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PRACTICE PERSPECTIVES

Wide Variability in Prethrombectomy Workflow Practices in
the United States: A Multicenter Survey

G.C. Meyers, “M.S. Kruzich, ““D.T. Cross IIl, and “*'CJ. Moran

A.P. Kansagra,

ABSTRACT

BACKGROUND AND PURPOSE: Clinical outcomes in patients with acute ischemic stroke caused by large vessel occlusion depend on the
speed and quality of workflows leading to mechanical thrombectomy. In the absence of universally accepted best practices for workflow,
developing stroke hospitals can benefit from improved awareness of real-world workflows in effect at experienced centers. To this end,
we surveyed prethrombectomy workflow practices at stroke centers throughout the United States.

MATERIALS AND METHODS: E-mail and phone interviews were conducted with neurointerventional team members at 30 experienced,
endovascular-capable stroke centers. Questions were chosen to reflect workflow components of triage, team activation, transport, case
setup, and anesthesia.

RESULTS: There is wide variation in prethrombectomy workflows. At 53% of institutions, nonphysician staff respond to stroke alerts
alongside physicians. Imaging triage involves noninvasive angiography or perfusion imaging at 97% and 63% of institutions, respectively.
Neurointerventional consultation is initiated before the completion of neuroimaging at 86% of institutions, and the team is activated
before a final treatment decision at 59%. The neurointerventional team most commonly arrives within 30 minutes. Patients may be
transported to the neuroangiography suite before team arrival at 43% of institutions. Procedural trays are set up in advance of team arrival
at 13% of centers; additional thrombectomy devices are centrally stored at 54%. A power injector for angiographic runs is consistently used
at 43% of institutions. Anesthesiology routinely supports thrombectomies at 67% of institutions.

CONCLUSIONS: Prethrombectomy workflows vary widely between experienced centers. Improved awareness of real-world workflows
and their variations may help to guide institutions in designing their own protocols of care.

ABBREVIATIONS: LVO = large vessel occlusion; NI = neurointerventional

Recent clinical trials have conclusively demonstrated the out-
come benefit of mechanical thrombectomy in selected patients
with acute ischemic stroke caused by large vessel occlusion (LVO).'~
For these patients, the likelihood of a good neurologic outcome de-
pends on the time elapsed between symptom onset and revascular-
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ization.'" Indeed, the negative results of 3 earlier clinical trials'**

may be attributed in part to prolonged treatment delays.*'>"”
These developments have sparked considerable interest in designing
efficient workflows for diagnosis and treatment that can reduce the
time between patient presentation and thrombectomy.”'*>°
Although many of these efforts have been successful, there is
currently no broadly accepted consensus for optimal pre-
thrombectomy workflow. In the absence of such consensus,
individual centers have implemented a heterogeneous assort-
ment of workflows that may be influenced by individual phy-
sician preference, institution-specific factors, or incomplete
awareness of effective solutions at competing institutions.
Given the overall importance of prethrombectomy workflow
on time to treatment, improved guidance is needed for hospitals
looking to redesign their own systems to care for patients with
LVO. Understanding the range of current practice patterns is an
important first step toward that goal. In this work, we aimed to

attain a broader perspective on prethrombectomy workflow prac-
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FIGURE. Locations of stroke centers responding to the survey.

tices by conducting a nationwide survey of practices in effect at
experienced stroke centers, identify highly consistent workflow
steps that may indicate general agreement on best practices in
real-world conditions, and recognize areas of greater workflow
variability that may suggest that such a consensus has yet to
emerge.

MATERIALS AND METHODS

Institutional review board approval was obtained for this sur-
vey. Target institutions were identified based on American
Heart Association certification as an Advanced Comprehen-
sive Stroke Center or endovascular-capable Advanced Primary
Stroke Center, or the presence of a fellowship-level neuroint-
erventional (NI) training program. Contact information was
obtained from institutional Web sites and/or hospital opera-
tors at each of these centers, and an attempt was made to con-
tact NI team members (physicians, technologists, and nurses
who are directly involved in thrombectomy procedures) via
telephone during normal business hours between August 2015
and November 2015. If this initial attempt was unsuccessful, a
second attempt was made between 1 and 3 weeks later.

At centers where contact was successfully established, inter-
views were conducted by experienced NI technologists with NI
team members via telephone or e-mail, depending on the prefer-
ence of the person being surveyed. Each of these centers reported
performing at least 50 thrombectomy cases in the previous 12
months. Survey questions were chosen based on perceived areas
of opportunity to reduce time to treatment or workflow complex-
ity at our institution, as suggested by a multidisciplinary group of
physicians, technologists, and nurses while streamlining our own
protocol for the management of patients with LVO. Questions
were categorized into primary workflow components of triage,
team activation, transport, case setup, and anesthesia. Respon-
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dents were asked to consider a typical patient when providing
answers. Responses were stored in an electronic data base. No
compensation was offered to study participants. Data are re-
ported as simple proportions.

