 (.50-.82)

Patient location

Urban 4561 (76) 16,571 (88) Reference Reference

Rural 1453 (24) 2276 (12) 2.43 (2.05-2.87) 2.45 (2.06-2.92)

Charlson indexy

Score: 0 2148 (36) 6346 (34) Reference Reference

Score: 1-2 2972 (49) 9356 (50) .94 (.81-1.08) .94 (.81-1.09)

Score: �3 894 (15) 3145 (17) .84 (.69-1.02) .86 (.70-1.07)

Payer

Medicare 3130 (52) 11,021 (58) Reference Reference

Private 1898 (32) 4905 (26) 1.36 (1.18-1.58) 1.33 (1.09-1.61)

Medicaid 456 (8) 1620 (9) .99 (.77-1.27) 1.00 (.74-1.34)

Otherz 530 (9) 1301 (7) 1.43 (1.13-1.83) 1.33 (1.00-1.78)

tPA administration

No 2637 (44) 6886 (37) Reference Reference

Yes 3377 (56) 11,961 (63) .74 (.65-.84) .80 (.70-.92)

Hospital teaching status

Nonteaching 508 (8) 3401 (18) Reference Reference

Teaching 5506 (92) 15,446 (82) 2.39 (1.92-2.97) 2.07 (1.65-2.59)

Hospital thrombectomy ratesx

1st quartile 376 (6) 2207 (12) Reference Reference

2nd quartile 844 (14) 3798 (20) 1.31 (.97-1.76) 1.28 (.95-1.74)

3rd quartile 1278 (21) 4609 (24) 1.62 (1.23-2.16) 1.72 (1.29-2.29)

4th quartile 3516 (58) 8233 (44) 2.52 (1.94-3.27) 2.59 (1.98-3.39)

Abbreviations: CI, confidence intervals; SD, standard deviation; tPA, tissue plasminogen activator.

*Logistic regression analysis was used to calculate the odds of a thrombectomy resulting from interhospital transfer compared to
“front door” arrival. Adjustments were made for patient and hospital characteristics.

†Charlson comorbidity index is that tailored for stroke outcomes studies.
‡Other payments include self-pay, no charge, and other payment.
§Hospital thrombectomy rates (or the proportion of stroke patients receiving thrombectomy within individual hospitals) were
divided into quartiles: 1st quartile <1.6%; 2nd quartile 1.7%-3.0%; 3rd quartile 3.1%-5.1%; 4th quartile �5.2%.
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stroke transfers from 2009 to 2014, one additional trans-
ferred patient received mechanical thrombectomy.
Although the increasing number of interhospital transfers
for stroke has made a positive epidemiological impact on
increasing access to revascularization via thrombectomy,
our data show that the promise of timely and effective
endovascular therapy has not been fulfilled for the major-
ity of interhospital stroke transfers. Additionally, we
found that approximately one-fourth of all mechanical
thrombectomies were performed on patients arriving via
interhospital transfer over the time period examined. This
study demonstrates trends prior to the positive results of
several trials supporting mechanical thrombectomy for
proximal large vessel occlusions, and the extension of the
window for this therapy out to 24 hours from stroke
onset, and therefore may underestimate more recent
trends. However, these results highlight interhospital
transfers as a major source for case-volume among hospi-
tals performing thrombectomy. As a result, there is a criti-
cal need to optimize the decision-making and logistics of
interhospital stroke transfers to increase access to mean-
ingful interventions such as thrombectomy.
Our study finds that interhospital stroke transfers that

received mechanical thrombectomy were more likely to
be from rural or smaller metropolitan areas compared to
“front door” arrivals, yet this group was additionally less
likely to receive tPA (i.e., “drip and ship”). This may rep-
resent an opportunity to improve the rates of



Table 2. Association of interhospital transfer mechanical thrombectomy versus “front door” arrival with patient outcomes

Outcomes Transfer “Front door” Unadjusted odds

ratio (95% CI)*

Adjusted odds

ratio (95% CI)*,†

Length of stay, mean days (SD) 9.2 (10.3) 9.5 (9.4) .98 (.91-1.05) .99 (.92-1.05)

Hospital costs,z mean $US (SD) 49,352 (31,723) 50,243 (36,854) .98 (.94-1.03) 1.00 (.95-1.04)

Gastrostomy, No. (%) 959 (16) 2,914 (15) 1.04 (.87-1.24) 1.08 (.90-1.31)

