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Impact of simulation training
on a telestroke network
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Abstract

Background: Stroke is a leading cause of morbidity and mortality in Brazil, where there are significant imbalances in

access to specialized stroke care. Telemedicine networks allow patients to receive neurological evaluation and intraven-

ous thrombolysis in underserved areas, where performance measures are challenging.

Aims: To describe the impact caused by adequate stroke care training, using realistic simulation, in a developing country

telestroke network.

Methods: Retrospective observational study comparing the number of all stroke diagnoses, thrombolysis rate, door-to-

needle time and symptomatic intracranial hemorrhage after intravenous thrombolysis, during one year providing just

algorithms and orientation in stroke care to spoke facilities (phase 1), with the results achieved along one year after the

beginning of ongoing live training sessions (phase 2).

Results: The mean number of patients diagnosed with stroke increased from 7.5 to 16.58 per month (P¼ 0.019) rising

from 90 patients during phase 1 to 199 in phase 2. There was a reduction in the mean door-to-needle time from 137.1 to

95.5 min (�41.58; 95% CI �62.77 to �20.40). The thrombolysis and symptomatic intracranial hemorrhage rates had a

non-significant decrease from 21.31% to 18.18% (OR 0.82; 95% CI 0.39 to 1.71) and 12.5% to 7.69% (OR 0.58; 95% CI

0.046 to 7.425), respectively.

Conclusions: Realistic simulation stroke care training provided by stroke centers to spoke facilities seems to signifi-

cantly reduce door-to-needle time and enhance adherence in a telestroke network.
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Introduction

Stroke is the second leading cause of death1 and
third cause of disability adjusted life years2 in Brazil,
where few hospitals have the expertise in stroke treat-
ment, even in more developed urban regions such as
the metropolitan area of Rio de Janeiro. A telemedicine
network seems to be a feasible,3–9 cost effective10

and safe11 alternative to overcome these difficulties,
allowing expansion of patient access to adequate neuro-
logical evaluation in the acute phase,12 including
the correct indication and management of intravenous
thrombolysis (IVT) with tissue-type plasminogen acti-
vator (tPA).13

Even after the implementation of a telestroke pro-
gram, system usage and spoke facilities’ performance
measures could be inadequate due to lack of experience,
considering their low patient volume. We hypothesized

that continuous training using realistic simulations
could lead to greater network usage, decreased door
to needle times (DNTs) as well as greater safety.

Aims

To estimate the impact caused by adequate stroke care
training on the performance of a Brazilian telestroke
network.
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Methods

Infrastructure

Our network operates in a ‘‘hub and spoke’’ model, in
which Hospital Pró-Cardı́aco (HPC), with at least one
neurologist present 24� 7� 365, serves as reference to
community emergency departments (EDs) in the metro-
politan area of Rio de Janeiro: three emergency clinics
without inpatient beds – Campo Grande, Nova Iguaçu
and Tijuca – and two hospitals – Hospital Pasteur (HP)
and Hospital de Clı́nicas Mário Lioni (HCML)
(Table 1). HCML joined the telemedicine network in
August 2015, the remaining started when the telemedi-
cine program began in February 2013. All of them have
an ED, laboratory, and computed tomography (CT)
scanner. Magnetic resonance image is available only
at HP. All institutions belong to the same private
healthcare organization. Our network is intended to
assist not only stroke but also other neurological emer-
gencies. The consultant neurologist assesses the radio-
logic images through remote access to a spoke facility
desktop running a digital imaging and communications
in medicine (DICOM) viewer. The activities started
after installation of a stationary remotely controlled
pan-tilt-zoom camera (Polycom EagleEye III,
1920� 1080 resolution and 12� optical zoom), a
high-definition monitor, and a videoconference system
(Polycom HDX 6000, 720p, 30 fps) in each ED, includ-
ing HPC, in February 2013. Video, audio, and scans
transmission are done through broadband internet.

