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Abstract

Background and Purpose: Mechanical thrombectomy helps prevent disability in patients with
acute ischemic stroke involving occlusion of a large cerebral vessel. Thrombectomy requires
procedural expertise and not all hospitals have the staff to perform this intervention. Few
population-wide data exist regarding access to mechanical thrombectomy.

Methods: We examined access to thrombectomy for ischemic stroke using discharge data from
calendar years 2016-2018 from all nonfederal emergency departments and acute care hospitals
across 11 U.S. states encompassing 80 million residents. Facilities were classified as hubs if they
performed mechanical thrombectomy, gateways if they transferred patients who ultimately
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underwent mechanical thrombectomy, and gaps otherwise. We used standard descriptive statistics
and unadjusted logistic regression models in our primary analyses.

Results: Among 205,681 patients with ischemic stroke, 100,139 (48.7%; 95% CI, 48.5-48.9%)
initially received care at a thrombectomy hub, 72,534 (35.3%; 95% CI, 35.1-35.5%) at a
thrombectomy gateway, and 33,008 (16.0%; 95% CI, 15.9-16.2%) at a thrombectomy gap.
Patients who initially received care at thrombectomy gateways were substantially less likely to
ultimately undergo thrombectomy than patients who initially received care at thrombectomy hubs
(odds ratio, 0.27; 95% CI, 0.25-0.28). Rural patients had particularly limited access: 27.7% (95%
Cl, 26.9-28.6%) of such patients initially received care at hubs versus 69.5% (95% CI, 69.1—
69.9%) of urban patients. For 93.8% (95% ClI, 93.6-94.0%) of stroke patients at gateways, that
initial facility was capable of delivering intravenous thrombolysis, compared with 76.3% (95% ClI,
75.8-76.7%) of patients at gaps. Our findings were unchanged in models adjusted for
demographics and comorbidities, and persisted across multiple sensitivity analyses, including
analyses adjusting for estimated stroke severity.

Conclusions: We found that a substantial proportion of ischemic stroke patients across the
United States lacked access to thrombectomy even after accounting for interhospital transfers. U.S.
systems of stroke care require further development to optimize thrombectomy access.

Methods

Design

Beginning in late 2014, several randomized clinical trials demonstrated that mechanical
thrombectomy helps restore brain perfusion and prevent disability in patients with acute
ischemic stroke involving occlusion of a large cerebral vessel.> On this basis, thrombectomy
rapidly became part of the standard of care for ischemic stroke.2 Thrombectomy should be
performed as rapidly as possible because delays in reperfusion generally result in less
treatment benefit and recovery.34 However, thrombectomy requires procedural expertise and
not all hospitals have the staff to perform this intervention. As a result, access to
thrombectomy often requires systems of care that can appropriately route patients in the
prehospital setting or transfer them between facilities.? It is accepted that systems of care
should provide broad and timely access to thrombectomy for patients with ischemic stroke
and large-vessel occlusion.? It is unclear whether current systems of care provide sufficient
access to thrombectomy across the United States.

Using population-wide data from 11 geographically dispersed states, we sought to address
the following questions: (1) What percent of U.S. stroke patients have access to
thrombectomy? (2) What are the characteristics of U.S. stroke patients who lack access to
thrombectomy? (3) What are the characteristics of U.S. medical facilities that lack access to
stroke thrombectomy?

To address these questions, we used all-payer claims data on all discharges from all
nonfederal emergency departments and acute care hospitals in Arkansas, Florida, Georgia,
lowa, Maryland, Massachusetts, Nebraska, New York, Utah, Vermont, and Wisconsin.
Trained analysts at each nonfederal acute care facility in these states used automated online
reporting software to provide standardized discharge data to the respective state health
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department, which then performed a multistep quality assurance check to identify invalid or
inconsistent records before making the data publicly available via the Healthcare Cost and
Utilization Project.> The states included in this analysis have a combined population of
approximately 80 million residents, comprising 25% of the total U.S. population.® Data were
available from calendar year 2016 for all 11 states; 2017 for Florida, Georgia, lowa,
Maryland, Utah, and Wisconsin; and 2018 for lowa. We followed the Reporting of Studies
Conducted Using Observational Routinely-Collected Data guidelines.” The Weill Cornell
Medicine institutional review board certified our study as exempt from review and waived
the requirement for informed consent. We will share our program code and other analytical
methods upon reasonable request to the corresponding author. We cannot directly share our
data under the terms of our data use agreement, but the data are publicly available from the
Healthcare Cost and Utilization Project.

