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Abstract

Background: The American Heart Association (AHA) put forth a set of guidelines for universal standard of
care for patients who experience an in-hospital resuscitation event or receive post-cardiac arrest care following
an in-hospital or out-of-hospital event. While some studies have suggested that Medical Emergency Response
Teams (MERTS) help reduce mortality from unexpected cardiac arrest [1] and reduce the number of unexpected
ICU admissions [2], there remains a paucity of data on the impact of formalized training of MERTs on adherence
to the recommended AHA guidelines, as well as the impact of quality simulation training in implementing effective
MERT training.

Methods: We performed a retrospective cohort analysis of cardiopulmonary and cardiac arrest codes called
at ORMC before and after the implementation of the MERT program. We looked at code metrics according
to the AHA guidelines one year before the implementation of High Fidelity Mannequin training and one year
after its implementation. This data was separated into Group A, pre-MERT training, and Group B, post-MERT
training. We analyzed time to chest compressions, time to first dose of epinephrine, and type of rhythm during the
actual code, as well as adherence to post resuscitation guideline metrics such as oxygen titration, maintaining
normothermia and normal blood pressure.

Results: Statistically significant differences between groups were found in comparing time to delivery of first
shock for Ventricular Fibrillation (VF) or Pulseless Ventricular Tachycardia (pVT). No statistical significance was
discovered in time to epinephrine, time to first compressions, or post-resuscitation guidelines.

Conclusions: MERT training can assist in better meeting AHA metrics. Use of HFM is a valuable investment
for that training in that it can mitigate gaps in assessment, improve clinical outcomes and decreases patient
mortality.

Introduction

While acute cardiopulmonary events are not uncommon in a hospital setting, the implementation
of a predetermined, systematic approach to them can be. Research on such events emphasizes the
need to prioritize patient safety and reduce medical errors to enhance patient outcomes [3,4]. Many
institutions have responded to this need by creating Rapid Response Teams (RRTs) or Medical
Emergency Teams (METs), comprised of designated individuals who are trained to respond during
an emergency. The question of what and how to focus training of individuals to optimize results is
imperative to the RRT or MET success. While all training should involve practicing needed skills,
but incorporating training in teamwork and communication is a critical component as well. Indeed,
studies demonstrate less error and improved patient outcomes when we “train in teams those who
are expected to work in teams” [3].

In complement to this, organizations such as the American Heart Association (AHA) and the
International Liaison Committee on Resuscitation (ILCOR) -on which the AHA serves as the United
States representative put forth guidelines on resuscitation training which serve as a framework
and provide a set of universal goals [5,6]. The ILCOR was established to connect resuscitation
organizations from around the world, unifying objectives including education on resuscitation,
identifying discrepancies and offering clarifications on protocol. In 2014, ILCOR put forth a
consensus paper on emergency training, providing templates not just for education, but also to
assist in properly monitoring, reporting and conducting research on METs [6,7]. By incorporating
the AHA guidelines and ILCOR templates into trainings, high reliability organizations should be
able to have clearly defined standards for their teams.

Although integration of these guidelines into training has begun to improve outcomes, creating
a setting to train RRTs or METs is difficult; it must contain realistic scenarios, defined objectives, as
well as the unpredictability of the patient response. Given this complex amalgamation of necessary
elements to training, a central question remains with regards to how to best provide simulation
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training while still adhering to standards. To that end, the literature
demonstrates a benefit in the use of High Fidelity Mannequins
(HFMs) in simulation training [8-13]. Such mannequins allow not
only an improvement in clinical skill performance, but also facilitate
training in communication amongst team members, which ultimately
improve patient outcome [14-18].

While much of the literature and structure of training has focused
on the ILCOR suggestion of higher frequency/lower dose training and
template use, there remains a paucity of data collected on the efficacy
of HFMs use in congruence with the new guidelines. As such, we are
investigating whether HFM use during MET training is a valuable
addition to the newly incorporated ILCOR guidelines to achieve
AHA target goals in acute cardiopulmonary events. We propose
that by incorporating both HFMs and the ILCOR recommendations
into MERT training, emergency response teams will adhere to the
AHA guidelines, thus improving patient outcomes and decreasing
mortality.