Workflow

All telemedicine consultations were performed with
physicians on both sides following patients’ informed

consent, as demanded by the Federal Medicine
Council – the Brazilian agency that supervises and
regulates the local medical practice. The neurologist
was in charge of recommending care for stroke patients
based on current guidelines,14 monitor IVT when indi-
cated in patients who presented to spoke facilities
within 4.5 h of symptoms onset,15 and advise best prac-
tice in other neurological emergencies. Consultations
were prospectively recorded by the neurologist in a
standardized form designed to collect relevant data16

such as clinical presentation, time of stroke onset,
cardiovascular risk factors, the result of complemen-
tary tests, diagnostic hypothesis, proposed treatments,
time of tPA infusion, and complications. All forms
were pooled in a database used for analysis.
Information collected in spoke facilities were also
used to correct or complement data when these were
absent or not recorded. We included in analyses
patients diagnosed with acute ischemic stroke (AIS),
transient ischemic attack (TIA), intraparenchymal
hemorrhage (IPH), and aneurysmal subarachnoid
hemorrhage (SAH) (Figure 1). Stroke not specified as
ischemic or hemorrhagic, cases which the neurologist
was unsure about the actual diagnosis (i.e. inability to
differentiate between stroke and Todd’s paralysis), and
stroke mimics were excluded (Figure 1). We began to
systematically collect the arrival time of patients
in each facility in July 2014, allowing calculation of
the DNT of patients receiving tPA (Figure 2).
In Brazil, health insurances provide access only to
hospitals predetermined in contracts. Therefore, none
of the patients were transferred to HPC due to com-
mercial issues. Instead, they preferably stayed in
spoke hospitals. The other facilities transferred patients
to hospitals after initial care, sometimes outside the

Table 1. Spoke facilities characteristics and performance

HP HCML CGF NIF TF

Distance from HPC in miles 10.5 18 36 27.6 6.5

Mean ED visits/month in 2015 13100 8600 7000 7900 3500

N of IVT previous to telemedicine 6 0 0 0 0

N of IVT previous to study period 11 0 1 2 2

N of IVT phase1 11 – 0 2 0

N of IVT phase 2 18 9 0 0 1

Mean DNT phase 1 in minutes 109 – – 129.5 –

Mean DNT phase 2 in minutes 93 103 – – 97

HPC: Hospital Pró-Cardı́aco; HP: Hospital Pasteur; HCML: Hospital de Clı́nicas Mário Lioni; CGF: Campo Grande facility; NIF: Nova Iguaçu Facility; TF:

Tijuca facility; ED: emergency department; IVT: intravenous thrombolysis; DNT: door-to-needle time.
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network. All of them were instructed to repeat the
CT scan 12 to 36 h after infusion. We have maintained
frequent contact with assisted units to manage prob-
lems and improve workflow. All facilities followed
the same written algorithm guiding on how to address
a suspected stroke patient (see Supplemental
Appendix 1).

This study was approved by our local ethics
committee, who waived the requirement for informed
consent from patients, and by the Brazilian National
Ethics Committee in Research (CONEP; N�

67337617.0.0000.5533).

Intervention

HPC began to provide stroke care training to all spoke
ED staff, including physicians, radiologists, and nurses
in July 2015. Trainings were held in a realistic environ-
ment for this purpose in HPC, consisting of a brief
focused lecture on practical aspects of stroke care, fol-
lowed by live simulation of cases where various profes-
sionals involved in patient management are encouraged
to actively participate (see Supplemental Appendix 2).
These cases were based on real patients previously trea-
ted at HPC. All trainings were guided by a neurologist,
and designed to expose trainees to pitfalls faced in

Figure 1. Study design.

IVT: intravenous thrombolysis. *Traumatic brain injury, headaches, seizures, confusional states, meningitis, intracranial neoplasias,

intoxications, neuromuscular diseases, demyelinating, metabolic and movement disorders.