RESULTS

Responses

The complete list of questions and answers is reported in the On-
line Table. An attempt was made to contact NI team members at
50 different institutions. Of these, 60% (30/50) responded in
whole or in part to the survey (Figure). These institutions in-
cluded 22 Advanced Comprehensive Stroke Centers, 6 Advanced
Primary Stroke Centers, and 2 Massachusetts Designated Primary
Stroke Services Hospitals. Of these 30 institutions, 60% (18/30)
included a postresidency NI fellowship training program.

Triage

Fifty-three percent (16/30) of institutions reported creating an
acute response team of nonphysicians to facilitate triage in the
emergency department. CT was the preferred imaging tech-
nique and was used as the sole modality at 90% (27/30) of
institutions. Noninvasive angiographic imaging was incorpo-
rated into routine patient selection at 97% (29/30) of centers,
whereas noninvasive perfusion imaging was routinely used at
63% (19/30) of facilities.

Team Activation

At 93% (28/30) of institutions, initial contact with the NI service
was directed only to an NI physician—typically the NI fellow at
centers with fellowship training programs—rather than the full
NI team. Initial contact was made before image acquisition at 86%
(25/29) of centers, but activation of the full NI team before reach-



ing a final decision to treat occurred at only 59% (17/29) of
institutions.

Activation of the full NI team occurred by direct contact from
the NT physician at 63% of institutions (19/30) and through a
hospital operator at 23% (7/30). In total, 97% (29/30) of institu-
tions had a defined response time requirement for the NI nurses
and technologists, most commonly 30 minutes.

Transport

The emergency department team (including any responding neu-
rologists in the emergency department) took part in transport of
the patient to the neuroangiography suite at 87% (26/30) of cen-
ters, whereas the NI team was routinely involved in transport at
20% (6/30) of institutions. Patients were permitted to be trans-
ported to the neuroangiography suite before NI team arrival at
43% (12/28) of centers.

Case Setup

The procedural tray was opened by the NI team upon arrival at
90% (27/30) of institutions. The procedural tray comprised a ba-
sic diagnostic angiography tray at 90% (27/30) of centers, with
additional supplies needed for mechanical thrombectomy added
as necessary. Additional thrombectomy supplies were stored in a
centralized location in the neuroangiography suite at 54% (15/28)
of institutions. A power injector was routinely or variably used at
47% (14/30) of centers, but was not kept preloaded with contrast
at any institution (0/30).

Anesthesia

Members of the anesthesiology service routinely assisted mechan-
ical thrombectomy at 67% (20/30) of institutions and variably at
7% (2/30). Regardless of anesthesiology service involvement, the
preferred type of anesthesia was conscious sedation at 43% (12/
28) of centers and general anesthesia at 21% (6/28).

DISCUSSION

With the goal of maximizing the clinical outcome benefit of me-
chanical thrombectomy, several groups have described efficient
workflows or suggested improvements to facilitate timely throm-
bectomy in patients with LVO.”'®'®?* These case studies can
serve as important prototypes for other hospitals attempting to
redesign their own prethrombectomy workflows. However, these
prototypes are likely to be heavily influenced by institution-spe-
cific factors. As such, hospitals looking to these examples for guid-
ance may not become aware of workflow variations in effect at
other experienced centers. By reviewing in aggregate the work-
flows at many centers rather than just a single facility, our findings
offer a more institution-agnostic view of real-world prethrom-
bectomy workflows. Moreover, the considerable heterogeneity we
identified in these workflows suggest areas where consensus on
universal best practices is not established or does not exist, while
also suggesting opportunities for workflow customization tai-
lored to conditions at individual hospitals.

Mirroring the practices in recent positive thrombectomy
trials,'”> we found nearly universal use of noninvasive angiog-
raphy to identify LVO before attempted thrombectomy. How-
ever, we also found that nearly two-thirds of institutions rou-

tinely used perfusion imaging for patient selection despite the
fact that perfusion imaging was not consistently used in the
initial trials demonstrating the effectiveness of thrombecto-
my.”” Overall, only a small minority of institutions made rou-
tine use of MR imaging for patient selection, presumably re-
flecting resource constraints and the greater time typically
required for MR imaging.

One common workflow solution was to have an acute re-
sponse team of nonphysicians able to respond immediately to
cases of suspected LVO alongside neurology and emergency
department physicians. These teams are fluent in prethrom-
bectomy workflows and can facilitate timely management in
the acute care setting. Several respondents expressed frustra-
tion at a perceived lack of awareness among nonspecialists
of the need for rapid evaluation in patients with LVO and
noted that acute response teams can bridge this awareness gap
until emergency department teams gain familiarity with mod-
ern reperfusion strategies in LVO.