Tracheostomy, No. (%) 332 (6) 1,069 (6) .97 (.73-1.29) .85 (.63-1.15)

Symptomatic ICH, No. (%) 1,139 (19) 3,076 (16) 1.20 (1.01-1.42) 1.19 (1.01-1.42)

Non-home discharge among survivors,x No. (%) 3,838 (78) 11,125 (71) 1.42 (1.19-1.68) 1.60 (1.34-1.92)

Home discharge among survivors, No. (%) 1,085 (22) 4,454 (29) .71 (.60-.84) .62 (.52-.75)

Inpatient mortality, No. (%) 1,091 (18) 3,268 (17) 1.06 (.89-1.25) 1.11 (.93-1.33)

Abbreviations: CI, confidence interval; ICH, intracranial hemorrhage; SD, standard deviation.

*Logistic regression analysis was used, and odds ratios were reported except for length of stay and hospital costs, where nega-
tive binomial regression analysis was used and an incident rate ratio was reported.

†The association of thrombectomy resulting from interhospital transfer compared to “front door” arrival was studied on various
outcomes using the outcome as the dependent variable in a multivariable regression analysis adjusting for patient and hospital
characteristics listed in Table 1.

‡Hospital costs were derived from hospital charges using hospital cost-to-charge ratios and were adjusted to 2014 US dollars
using the medical consumer price index for all urban consumers.

§Non-home discharge includes that to skilled nursing facility, long term care, acute rehabilitation, or hospice facilities.
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thrombolytic delivery to stroke patients prior to transfer
for evaluation of endovascular therapy, with focus on
rural and smaller population regions. Increasing access to
neurological expertise to rural areas, potentially by expan-
sion of stroke or emergency neurology telemedicine net-
works,19 may be one means to improve tPA delivery rates
in rural areas. Nonetheless, 15% of thrombectomies over
the time period were performed on patients from rural
areas where approximately 20% of the US population
lives20 � signifying a major success of the interhospital
transfer system.11

We find that interhospital stroke transfers are more
likely to arrive at teaching centers and high-volume
thrombectomy performing centers, likely as a result of
the highly centralized “hub-and-spoke” network for
stroke care. Additionally, stroke transfers appear to be
continually rising with many undergoing interhospital
transfer even in the absence of significant interventions
such as tPA administration or mechanical thrombectomy
(Fig 3). This may be due to the need for specialized post-
stroke care, neurological intensive care services, or the
need for targeted stroke prevention for these patients.
This could also partially reflect a lack of understanding
and identification of stroke or stroke mimics, or what con-
stitutes a need for higher level of neurologic care.21 Large
comprehensive stroke centers at the middle of stroke net-
works will either need to accommodate greater patient
volumes or find a means to achieve greater efficiency in
the transfer process. Avoiding transfers of small strokes at
low risk for complications or stroke mimics that otherwise
do not require higher level of neurological care may pro-
vide one means to off-load the increasing transfer vol-
umes seen by these already large-volume centers. This
could be accomplished by triage via telemedicine net-
works,22 expanding cross-discipline or remote healthcare
provider stroke education, or implementing screening
tools that can reliably identify large vessel occlusion
strokes that may benefit from thrombectomy.23,24

While our study finds that interhospital transfers
receiving mechanical thrombectomy had no difference in
hospital costs, length of stay, inpatient mortality, or gas-
trostomy and tracheostomy placement compared to
“front door” arrivals, we did find that transfers were
more likely to have symptomatic intracranial hemorrhage
and more likely to be discharged to a support facility (e.
g., skilled nursing facility, acute rehab) versus home. This
suggests there is a greater risk of subsequent hemorrhage
following delayed thrombectomy, however, the absolute
difference in hemorrhage rates between the transfer and
“front door” patients was small (3%). Second, transferred
patients may rely on greater support and rehabilitation
following discharge, possibly indicating greater disability
following the procedure compared to “front door” arriv-
als. These findings may be a result of greater time to
revascularization for those requiring transfer, which may
be due to distance barriers or symptom misidentification.
However, interpretation of these differences is signifi-
cantly limited by the absence of better adjustment for dis-
ease severity within NIS data such as the National
Institute of Health stroke scale, or measures of disability
such as modified Rankin scale. These results highlight the
need to better understand differences that may improve
mechanisms that accelerate time to endovascular revascu-
larization for interhospital transfers, such as helicopter
transport or mobile stroke units.
Our study has several limitations. As an administrative

