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Abstract
Background: ‘‘Door to treatment’’ time affects outcomes of acute ischemic stroke (AIS) patients undergoing endovascular
treatment (EVT). However, the correlation between staff education and accessible technology with stroke outcomes has not
been demonstrated.
Objective: The objective of this paper is to demonstrate the five-year impact of the Stroke Triage Education, Procedure
Standardization, and Technology (STEPS-T) program on time-to-treat and clinical outcomes.
Methods: The study analyzed a prospectively maintained database of AIS patients who benefited from EVT through implementation of STEPS-T. Demographics, clinical characteristics, and modified Rankin Score at three months were analyzed.
Thrombolysis in Cerebral Infarction (TICI) scale was used to grade pre- and post-procedure angiographic recanalization.
Using electronic hemodynamic recording, stepwise workflow times were collected for door time (TD), entering angiography
suite (TA), groin puncture (TG), first DSA (TDSA), microcatheter placement (TM), and final recanalization (TR). Median
intervention time (TA to TR) and recanalization time (TG to TR) were compared through Year 1 to Year 5.
Results: A total of 230 individuals (age 74  12, between 30 to 95) were enrolled. Median intervention and recanalization
times were significantly reduced, from 121 minutes to 52 minutes and from 83 minutes to 36 minutes respectively from Year
1 to Year 5, (p < 0.001). Across the study period, annual recruitment went up from 12 to 66 patients, and modified Rankin
Score between 0 and 2 increased from 36% to 59% (p ¼ 0.024).
Conclusions: STEPS-T improved time-to-treat in patients undergoing mechanical thrombectomy for AIS. During the
observation period, clinical outcomes significantly improved.
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Introduction
Acute ischemic stroke (AIS) is a leading cause of death
and disability, with a stroke occurring every 40 seconds
and a stroke-related death occurring every 4 minutes in
the United States.1 Studies have shown that clinical
outcomes are dependent on reperfusion times.2,3
Thus, achieving rapid recanalization and reducing
time from onset to mechanical thrombectomy (MT)
has been a critical goal in case management.4,5
Despite the proliferation of technology to help
manage workﬂow, there remains a gap in consensus
on best practices for driving improvement of eﬀective
and eﬃcient case management.
Numerous studies have shown that improvements
are possible at every step of the care pathway.4,6–14
For instance, much attention has been paid to reducing

transport times.15,16 Operational changes, such as prioritization of hospital resources, better training of staﬀ,
or use of evidence-based stroke protocols, can inﬂuence
the quality of care.17,18 The sum of these ﬁndings
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supports the need for improved eﬃciencies at isolated
steps within the care pathway, which requires a systematically integrated reﬁnement of the entire care
pathway.
The
Stroke
Triage
Education,
Procedure
Standardization, and Technology (STEPS-T) program
is an integrated approach developed to decrease the
total treatment time for stroke patients while maintaining quality of care and improving clinical outcomes.
STEPS-T was developed and implemented in a comprehensive stroke center with the speciﬁc objective of
reducing the time from stroke patient arrival at the
hospital (or ‘‘door time’’) to recanalization. The speciﬁc
goal of this study was to determine the ﬁve-year impact
of STEPS-T on time-to-treat and outcomes in AIS
cases.