Materials and Methods
MERT training

The MERT at ORMC consists of a critical care physician,
Physician Assistant (PA) or Nurse Practitioner (NP), Intensive Care
Unit Registered Nurse (ICU.RN), Progressive Care Unit Registered
Nurse (PCU.RN) and a Respiratory Therapist (RT). Prior to the
inclusion of HFMs, formal MERT training included a three-hour
review of educational material (TEAM STEPPS, ORMC MERT
policy, ACLS algorithms) followed by timed code scenarios. Team
STEPPS is acurriculum developed by the Agency for Healthcare
Research and Quality (AHRQ) and the Department of Defense (DoD)
which is based on the principles of team structure, communication,
leadership, situation monitoring and mutual support [19]. The
timed code scenarios included ventricular tachycardia, ventricular
fibrillation, asystole and pulseless electrical activity.

In August of 2015, a 3G SIM High Fidelity Mannequin (Copyright
Laerdal 167 Myers Corners Road. Wappingers Falls, NY 12590, USA)
was introduced into MERT training initially in two 8-hour sessions,
followed by a 4-hour monthly session (Figure 1).

Figure 1: 3G SIM Manikin and ORMC MERT Team.

A 3G SIM High Fidelity Mannequin incorporates the latest
computer technology that allows for a very realistic patient
presentation. Done wirelessly, the mannequin replicates real-time
biomechanics like blood pressure, heart rate and rhythm, respiratory
rate, chest rise and fall, and peripheral pulses. The HFM is interactive
with monologue capabilities, providing accurate ECG readings, shows
appropriate biofeedback in response to intubation, and has areas for
peripheral and central intravenous access. It can be programmed
to simulate a variety of medical scenarios, including full cardiac or
pulmonary arrest, and has isolated responses to management such as
seizures, pupillary constriction or dilation, secretions through eyes
and mouth. The mannequin is even equipped to provide feedback on
CPR performance such as depth and release, compression rate, and
hand-off time, allowing it to be a great training tool when simulating
an actual scenario in the hospital setting.

The initial training session was attended by approximately 40
staff members, all who had previously served as a member of the
RRT prior to the initiation of simulation training. The subsequent
monthly trainings were done in smaller groups, attended by those
not currently on duty. Over the course of our research, there were no
new members added to the MERT, and the total loss of participants
was less than five.

The initial training was done using the framework of the Team
STEPPS curriculum - a curriculum to which the RRT members
had previously been introduced in prior training. We utilized the
familiarity of the participants with the Team STEPPS practice to
better facilitate the incorporation of a simulation mannikin into the
training.

A simulation leader ran through four scenarios - ventricular
tachycardia, ventricular fibrillation, a systole, and pulseless electrical
activity with a volunteer team using the HFM. Following the
simulation, the leader debriefed with the team and the audience
wherein clinical skills, timing, and communication were discussed
along with suggestions for improvement.

Group selection/metrics

We investigated MERT performance at ORMC between 08/2014
and 08/2015 with respect to national AHA measures [10]. These
metrics included:

o Time to chest compressions (<1 minute)

o Time to first shock for a patient in Ventricular Fibrillation (VF)
or pulseless ventricular tachycardia (pVT) (<2 minutes)

o Time to first dose of epinephrine (<5 minutes)

e Additionally, the AHA post-resuscitation goals were also
included. These were:

e Maintenance of normothermia (no temperature >38 degrees
Celsius for 48 hours)

¢ Oxygen titration (Pa0, <300 mmHg within first 24 hours)

e Normotensive blood pressure (Systolic blood pressure maintain
>90 mmHg)

Lastly, we determined whether or not the patient survived to
discharge. We did not, however, establish the neurological status of
the patient at the time of discharge.
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We performed a comprehensive chart review, first by identifying
all the patients who had a code blue called, and then separating
them by time; pre-HFM training (Group A 08/2014-08/2015) and
post-HFM training (Group B 08/2015-08/2016). We pulled paper
charts, scanned paper charts, as well as any electronic charting
done during the code to analyze MERT performance, and viewed
all vitals recorded from the time of code through 48-hours after to
analyze the post-resuscitation information. The AHA adherence was
investigated by comparing mean times of these metrics in our codes
to that of the national standard. Chart review reliability and integrity
was implemented by adhering to strict categories in data entry and by
blinding the data for the purpose of statistical analysis.

To investigate how the HFM training impacted the MERT team
performance outside of the AHA guidelines, we tracked 30-day acute
care mortality rates, as a percentage, over the two-year period of time.
These acute care mortality rates were then averaged over a 6-month
time interval for trend analysis. Additionally, we conducted a pre-
MERT vs. post-MERT survey on hospital staff confidence in the
MERT to further examine whether utilizing simulation along with the
Team STEPPS approach helped further the perceived communication
and teamwork of the group responding.

