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CTA Protocols in a Telestroke Network Improve Efficiency
for Both Spoke and Hub Hospitals

A.T. Yu, R.W. Regenhardt, C. Whitney, L.H. Schwamm, A.B. Patel, C.J. Stapleton, A. Viswanathan, J.A. Hirsch,
M. Lev, and T.M. Leslie-Mazwi

ABSTRACT

BACKGROUND AND PURPOSE: Telestroke networks support screening for patients with emergent large-vessel occlusions who are eligi-
ble for endovascular thrombectomy. Ideal triage processes within telestroke networks remain uncertain. We characterize the impact of
implementing a routine spoke hospital CTA protocol in our integrated telestroke network on transfer and thrombectomy patterns.

MATERIALS AND METHODS: A protocol-driven CTA process was introduced at 22 spoke hospitals in November 2017. We retrospectively
identified prospectively collected patients who presented to a spoke hospital with National Institutes of Health Stroke Scale scores $6
between March 1, 2016 and March 1, 2017 (pre-CTA), and March 1, 2018 and March 1, 2019 (post-CTA). We describe the demographics, CTA
utilization, spoke hospital retention rates, emergent large-vessel occlusion identification, and rates of endovascular thrombectomy.

RESULTS: There were 167 patients pre-CTA and 207 post-CTA. The rate of CTA at spoke hospitals increased from 15% to 70%
(P, .001). Despite increased endovascular thrombectomy screening in the extended window, the overall rates of transfer out of
spoke hospitals remained similar (56% versus 54%; P¼ .83). There was a nonsignificant increase in transfers to our hub hospital for
endovascular thrombectomy (26% versus 35%; P¼ .12), but patients transferred .4.5 hours from last known well increased nearly 5-
fold (7% versus 34%; P, .001). The rate of endovascular thrombectomy performed on patients transferred for possible endovascu-
lar thrombectomy more than doubled (22% versus 47%; P¼ .011).

CONCLUSIONS: Implementation of CTA at spoke hospitals in our telestroke network was feasible and improved the efficiency of
stroke triage. Rates of patients retained at spoke hospitals remained stable despite higher numbers of patients screened. Emergent
large-vessel occlusion confirmation at the spoke hospital lead to a more than 2-fold increase in thrombectomy rates among trans-
ferred patients at the hub.

ABBREVIATIONS: EVT ¼ endovascular thrombectomy; LKW ¼ last known well; SH ¼ spoke hospital; ELVO ¼ emergent large-vessel occlusion; LVO ¼
large-vessel occlusion; NIHSS ¼ National Institutes of Heath Stroke Scale

Telestroke supports thrombolytic use and screening for
patients with emergent large-vessel occlusion (ELVO)

across stroke systems of care.1-3 ELVOs represent a minority of
acute stroke presentations but produce most morbidity and

mortality in ischemic stroke and are therefore a critical area of
focus within stroke care systems.4-6 For patients with ELVO, the
current target of acute stroke therapy is penumbral salvage,
which relies on numerous factors, the most important of which
is timely reperfusion.7-9 The powerful therapeutic effect of early
reperfusion (,6 hours from last known well [LKW]) through
endovascular thrombectomy (EVT) for patients with ELVO is
now well established.10-12 The time window for treatment
expanded with the demonstration of benefit of reperfusion in
patients between 6 and 24 hours from LKW, a demographic for
which previously no therapeutic intervention was available.13-14

Selection for thrombectomy in both early and late treatment
windows required identification of ELVO by noninvasive imag-
ing in all recent trials.

The expansion of treatment with EVT up to 24hours from
LKW has dramatically increased the pool of patients to screen.
Current telestroke care system approaches require the emergent
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transfer of patients from spoke hospitals (SHs), which lack the
ability to perform thrombectomy, to hub hospitals, which are
thrombectomy capable. Ideal triage processes within telestroke net-
works remain uncertain and may vary based on geographic region.
Here we describe the effects of the implementation of a routine SH
CTA protocol within our integrated telestroke network on SH
retention rates and hub hospital thrombectomy rates.