Patient Population

We used a previously validated /nternational Classification of Diseases, 10th Revision,
Clinical Modification (/CD-10-CM) hospital discharge diagnosis code to identify adults
hospitalized with ischemic stroke (Supplemental Table 1).8 Multiple records from an
interfacility transfer were considered part of the same event; records from transfers were
probabilistically linked using variables for facility, visit date, length of stay, and discharge
disposition. For patients with multiple events during the study period, we included only the
first. Among cases of interfacility transfer, we excluded as mimics those with a stroke
diagnosis at the initial facility but no such diagnosis at the receiving facility. We also
excluded patients transferred to a hospital for which we had no linked records (i.e., transfers
across state lines or to federal facilities such as Veterans Administration hospitals).

Patient Characteristics

We identified age, sex, race-ethnicity, and insurance status from standardized hospital
discharge data. We used standard methods to calculate the Charlson comorbidity index.®
Patients’ urban-rural location of residence was categorized using their ZIP code and the
classification scheme developed by the National Center for Health Statistics (Supplemental
Table 11).10 Using data from the American Community Survey and previously published
methods, 1! six variables related to wealth, income, education, and occupation were
summarized into a single socioeconomic advantage score and aggregated at the level of
localities defined by Federal Information Processing Standard codes.

Endovascular Treatments for Stroke

Endovascular treatments for stroke were ascertained using previously validated /CD-10-CM
hospital procedure codes (Supplemental Table 1).12 Our primary definition included only
mechanical thrombectomy; in a sensitivity analysis, we used an expanded definition of
endovascular stroke therapy that included intra-arterial thrombolysis and intracranial
angioplasty/stenting.
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Facility Characteristics

From the American Hospital Association’s annual survey files,13 we noted each facility’s
name, address, total number of beds, whether it was a member of the Association of
American Medical Colleges, and whether it had any residency programs approved by the
Accreditation Council for Graduate Medical Education. Facility ownership was classified as
government, private nonprofit, or private for-profit.

We calculated facilities” volumes of ischemic stroke hospitalizations and stroke
thrombectomies. We classified a facility as a thrombectomy hub if it performed mechanical
thrombectomy in at least one stroke patient during the study period, a thrombectomy
gateway if it did not perform any stroke thrombectomies but transferred out at least one
stroke patient who received stroke thrombectomy at the receiving hospital, and a
thrombectomy gap otherwise. We used this approach because, although it is difficult to
gauge in retrospect which individual patients should have undergone thrombectomy, the
initial facility’s thrombectomy status reflects whether thrombectomy was ultimately
available in at least one instance if indicated.

Using facility addresses and a Google Maps application programming interface, we
calculated the distance to the nearest thrombectomy hub for each thrombectomy gateway
and gap. To assess the availability of other clinical services relevant to the acute care of
ischemic stroke, we used /CD-10-CM procedure codes (Supplemental Table 1) to determine
whether facilities ever performed intravenous thrombolysis for ischemic stroke, mechanical
ventilation for hospitalized patients, or any type of inpatient neurosurgical, cardiac, or
vascular intervention.

Geographic Visualization

To visually assess thrombectomy access according to geography, we calculated the
proportion of stroke patients residing within each ZIP code who were initially cared for at a
stroke thrombectomy hub. We overlaid this proportion onto a U.S. map using the latitude
and longitude of each ZIP code’s geographic center. For this analysis, we excluded ZIP
codes with <11 stroke patients during the study period. To avoid misclassifying
thrombectomy access in ZIP codes near state borders, we excluded ZIP codes in which any
stroke patient had a possible transfer across state lines.

Statistical Analysis

In our primary analyses, we used standard descriptive statistics with binomial exact
confidence intervals (Cl) and performed unadjusted comparisons using the chi-square test or
t-test. In secondary analyses, we used logistic regression models adjusted for age, sex, race-
ethnicity, insurance, socioeconomic status, urban-rural location of residence, and the
Charlson comorbidity index. Multinomial logistic regression was used to analyze
presentation to thrombectomy hubs versus gateways versus gaps. Multiple logistic
regression was used to compare patients’ access to relevant clinical services at hubs versus
gateways versus gaps, as well as to compare the odds of thrombectomy among patients
presenting to hubs versus gateways. After fitting models, we calculated adjusted
probabilities of the outcome for each level of a given variable of interest while holding
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covariates at their means. To assess trends from 2016 to 2018, we included an interaction
term between the covariate of interest and calendar year. All hypothesis tests were 2-sided
and the threshold of statistical significance was set at a = 0.05. Statistical analyses were
performed by H.K. and A.C. using Stata/MP v15, Exploratory v5.1.5.1, and Python v3.8.2.