Hospital staff confidence survey

In order to appreciate the impact of MERT training methods
on hospital staff confidence, nurses on the medical units at ORMC
were provided with anonymous surveys asking how they felt
before and after the initiation of the Medical Emergency Response
Team (MERT). This survey not only was used as a gage of hospital
confidence in MERTS, but also to better understands overall hospital
culture, including elements of interdisciplinary communication. The
questions included:

1. Can anyone call an RRT, including patients and families?

2. Do you feel as if you will face push back from your peers if you
call an RRT?

3. Do you ever feel “chastised” by the RRT Responders when you
call an RRT?

4. Are patients/families instructed on “Code Care” upon arrival to
the unit?

5. Do you feel confident about the skill of your Rapid Response
Team?

6. Do you encounter any difficulty with reaching physicians prior
to calling an RRT?

7. Do your RRT responders treat you with courtesy and respect?

8. Has your experience with calling RRTs improved since the
initiation of MERT? *

*Question 8 was only used on the post initiation survey.

IRB ethical committee review process
IRB approval was obtained upon careful ethical review by the

ORMC Institutional Review Board on 05/17/2016. Dr. Cleveland
Lewis, M.D. was the IRB chair. IRB Number: HH16253.

Statistics

Statistical analysis was performed in a single-blinded fashion.
Due to lack of consistent precise time stamps for specific events during
a code prior to the implementation of the electronic medical record
system, certain code data sets were incomplete and thus the sample
size for analyses were ultimately different. This is demonstrated by a
different number of codes on Y axis analysis in creating the figures.
To account for this missing code data, we decreased the sample
sizes in both groups until there was an equal amount of complete
data points to establish an equivalent comparison for specific metric
analysis and to avoid skewing of the data due to disproportionate
inter-group sample sizes. However, sample sizes in each metric
analysis was not lowered beyond the point of a minimum n of 12
needed to establish power, as deemed by a power analysis. If there
were not enough complete data points to conduct an analysis with the
minimum n, the analysis was omitted altogether for lack of statistical
power. As such, the number of codes identified and analyzed in each
group was different per metric and is reflected in the Y axis of the
graphical results.

Normality testing using the Kolmogorov-Smirnov analysis was
used to determine if the data was better suited for parametric or
non-parametric analysis. Student’s T tests as well as Chi-Square (x*)
tests were used to compare between the pre-MERT implementation
and post-MERT implementation groups due to relatively small
sample sizes. The Student’s T test investigated whether there was a
statistically significant difference in average time between the two
groups, while the Chi-Square analysis investigated whether MERT
training with and without the use of HFMs impacted the ability of
the team to meet AHA criterion. Student’s T Test data was presented
as means * standard deviations, while x* data was presented as
comparative X values. If patients had multiple codes called within
an hour, we excluded the subsequent codes and only used the initial
event for analysis. All statistical analyses were performed using Stat
Plus statistical analysis program (Analyst Soft, Inc.), and p<0.05 was
set as the level of significance.

Results

There was a statistically significant difference between Group A
and Group B in achieving the AHA standards of delivering first shock
for VF or pVT; x*=9.33 p=0.0025.

Figure 2

This difference showed that Group B had a significantly lower rate
of achieving AHA metrics than did Group A. x* analysis showed no
other statistically significant difference between Group A and Group
B with regards to time of 1*IV/IO epinephrine delivery or time to first
chest compressions (Figure 3 x*=0.411, p=0.52).

(Figure 4 x*=.00059, p=0.98)

Student’s T test analysis showed no statistically significant
difference between Group A and Group B in mean time to
compressions; p=0.26 (Figure 5); mean time 1st shock p=0.14 (Figure
6), or time to delivery of 1* IV/I/O epinephrine p=0.34 (Figure 7).

x> analysis showed no statistically significant difference between
Group A and Group B with regards to achieving AHA post-
resuscitation standards of maintaining normothermia or hypotension
management X*=0.39 p=0.17 (Figure 8), x>=0.70, p=0.53 (Figure 9).
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Figure 3: X2 Analysis of Cardiac & Cardiopulmonary Codes Time to 1st IV/IO
epinephrine administered to pulse less adult in < 5 minutes.
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Figure 4: Cardiac & Cardiopulmonary Code Chest Compression Onset <60
Seconds.

There was an upward trend of hospital staff confidence in the
RRT, as well as willingness to call the team. Confidence in skills and
capabilities increased from 89% pre-MERT training to 95% post-
MERT training. Before MERT, 23% of the staff felt push back from
other staff if they called for the RRT.

m Pre-HFM-MERT = Post-HFM-MERT

Figure 5: Mean Time to Compressions.