Methods
Patient data collection and imaging procedures
Institutional review board approval was obtained for a
prospective registry of patients treated with MT for
AIS from August 2012 to December 2016 at a comprehensive, high-volume stroke treatment center in the
United States. The population included patients who
presented with intracranial large-vessel occlusion
(LVO) or distal occlusion and were eligible for MT
after undergoing a standard computed tomography
(CT) protocol (Alberta Stroke Program Early CT
Score (ASPECTS) 6), conﬁrmation of LVO on CT
angiography, and absence of intracranial hemorrhage
(ICH). Individuals received intravenous (IV) tissue
plasminogen activator (tPA) after CT scan, when indicated. Patients with posterior circulation or carotid
occlusion were excluded from this study.
Two Accreditation Council for Graduate Medical
Education (ACGME) fellowship-trained operators performed all procedures independently of the admission
protocol. The following data were collected for each
patient: demographic information, clinical characteristics, National Institutes of Health Stroke Scale
(NIHSS) score at admission and discharge, modiﬁed
Rankin Scale (mRS) at 90 days, and Thrombolysis in
Cerebral Infarction (TICI) scores.
All procedures were performed using biplane angiographic systems (Innova IGS 630, GE Healthcare,
Chicago, IL) equipped with 30 cm  30 cm ﬂat panel
detectors and advanced imaging capabilities such as
Cone Beam CT. This equipment aﬀorded both ergonomic and workﬂow eﬃciencies, such as:
. A centralized joystick, which provided the operator
optimal control at the table side, of the table, frontal
plane, and lateral plane using one hand.
. Automatic exposure control, which used a dedicated
algorithm to automatically estimate eﬀective patient
thickness, thus delivering excellent image quality at
minimal radiation doses.
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STEPS-T
STEPS-T is an integrated program for reducing doorto-recanalization time. The program is based on the
principle that three domains are interrelated inputs
that aﬀect the speed and quality of care: (1) procedure
workﬂow, (2) technologies, and (3) education. Further,
STEPS-T integrates ‘‘digital objects,’’ or macroenabled systems, which record each workﬂow step
and connect staﬀ in the care pathway, as called for by
the American Heart Association Data Summit on the
importance of integrating digital objects in modern
stroke care.19 Prior evidence indicates the importance
of these three interrelated domains.15,16,18 To reduce
treatment time, workﬂow in the biplane suite was
divided into steps, and actions and actors of the intervention, i.e. nurses, technologists, and physicians, operated in a parallel and standardized manner, Figure 1.
STEPS-T was implemented at the stroke center in
three phases. Integrated daily training and customization were conducted for the ﬁrst 30 days, then advanced
training was performed monthly, and ﬁnally, process
optimization was iteratively complete over a sixmonth period. Thereafter, processes were monitored
and reﬁned on a rolling basis, as deemed clinically
necessary by the technology provider, neurointerventionalist, administration, and nursing staﬀ. Staﬀ participation in training was mandatory, and new staﬀ
were required to undergo peer-to-peer training for
about three to six months, during which they would
shadow on-call procedures.

Workflow data
Workﬂow data were collected in a stepwise manner
using digital objects (macros) assigned to each step
in the care pathway. Times for each step were recorded as digital objects using the Mac-Lab
Hemodynamic Recording System (GE Healthcare,
Chicago, IL), which enables use of customized stepby-step macro elements for collection of time stamps,
device(s) information, and medication administration(s). Overall times for each segment of the care
pathway were obtained, including patient arrival at
the center (door time, TD), arrival time at the angiography suite (TA), time of groin puncture (TG), acquisition of ﬁrst digital subtraction angiography (DSA)
(TDSA), placement of microcatheter (TM), and time of
recanalization (TR).

Statistical analysis
Descriptive summaries were prepared for clinical workﬂow intervals, including setup time (TA to TG), catheterization time (TG until completion of TDSA and TM),
and clot retrieval time. The primary measures of total
intervention (from TA to TR) and recanalization time
(from TG to TR) were analyzed using a Wilcoxon ranksum test. Workﬂow times and admission NIHSS scores
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Figure 1. Workflow in the biplane suite illustrating the parallel nature of tasks by the different actors in the room. The ‘‘interventional
time’’ starts when the patient arrives in the biplane suite.
Tech: technician.