MATERIALS AND METHODS
We introduced a protocol-driven CTA process at 22 SHs within
our telestroke network in the northeastern United States in
November 2017. The CTA protocol specified CTA indications,
acquisition parameters, and methods for image reconstruction
(Supplemental Online Data) to provide a standardized imaging
approach across the telestroke network. Before this CTA proto-
col, in the pre-CTA era, transfer for EVT consideration occurred
mainly driven by stroke severity (NIHSS score $6 points), time
from LKW (#6 hours), ASPECTS score $6 on noncontrast CT,
and mRS score 0–2, based primarily on the American Heart
Association guidelines at that time.15 After implementation of the
protocol, the post-CTA era, all patients presenting to an SH with
NIHSS score$6 points and,24hours from LKW were required
to undergo CTA imaging in addition to and immediately after
their noncontrast head CT. Head and neck CTA with reconstruc-
tion of thick, overlapping axial MIPs was a requirement in the
protocol. Additional imaging suggested by the protocol but at the
discretion of the site included CTA delays of the head and neck
and sagittal and/or coronal MIPs. After acquisition, this imaging
was shared through a cloud-based platform between the SH and
the hub. Additional criteria for transfer for EVT consideration in
the post-CTA era were based on updated guidelines and included
ASPECTS score$6 and mRS score 0–2.16

We retrospectively identified patients who presented to an
SH with NIHSS scores $6 points between March 1, 2016 and
March 1, 2017 (pre-CTA), and between March 1, 2018 and
March 1, 2019 (post-CTA). A 1-year gap between our pre-CTA
and post-CTA cohorts was used to allow enough time for uni-
form adoption of the CTA protocol across all SHs. Patients
were identified through our telestroke consult log, which
records consecutive telestroke consults placed within our net-
work. Within each cohort, we analyzed baseline demographics,
risk factors, CTA utilization, ELVO identification, and transfer
to a hub hospital. We defined off-hour telestroke utilization as a
consult start time between 7 PM and 7 AM regardless of the day
of the week. We obtained patient demographic and risk factor
data from our telestroke log and our hub hospital electronic
medical record. CTA utilization was determined by telestroke
consult log documentation because most SHs used a separate
electronic medical record, which we did not have access to; for
this reason, we were unable to include reliable door-in and
door-out times. Patients with CTA recommended but not docu-
mented were defined as not undergoing CTA imaging. An
ELVO was confirmed if vessel imaging performed at the SH
showed an occlusion in the intracranial ICA, MCAM1 segment,
proximal M2 segment, or basilar artery with NIHSS score $6
points and LKW ,24 hours. Tandem lesions involving cervical
ICA stenosis or occlusion with an intracranial occlusion were

included.17 We defined late-window patients as .4.5 hours
from LKW to consult start time at the SH; this equated to
roughly .6 hours at the time of arrival to an EVT capable cen-
ter, allowing 1.5 hours for time for the evaluation and transport
of the patient. For patients transferred to our hub, we analyzed
rates of additional imaging after arrival, EVT, and utilization of
a direct-to-EVT protocol, which allowed transferred patients
with confirmed ELVO to bypass both the emergency depart-
ment and further imaging to proceed directly to the endovascu-
lar suite for thrombectomy. The overall rate of large-vessel
occlusion (LVO) transferred was defined as the total number of
LVOs identified at the SH in addition to LVOs identified at the
hub that were not previously identified at the SH among
patients transferred to the hub hospital.

This study was approved by the local institutional review
board. Median and interquartile range were reported for continu-
ous variables. Percent and count were reported for categoric vari-
ables. Differences were assessed by using nonparametric
Wilcoxon rank-sum for continuous variables and Fisher exact
tests for categoric variables. Two-tailed P values,.05 were inter-
preted as statistically significant. Analyses were performed with
SPSS version 23.0 (IBM). The data that support the findings of
this study are available from the corresponding author upon
request.