828 telemedicine calls 

Phase 1 
324 patients

90 stroke patients analyzed: 
7 Subarachnoid hemorrhages 
10 Intraparenchymal hemorrhages 
12 Transient ischemic attacks 
61 Ischemic strokes / 13 IVT 

5 patients without CT scan after 
IVT (transferred to outside 
network) 

234 excluded: 
1 non specified stroke 
3 cerebral venous thromboses 
17 uncertain diagnoses 
20 stroke mimics: 

5 psychiatric disorders 
4 seizures 
3 delirium 
2 syncope 
2 demyelinating syndromes 
1 neurotoxoplasmosis 
1 intracranial neoplasia 
1 cerebelar disorder 
1 facial palsy 

193 other neurological 
emergencies* 

199 stroke patients analyzed: 
6 Subarachnoid hemorrhages 
7 Intraparenchymal 
hemorrhages 32 Transient 
ischemic attacks 154 Ischemic 
strokes / 28 IVT 

2 patients without CT scan after 
IVT (transferred to outside 
network) 

305 excluded: 
non specified stroke 
cerebral venous thromboses 

32 uncertain diagnoses 
63 stroke mimics: 

17 seizures 
14 psychiatric disorders 
8 delirium 
6 migraine 
5 facial palsy 
4 syncope 
3 intracranial neoplasia 
2 neuromuscular disorder 
1 medular compression 
1 movement disorder 
1 transitory global amnesia 
1 hipertensive encephalopathy

207 other neurological 
emergencies* 

Phase 2 
504 patients
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different settings and stimulating teamwork. From July
2015 to June 2016, there were 18 training sessions with
122 attendees from spoke facilities and prehospital care.

Outcomes

We compared the number of stroke diagnoses, DNT,
IVT, and symptomatic intracranial hemorrhage (sICH)
rates, during one year before start of live training ses-
sions, from July 2014 to June 2015 (phase 1), to the
results achieved since the start of such sessions, from
July 2015 to June 2016 (phase 2). Scans performed after
IVT were accessed by the authors and intracranial hem-
orrhage classified as in European Cooperative Acute
Stroke Study I (ECASS I) cohort.17 Since we did not
have follow-up data from all patients but could have
access to scans, we used parenchymal hematoma type 2
(PH2) as a surrogate to sICH.18

Statistical analysis

Univariate analyses comparing each study phase were
performed using either Chi-square or t-tests for cat-
egorical or continuous variables, respectively. We
adjusted linear regression models considering DNT as
a dependent variable using each phase (phase 1: from

July 2014 to June 2015; and phase 2: from July 2015 to
June 2016) as well as either the type of the spoke unit
(hospital or emergency clinic) or the ED patient volume
as covariates. We also adjusted the same models using
the number of months since the beginning of the study
(considering July 2014 as a reference) instead of the
study phase. Finally, since HCML was included only
during phase 2, we adjusted the same models excluding
this unit as a sensitivity measure.

Results

From July 2014 to June 2016, there were 828 telemedi-
cine calls. Stroke accounted for 289 of them (34.9%)
(Figure 1). There were 215 AIS, 44 TIA, 17 IPH, and 13
SAH; 276 stroke patients had demographics and risk
factors recorded, described in Table 2. Twenty-nine
IVT (70.73%) were performed at HP, nine at HCML
(21.95%), two at Nova Iguaçu (4.87%), and one at
Tijuca facility (2.43%) (Table 1).

A total of 90 patients presented with stroke during
phase 1. There were 61 AIS cases and 13 (21.31%) have
received tPA with a mean DNT of 137.15min; 199
patients were diagnosed in phase 2, comprising 154
AIS, of which 28 were thrombolysed (18.18%), with a
mean DNT of 95.57min (Table 3).

Figure 2. Door-to-needle time records.

Door-to-needle times measured along study period from all spoke facilities; 41 patients: 13 during phase 1, from July 2014 to June

2015; and 28 during phase 2 (since live training sessions), from July 2015 to June 2016.
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Therefore, we have observed an increase from an
average of 7.5 to 16.58 stroke diagnoses per month.
The IVT rate showed a non-significant decrease from
21.31% to 18.18% (OR 0.82; 95% CI 0.39 to 1.71)
(Table 3). In addition, the overall mean DNT decreased
41.58min with training (95% CI �62.77 to �20.40)
(Table 3). Results were essentially the same adjusting
for the ED volume in each institution (�42.42min;

95% CI �64.06 to �20.76). Excluding HCML patients
from analysis, because it was not included yet in phase
1, the result is also very similar (�45.52; 95%CI �68.70
to �22.35).