Table 1. Population characteristics.
Data
N
Age in years, mean (minimum–maximum)
Ethnicity
Hispanic
Caucasian
African American
Weight (kg), mean (minimum–maximum)
Female, n (%)
Hypertension, n (%)
Atrial fibrillation, n (%)
Diabetes mellitus, n (%)
Smoker, n (%)
Coronary artery disease, n (%)
Chronic heart failure, n (%)
Admission NIHSS, median
(minimum–maximum)
Treated with IV-tPA, n (%)

Value
230
74 (30–95)
166
63
1
81
118
211
89
104
18
73
29
17

(72.2%)
(27.4%)
(0.4%)
(41.7–169.6)
(51.3%)
(92%)
(39%)
(45%)
(8%)
(32%)
(13%)
(0–34)

92 (40%)

NIHSS: National Institutes of Health Stroke Scale; IV: intravenous; tPA: tissue
plasminogen activator.

were compared year to year from baseline (Year 1)
through the ﬁve-year period (Years 2–5) using a
Kruskal–Wallis test. Results were classiﬁed as signiﬁcant when p values were less than 0.05.

Results
A total of 230 patients (51.3% female) were enrolled in
this study, representing clinical characteristics typical of
an AIS population (see Table 1). Procedural workﬂow
characteristics and clinical follow-up are reported in
Table 2 and Figure 2.

Over the ﬁve-year study period, median door-tobiplane-suite time was 66 minutes (conﬁdence interval
(CI): 26 minutes to 113.5 minutes) and did not signiﬁcantly change. In the same time, median total intervention time, i.e. from arrival in the biplane suite to
recanalization, was signiﬁcantly reduced from 121 to
52 minutes (p < 0.001), as all steps of the procedure
were shortened signiﬁcantly, including setup (–39%),
groin to ﬁrst DSA (–37%), ﬁrst DSA to microcatheter
(–68%) and ﬁnally clot retrieval time (–64%). In the
same period, annual recruitment increased from 12
(Year 1) to 66 patients (Years 4 and 5). Median admission NIHSS remained stable (18, 18, 17, 16 and 17)
along the successive years.
Clinical outcomes, as measured by 90-day mRS of 0
to 2, evolved from 36% during Year 1, to 52%, 76%,
71% and 59% the following years. There was a signiﬁcant improvement between Year 1 and Year 5
(p < 0.05). Looking at the last three years together,
90-day mRS of 0 to 2 was equal to 68%.
There was no signiﬁcant diﬀerence in recanalization
rates (TICI 2b–3) during the ﬁve years, although an
increase happened between Year 1 and Year 2 (75%
to 91%, NS). Overall, 88% of patients had a successful
recanalization during the study period. Symptomatic
ICH rate was 8.7% (20 patients).

Discussion
Time-to-treatment is an important metric to assess
quality improvements to workﬂow and has proven to
directly aﬀect stroke outcomes.12 The current study
demonstrated that, over a ﬁve-year period, the
STEPS-T program signiﬁcantly reduced total intervention and recanalization times by a median of 57%
(p < 0.001) and helped improve mRS from 36% to
59% (p < 0.05). Furthermore, STEPS-T sustainably
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Table 2. Procedural workflow characteristics and clinical outcomes.
Overall
(Years 1–5)
N
Door to angiography suite
(TD to TA)
Setup
(TA to TG)
Groin to first DSA
(TG to TDSA)
DSA to microcatheter
(TDSA to TM)
Clot retrieval
(TM to TR)
Total recanalization
(TG to TR)
Procedure
(TA to TR)
TICI 2b–3 Post
n (%)
mRS 0–2
n (%)
sICH
n (%)
In-hospital mortality n (%)

Year 1

Year 2

Year 3

Year 4

Year 5

%
Change

p value

230
66 (26, 114)

12
71 (57, 99)

32
89 (54, 115)

54
81 (61, 136)

66
99 (56, 149)

66
71 (51, 140)

17 (11, 22)

26 (20, 32)

16 (12, 25)

17 (12, 21)

16 (10, 23)

16 (11, 20)