claims database, the NIS collects information retrospec-
tively for the purpose of billing and relies on ICD-9 codes,
which limits the granularity of these data. For instance,
the database does not contain information on stroke
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severity (e.g., National Institutes of Health stroke scale),
infarct volume or lateralization, arterial distribution, or
timing from symptom onset to interventions such as tPA
and thrombectomy, which could provide better adjust-
ments for differences in outcomes between interhospital
transfers and “front door” arrivals. In addition, in the
absence of modified Rankin scores or long-term follow-up
it is difficult to measure differences in disability though
we have attempted to extrapolate using discharge infor-
mation. We also are unable to identify which hospitals
have certification for comprehensive stroke center desig-
nation versus endovascular-capable primary stroke center
designation, however, given that our study focused on
thrombectomy-performing centers we likely isolate
mostly comprehensive stroke centers. Finally, our study
provides an examination of data prior to the release of
major trials examining mechanical thrombectomy in large
vessel occlusions demonstrating positive results,3�7 and
therefore, these results may underestimate more recent
trends. In addition, this study does not reflect interhospi-
tal transfers in the wake of the recently expanded window
to 24 hours with perfusion imaging, which is likely to
expand eligibility for thrombectomy significantly, further
underscoring the reason our data will underestimate cur-
rent transfer practices.25

In summary, our analysis provides a well-powered and
generalizable examination of the relationship between inter-
hospital stroke transfers and mechanical thrombectomy
using the most up-to-date data available. Our findings repre-
sent a paradigm shift in acute stroke treatment from intrave-
nous tPA alone to the use of endovascular intervention with
or without tPA, and in parallel, society's development of
rapid priority patient transport to comprehensive or endo-
vascular-capable stroke centers. The observed increase in
interhospital transfers for acute ischemic stroke for the pur-
pose of thrombectomy marks an important movement and
positive change towardmore aggressive treatment for stroke.
Future studies will need to determine the changing trends in
interhospital transfer for mechanical thrombectomy given
more recent developments in clinical trials for mechanical
thrombectomy,3�7 which can now be offered as late as
24 hours from symptom onset.25
Author Contributions

BG and TB conceived the study.
BG was responsible for data acquisition.
BG, TP, CZ, AK, AS and TB were responsible for analy-

sis/interpretation of the data as well as critical revision
for intellectual content.
Statistical analysis was performed by BG.
Study supervision was by TB.
Acknowledgment: Dr. George takes full responsibility for
the data, the analyses and interpretation, and the conduct of
the research.
Supplementary Material

Supplementary data to this article can be found online
at doi:10.1016/j.jstrokecerebrovasdis.2018.12.018.
References

1. Bhatia R, Hill MD, Shobha N, et al. Low rates of acute
recanalization with intravenous recombinant tissue plas-
minogen activator in ischemic stroke: real-world experi-
ence and a call for action. Stroke 2010;41:2254-2258.

2. Gorelick PB. Primary and comprehensive stroke centers:
history, value and certification criteria. J Stroke 2013;15:
78-89.

3. Saver JL, Goyal M, Bonafe A, et al. Stent-retriever throm-
bectomy after intravenous t-PA vs. t-PA alone in stroke.
N Engl J Med 2015;372:2285-2295.

4. Goyal M, Demchuk AM, Menon BK, et al. Randomized
assessment of rapid endovascular treatment of ischemic
stroke. N Engl J Med 2015;372:1019-1030.

5. Campbell BC, Mitchell PJ, Kleinig TJ, et al. Endovascular
therapy for ischemic stroke with perfusion-imaging selec-
tion. N Engl J Med 2015;372:1009-1018.

6. Berkhemer OA, Fransen PS, Beumer D, et al. A random-
ized trial of intraarterial treatment for acute ischemic
stroke. N Engl J Med 2015;372:11-20.

7. Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy
within 8 hours after symptom onset in ischemic stroke. N
Engl J Med 2015;372:2296-2306.

8. Southerland AM, Johnston KC, Molina CA, et al. Sus-
pected large vessel occlusion: should emergency medical
services transport to the nearest primary stroke center or
bypass to a comprehensive stroke center with endovascu-
lar capabilities. Stroke 2016;47:1965-1967.

9. Higashida R, Alberts MJ, Alexander DN, et al. Interac-
tions within stroke systems of care: a policy statement
from the American Heart Association/American Stroke
Association. Stroke 2013;44:2961-2984.

