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Background and Purpose:
The optimal endovascular stroke therapy (EVT) care delivery structure is unknown. Here, we present our
experience in creating an integrated stroke system (ISS) to expand EVT availability throughout our region
while maintaining hospital and physician quality standards.

Methods:
We identified all consecutive patients with large vessel occlusion acute ischemic stroke treated with EVT
from January 2014 to February 2019 in our health care system. In October 2017, we implemented the
ISS, in which 3 additional hospitals (4 total) became EVT-performing hospitals (EPHs) and physicians
were rotated between all centers. The cohort was divided by time into pre-ISS and post-ISS, and the
primary outcome was time from stroke onset to EPH arrival. Secondary outcomes included hospital and
procedural quality metrics. We performed an external validation using data from the Southeast Texas
Regional Advisory Council.

Results:
Among 513 patients with large vessel occlusion acute ischemic stroke treated with EVT, 58% were treated
pre-ISS and 43% post-ISS. Over the study period, EVT procedural volume increased overall but remained
relatively low at the 3 new EPHs (<70 EVT/y). After ISS, the proportion of patients who underwent
interhospital transfer decreased (46% versus 37%; P<0.05). In adjusted quantile regression, ISS
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implementation resulted in a reduction of time from stroke onset to EPH arrival by 40 minutes (P<0.01)
and onset to groin puncture by 29 minutes (P<0.05). Rates of postprocedural hemorrhage, modified
Thrombolysis in Cerebral Infarction (TICI) 2b/3, and 90-day modified Rankin Scale were comparable at
the higher and lower volume EPHs. The improvement in onset-to-arrival time was not reflective of overall
improvement in secular trends in regional prehospital care.

Conclusions:
In our system, increasing EVT availability decreased time from stroke onset to EPH arrival. The ISS
provides a framework to maintain quality in lower volume hospitals.

Introduction
See related article, p 1030

Multiple randomized clinical trials have demonstrated dramatic improvements in clinical outcome for
patients with large vessel occlusion (LVO) acute ischemic stroke (AIS) treated with endovascular stroke
therapy (EVT) compared with medical management alone.  In these studies, one of the key
determinants of clinical outcome was the time from symptom onset to endovascular treatment.  As a
result, minimizing delays in treatment by restructuring stroke systems of care around hospital and
physician EVT capability has gained considerable importance. The optimal structure for the distribution of
EVT resources in any given region, however, remains unknown.

On one hand, expanding EVT availability broadly, such that nearly all hospitals that receive AIS patients
would be able to perform EVT, could reduce treatment delays by eliminating interhospital transfer.
Counterbalancing this benefit, however, is the finding that EVT outcomes are also tied to physician and
hospital treatment volumes.  Similar to findings from many other procedural outcome studies, greater
annual treatments per site or physician are associated with improved outcomes. Thus, EVT availability
may have to be weighed against diminishing local treatment volumes.

In this study, we describe our experience in creating an integrated stroke system (ISS), which sought to
address the issue of access to EVT by substantially increasing the number of hospitals in our region that
performed the procedure but maintained physician-level procedural competence by rotating practitioners
across higher and lower volume sites and standardizing care protocols across all the sites. Three
additional EVT-performing stroke centers were created, distributed across the city to match local
population density. We hypothesized that implementation of the ISS and expansion of EVT availability in
our region would reduce delays from stroke onset to treating-hospital arrival, while maintaining quality
standards including reperfusion and complication rates.

Methods

Study Population
The data that support the findings of this study are available from the corresponding author on reasonable
request. Our study population consisted of a subset of the PRIME study (Practical Implementation of
Mechanical Thrombectomy). PRIME is a prospective observational cohort study examining all patients
diagnosed with AIS or transient ischemic attack at 11 stroke centers within the same health system across
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the Greater Houston area. For this analysis, we identified a subset of this population that consisted of all
consecutive patients with AIS and LVO who underwent EVT at any of our 4 EVT-performing hospitals
(EPHs) between January 2014 and February 2019. Note that from January 2014 to September 2017, data
were captured from a single center, and from October 2017 to February 2019, data were captured from 4
hospitals as explained below. Patients were excluded if they did not receive EVT for LVO AIS. During the
study period, clinical trials were reported that supported the treatment of AIS LVO patients with EVT up to
24 hours from symptom onset.  However, to maintain consistency of the cohort across the study
period, only patients with AIS LVO who presented within 6 hours of symptom onset were included. A
summary of the cohort can be found in Figure I in the Data Supplement.