RESULTS
There were 167 patients pre-CTA and 207 patients post-CTA
from 22 SHs. These cohorts were broadly similar (Table 1). The
median ages in the pre-CTA and post-CTA groups were 76 years
and 71 years, respectively (P¼ .066). Most patients were white
(88%). There were no differences in risk factors between the 2
groups, with the exception of coronary artery disease (25% pre-
CTA versus 14% post-CTA; P¼ .005). The proportion of off-
hour consults was similar at approximately 30%. The median
NIHSS score was 12 points for both groups, and no significant
differences in rates of tPA administration were present (Table 2).
There were fewer than 5 posterior circulation LVOs in each
cohort.

The rate of CTA utilization at SHs increased significantly
from 25/167 (15%) to 144/207 (70%) (P, .001) (Table 2). Three

Table 1: Patient demographics pre- and post-CTA protocol
implementationa

Pre-CTA,
n= 167 (%)

Post-CTA,
n= 207 (%)

P
Value

Characteristics
Age, median (IQR) 76 (63, 85) 71 (57, 82) .066
Female sex 88 (53) 113 (55) .755
White race 151 (90) 88 (84) .127

Risk factors
Atrial fibrillation 54 (32) 50 (24) .083
Coronary artery disease 42 (25) 28 (14) .005
Diabetes mellitus 26 (16) 46 (22) .115
Dyslipidemia 43 (26) 53 (26) 1.000
Heart failure 12 (7) 15 (7) 1.000
Hypertension 85 (51) 100 (48) .677
Previous stroke or TIA 41 (25) 59 (29) .413
Smoking 8 (5) 18 (9) .101

a Count and percent are reported. For age, median and IQR are reported.
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patients in the pre-CTA group had MRA rather than CTA.
Reasons for not obtaining a CTA in the post-CTA cohort
included known allergy to iodinated contrast (5 patients), renal
dysfunction (4 patients), technical difficulties (3 patients; 1
unclear reasons, 1 lack of radiology technicians overnight, and 1
inability to obtain intravenous access), high suspicion for an al-
ternative diagnosis (13 patients, including seizure, toxic-meta-
bolic encephalopathy, or functional neurologic disorder), and
determination of EVT ineligibility based on other factors (1
patient). Technical difficulties preventing CTA acquisition repre-
sented only 1.4% of cases after protocol implementation. The
rates of late-window (.4.5 hours from LKW) consults also
increased significantly from 14/167 (8%) to 42/207 (20%)
(P¼ .001). Despite increased screening of patients in this late
window, the rates of patient transfer out of SHs remained stable
(93/167, 56% versus 112/207, 54%; P¼ .83). This rate of transfer
encompasses patients with ELVO who were transferred to
another thrombectomy-capable center, as well as patients trans-
ferred to our center for other reasons, including seeking a higher
level of care, such as a neurologic intensive care unit, seeking care
for a nonstroke diagnosis, or to complete a stroke work-up. The
rate of transfer to our hub hospital specifically for EVT showed a
nonsignificant increase (46/167, 26% versus 73/207, 35%;
P¼ .119), but the proportion of patients transferred in the late
window increased nearly 5-fold (3/46, 7% versus 25/73, 34%;
P, .001). Of those transferred to our hub hospital as ELVO, the
overall LVO identification rate, whether imaged at the SH or
hub, increased (67% to 93%; P¼ .001) (Table 3). Furthermore,