–39%

<0.001

4 (3, 6)

6 (4, 14)

4 (3, 6)

4 (3, 8)

4 (3, 6)

4 (3, 6)

–37%

<0.001

6 (3, 14)

16 (6, 23)

13 (9, 19)

8 (3, 15)

5 (3, 12)

–68%

<0.001

21 (12, 37)

58 (15, 104)

37 (24, 44)

16 (11, 29)

16 (9, 29)

21 (12, 36)

–64%

<0.001

37 (23, 56)

83 (42, 116)

56 (43, 71)

32 (22, 53)

27 (20, 45)

36 (22, 55)

–57%

<0.001

54 (41, 75)

121 (67, 142)

71 (61, 92)

47 (39, 72)

48 (36, 63)

52 (40, 73)

–57%

<0.001

9 (75%)

29 (91%)

48 (89%)

58 (88%)

58 (88%)

4 (36%)

16 (52%)

41 (76%)

47 (71%)

39 (59%)

202 (88%)

3.5 (2, 8)

NS

0.024

20 (8.7%)
39 (17%)

Data are presented as medians (Q1, Q3) in minutes, rather than means to account for outliers. Percentage change (% change) was calculated as median
values for (Year 1–Year 5)/Year 1.
Time of: arrival at the angiography suite (TA), groin puncture (TG), acquisition of first DSA (TDSA), microcatheter placement (TM), and recanalization (TR).
DSA: digital subtraction angiography; mRS: modified Rankin Scale; TICI: Thrombolysis in Cerebral Ischemia; sICH: symptomatic intracranial hemorrhage.

Figure 2. Improvement in median total recanalization time ((a) top left) and median component workflow step times (setup, catheterization, and clot retrieval; (c) top right) over the five-year period. Notably, setup and catheterization time are significantly reduced year
over year. Thrombolysis in Cerebral Infarction (TICI) 2b–3 at the end of the procedure ((b) bottom left). Modified Rankin Score (mRS) of 0–2
at 90 days ((d) bottom right). The size of the bubble is proportionate to the sample size per year.
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reduced the time required across all steps evaluated in
the angiography suite.
Although reducing patient transfer can generate time
savings, the impact of optimizing treatment duration
has also demonstrated value. McTaggart et al. recently
reported that a standardized methodology can decrease
time from groin puncture to recanalization.4 After
implementation of their methodology, a recanalization
time similar to the one observed in the current study
was reported. However, the McTaggart et al. study was
conducted over a one-year observational period of a
smaller cohort (N ¼ 22, mean 37 minutes, CI: 32.1 to
42.5), and clinical outcomes at 90 days were not
reported.
While other stroke workﬂow programs have focused
solely on staﬀ training, STEPS-T added digital technology to capture evidence in a user-friendly context, thus
allowing clinical staﬀ to further engage in workﬂow
eﬃciencies that improve stroke outcomes.19–21 Once
adopted, STEPS-T can be customized to accommodate
nonacute procedures to increase hospital throughputs
and improve quality of care.
Empowered care teams perform with rapid, coordinated responses. When neurointerventionalists are
tasked with making many decisions and leading a
team in a high-pressure environment, the resultant
‘‘cognitive load’’ can delay critical decisions and
care.4 Rehearsal scenarios have been shown to help
mitigate this risk but require regular reinforcement,22
and use of standardized protocols can contribute to fast
care delivery.18 During our STEPS-T implementation,
a graded program of monthly training was conducted.
Performance variability and questions from clinical
staﬀ were reduced, allowing the operator to focus on
patient treatment. When implementing new programs,
resistance to change can limit eﬀectiveness. During
STEPS-T implementation, regular and mandatory
training, and support from the information technology
department and administration, contributed to the success of the program. STEPS-T was embedded in a wider
initiative, starting in the emergency department, with a
‘‘stroke champion,’’ i.e. a dedicated to stroke staﬀ
member, trained to help speed up triage to CT, administrate thrombolysis, and ensure speedy patient transfer
to the angiography suite.13
The current study had certain limitations. For
instance, the retrospective nature of the data analysis
precluded randomization of the approach, and a
detailed analysis was not conducted to evaluate how
the time from onset to treatment evolved over the
ﬁve-year study period. Also, the inclusion of more
wake-up strokes or patients outside the six-hour time
window during the DAWN trial (clinicaltrials.gov
number, NCT02142283) slightly aﬀected our last year
of data. It should be noted that increased AIS patient
recruitment, following publication of trials proving
superiority of MT over the previous standard of
care,5,7,23–25 led to a higher than normal staﬀ turnover
in Year 5, which aﬀected our rigorous training
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program. Finally, although there was no evolution of
our practice, the steady increase of patients throughout
the study likely contributed to improved operator skills
and speed when performing MT, independent of
STEPS-T implementation. Nevertheless, it is important
noting that stent-retriever with aspiration was the therapy used in more than 95% of cases. Regarding limitations of the program itself, implementation of
STEPS-T in a lower-volume center may take longer,
so multi-institutional data sharing and harmonization
is encouraged.26

