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Abstract

Background: Endovascular therapeutic hypothermia (ETH) reduces the damage by ischemia/reperfusion cell syndrome in cardiac arrest
and has been studied as an adjuvant therapy to percutaneous coronary intervention (PCI) in ST-elevation myocardial infarction (STEMI).
New available advanced technology allows cooling much faster, but there is paucity of resources for training to avoid delays in door-to-
balloon time (DTB) due to ETH and subsequently coronary reperfusion, which would derail the procedure. The aim of the study was
to describe the process for the development of a simulation, training & educational protocol for the multidisciplinary team to perform
optimized ETH as an adjunctive therapy for STEMI.Methods and results: We developed an optimized simulation protocol usingmodern
mannequins in different realistic scenarios for the treatment of patients undergoing ETH adjunctive to PCI for STEMIs starting from the
emergency room, through the CathLab, and to the intensive care unit (ICU) using the Proteus® Endovascular System (Zoll Circulation
Inc™, San Jose, CA, USA). The primary endpoint was door-to-balloon (DTB) time. We successfully trained 361 multidisciplinary
professionals in realistic simulation using modern mannequins and sham situations in divisions of the hospital where real patients would
be treated. The focus of simulation and training was logistical optimization and educational debriefing with strategies to reduce waste
of time in patient’s transportation from different departments, and avoiding excessive rewarming during transfer. Afterwards, the EHT
protocol was successfully validated in a trial randomizing 50 patients for 18 minutes cooling before coronary recanalization at the target
temperature of 32± 1.0 ◦C or PCI-only. A total of 35 patients underwent ETH (85.7% [30/35] in 90± 15 minutes), without delays in the
mean door-to-balloon time for primary PCI when compared to 15 control group patients (92.1 minutes versus 87 minutes, respectively;
p = 0.509). Conclusions: Realistic simulation, intensive training and educational debriefing for the multidisciplinary team propitiated
feasible endovascular therapeutic hypothermia as an adjuvant therapy to primary PCI in STEMI. ClinicalTrials.gov: NCT02664194.

Keywords: Therapeutic hypothermia; ST elevation myocardial infarction (STEMI); Percutaneous coronary intervention (PCI); Acute
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1. Introduction

Endovascular therapeutic hypothermia (ETH) is per-
formed to reduce ischemia/reperfusion cell syndrome dam-
age in cardiac arrests [1], however its role in ST-segment
elevation myocardial infarction (STEMI) patients still re-
mains controversial [2–10]. Experimental studies showed
that mild hypothermia, if rapidly induced before the reper-
fusion of acute coronary occlusion, can reduce infarct size
(IS) [11,12]. So a fast cooling prior to reperfusion may be
effective adjunct to primary percutaneous coronary inter-

vention (PCI) in STEMI patients to reduce IS and to im-
prove cardiac outcomes [13,14].

The development of powerful endovascular cooling
systems, which are able to cool down the patient to low
temperatures in a few minutes [15], brought light for rapid
cooling of the patient and its performance in the STEMI sce-
nario. However, there is still concerning regarding a possi-
ble delay in the door-to-balloon time (DTB) associated with
the implementation of the ETH protocol. Therefore, with
the more powerful ETH systems [16], the role of cooling
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as an adjuvant therapy to endovascular cooling in STEMI
remains unclear, but delays in ETH certainly would impair
the adequate treatment of the patients.

The aim of the study was the development of a sim-
ulation, training & educational protocol for the multidis-
ciplinary team to perform optimized ETH as an adjunctive
therapy for STEMI without delays in DTBwhich would de-
rail the procedure.

2. Methods
2.1 Simulation, training and debriefing

Aim: Provide a training program for STEMI Cool trial
sites that simulates the procedural flow as described in the
trial protocol. This realistic simulation programwas created
to familiarize site personnel with the procedures required
in the protocol and also manage potential complications as
listed in the trial protocol that might be related to cooling,
while motivating site performance in avoiding delays in the
DTB and procedural times consistent for all patients regard-
less of randomization. All the aspects and a comprehensive
description of all the aspects of the simulation intervention
are depicted in Table 1 [17].

2.2 Realistic simulation performance criteria

Performance criteria has been established to limit the
difference between study arms regardingDTB time to be in-
ferior to 10 minutes. The objective was to quickly perform
and complete all procedural steps up to the point where the
guide wire is advanced across the lesion. The timing data
from the simulation of a patient randomized to the cool-
ing arm was compared to the current average DTB time of
the institution, in order to confirm if the difference between
study arms regarding DTB time is inferior 10 minutes. Ide-
ally the cases should be performed with a final DTB <90
minutes. The workflow overview is shown in Fig. 1.