there was a decrease in the need for repeat imaging at our hub
hospital (43/46, 94% versus 48/73, 66%; P, .001). For the 48
patients in the post-CTA cohort who required repeat imaging,
34/48 (71%) required imaging to confirm mismatch before pro-
ceeding with late-window thrombectomy. A total of 24/34 (71%)
were already considered late window by our criteria before trans-
fer, and 10/34 (29%) were considered early window. Repeat imag-
ing was required in 3/48 (6%) cases for worsening NIHSS score.
The most common technique for repeat imaging was MR imag-
ing with or without MRA in 42/48 (88%). In the pre-CTA cohort,
14/46 patients (30%) without a CTA at the SH were transferred
to our center for EVT evaluation but were not found have an
LVO on their hub hospital CTA or MRA imaging. The overall
rate of EVT performed on patients transferred to our hub for
possible EVT more than doubled (10/46, 22% to 34/73, 47%;
P¼ .011). In the post-CTA cohort, 20/73 (27%) of transferred
patients were processed via our direct-to-EVT protocol (this pro-
tocol was introduced in December 2017 and therefore did not
exist in the pre-CTA era).

Our post-CTA cohort spanned a timeframe after which the
late-window thrombectomy trials were published and the poten-
tial pool of EVT candidates was increased. Given these differen-
ces, to better compare our 2 cohorts, we performed sensitivity
analyses based on the early-window patients. The transfer rate
was nonsignificantly decreased after implementation of the CTA
protocol (88/153, 57% to 84/164, 51%; P¼ .26). The decrease in
repeat imaging after transfer was notably even greater for patients
transferred in the early window (39/43, 91% versus 24/48, 50%;
P, .001). The rate of EVT performed at our center for patients
in the early window increased significantly (9/43, 21% to 25/48,
52%; P¼ .004).

DISCUSSION
These findings demonstrate the successful implementation of a
systematic CTA protocol performed at SHs within our telestroke
network and its impact on SH retention rates and hub hospital
EVT rates. Implementation of a CTA protocol proved feasible.
Provision to SHs of a standardized imaging protocol and the use
of cloud-based image sharing proved useful in maintaining image
quality across the network. The rate of CTA utilization at SHs
increased from 15% to 70% during the study period, with multi-
ple gains in system efficiency.

Most patients with acute ischemic strokes, including ELVOs,
present to nonthrombectomy-capable hospitals.11 Telestroke net-
works therefore have a crucial role in not only delivering care,

including thrombolytics, but also quickly and
cost-effectively triaging patients who may need
EVT.1 The ideal triage system is uncertain, and
debate remains regarding different triage strat-
egies, which likely depend on geographic
region.18 A persistent challenge is the low rates
of ELVO among general stroke presentations.19

Currently, randomized trials are evaluating the
triage option of bypassing the SH for patients
whom emergency first responders in the field
suspect harbor an ELVO.20-22 The possibility of
SH bypass, though promising, has raised

Table 2: Clinical, imaging, and transfer variables pre- and post-
CTA protocol implementationa

Pre-CTA,
n= 167 (%)

Post-CTA,
n= 207 (%)

P
Value

NIHSS score at SH (IQR) 12 (8–19) 12 (8–18) .678
Late window 14 (8) 42 (20) .001
Off hours (7 PM–7 AM) 53 (32) 61 (30) .653
CTA performed at SH 25 (15)b 144 (70) , .001
LVO identified at SH 13 (8) 81 (39) , .001
tPA administered at SH 93 (60) 96 (68) .185
Transferred to hub
hospital

46 (26) 73 (35) .119

Retained at SH 74 (44) 95 (46) .834
Retained at SH, of those
in early window

65 (43) 81 (49) .260

a Count and percent are reported.
b Includes 3 patients who underwent MRA. Late window was defined as
.4.5 hours from LKW at telestroke consult start time.