Conclusion
Signiﬁcant improvements were achieved using the
STEPS-T program, which enabled iterative evidencebased process improvements, thereby sustaining signiﬁcant reductions in intervention and recanalization
times, and improving clinical outcomes over a ﬁveyear period for patients undergoing mechanical
thrombectomy for AIS. Future standardization of digital objects and staﬀ training will be necessary to further
improve evidence-based quality programs at all steps of
the acute stroke care pathway.
Acknowledgments
The authors thank the administrative and nursing staﬀ for
their dedication to sustainable process improvement and
invaluable contributions to this research.

Declaration of conflicting interests
The authors declared the following potential conﬂicts of interest with respect to the research, authorship, and/or publication of this article: Dr Hassan is a consultant for GE
Healthcare. Angela Johnson is an employee of GE
Healthcare, but received no remuneration for this work.
The opinions expressed herein are solely the scholarly and
professional work of the authors.

Funding
The authors received no ﬁnancial support for the research,
authorship, and/or publication of this article.

References
1. Writing Group Members, Mozaffarian D, Benjamin EJ,
et al. Executive summary: Heart disease and stroke statistics—2016 update: A report from the American Heart
Association. Circulation 2016; 133: 447–454.
2. Khatri P, Abruzzo T, Yeatts SD, et al. Good clinical outcome after ischemic stroke with successful revascularization is time-dependent. Neurology 2009; 73: 1066–1072.
3. Molina CA, Montaner J, Abilleira S, et al. Time course of
tissue plasminogen activator-induced recanalization in
acute cardioembolic stroke: A case-control study. Stroke
2001; 32: 2821–2827.
4. McTaggart RA, Yaghi S, Baird G, et al. Decreasing procedure times with a standardized approach to ELVO cases.
J Neurointerv Surg 2017; 9: 2–5.