2.3 Keys to success

A successful realistic simulation program requires the
following:

• Assigning roles and responsibilities upfront for each
team member;

• Execution of assigned tasks in a timely manner;
• Execution of relevant protocol steps in parallel to re-

duce total procedural time.
Metrics were assessed regarding each team’s perfor-

mance and reviewed during the debriefing at the end of each
simulation.

2.4 Training requirements

The realistic simulation training took place in the
Emergency Department, Cath Lab, Intensive Care Unit or
Simulated Lab (hereby named Sim Lab) during the Site Ini-
tiation Visit (SIV), according to the hospital’s allowance.

Fig. 1. Realistic simulation workflow overview. The green bar
is the time needed for screening and enrollment tasks required to
conduct any trial in the STEMI population (enrollment steps). The
yellow bar (PCI preparation) represents the routine steps for per-
forming percutaneous coronary intervention (PCI) for the STEMI
population. Both Green and Yellow steps were required in both
the control and cooling groups. The blue bar (cooling steps) rep-
resents the additional steps that are required in the cooling group.
Since some but not all of the cooling steps are conducted in paral-
lel to others, the difference in DTB time between the control and
cooling groups is expected to be inferior than 10 minutes.

2.5 Timeframe requirements
(1) Expectations and intro: 20 minutes. Prior to the

simulation, this was a short recap of the expectations and
purpose of the simulation. The study protocol and device
training had already taken place earlier in the SIV.

(2) Realistic simulation run: 60 minutes. The start
point was the patient arrival to the ED. The finish point was
the action of the guidewire crossing the lesion during the
PCI procedure.

(3) Debriefing: 60 minutes. The debriefing should
take place immediately after the simulation was completed.

2.6 Patient scenario
Patient scenarios for use in the simulations were sham

mannequins in STEMI situations, from stable to complex
cases. For consistency, all the cases were pre-specified, and
the initial simulation training conducted at the SIV.

2.7 Logistical optimization
Another focus of simulation and training was the lo-

gistical optimization with strategies to reduce waste of time
in the patient’s transportation from different departments,
and avoiding excessive rewarming of the patient during the
moving. After several simulations transportingmannequins
throughout real sections of the hospital, an appropriate lo-
gistic was defined and implemented.

2

https://www.imrpress.com


Table 1. Comprehensive aspects of the simulation intervention.
Elements Subelements Description
Participant orientation

Orientation to the simulator
Expectations and intro: 20 minutes. Prior to the simulation, this was a short recap of the expectations and purpose of the
simulation, as well as the study protocol. All the professionals must had been trained in Advanced Life Care Support (ACLS)
in the Simulation Center prior to the TH simulation.
Realistic simulation run: 60 minutes. The start point was the patient arrival to the ED. The finish point was the action of the
guidewire crossing the lesion during the PCI procedure.
Debriefing: 60 minutes. The debriefing should take place immediately after the simulation was completed.

Orientation to the environment The participants were oriented to the environment according to the proposed HT procedure. There was a real body-size man-
nequin that was used both to do the TH procedure and to be transferred from one unit to the other according to the timeline of
the simulation. The professionals being trained were trained in different sections of the hospital. Therefore, they started at the
Emergency Department (ED), then went to the cath lab and finished at the intensive care unit (ICU). 15 minutes for orientation,
30 minutes for each section (ED, cath lab, ICU) and 15 minutes for conclusion, for a total of 2 hours training. The content for
the training was specific for each of the scenarios.

Simulator type Simulator make and model The training was performed using the original Proteus® Cooling System (Zoll Circulation Inc™, San Jose, CA, USA) with
sham temperature targets.

Simulator functionality The simulator was the real Proteus device with connections to a software that mimicked the temperature of the patient for
each time point. It was possible to determine specific temperatures according to the scenario. The limitations were the same
inherent to any simulator, i.e., no human being was involved as part of the simulator, only mannequins, so there was no feedback
regarding bleedings or subjective feelings. Arrhythmias were simulated using monitors and defibrillators.

Simulation environment Location The simulation was conducted in situ clinical environment. Therefore, they started at the Emergency department, then went to
the cath lab and finished at the intensive care unit (ICU).

Equipment It was used one of the 3 original Proteus® Cooling SystemsT (Zoll Circulation Inc™, San Jose, CA, USA) available at the
hospital, each of them located at the ED, cath lab and ICU. Also, there were real defibrillators available in each of the units.