Table 3: Processing of transferred patients at the hub hospitala

Pre-CTA,
n= 46 (%)

Post-CTA,
n= 73 (%) P Value

Late window 3 (7) 25 (34) , .001
Overall LVO transferred to hub 31 (67) 68 (93) .001
Repeat imaging, overall 43 (94) 48 (66) , .001
Repeat imaging, early window 39 (91) 24 (50) , .001
Direct-to-EVT protocol utilization 0 20 (27) , .001
Received EVT, overall 10 (22) 34 (47) .011
Received EVT, early window 9 (21) 25 (52) .004

a Repeat hub imaging, direct-to-EVT protocol utilization, and EVT for patients transferred to our insti-
tution from an SH with NIHSS scores $6 points for consideration of EVT.
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concerns regarding care quality at both SHs (decreased patient
volumes and local expertise) and hub hospitals (excessive patient
volumes straining resources).18,23 The expansion of the treatment
window for thrombectomy to 24hours raises further unique con-
cerns with triage, given the expanded pool of patients to be eval-
uated for a progressively smaller number of treatment
candidates.24

One potential system solution is to refine triage at the level of
the SH by improved identification of patients with ELVO. This
refinement and reinforcement of existing care models seeks to
improve overall system efficiency. A primary reason patients
transferred to a hub hospital for EVT do not ultimately undergo
thrombectomy is that no ELVO is present despite a suggestive
clinical presentation.25-27 This was confirmed in our pre-CTA
cohort in which one-third of patients transferred to our hub did
not have an LVO. Identifying which patients do not require EVT
while still at the SH represents, therefore, a potential intervention
in the evolution of stroke care systems. Although several available
imaging modalities exist, ELVO identification is most accurately
accomplished by using CTA because of both rapid image acquisi-
tion and high sensitivity and specificity.28 Triage with CTA at the
level of the SH allows stroke care to remain local for patients
without ELVO while transporting confirmed patients with ELVO
to appropriately enabled care environments. The impact of CTA
for all patients with stroke is being increasingly defined at throm-
bectomy capable centers. A health system in Detroit expanded
CTA imaging to all patients with stroke after previously reserving
it for patients with NIHSS scores $6 points.29 CTA scanning for
all suspected patients with stroke led to increased rates of ELVO
detection, increased mechanical thrombectomy treatment, and a
possible trend toward improved outcomes in that system (a single
comprehensive stroke center hub and 8 associated hospitals). By
comparison, this present study is novel in describing the effects
of CTA triage in SHs within an entire, widely distributed tele-
stroke network where CTA imaging had not been routinely per-
formed previously.

The long-term effects of late-window EVT trials on telestroke
networks remain unknown. Our findings indicate an expansion
of the pool of candidates evaluated, driven predominantly by the
large increase in late-window candidates. However, despite the
additional patients screened in the post-CTA cohort, the overall
rate of transfers from SHs was similar (56% versus 54%). This is
noteworthy given the anticipated higher transfer numbers based
on clinical grounds alone that are expected with the expansion of
the thrombectomy window to 24hours. In the pre-CTA era,
patients .6 hours from onset would have been deemed non-
thrombectomy candidates. With the expanded window, these
patients would be expected to transfer for evaluation for throm-
bectomy if clinical criteria alone were used. The use of CTA at
SHs allowed screening at the source to select appropriate candi-
dates from this larger pool. CTA application demonstrated a
trend toward decreasing transfers in the early window after the
protocol was implemented (57% versus 51%), but concurrently,
rates of patients transferred to our center .4.5 hours from LKW
increased nearly 5-fold as extended-window evaluation was
increasingly implemented across the SH network. The decrease
in futile transfers therefore helped balance the expected rise in

transfers to keep the retention rate stable in the pre- and post-
CTA periods. We anticipate the proportion of late-window trans-
fers to continue to increase with increasing awareness regarding
late-window therapy for patients with ELVO and with revisions
to existing SH emergency protocols.