10. Mullen MT, Branas CC, Kasner SE, et al. Optimization
modeling to maximize population access to comprehen-
sive stroke centers. Neurology 2015;84:1196-1205.

11. Adeoye O, Albright KC, Carr BG, et al. Geographic access
to acute stroke care in the United States. Stroke
2014;45:3019-3024.

12. Crocco TJ, Grotta JC, Jauch EC, et al. EMS management of
acute stroke�prehospital triage (resource document to
NAEMSP position statement). Prehosp Emerg Care
2007;11:313-317.

13. Rajan SS, Baraniuk S, Parker S, et al. Implementing a
mobile stroke unit program in the United States: why,
how, and how much. JAMA Neurol 2015;72:229-234.

14. Introduction to the HCUP Nationwide Inpatient Sample.
https://www.hcup-us.ahrq.gov/db/nation/nis/
NIS_Introduction_2014.jsp; 2014.

15. Sheth KN, Smith EE, Grau-Sepulveda MV, et al. Drip and
ship thrombolytic therapy for acute ischemic stroke: use,
temporal trends, and outcomes. Stroke 2015;46:732-739.

16. Hassan AE, Chaudhry SA, Grigoryan M, et al. National
trends in utilization and outcomes of endovascular treat-
ment of acute ischemic stroke patients in the mechanical
thrombectomy era. Stroke 2012;43:3012-3017.

17. Consumer Price Index Available from: https://www.bls.
gov/cpi/; August 30, 2017.

18. Trend Weights for HCUP NIS Data. https://www.hcup-
us.ahrq.gov/db/nation/nis/trendwghts.jsp; 2014.

https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.12.018
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0002
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0002
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0002
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0004
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0004
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0004
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0006
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0006
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0006
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0007
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0007
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0007
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0013
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0013
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0013
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2014.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2014.jsp
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0016
https://www.bls.gov/cpi/
https://www.bls.gov/cpi/
https://www.hcup-us.ahrq.gov/db/nation/nis/trendwghts.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/trendwghts.jsp


TRENDS IN INTERHOSPITAL TRANSFERS AND THROMBECTOMY 987
19. Silva GS, Farrell S, Shandra E, et al. The status of tele-
stroke in the United States: a survey of currently active
stroke telemedicine programs. Stroke 2012;43:2078-2085.

20. New Census Data Show Differences Between Urban and
Rural Populations. https://www.census.gov/news-
room/press-releases/2016/cb16-210.html; 2016.

21. George BP, Doyle SJ, Albert GP, et al. Interfacility trans-
fers for US ischemic stroke and TIA, 2006-2014. Neurol-
ogy 2018;90:e1561-e1569.

22. Wechsler LR, Tsao JW, Levine SR, et al. Teleneurology appli-
cations: report of the TelemedicineWork Group of the Amer-
ican Academy of Neurology. Neurology 2013;80:670-676.
23. McTaggart RA, Yaghi S, Cutting SM, et al. Associa-
tion of a Primary Stroke Center protocol for sus-
pected stroke by large-vessel occlusion with
efficiency of care and patient outcomes. JAMA Neu-
rol 2017;74:793-800.

24. Perez de la Ossa N, Carrera D, Gorchs M, et al. Design
and validation of a prehospital stroke scale to predict
large arterial occlusion: the rapid arterial occlusion evalu-
ation scale. Stroke 2014;45:87-91.

25. Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombec-
tomy 6 to 24 hours after stroke with a mismatch between
deficit and infarct. N Engl J Med 2018;378(1):11-21.

http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0019
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0019
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0019
https://www.census.gov/newsroom/press-releases/2016/cb16-210.html
https://www.census.gov/newsroom/press-releases/2016/cb16-210.html
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0021
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0021
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0021
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0022
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0022
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0022
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0023
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0023
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0023
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0023
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0023
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0024
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0024
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0024
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0024
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0025
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0025
http://refhub.elsevier.com/S1052-3057(18)30717-1/sbref0025

	Trends in Interhospital Transfers and Mechanical Thrombectomy for United States Acute Ischemic Stroke Inpatients
	Introduction
	Methods
	Database
	Hospitalization Selection
	Outcome Measures
	Statistical Analysis

	Results
	Discussion
	Author Contributions
	Acknowledgment
	Supplementary Material
	References