We had access to eight scans performed 12 to 48 h
after IVT from the 13 tPA patients in phase 1. Seven
had no hemorrhage, but one presented with PH2,
resulting in a sICH rate of 12.5%. The remaining

Table 2. Demographic data

Demographics

Phase 1

N¼ 90

Phase 2

N¼ 199

Patient characteristics

Mean age (SD) 57.62 (16.3) 63.59 (16.5)

Male sex 47 (52.22%) 96 (48.24%)

Systemic arterial hypertension 66 (73.33%) 139 (69.84%)

Diabetes mellitus 23 (25.55%) 64 (32.16%)

Previous stroke 17 (18.88%) 42 (21.1%)

Smoke 11 (12.22%) 28 (14.07%)

Dyslipidemia 5 (5.55%) 28 (14.07%)

Coronary artery disease 9 (10%) 23 (11.55%)

Atrial fibrillation / flutter 10 (11.11%) 17 (8.54%)

Obesity 10 (11.11%) 14 (7.03%)

Previous TIA 5 (5.55%) 6 (3.01%)

Carotid stenosis 1 (1.11%) 10 (5.02%)

Congestive heart failure 2 (2.22%) 1 (0.5%)

Valvular prosthesis 1 (1.11%) 0 (0.0%)

Patients without complete records 3 (3.33%) 10 (5.02%)

Stroke type

AIS 61 (67.77%) 154 (77.5%)

Mean NIHSS in all AISa (SD) 5.80 (5.93) 6.23 (6.24)

Mean NIHSS in IVT patientsa(SD) 9.08 (6.45) 8.81 (6.00)

TIA 12 (13.33%) 32 (16%)

IPH 10 (11.11%) 7 (3.5%)

SAH 7 (7.77%) 6 (3%)

IVT: intravenous thrombolysis; AIS: acute ischemic stroke; TIA: transient ischemic attack; IPH: intraparenchymal hemorrhage; SAH: subarachnoid

hemorrhage.
a5 patients in phase 1, and 15 in phase 2 (one of them received IVT) without NIHSS record.

International Journal of Stroke, 0(0)

Carvalho Jr et al. 5



were patients transferred to hospitals out of the net-
work. We also had access to 26 control scans of 28
patients that received tPA in phase 2, 4 presented intra-
cranial hemorrhage, 2 classified as PH1 and 2 as PH2 (1
parenchymal hematoma and 1 SAH), resulting in a
sICH rate of 7.69%. Therefore, there was a decrease
from 12.5 to 7.69% in sICH rate since the beginning of
training sessions (OR¼ 0.58; 95% CI 0.046–7.425)
(Table 3).

Discussion

Our telemedicine network began to operate in February
2013. Stroke is our main focus, although other neuro-
logical emergencies are also assisted. Nowadays, six
spoke facilities take part of the network. For the pur-
pose of this study, we compared equal periods of 12
months before and after the provision of regular live
training sessions. Our absolute number of patients may
seem low, but this could be explained by the fact that
our network includes only private hospitals, accessible
to only the 25% of Brazilian population with health
insurance.19

Another limitation is that we were not able to compile
data on functional outcomes of patients 90 days after
treatment, because many patients were transferred to hos-
pitals outside the network, and recording of this data was
not yet standardized among the facilities involved.

The number of stroke diagnoses more than doubled
with the training sessions. We hypothesize three pos-
sible reasons: higher awareness about the disease
amongst ED staff, greater adherence to telemedicine
as a clinical tool, and community recognition of
spoke facilities as a regional stroke care center. These
points can lead to better patient care due to improve-
ment of health professionals’ knowledge about the dis-
ease, its various different features, and management.
As telemedicine use increases, and as assisted hospitals
are seen as a reference by the community – in Brazil,
patients can choose which hospital to go as long as it is

included in their health insurance contract – fewer
opportunities for an effective treatment will be
missed. The rate of IVT had a non-significant decline
from 21.3% to 18.3% not because of lesser adherence
to protocol, but due to a greater demand for telemedi-
cine, comprising more patients not suitable to tPA
(Figure 1).