External stimuli There were external stimuli such as background noise in all the units. We secured that the simulation Training did not interfere
in real clinical practice in each of the units, once the simulations were performed in the real units of the hospital.

Simulation event/scenario Event description All the scenarios were previously programmed and scripted, and they would change according to the training’s reactions. All
scenarios were STEMI patients with meet inclusion and exclusion criteria’s that would have had been included in the trial and
therefore required TH. They all followed the consistent pathway and progression of the TH across the different units were they
were performed.

Learning objectives
- Assigning roles and responsibilities upfront for each team member.
- Execution of assigned tasks in a timely manner.
- Execution of relevant protocol steps in parallel to reduce total procedural time.

Group vs. individual practice The simulation was conducted in groups, once the TH is a multidisciplinary procedure.
Use of adjuncts No other adjuncts were used.
Facilitator/operator characteristics All the facilitators were from the multidisciplinary team involved directly and responsible for the therapeutic hypothermia

procedure. They were all high-skill experienced health care professionals.
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Table 1. Continued.
Elements Subelements Description

Pilot testing A total of 5 pilot testing’s with 2-hour duration were conducted one month prior to the full training of the team, so that pitfalls
could be corrected and optimizations could be implemented.

Actors/standardized/simulated patients All the simulations were performed in mannequins. There were no actors involved. All the scenarios were conducted by
experienced clinicians with experience in simulator education.

Instructional design Duration The total duration of each simulation was 140 minutes.
Timing The simulation should be performed prior to the initiation of the clinical trial. All the professionals involved in the TH procedure

should be trained.
Frequency/repetitions There was only one formal training/simulation per professional, but there would be the possibility of re-training if the clinical

team considered necessary to repeat the process for quality enhancement.
Clinical variation A unique template script was used for the training once all the situations involved the same scenario: a STEMI patient that

should undergo therapeutic hypothermia concomitant to the percutaneous coronary intervention.
Standards/assessment As a multi-disciplinary team, all the professionals were assessed at the end of the debriefing to understand if they had assimilated

the concepts and if they were able to apply it in the clinical practice, but there was no formal testing at the end of the simulation.
Adaptability of intervention All the simulations were performed in groups, but with individual learning focus on the role of each multidisciplinary profes-

sional in the TH procedure.
Range of difficulty Therapeutic hypothermia is a very complex procedure, therefore all the scenarios were focused on a critical situation involving

STEMI and primary PCI concomitant to the TH.
Nonsimulation interventions and adjuncts As for the nonsimulation interventions, a debriefing should take place immediately after the simulation was completed, and was

performed in small group discussions.
Integration The intervention was integrated into curriculum as part of the armamentarium for all the multidisciplinary team in our facility,

as a new skill for all the different professionals.
Feedback and/ or debriefing Source The feedback was performed using the simulator itself, the computer through a didactic approach from the facilitator.

Duration The total duration of each simulation was 140 minutes.
Facilitator presence At least one high-skilled experienced facilitator was present in all the simulations.
Facilitator characteristics All the facilitators were from the multidisciplinary team involved directly and responsible for the therapeutic hypothermia

procedure. They were all high-skill experienced health care professionals.
Content The simulation focused on teamwork and development of clinical skills in all the aspects of therapeutic hypothermia.
Structure/method The debriefing was performed using the simulator itself, the computer through a didactic approach from the facilitator. The

whole simulation was revised, all the possible diversions were corrected and all the clarifications and questions were solved.
Timing The feedback was conducted both concurrent to the simulation event, with guidance and orientation when necessary, as well as

an extensive debriefing at the end of the simulation.
Video Video could be recorded during the simulation to help in the education feedback when necessary, especially during the final

debriefing when appropriate, but it was not compulsory to record all the simulation events.
Scripting A unique template script was used for the training once all the situations involved the same scenario: a STEMI patient that

should undergo therapeutic hypothermia concomitant to the percutaneous coronary intervention.
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2.8 Validation – COOL MI InCor trial
After completing the training of all healthcare profes-

sionals that would be involved in the ETH protocol, the
patient inclusion started in January 2016. It was a single-
center, prospective, interventional, randomized controlled,
two-arm trial, performed at InCor – Heart Institute – Clin-
ical Hospital, University of Sao Paulo (Sao Paulo, SP,
Brazil). The complete methodology has been described in
the COOL MI InCor Trial [10].