In October 2017, we implemented the ISS model, described below. Patients treated from January 2014 to
September 2017 comprised the pre-ISS cohort, and those treated from October 2017 to February 2019
comprised the post-ISS cohort. The EPH that existed before implementation of the ISS is defined as the
original EPH, and the 3 additional ones that were added after implementation of ISS are defined as new
EPHs.

Note that prehospital routing guidelines in the region that includes all 4 EPHs are recommended by a
single regional advisory council (which includes multiple emergency medical services agencies) called the
Southeast Texas Regional Advisory Council (SETRAC). Because efforts were made before, during, and
after the study period to expedite the prehospital care of patients with AIS, we performed an external
validation of our results using data from SETRAC. See further discussion below.

This study was reviewed and approved by the Committee for the Protection of Human Subjects at the
University of Texas Health Science Center at Houston, and waive of consent and Health Insurance
Portability and Accountability Act authorization was granted (Institutional Review Board: HSC-MS-19-
0367).

Study Design
Study data were abstracted from electronic medical chart review, deidentified, and entered using
REDCap.  National Institutes of Health Stroke Scale at the time of arrival was included for analysis.
LVO was defined as an occlusion of the intracranial internal carotid artery, A1 or A2 segments of the
anterior cerebral artery, M1 or M2 segments of the middle cerebral artery, P1 or P2 segments of the
posterior cerebral artery, intracranial vertebral artery, or basilar artery as determined by computed
tomography angiogram, magnetic resonance angiogram, or digital subtraction angiography.

The primary end point was time from symptom onset to EPH arrival, which was examined in pre-ISS
versus post-ISS cohorts and adjusted for age and National Institutes of Health Stroke Scale (see below).
Note that for this analysis, only patients with witnessed stroke onset or known onset time were included,
for accuracy of measurement. Secondary end points included onset-to-reperfusion time, and onset-to-
groin puncture times, which were also evaluated in the subset of patients with known onset time.
Additional end points included the rates of interhospital transfer, good functional outcome at 90 days
(modified Rankin Scale score, 0–2), length of stay, and rates of substantial reperfusion (Thrombolysis in
Cerebral Infarction [TICI] 2b/3). These additional end points were measured in the entire cohort. Safety
end points included postprocedural hemorrhage rates defined using the ECASS (European Cooperative
Acute Stroke Study) criteria.

Integrated Stroke System
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In October 2017, we implemented the ISS model, in which 3 additional hospitals simultaneously became
EPHs, and clinical practices across all 4 hospitals were standardized. The purpose of this new system
was to extend high-quality EVT care throughout the Houston area and closer to the community (Figure II
in the Data Supplement). Under this model, a single, multidisciplinary physician group was created,
including all neurointerventionalists, neurologists, telemedicine specialists, neurocritical care specialists,
and neurosurgeons across the 4 EPHs. These physicians rotated across these 4 campuses (at least 2
campuses per physician), to both ensure consistency in care and competency and exposure to the full
range of cerebrovascular disease. All neurointerventional physicians were certified by the Committee for
Advanced Subspecialty Training in Neuroendovascular Surgery.  Neurointensive care staff, procedural
technologists, and nursing staffs were substantially expanded at each of the new EPHs. In addition,
unified nursing protocols, order sets, and centralized quality improvement data collection were
implemented to maintain uniformity of care at these settings. Of note, before October 2017, the hospitals
that were to become EVT-performing centers had performed neuroendovascular procedures including
diagnostic cerebral angiography and interventional procedures including carotid stenting and cerebral
aneurysm treatments, in low volumes. All 4 hospitals had dedicated neuroangiography biplane units with
dedicated neuroangiography technologists and nurses.

Description of the 4 Hospitals in the ISS

In October 2017, prehospital emergency medical service agencies were notified that the 3 new EPHs
were “seeking comprehensive stroke center status,” which allowed them to receive severe stroke patients
directly. The 3 new EPHs attained certification during the study period in July 2018 and maintained this
certification throughout the study period.