Sensitivity Analyses

Results

We performed several sensitivity analyses. First, we adjusted for estimated stroke severity
using an adapted method for administrative data.14 Second, we limited the stroke population
to those with a probable large-vessel occlusion, defined as a documented National Institutes
of Health Stroke Scale (NIHSS) score =12, a threshold that has been shown to be 90%
specific for identifying patients with large-vessel occlusion.® To determine NIHSS scores,
we abstracted all available /CD-10-CM encoding of NIHSS data, which have been
previously validated.1® Third, we limited the stroke population to those who received
intravenous thrombolysis. Fourth, we limited the stroke population to those presenting to
facilities that cared for at least 30 strokes during the study period. Fifth, we excluded
thrombectomy hubs that performed <10 thrombectomies during the study period. Sixth, we
used an expanded definition of endovascular stroke therapy that included intra-arterial
thrombolysis and intracranial angioplasty/stenting.

Access to Mechanical Thrombectomy

Among 12,311,736 emergency department visits and hospitalizations involving 7,581,668
adults (Supplemental Figure 1), we identified 205,681 patients with ischemic stroke,
equating to an age-standardized incidence rate of 2.1 cases per 1,000 adults per year. Of
these patients with ischemic stroke, 100,139 (48.7%; 95% CI, 48.5-48.9%) were initially
cared for at a thrombectomy hub, 72,534 (35.3%; 95% ClI, 35.1-35.5%) at a thrombectomy
gateway, and 33,008 (16.0%; 95% CI, 15.9-16.2%) at a thrombectomy gap (Table 1). These
proportions were not substantially different across sensitivity analyses (Supplemental Table
I11) and did not substantially change across study years (Supplemental Table 1V). Of the
100,139 stroke patients who were initially cared for at a thrombectomy hub, 4,794 (4.8%)
underwent thrombectomy. Of the 72,534 initially at a thrombectomy gateway, 956 (1.3%)
were transferred and underwent thrombectomy at the receiving hospital. Patients presenting
to thrombectomy gateways were substantially less likely to undergo thrombectomy than
patients presenting to thrombectomy hubs (odds ratio, 0.27; 95% ClI, 0.25-0.28). This
finding was unchanged after adjustment for demographics and comorbidities (odds ratio,
0.27; 95% CI, 0.25-0.28) and persisted across all sensitivity analyses (Supplemental Table
V).

Patient Characteristics and Access to Thrombectomy

Ischemic stroke patients living in more rural locations were substantially more likely to
initially receive care at thrombectomy gaps as opposed to hubs (£ <0.001) (Figure 1)
(Supplemental Table VI). For example, 36.0% (95% CI, 35.0-36.9%) of patients in the most
rural counties presented to a thrombectomy gap versus 7.1% (95% Cl, 6.9-7.3%) of patients
residing in the most urban counties. Patients in the most urban counties were the most likely
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to initially receive care at a thrombectomy hub (69.5%; 95% CI, 69.1-69.9%), substantially
more so than even the suburban counties slightly outside the urban core (43.9%; 95% CI,
43.5-44.3%). The geographic disparities in thrombectomy access persisted after adjustment
for other demographics (Supplemental Figure I1) and in all sensitivity analyses
(Supplemental Figure I11). These geographic disparities were also apparent when mapping
the proportion of ischemic stroke patients within each ZIP code who were initially cared for
at a thrombectomy hub (Figure 2; Supplemental Figure V).

Facility Characteristics and Access to Thrombectomy

The 205,681 ischemic stroke patients in our sample initially presented to 972 unique
facilities, of which 148 (15.2%) could not be linked to the American Hospital Association’s
annual survey files because the necessary linkage variable was not provided by the state of
Georgia. Thrombectomy hubs had more beds and ischemic stroke cases than thrombectomy
gateways, which in turn had greater capacity and volumes than thrombectomy gaps (Table
2). The mean distance to the nearest thrombectomy hub was shorter for thrombectomy
gateways (30 £ 29 miles) than for gaps (53 + 66 miles) (£<0.001). More ischemic stroke
patients at thrombectomy gateways had access to clinical services potentially relevant to
acute stroke care than did patients presenting to thrombectomy gaps, particularly intravenous
thrombolysis (93.8% versus 76.3%; £ <0.001) (Table 3); these differences were similar after
adjustment for demographics and comorbidities (Supplemental Table VI11I).