2.9 Statistical analysis
Evaluation of variables was calculated with number

and proportion with exact 95% confidence interval. Mean,
standard deviation, median, range or frequency and pro-
portion were reported. For categorical variables, Fisher’s
exact test or the chi-square test was used to compare be-
tween the two treatment groups. For continuous variables,
the Wilcoxon rank-sum test and t-test were used to com-
pare between the two treatment groups as appropriate. No
imputation was carried out for missing data. All tests were
two-sided. A p-value < 0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS 17.0 (IBM SPSS Inc., Chicago, IL, USA). Clinical-
Trials.gov identification: NCT02664194.

3. Results
From July 2015 to January 2016, we successfully de-

veloped an optimized simulation protocol using modern
mannequins in different realistic scenarios for the treatment
of patients undergoing ETH adjunctive to PCI for STEMIs
starting from the emergency room, through the CathLab,
and to the intensive care unit (ICU) using the Proteus® En-
dovascular System. The comprehensive aspects of the Sim-
ulation Intervention are detailed in Table 1, and the work-
flow overview is shown in Fig. 1.

We successfully trained 361 multidisciplinary profes-
sionals in realistic simulation using modern mannequins
and sham situations in divisions of the hospital where real
patients would be treated. The focus of simulation and
training was logistical optimization and educational de-
briefing with strategies to reduce waste of time in patient’s
transportation from different departments, and avoiding ex-
cessive rewarming of the patient during the moving, as seen
in Fig. 2.

Afterwards, the EHT protocol was successfully vali-
dated in the COOL MI InCor trial [10] randomizing 50 pa-
tients for 18 minutes cooling before coronary recanaliza-
tion at the target temperature of 32 ± 1.0 ◦C or PCI-only.
A total of 35 patients underwent ETH without delays in the
mean door-to-balloon time for primary PCI when compared
to 15 control group patients (92.1 minutes versus 87 min-
utes, respectively; p = 0.509). There was no statistically
significant cooling-related delay to reperfusion, and the ab-
solute difference of 5.1 minutes was not statistically sig-
nificant, as demonstrated in Fig. 3. From the ETH group,

85.7% (30/35) of the patients underwent primary PCI with
DTB 90 minutes (standard deviation [SD] 18 minutes, 95%
confidence interval [95% CI], 60–138) compared to 86.7%
(13/15) in the control group (SD 28 minutes, 95% CI, 50–
150).

4. Discussion
In the critical STEMI scenario, where every minute

counts to spare viable myocardium cells, it would be hard
imagining to perform further time-consuming procedures
without impacting in the over-delay for coronary reperfu-
sion [1–10]. With that said, ETH have never been applied
before due to the inherent delay of this procedure, which
used to take many hours to cool down the body, there-
fore it has been incompatible with this emergency scenario.
The new available advanced technology allowed cooling
much faster, with target temperatures as low as 32 ◦C be-
ing reached in less than 20minutes. Nevertheless, there was
still the problem that even those 20 minutes would impact
negatively the coronary reperfusion time, and the revealed
solution came from the interaction between conjoined pro-
cedures and logistical optimization. This complex equation
could only be solved with the application of a high disci-
plined triad: simulation, training & education.

Realistic simulation has been an important compo-
nent of health professionals’ training [18–21]. The caveats
of dealing with health in emergent situations do not allow
unanticipated mistakes, which would have life-threatening
consequences. Advanced cardiac life support (ACLS)
courses has long been using realistic simulation as an im-
portant tool for teaching and learning, with successful re-
sults [22–27]. We utilized our great experience with this
kind of training to come up with realistic scenarios and in-
tensive training before starting the real-world procedures.
We started training the multidisciplinary team 2 months
prior to the patients’ inclusion. Only after our timing tar-
gets were reached, we initiated the in-vivo protocol. And at
the end of the day, this was the key to the success: recog-
nizing the potential pitfalls and troubles that could emerge
during the ETH, solving it, and then by continuous and re-
current training, we were able to overcome a problematic
situation and to come up with an optimized protocol.