The acute stroke evaluation pathway at each center was standardized as much as possible and consisted
of an alert from the Emergency Room to the on-call neurologist, who then evaluated the patient
emergently either in person or through telemedicine, followed by brain imaging with decision for
thrombolysis. In parallel, the on-call neurologist would then determine whether to call the on-call
neurointerventionalist to evaluate the patient for thrombectomy, which would be performed on-site.
Interhospital transfer was attempted to be minimized, through training with prehospital emergency medical
service crews; when it was required, each EPH acted as a regional hub, and patients were transferred to
the closest center.

Comparison Against Regional Outcomes
To assess for region-wide improvements in prehospital stroke care as a potential confounder to our
primary outcome, we analyzed data from SETRAC, capturing data from all stroke centers in the 2
counties in which the 4 EPHs were located (Harris and Montgomery counties). SETRAC collects data on
all AIS patients from each hospital in the region and performs its own adjudication of quality outcomes.
This data collection mechanism is independent of the PRIME dataset used to conduct the primary
analysis. This agency also publishes recommended routing protocols for AIS for all prehospital
emergency medical services in its region. During the study period, there were no significant changes to
the prehospital routing guidelines, which recommended transport of patients with suspected LVO stroke to
the nearest comprehensive stroke center provided it did not result in a >15-minute delay compared with
the nearest primary stroke center. Four different LVO assessment tools were allowed to be used to
identify LVO, including Rapid Arterial Occlusion Evaluation score ≥5, Los Angeles Motor Scale score ≥4,
Cincinnati Prehospital Stroke Severity Scale score ≥2, or Vision, Aphasia, Neglect Weakness +.
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For the purposes of this study, data were collected from April 2014 to February 2019. Time from onset to
hospital arrival for all AIS patients across the 2 counties over the study period was assessed, as well as
the relative proportion of these patients treated at 1 of the 4 study EPHs.

Statistical Analysis
Patient characteristics and outcomes were compared before and after the ISS implementation. The effect
of ISS implementation on time from onset to treating-hospital arrival was determined by quantile
regression (as the outcome variable is likely non-normal) and adjusted for patient age and National
Institutes of Health Stroke Scale. Quantile regression adjusted for age and National Institutes of Health
Stroke Scale was also used to determine changes in time from onset to groin puncture, onset to
reperfusion, hospital arrival to groin puncture, and hospital arrival to reperfusion. Fisher exact and Mann-
Whitney U tests were used to compare categorical and continuous variables, respectively. Good
functional outcome was defined as a modified Rankin Scale score 0 to 2 at 90-day follow-up. Statistical
analyses were performed with Stata 14 (StataCorp LLC, College Station, TX) and Prism 7 (GraphPad, La
Jolla, CA) software. All P values were 2 sided and considered statistically significant at P<0.05. Data are
presented as median (interquartile range) unless otherwise indicated.

Results
Among 513 patients with LVO AIS and undergoing EVT between January 2014 and February 2019, the
median age was 66 years (56–76 years), 44% were women, 41% were White, and 17% were Hispanic.
Across the entire cohort, 74% had hypertension, 41% had hyperlipidemia, and 27% had atrial fibrillation.
Fifty-eight percent arrived directly to the emergency room, and the remaining presented as a transfer from
an outside hospital. Two hundred ninety-five (58%) patients underwent EVT before implementation of the
ISS and 218 (43%) after. Patients treated with EVT during the pre-ISS period were younger (median age,
64 versus 69 years, pre-ISS versus post-ISS, P<0.001) and were more often treated with IV tPA (80%
versus 65%, pre-ISS versus post-ISS, P<0.0001). Demographics and clinical characteristics of patients
are detailed in Table 1.

Table 1. Baseline Characteristics of Endovascular Stroke Therapy Patients Before and After
Implementation of the ISS

Pre-ISS (n=295) Post-ISS (n=218) P value

Age, y; median (IQR) 64 (53–75) 69 (59–79) <0.001

Women, % 40% 49% 0.06

Medical history

 Prior stroke 16% 10% 0.06

 Atrial fibrillation 26% 29% 0.54

 Coronary artery disease/myocardial disease 16% 16% 1.00
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Pre-ISS (n=295) Post-ISS (n=218) P value