Discussion

Using comprehensive population-wide data from 11 U.S. states with 80 million residents,
we found that fewer than 50% of patients with ischemic stroke initially received care at
facilities capable of mechanical thrombectomy. Non-urban patients were less likely to
initially receive care at thrombectomy hubs than residents of urban cores, and rural patients
were particularly likely to present to thrombectomy gaps that did not offer transfer to a
thrombectomy-capable hospital. Intravenous thrombolysis was available to approximately
95% of patients presenting to thrombectomy gateways and 75% of patients presenting to
thrombectomy gaps.

Prior studies have used modeling to indirectly estimate access to stroke thrombectomy.17-25
Other studies have assessed patients transferred in for thrombectomy26-28 but did not
include patients who remained at gateway or gap facilities or those facilities” characteristics.
Few data exist on the actual state of access to thrombectomy across broad populations in the
United States and the characteristics of patients and facilities lacking access to
thrombectomy. Given this uncertainty, our findings may inform the active debate2%-32 about
how to optimize systems of care for thrombectomy.

Our findings have two potential implications. First, population-wide access to stroke
thrombectomy in the United States appears broadly suboptimal as of the end of 2018. Even
in urban cores, only two-thirds of patients had rapid access to thrombectomy. These findings
highlight the urgency of continuing to refine systems of care to optimize thrombectomy
access at a broad level. Second, non-urban residents are the most affected by a lack of
thrombectomy access. Suburban patients who did not present to thrombectomy hubs mostly
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presented to gateway facilities, and almost all of these patients were at facilities that
appeared to have basic infrastructure for the acute care of arterial ischemic disease,
especially in regards to intravenous thrombolysis. It may be possible to convert some of
these facilities into thrombectomy hubs. Expansion efforts should be mindful of the need for
sufficient training and procedural volumes to maintain skills and ensure good outcomes.28 In
some cases, these constraints may be partly addressable by traveling teams of
interventionalists33 or systems for remote operation of catheters or remote supervision of
procedures by experts.3# In other cases, it may be better to work on improving accurate
diagnosis of large-vessel occlusion and protocols to transfer those with a high likelihood of
large-vessel occlusion directly to larger-volume hubs. Attempts to improve systems of care
should be mindful of the importance of not only more widespread access but also faster
access to thrombectomy.# Further away from urban cores, approximately one-third of rural
patients presented to thrombectomy gaps and thus appeared to have no access to
thrombectomy even after accounting for interhospital transfer. Many of these patients were
at low-volume facilities without basic infrastructural elements for acute stroke care—a
quarter of these patients were at facilities that did not provide intravenous thrombolysis.
Such patients may benefit from bypassing these thrombectomy gaps altogether by means of
improved prehospital triage systems to identify those with a large-vessel occlusion and
reroute them to thrombectomy hubs or at least gateways.3> Such efforts should be mindful of
the benefit of rapid intravenous thrombolysis at the nearest capable hospital for the majority
of stroke patients who do not have a large-vessel occlusion.?! Regardless of the approach,
the challenges are acute, given the supply of trained neurointerventionalists, the clinical
heterogeneity of ischemic stroke, and the low proportion of ischemic stroke patients who
qualify for thrombectomy. The optimal system of care will vary by location and will need to
be determined by local stakeholders.

Our study should be considered in light of its limitations. First, we lacked data from the
entire United States, particularly from Western states. On the other hand, we had
comprehensive data from 11 heterogeneous, geographically dispersed states encompassing
80 million residents. Second, we analyzed administrative data rather than review medical
records or prospectively ascertain events. However, a comprehensive, population-based
analysis across the United States is not possible without administrative data. To mitigate
misclassification, we used validated codes to define key variables. Third, we lacked data on
the availability of certain important clinical services such as telestroke consultation, and we
lacked data on the numbers of interventionalists and the times during the week when
interventional treatments were available at each hospital. Fourth, our latest data were from
the end of 2018 and thrombectomy access may have improved in the last 2 years. The all-
payer claims data we used are released with a lag time of several years, and we used the
latest available data, so periodic analyses will be required to assess trends in thrombectomy
access.

Our findings pertain to a major medical and public health problem, given that stroke is a
leading cause of disability and death.36 Randomized clinical trials have proven that
thrombectomy reduces disability in the most severe cases of ischemic stroke. There is
widespread agreement that systems of care should provide equitable access to
thrombectomy.2 We found that a substantial proportion of ischemic stroke patients across the
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United States lacked access to thrombectomy even after accounting for interhospital
transfers. Our study suggests that systems of stroke care in the United States require
substantial further development to optimize access to thrombectomy, and our data may
inform efforts to improve access to this proven therapy.
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Figurel.
Proportions of Patients with Ischemic Stroke Presenting to Thrombectomy Hubs, Gateways,

and Gaps, by Urban-Rural Location of Residence.
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Figure 2. Proportion of Patients with | schemic Stroke Presenting to a Thrombectomy Hub, by
ZIP Code.