At most institutions, initial contact occurs with a single NI
physician who is responsible in turn for notifying the remainder
of the NI team. Some hospitals facilitate this notification process
by designating specific personnel to identify and contact the full
NI team, freeing the physician to focus on medical decision-mak-
ing. A large majority of facilities initiate NI consultation on clin-
ical grounds even before the acquisition of neuroimaging neces-
sary for patient selection. This approach®® may confer some time
benefit, but comes at the cost of more frequent consultation for
patients who later prove to have imaging contraindications to
thrombectomy (eg, intracranial hemorrhage, absence of LVO, or
a large burden of completed infarction). However, we note that
though initial NI consultation precedes neuroimaging at most
institutions, it is far less common to activate the full NI team
before completing the clinical and imaging evaluation necessary
to fully assess the appropriateness of thrombectomy. Once the NI
team is activated, most hospitals set a mandatory response time
for NI team members.

Transport of patients to the neuroangiography suite is most
commonly handled by members of the emergency department
team. Furthermore, at many facilities, patients can be transported
to the neuroangiography suite by the emergency department
team before the arrival of the NI team. Even if the NI team is in
house, active ownership of the patient transport process by the
emergency department team may allow the NI team to work in
parallel to set up the neuroangiography suite. Thus, regardless of
NI team location, an emergency department-led transport pro-
cess may help to minimize the actual time penalty associated with
team travel and room setup.

Most commonly, a procedural tray is set up by the NI team
upon arrival, as opposed to a “dry tray” set up in advance by the
NI team or a conventional tray set up by an in-house designee
while the NT team travels to the hospital. Each of these approaches
has its virtues; setting up the tray in advance of team arrival likely
confers a small time benefit, but sacrifices a clear chain of custody
for sterile supplies. Regardless of the approach, most NI teams
save time by initially opening a basic diagnostic angiography tray,
thereby allowing the NI physician to establish arterial access and
perform initial angiographic runs while other NI team members
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work in parallel to retrieve additional thrombectomy supplies.
Curiously, many centers have not centralized the location of these
supplies within the neuroangiography suite—for example, on a
supply cart or cabinet dedicated to stroke interventions—which is
a simple and straightforward means to facilitate the retrieval of
thrombectomy devices and reduce the cognitive burden on NI
team members.

The preferred type of anesthesia during thrombectomy proce-
dures is most commonly conscious sedation, possibly reflecting a
desire to avoid the time delay of intubation or concern about early
data suggesting worsened postthrombectomy outcomes with

26-28 Regardless of the type of anesthesia used,

general anesthesia.
members of the anesthesiology service routinely assist thrombec-
tomy at two-thirds of the surveyed institutions. Although our and
other investigators’ experience is that door-to-puncture times are
shortest when the number of teams engaged in the prethrombec-

tomy workflow is minimized,'***

these data suggest that many NI
physicians value having more experienced personnel provide se-
dation and/or anesthesia, thereby allowing NI physicians to con-
centrate on the technical aspects of the procedure.

There are 3 principal limitations of this work. First, although
we have captured details about the degree of workflow variation
between hospitals, we cannot evaluate the validity of these work-
flow variations without knowledge of door-to-puncture times
and clinical outcomes, which many hospitals are unwilling or un-
able to disclose. Thus, although our data may suggest general
agreement on highly consistent workflow steps, we cannot define
best practices on the basis of patient impact. Second, although the
sample size of 30 institutions is sufficient to extract qualitative
insights into practice patterns and the general scale of workflow
variation, it is not sufficiently large to permit accurate quantita-
tive assessment. Third, all surveyed institutions are experienced
stroke centers, which likely skews demographics toward large, ac-
ademic institutions that may have different infrastructure and
resources than smaller, nonacademic centers.

Our results suggest an opportunity for future work to detail
the impact of specific workflow variations on clinical outcomes
across multiple institutions. However, it is important to note that
not all workflow variations will meaningfully impact time to
treatment, though all are likely to impact workflow complexity.
The benefits of reduced workflow complexity can be difficult to
capture in patient-centered clinical outcome data, but may in-
clude increased speed, greater capacity to multitask, fewer errors,
and decreased cognitive stress, all of which are likely to be impor-
tant during critical and time-sensitive procedures.

CONCLUSIONS

Even at experienced stroke centers, there is considerable hetero-
geneity in real-world workflow processes leading to mechanical
thrombectomy. These differences may reflect institution-specific
factors or incomplete awareness of workflow variations in effect at
other facilities. Knowledge of the range of prethrombectomy
workflows seen in actual clinical practice can guide institutions
looking to redesign their own systems of care in a manner best
suited to their needs.
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