 Diabetes 28% 33% 0.32

 Hyperlipidemia 43% 39% 0.40

 Hypertension 76% 70% 0.12

 Smoking 14% 18% 0.25

Transferred, % 46% 37% <0.05

NIH Stroke Scale, median (IQR) 18 (13–22) 17 (12–22) 0.18

Prestroke modified Rankin Scale score 0–2, % 93% 90% 0.26

NCHCT ASPECTS, median (IQR) 9 (7–10) 8 (7–9) <0.05

Occlusion location 0.72

 ICA 19% 17%

 M1 52% 56%

 M2 17% 18%

 ACA 1% 1%

 Intracranial vertebral 1% 1%

 Basilar 8% 6%

 PCA 2% 1%

CTP performed, % 64% 53% <0.05

CTP RAPID core volume, median (IQR) 7 (0–31) 7 (0–26) 0.39

CTP RAPID penumbral volume, median (IQR) 117 (82–164) 118 (81–147) 0.71

Receipt of IV tPA, % 80% 65% <0.0001
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ACA indicates anterior cerebral artery; ASPECTS, Alberta Stroke Program Early CT Score; CTP, CT
perfusion; ICA, internal carotid artery; IQR, interquartile range; ISS, integrated stroke system; IV tPA,
intravenous tissue-type plasminogen activator; NCHCT, non-contrast head CT; NIH, National Institutes
of Health; and PCA, posterior cerebral artery.

The proportion of EVT patients who were transferred (as opposed to direct presentation to the emergency
room) was lower after ISS implementation (46% versus 37%, pre-ISS versus post-ISS, P<0.05) and
decreased over the course of the study (45% versus 32%, 2014 versus 2019, P=0.05; Figure 1A). EVT
treatments increased over the study period at the individual hospital level and across all 4 EPHs (Figure
1B). Annual EVT volume at the new EPHs remained lower relative to the original EPH. On review of the
transferred patients, all transfers occurred for evaluation for EVT.

Download figure | Download PowerPoint
Figure 1. Interhospital transfer and procedural volumes. A, Percentage of patients treated with
endovascular stroke therapy (EVT) presenting as transfers over time. B, Number of EVT procedures
performed per EVT-performing hospital (EPH) over time. ISS indicates integrated stroke system.

Among patients with known stroke onset time (n=352), we observed a decline in time from stroke onset to
EPH arrival following implementation of ISS (Figure 2A). Unadjusted analysis demonstrated shorter times
from hospital arrival to recanalization (153 versus 129 minutes, pre-ISS versus post-ISS, P<0.001) and
from stroke onset to reperfusion (229 versus 202 minutes, pre-ISS to post-ISS, P<0.05) after ISS
implementation (Table 2).

Table 2. Procedural and Outcome Metrics Before and After Implementation of the ISS

Pre-ISS (n=295) Post-ISS (n=218) P value

Time from door to groin puncture, min; median (IQR) 111 (85–132) 89 (63–115) <0.0001

Time from door to recanalization, min; median (IQR) 153 (125–186) 129 (99–166) <0.0001

Time from onset to hospital arrival, min; median (IQR) 125 (70–180) 89 (50–220) 0.11

Time from onset to groin puncture, min; median (IQR) 229 (182–295) 202 (149–307) <0.05

Time from onset to recanalization, min; median (IQR) 273 (225–339) 251 (190–354) 0.08

Successful reperfusion (TICI 2b/3), % 87% 90% 0.33
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Pre-ISS (n=295) Post-ISS (n=218) P value

PH-2 ICH 7% 7% 1.0

Length of stay, d; median (IQR) 6 (4–10) 5 (3–9) 0.07

90-d mRS score 0–2, % (n=462) 34% 37% 0.49

ICH indicates intracerebral hemorrhage; IQR, interquartile range; ISS, integrated stroke system; PH-2,
parenchymal hematoma type 2; mRS, modified Rankin Scale; and TICI, Thrombolysis in Cerebral
Infarction.

Download figure | Download PowerPoint
Figure 2. Stroke onset to endovascular stroke therapy–performing hospital (EPH) arrival
times. A, Unadjusted times from stroke onset to EPH arrival. B, Adjusted onset-to-arrival time
differences between pre-integrated stroke system (ISS) and post-ISS cohorts (P<0.01, quantile
regression).