6
5. Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy
within 8 hours after symptom onset in ischemic stroke. N
Engl J Med 2015; 372: 2296–2306.
6. Zerna C, Assis Z, d’Esterre CD, et al. Imaging, intervention, and workflow in acute ischemic stroke: The Calgary
approach. AJNR Am J Neuroradiol 2016; 37: 978–984.
7. Goyal M, Demchuk AM, Menon BK, et al. Randomized
assessment of rapid endovascular treatment of ischemic
stroke. N Engl J Med 2015; 372: 1019–1030.
8. Kang DH and Park J. Endovascular stroke therapy
focused on stent retriever thrombectomy and direct clot
aspiration: Historical review and modern application.
J Korean Neurosurg Soc 2017; 60: 335–347.
9. Pfaff J, Schönenberger S, Herweh C, et al. Influence of a
combined CT/C-arm system on periprocedural workflow
and procedure times in mechanical thrombectomy. Eur
Radiol 2017; 27: 3966–3972.
10. Ribo M, Boned S, Rubiera M, et al. Direct transfer to
angiosuite to reduce door-to-puncture time in thrombectomy for acute stroke. J Neurointerv Surg. Epub ahead of
print 26 April 2017. DOI: 10.1136/neurintsurg-2017013038.
11. Ribo M, Molina CA, Cobo E, et al. Association between
time to reperfusion and outcome is primarily driven by
the time from imaging to reperfusion. Stroke 2016; 47:
999–1004.
12. Schregel K, Behme D, Tsogkas I, et al. Effects of workflow optimization in endovascularly treated stroke
patients—A pre-post effectiveness study. PLoS One
2016; 11: e0169192.
13. Stotts G, Poppe AY, Roy D, et al. Defining the role of
the stroke physician during endovascular therapy of acute
ischemic stroke. Stroke 2017; 48: 805–807.
14. Zerna C, Hegedus J and Hill MD. Evolving treatments
for acute ischemic stroke. Circ Res 2016; 118: 1425–1442.
15. Saler M, Switzer JA and Hess DC. Use of telemedicine
and helicopter transport to improve stroke care in remote
locations. Curr Treat Options Cardiovasc Med 2011; 13:
215–224.
16. Simonsen SA, Andresen M, Michelsen L, et al.
Evaluation of pre-hospital transport time of stroke
patients to thrombolytic treatment. Scand J Trauma
Resusc Emerg Med 2014; 22: 65.

Interventional Neuroradiology 0(00)
17. Cumbler E, Zaemisch R, Graves A, et al. Improving
stroke alert response time: Applying quality improvement
methodology to the inpatient neurologic emergency. J
Hosp Med 2012; 7: 137–141.
18. Purvis T, Moss K, Denisenko S, et al. Implementation of
evidence-based stroke care: Enablers, barriers, and the
role of facilitators. J Multidiscip Healthc 2014; 7:
389–400.
19. Antman EM, Benjamin EJ, Harrington RA, et al. on
behalf of the American Heart Association Data Sharing
Summit Attendees. Acquisition, analysis, and sharing of
data in 2015 and beyond: A survey of the landscape: A
conference report from the American Heart Association
Data Summit 2015. J Am Heart Assoc 2015; 4: e002810
DOI: 10.1161/JAHA.115.002810.
20. McDonald L, Lambrelli D, Wasiak R, et al. Real-world
data in the United Kingdom: Opportunities and challenges. BMC Med 2016; 14: 97.
21. Tu JV, Willison DJ, Silver FL, et al. Impracticability of
informed consent in the Registry of the Canadian Stroke
Network. N Engl J Med 2004; 350: 1414–1421.
22. Garside MJ, Rudd MP and Price CI. Stroke and TIA
assessment training: A new simulation-based approach
to teaching acute stroke assessment. Simul Healthc
2012; 7: 117–122.
23. Berkhemer OA, Fransen PS, Beumer D, et al. A randomized trial of intraarterial treatment for acute ischemic
stroke. N Engl J Med 2015; 372: 11–20.
24. Campbell BC, Mitchell PJ, Kleinig TJ, et al.
Endovascular therapy for ischemic stroke with perfusion-imaging selection. N Engl J Med 2015; 372:
1009–1018.
25. Saver JL, Goyal M, Bonafe A, et al. Stent-retriever
thrombectomy after intravenous t-PA vs. t-PA alone in
stroke. N Engl J Med 2015; 372: 2285–2295.
26. Sachdev PS, Lo JW, Crawford JD, et al. STROKOG
(Stroke and Cognition Consortium): An international
consortium to examine the epidemiology, diagnosis, and
treatment of neurocognitive disorders in relation to cerebrovascular disease. Alzheimers Dement (Amst) 2017; 7:
11–23.