Simulation, training and debriefing are the triple foun-
dation of the protocol [18–24]. The first step of the proto-
col was the realistic simulation. The creation of simulated
scenarios using mannequins and pre-determined intercur-
rences during the development of the case brought knowl-
edge and confidence to the multi-professional team. The
second step was intensive training, continuous and recur-
rent, so that there would be no mistakes during the case.
The third step was the educational debriefing. After every
simulated or real case, the details of the attendance were
widely discussed and shared among the multidisciplinary
team. Suggestions and corrections we taken into account
so that the protocol could be updated and improved over

5

https://www.imrpress.com


Fig. 2. Pictures of the multidisciplinary team being trained in the Simulation Laboratory (Sim Lab) and real procedure in the
catheterization laboratory (Cath Lab). (A) Realistic simulation. (B) Educational debriefing. (C) Real procedure in the Cath Lab. (D)
Proteus® Intravascular Temperature Management System (Zoll Circulation Inc™, San Jose, CA, USA) device in detail.

time. Of note, the protocol has a dynamic profile, so it can
be reinvented and improved whenever the situation requires
it [18–24].

Current improved technology of the new endovascular
Zoll™ Proteus Cooling System™ (more powerful than the
previous devices) also contributed to the development of a
feasible protocol in a timelymanner. It is implanted through
a simple femoral vein puncture with the introduction of the
cooling catheter, which takes few minutes to be performed.
On the other hand, it requires 2 different interventionists
working at the same time on the patient if the intention is
to perform cooling and angiography at the same time, so a

dedicated physician is necessary for all cooling procedures.

It is also important to highlight the focusing on logisti-
cal optimization for moving the patient among the different
departments of the hospital, i.e., from the ER to the Cath
Lab, and them to the Coronary Unit. This logistical plan-
ning is important not only to avoid any further delays in
the DTB, but also to avoid precocious rewarming of the pa-
tient during the transportation. Previous trials already have
shown the extremely harmful effects of unstable tempera-
ture control during temperature target management, so it is
utmost to guarantee a stable maintenance of the core tem-
perature.
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Fig. 3. Comparison of door-to-balloon times between the en-
dovascular hypothermia group and the control group. Of note,
the 5.1 minutes difference was not statistically significant.

After consistent protocol training for 361 healthcare
professionals, the protocol was initiated. As far as we know,
this was the first trial showing that ETH was feasible with-
out further delays in DTB [10]. The primary PCI could be
performed within a mean DTB of 92.1 minutes compared
to 87 minutes in the control group. The absolute 5.1 min-
utes’ difference was not statistically significant (p = 0.509).
Other recent similar trials failed to show the absence of
DTB delays when EHT was performed. In the COOL AMI
EU Pilot trial [15], which used the same endovascular sys-
tem, the mean DTB time was 105 min, and there was a sig-
nificant DTB cooling-related delay of 17 minutes.

From the ETH group, 85.7% of the patients under-
went primary PCI in a timely manner. International guide-
lines suggest that DTB should be <90 minutes in more
than 90% of patients in top-performing institutions [2–9].
Eventual DTB intentional delays due to cooling procedures
would be considered unethical and maybe harmful to the
patient, once the larger ischemic period could increase my-
ocardium necrosis [11]. Contrarily, one could advocate that
the cardio-protective effects of cooling would overwhelm
the impairment of the eventual delay, so the myocardial
salvage would be greater in hypothermia-induced patients
even with the delay.

Even though randomized clinical trials including
COOLMI [28], ICE-IT [29], CHILLMI [30] and VELOC-
ITY [31] failed to show a significant reduction in infarct
size, endovascular cooling appears to be safe and well tol-
erated. Despite neutral overall results, subsequent unpub-
lished post hoc subgroup analysis of COOL MI [28] and
ICE-IT [29], and combined analysis of RAPIDMI-ICE [32]
and CHILL MI [30] showed significant reduction in in-
farct size in a subgroup of early presenters with anterior
STEMI who were cooled below 35 ◦C prior to reperfusion
[33]. Thereby, benefits of therapeutic hypothermia might

be achieved by using a rapid cooling to decrease core tem-
perature below 35 ◦C prior to the opening of acute coro-
nary occlusion to justify the ETH as an adjunctive therapy
in STEMI [33].

5. Limitations
Our results, however, should be interpreted in the light

of several limitations. The protocol was single-center and
therefore easier to get all professionals trained. Secondly,
we did not evaluate the learning curve for the profession-
als, once some of them already had been exposed to ETH
procedures. Third, there was no physician exclusively re-
sponsible for the cooling procedure, it was performed con-
comitant to the interventional procedure, which might im-
ply in delays in the DTB. Last, the inherent limitations of
mannequin simulators must be taken into account, such as
the impossibility of subjective feedback or bleeding events
[34].

6. Conclusions
Realistic simulation, intensive training and educa-

tional debriefing for the multidisciplinary team propitiated
feasible endovascular therapeutic hypothermia as an adju-
vant therapy to primary PCI in STEMI, without delays in
door-to-balloon time.
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