In adjusted quantile regression, implementation of ISS and expansion of EVT capability resulted in a
reduction of time from stroke onset to hospital arrival (Figure 2B) by 40 minutes ([95% CI, 16–65]
P<0.01). Similarly, the time from onset to groin puncture was reduced by 29 minutes ([95% CI, 1–58]
P<0.05). The time from hospital arrival to groin puncture was reduced by 25 minutes ([95% CI, 17–33]
P<0.001). Further, the time from hospital arrival to reperfusion was reduced by 24 minutes ([95% CI, 13–
36] P<0.001). The time from stroke onset to reperfusion was decreased by 29 minutes ([95% CI, 6–65]
P=0.15) but did not achieve statistical significance.

Across the entire cohort, clinical outcomes and procedural outcomes including rates of good 90-day
functional outcome, successful reperfusion, and postprocedure hemorrhage remained comparable after
ISS implementation (Table 2). Individually, quality metrics and outcomes were maintained at each of the
lower volume new EPHs (Table I in the Data Supplement). Patient demographics were largely unchanged
post-ISS in the EPHs (Table II in the Data Supplement). A summary of endovascular devices used pre-
and post-ISS is provided in Table III in the Data Supplement.

After implementation of the ISS, 87 (40%) EVT procedures were performed at new EPHs and 131 (60%)
at the original EPH. In-hospital quality metrics including door-to-groin puncture times and door-to-
recanalization times were comparable across the new EPHs and original EPH. Procedural metrics and
clinical outcomes were also comparable as shown in Table 3. TICI 2b/3 rates were greater at the new
EPHs. The increase in EVT procedures performed at the new EPHs occurred as a result of an increase in
the overall number of patients evaluated for AIS, without a decrement in the EVT volume at the original
EPH (Figure IIIA and IIIB in the Data Supplement).
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Table 3. Procedural and Outcome Metrics Between the Original EPH and New EPHs After
Implementation of the Integrated Stroke System

Original EPH (n=131) New EPHs (n=87) P value

Time from door to groin puncture, min; median (IQR) 86 (67–105) 91 (53–140) 0.43

Time from door to recanalization, min; median (IQR) 129 (105–160) 126 (88–172) 0.73

Time from onset to hospital arrival, min; median (IQR) 84 (45–243) 89.5 (54–186) 0.96

Time from onset to groin puncture, min; median (IQR) 191 (140–303) 232 (167–329) 0.13

Time from onset to recanalization, min; median (IQR) 246 (183–379) 275 (192–350) 0.75

Successful reperfusion (TICI 2b/3), % 86% 97% <0.05

PH-2 ICH 9% 4% 0.66

Length of stay, d; median (IQR) 5 (3–8) 5 (3–10) 0.47

90-d mRS score 0–2, % (n=195) 39% 35% 0.65

EPH indicates endovascular stroke therapy–performing hospital; ICH, intracerebral hemorrhage; IQR,
interquartile range; mRS, modified Rankin Scale; and TICI, Thrombolysis in Cerebral Infarction.

Using data from the SETRAC, over the course of the study period, ≈25% of the AIS patients treated in the
2 counties containing the 4 study hospitals were treated at these centers (Figure 3A)—a proportion that
did not change significantly over time. Approximately 50% of the EVT procedures in the region were
performed at one of the study’s EPHs (Figure 3B). Across the region, there was a decrease in the rate of
presentation to stroke centers within 3.5 hours of onset after stroke (Figure 3C; 16% versus 12%, 2014
versus 2019, P<0.05) over the study period.

Download figure | Download PowerPoint
Figure 3. Southeast Texas Regional Advisory Council regional data. Total acute ischemic stroke
(AIS) admissions (A) and endovascular stroke therapy procedures (B) for all facilities within the 2-
county region, as well as the 4 study hospitals. C, Percentage of all AIS presenting to a stroke
center in the 2-county region within 3.5 h from onset over time.
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Discussion
In this observational cohort study of patients who underwent EVT for LVO AIS in the early time window,
we identified a significant decrease in interhospital transfer following the creation of 3 additional EPHs
scattered throughout the region. In age- and stroke severity–adjusted comparisons, delays between
stroke onset and EPH arrival decreased by 40 minutes, and the delay between hospital arrival and
reperfusion also fell. Clinical outcomes were preserved at the lower volume new EPHs, and procedural
complications did not increase despite the simultaneous establishment of 3 lower volume EVT-performing
centers. Taken together, these findings suggest that an ISS, in which physician coverage and expertise is
shared across new and established hospitals, can expand the availability of EVT while maintaining
competency and procedural outcomes.