The great impact of training sessions in our study
was the significant decrease in the overall mean DNT
from 137.15 to 95.57min (�41.58; 95% CI �62.77 to
�20.40), emphasizing the important role of continuous
monitoring and management of process measures in the
implementation of new technologies and practices. We
could not dissociate statistically the sole effect of train-
ing from time curve learning. However, we compared
the results of the most experienced spoke facility before
training sessions with the results achieved by a new
facility on training, HCML. HP is the only spoke facil-
ity that had treated stroke patients with tPA before
telemedicine program: six patients received IVT
during the four years preceding the network implemen-
tation, likewise other 11 patients from February 2013 to
June 2014 with telemedicine orientation, before the
study period (Table 1). HCML has joined the network
in August 2015, after the training sessions had started,
and had no record of previous IVT to stroke patients.
The former, with more expertise, had a mean DNT of
109min during phase 1, while the latter achieved 103
mean DNT in phase 2, with ongoing training sessions.
This suggests that adequate training has an independ-
ent impact on DNT regardless of the spoke facility
experience.

Another possible influence could be the individual
performance of HCML, which joined our network
during phase 2. After excluding its nine patients, the
adjusted analysis turned out to be even better
(�45.52; 95% CI �68.70 to �22.35), confirming that
the result was not exclusively due to this facility. It is
interesting to note that the mean DNT achieved by HP
in phase 2, was 91.33min. Unfortunately, only two

Table 3. Outcomes

Outcomes Phase 1 Phase 2 OR (95% CI) P

Mean Number of

stroke/month (SD)

7.5 (2.78) 16.58 (7.70) – 0.019

Number of IVT 13 (21.31%) 28 (18.18%) 0.81 (0.39 to 1.71) 0.598

Mean DNT in minutes 137.15 95.57 � (�62.77 to �20.40) 0.001

sICHa 12.5% 7.69% 0.58 (0.046 to 7.425) 0.678

aFive patients in phase 1 and two patients in phase 2 without available image after tPA.

DNT: door-to-needle time; IVT: intravenous thrombolysis; sICH: symptomatic intracranial hemorrhage classified as in ECASS I.
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patients during the study period received IVT within
60min DNT as proposed also in a telestroke scenario.16

Our figures are comparable to other published tele-
stroke series from more developed countries. Agarwal
et al.20 reported a mean 94.9 DNT and 7.3% sICH
rate in the East of England Telestroke project, while
Wang et al.6 got a 104.9 mean DNT and no sICH in
REACH.6 Sanders et al.21 reported 104.6 mean DNT at
a first study, with 3.7% sICH and then, in the following
two years, an improvement to 81min with 5% sICH.22

We found a non-significant OR to decreased sICH
after training (12.5 to 7.69%, OR¼ 0.58; 95% CI
0.046–7.425). This can be due to the small sample size
and the high number of missed patients lost to follow-
up. Even in the worst scenario, if all missed patients
presented sICH in phase 2 and no hemorrhage in
phase 1, the result would still be non-significant
(OR¼ 2; 95% CI 0.2–19.914; p¼ 0.591).

Another limitation of our study is that our results
were very influenced by HP, where 71% of IVT took
place. With a growing network, we believe this issue
will diminish in future studies.

The narrow timeframe for tPA and the concerns
about possible cerebral hemorrhage make thrombolysis
decision uncomfortable for many physicians.23

Counting on a neurologist opinion rapidly available
through videoconference seems a good solution, as evi-
dences show reliability of neurological examination24,25

and image assessment26 using telemedicine. But con-
stant surveillance of outcomes and transferring experi-
ence from hub to spoke facilities is crucial for a
telemedicine program to improve in quality.

In summary, we found that adequate training of
spoke facilities in a telestroke network seems to lead
to increased system usage (measured by the number
of diagnoses), and reduced DNT.
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Muino and Débora Mazzioli, nurses engaged on training.

Roberta Pereira helped us in the Ethics Committee submis-
sion process. The authors would like to specially thank the
facilities involved.

Authors’ contributions
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