Patients with ELVO require specialized attention, which in
addition to EVT may include support in a neurologic critical care
unit or open surgical interventions (hemicraniectomy or subocci-
pital craniectomy). Comprehensive stroke centers, such as hub
hospitals in telestroke networks, are best equipped to manage
these patients.30,31 The rates of EVT performed on transferred
patients more than doubled from 22% pre-CTA to 47% in the
post-CTA cohort. This finding was also observed when analyzing
early-window patients alone (21% versus 52%), supporting the
fact that this was not driven by the increase in late-window
patients. Reduction in false activation of the EVT treatment team
represents appreciable resource conservation for the hub hospital.
In addition, the need for repeat imaging was decreased as ELVO
status was established before hub hospital arrival, allowing the
use of direct-to-EVT protocols that have been proved to save
time in other practice settings.32,33 This was true for 27% of our
transferred population undergoing thrombectomy. For patients
in the early window, CTA at the SH represents a task shifted
from the hub hospital, often obviating the need for imaging at the
hub if transfer occurs expeditiously. Accelerating transfer
between SH and hub ensures that imaging performed at the SH is
temporally relevant to hub hospital treatment decisions. For late-
window patients, although CTA screens for the presence of
ELVO, it does not provide the additional information necessary
for guideline-based treatment decisions (core volume, perfusion
deficit, mismatch volume, and so on).16,34 These patients there-
fore require additional imaging on arrival at the hub.

The ability to shift imaging tasks from the hub to the SH
has additional implications for future efforts in ELVO triage
and EVT selection. Automation of stroke imaging, already
established for CT perfusion, shows nascent promise for ELVO
detection and other components of stroke imaging.35-37 The role
of this software in the SH environment may expand with
time and remains to be explored as the software becomes
more available, affordable, and refined. The implications for
automation and coordination of triage in a stroke system of
care may be large, with telestroke networks well poised to
pioneer these approaches.

There are several limitations to our study, mostly related to its
retrospective design. The late-window thrombectomy trials,
which resulted in more patients being eligible for EVT and in an
increasing awareness of ELVOs, were published before our post-
CTA cohort. However, our sensitivity analyses included only
patients in the early window, thereby making the cohorts more
comparable, and did not change interpretation of the results. We
relied on data that were available in clinical documentation.
Furthermore, we selected an NIHSS score threshold of 6 points at
the SH based on our clinical practice and guideline recommenda-
tions but recognize some patients with ELVOs may have had
NIHSS scores,6 points and may not be captured in these data.29

A limited number of patients with high NIHSS scores or ELVOs
were transferred to other thrombectomy centers, and we do not
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have details about what proportion of these patients later had
confirmed ELVOs or underwent EVT. We focus on system
processes and therefore do not detail patient outcomes
because of limitations in data available in both the pre-CTA
cohort and for patients with confirmed ELVOs transferred to
other centers.

Finally, although we successfully implemented a CTA pro-
tocol at SHs, we are unable to compare time metrics at SHs,
such as door-in-door-out and transport times, because SHs
used a separate electronic medical record, and documentation
of these metrics was not a requisite in our telestroke log or
consistent in available documentation. Acquisition of the CTA
immediately after the head CT without returning the patient to
the emergency department is an important part of the CTA
imaging protocol to ensure time savings, but implications for
tPA delivery times remain to be explored. However, we present
a practical and real-world experience that details the response
to SH imaging triage in a telestroke network.

CONCLUSIONS
CTA application in a standardized fashion to the imaging proto-
cols of SHs in a large telestroke network was feasible. Adoption
was high within 1 year of protocol implementation and added
important additional screening information for potential patients
with ELVO at SHs. A standardized CTA protocol at SHs was
associated with increased telestroke network efficiency by
increasing the proportion of transferred patients who
undergo EVT, thereby decreasing futile transfers. The reten-
tion rate for SHs remained relatively stable despite higher
numbers of patients screened (partly caused by a 5-fold
expansion of late-window candidates). For 27% of transferred
patients undergoing thrombectomy, this shift in imaging confir-
mation to the SH enabled a direct-to-EVT protocol, eschewing
emergency department evaluation and further imaging at the hub
hospital. Future evaluation for such system evolutions will include
analysis of transfer times and an economic analysis of the eco-
nomic consequences. Continued research to identify optimized tri-
age in stroke care systems is needed.
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