Despite initiating EVT programs simultaneously at 3 lower volume hospitals, we did not observe an
increase in procedural complications. Rates of postprocedural hemorrhage were consistent with prior
studies.  Of note, IV tPA usage decreased in the post-ISS cohort. The reason for this change is not
clear and may have been related to the slightly increased ischemic core size in the post-ISS cohort. On
the other hand, 90-day disability outcomes were preserved post-ISS despite this cohort being older,
harboring poorer ASPECTS (Alberta Stroke Program Early CT Score), and receiving less IV tPA. Multiple
prior studies have observed a decrease in good clinical outcomes in centers with lower EVT volumes.
In our study, the 3 new EPHs had relatively low annual EVT volumes, but clinical outcomes did not differ
when compared against the higher volume original EPH. In addition, we did not observe a decrement in
care quality outcomes including door-to-groin puncture times and intracerebral hemorrhage rates. These
findings are likely due to the standardization of care across all the campuses, including rotation of
physicians, which helped ensure consistency and maintained procedural competency.

With the establishment of 3 additional EPHs throughout the city, we found that the rate of interhospital
transfer dropped significantly. Transfers have been shown in several studies from well-performing stroke
systems to be associated with not only significant delays in treatment but also quantifiable deterioration in
likelihood of good clinical outcomes.  In our study, this decrease in transfer rates may have been the
principal driver behind the reduction in onset to EPH arrival times. While transfer rates decreased over the
course of the study, they remained >30%. This number should ideally continue to fall, substantially.
Further expansion of EVT capabilities, to areas from which these patients were transferred, in addition to
improved prehospital protocols to triage likely LVO patients to EVT-performing centers even if they are at
a greater distance than primary centers continue to be needed. In addition, more direct prehospital
evaluation through mobile stroke units has been shown to significantly reduce treatment times.

The optimal distribution of EVT resources ultimately is likely also driven in large part by local geography.
Our setting, a large urban area with multiple hospitals capable of performing at the EPH level, is not
representative of every locale. However, our finding that an ISS in which protocols, best practices, and
physicians are shared across larger and smaller volume hospitals can be extended to larger areas, as it
does not require immediate proximity to accomplish.

Our study has limitations. We limited our analysis to early time window patients to maintain consistency
across the cohort. As such, it is unclear how our findings would affect patients presenting in the late time
window, who may have different physiology than patients in the early time window. In addition, our primary
outcome focused on patients with known onset of stroke, to more accurately measure differences in
onset-to-arrival times. Doing so may have skewed the cohort toward more severe stroke; on the other
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hand, our analysis was adjusted for age and stroke severity. Further, over the course of the study period,
in-hospital quality improvement efforts were ongoing, which may have contributed to the decline in in-
hospital time metrics such as door-to-groin puncture time. However, these efforts would not have had any
effect on our primary outcome, which was a prehospital measure. Then, because of the structure of care
in our region, we cannot claim that population-level stroke care was improved by the ISS intervention.
Also, to address the issue of regional secular trends, we obtained data from SETRAC, the advisory
council that partners with all the prehospital emergency medical services agencies in the region. In these
data, we found that the stroke onset-to-hospital presentation times, over the course of the study period,
did not improve but in fact slightly worsened. As a result, we felt that our primary result, which was a
reduction in time from stroke onset to hospital presentation time, was not the result of a secular trend.
Finally, ideally emergency medical services contact to arrival or treatment would be a key metric to study.
These data, however, are not recorded by SETRAC nor available through the PRIME or institutional
databases.

Conclusions
In this study of patients with AIS LVO treated with EVT, we found that increasing the number of hospitals
performing EVT was associated with a decrease in onset-to-hospital arrival times. By sharing best
practices and physician expertise across all 4 hospitals in an ISS, clinical outcomes and quality metrics
were maintained in the lower volume hospitals. These findings support expansion of EVT capabilities to
hospitals closer to patient populations and provide a framework to maintain care quality.

Nonstandard Abbreviations and Acronyms

AIS acute ischemic stroke

EPH endovascular stroke therapy–performing hospital

EVT endovascular stroke therapy

ISS integrated stroke system

LVO large vessel occlusion

PRIME Practical Implementation of Mechanical Thrombectomy

SETRAC Southeast Texas Regional Advisory Council
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