Maps from the two most populous states are shown: (2a) Florida and (2b) New York (along
with Vermont adjacent). Maps from other states are shown in Supplemental Figure V.
Proportions are mapped according to the color scheme below:
® 81% - 100%
© 61% - 80%

41% - 60%

21% - 40%
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Table 1.

Initial Presentation with Ischemic Stroke to Thrombectomy Hubs versus Gateways versus Gaps ™.

Facility TypeJr All Patients (N = 205,681) Thrombectomy Patients (N = 5,750)

Hub 100,139 (48.7) 4,794 (83.4)
Gateway 72,534 (35.3) 956 (16 6)’1‘
Gap 33,008 (16.0) 0

*

We classified a facility as a thrombectomy hub if it performed stroke thrombectomy in at least one stroke patient during the study period, a
thrombectomy gateway if it did not perform any stroke thrombectomies but transferred out at least one stroke patient who received stroke
thrombectomy at the receiving hospital, and a thrombectomy gap otherwise.

fData are presented as number (%).

’tThese patients underwent thrombectomy after transfer from the initial gateway facility to a hub.
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Characteristics of Facilities Initially Receiving Patients with Ischemic Stroke, Stratified by Facilities” Access

to Thrombectomy ™.

Facility Characteristic-r Hub (N=139) Gateway (N=241) Gap (N =444)

Total cases”. median (I0R), no. 581 (358-803) 160 (72-321) 18 (4-76)
Thrombectomy cases’t. median (IQR), no. 20 (4-49) ) )
Total beds, median (IQR), no. 423 (280-644) 147 (67-245) 70 (25-149)
Facility control

Government 16 (11.5) 14 (5.8) 60 (13.5)

Private nonprofit 96 (69.1) 179 (74.3) 272 (61.3)

Private for-profit 27 (19.4) 48 (19.9) 112 (25.2)
Member of AAMC 44 (31.7) 3(1.2) 13 (2.9)
ACGME-approved residency program 107 (77.0) 74 (30.7) 114 (25.7)
Distance to nearest hub, mean (SD), miles - 30 (29) 53 (66)
Clinical services available on site

Intravenous thrombolysis 139 (100) 177 (73.4) 138 (31.1)

Mechanical ventilation§ 139 (100) 223 (925) 812(703)

Any neurosurgical intervention 139 (100) 221 (91.7) 278 (62.6)

Any cardiac intervention 139 (100) 226 (93.8) 314 (70.7)

Any vascular intervention 139 (100) 228 (94.6) 341 (76.8)

Abbreviations: AAMC, Association of American Medical Colleges; ACGME, Accreditation Council for Graduate Medical Education; IQR,

interquartile range; SD, standard deviation.

*
We classified a facility as a thrombectomy hub if it performed stroke thrombectomy in at least one stroke patient during the study period, a

thrombectomy gateway if it did not perform any stroke thrombectomies but transferred out at least one stroke patient who received stroke

thrombectomy at the receiving hospital, and a thrombectomy gap otherwise.

fData are presented as number (%) unless otherwise specified.

iCases during entire study period.

§For patients admitted to the hospital, not patients in the emergency department.
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Table 3.

Relevant Clinical Services Available to Ischemic Stroke Patients at Initial Facility

Clinical Service-r Thrombectomy Gateway (N = 72,534) Thrombectomy Gap (N = 33,008)
Intravenous thrombolysis 68,027 (93.8) 25,179 (76.3)
Mechanical ventilationi 71,942 (99.2) 31,722 (96.1)

Any neurosurgical intervention 71,731 (98.9) 31,143 (94.4)
Any cardiac intervention 72,074 (99.4) 31,585 (95.7)
Any vascular intervention 72,262 (99.6) 31,987 (96.9)

*We classified a facility as a thrombectomy hub for ischemic stroke if it performed stroke thrombectomy in at least one stroke patient during the
study period, a thrombectomy gateway if it did not perform any stroke thrombectomies but transferred out at least one stroke patient who received
stroke thrombectomy at the receiving hospital, and a thrombectomy gap otherwise. Proportions between thrombectomy gateways and gaps were
significantly different for all clinical services (£<0.001).

7‘A clinical service was considered to be available if any procedure within that broad category was performed at a site at least once during the study
period. Data are presented as number (%).

’tFor patients admitted to the hospital, not patients in the emergency department.
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