* Post-HFM-MERT

Figure 6: Mean Time to 1st Shock.
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Figure 7: Mean Time to 1st IV/IO Epinephrine Administration.

After MERT, only 14% felt a push back from other staff if a RRT
was called, leading to a demonstrable difference in the number of
times the MERT was utilized; in 2014, RRT was called 354 times, in
2015, RRT was called 539 times, while in 2016 RRT was called 626
times (Figure 10).
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Figure 11: Acute Care Mortality Rate Analysis.

There was a downward trend in average acute care mortality
rates between 2015 and 2016. The average acute mortality rate in the
pre-MERT training group was 6.54%. The average acute mortality
rate in the post-MERT training group was 5.77%. As the number
of responses called increased each year, the acute mortality rate
decreased (Figure 11).

Discussion

Woven into medical training is the oft-cited see one, do one, teach
one. As efforts to increase patient safety and procedural preparedness
have expanded in the past 50 years, so too has our scope of what
constitutes acceptable and effective training [22]. Simple, low fidelity
simulators have been used worldwide for centuries, and provide an
immediate alternative to these one, do one, teach one model. More
recently, with advancements in technology and development, high
fidelity simulation has been utilized to recreate clinical scenarios
for the purpose of evaluation or training in the absence of potential
patient harm [23]. It can be used to train and/or assess a skill set,
to orient to a new procedure, or expose practitioners to uncommon
situations. It has been shown to accelerate skill set acquisition and
retention, and lowers the rate of extinction [24]. Additionally, in any
discussion of simulation, it would be remiss to not discuss the benefits
on non-technical skills, such as team working and communication,
task management and role assignment, decision making, and
leadership [25].

High fidelity simulation allows clinical practitioners to participate
in realistic scenarios and receive immediate critique and correction,
leading to better patient outcomes during an actual acute medical
event. Additionally, training development in response to ever-
changing guidelines for resuscitation can be easily facilitated with
HEM use. However, this type of simulation does have a cost: at
ORMC, one HFM training session cost $ 6,000 for 60 attendees and
one mannequin cost upwards of $ 100,000 [26]. HFMs also utilize
advanced technology, and training proctors to be familiar with the
operating system requires time and effort. Using HFMs in training
requires a suspension of disbelief, whereby team members must be
willing to participate fully in simulation codes as real, and technical
malfunctions can exacerbate this issue and render the training
ineffective. As such, the decision to invest in HFM training may be
a large one especially for small regional/under developed hospitals.
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While HFM training has been beneficial in various realms of
clinical medicine [27-30], the decision to incorporate it into MERT
training should be based on its impact on post-training outcomes.
This pilot study showed that MERT training with HFMs may not
necessarily impact the ability to achieve AHA guidelines. Our results
revealed that the MERTS trained before and after the incorporation
HFMs met AHA guidelines and that there was no statistically
significant different between the two groups.

While the nature of research on acute cardiac and/or
cardiopulmonary events presents with the unique challenge of
precision under high intensity, certain issues in our study and future
can present as artifact and even can be confounding factors on data
interpretation.

Due to the scale of the AHA metrics, improvements that
may otherwise have been studies significant could have distorted
measurements. Measuring outcomes on a nominal scale may shroud
a true significant difference (i.e. false negative) that would be apparent
on an interval scale. For example, a reduction in mean time to first
epinephrine pre- and post-HFM training by 30-45 seconds may not
manifest as a difference on the current nominal scale, but would
prove to be significant on an interval scale.

In addition to difficulties with scale, we found a challenge in
documentation. In emergent situations, a dedicated note taker
is paramount, not only for accurate medical records, but also for
conducting research on quality and improvement. We noted a
recurrent issue of documentation in which the start time of the rapid
response coincided with start time of chest compressions. As such,
the time to compressions from the onset of the code would be noted
as 0 seconds, which could arbitrarily lower the average time and thus
become an artifact with regards to analysis. During the initial research
period, documentation was done by hand. After improvements to
the EMR were installed, a dedicated sub-program within the EMR
helped keep track of events during a code with time stamps. This led
to increased accuracy in tracking AHA criterion adherence. As such,
there was a discrepancy in data acquisition and thus the assessment of
statistical significance between the two groups.

Despite the afore mentioned challenges, our group did find a
significant difference on x*analysis regarding the delivery of a shock
to patients in VF or pVT in under two minutes, demonstrating
a lower proportion of codes could reach AHA guidelines after the
use of HFM in MERT training as compared to those before. Yet,
there was no statistically significant difference in the average times
between the two groups when analyzed on a Student’s T Test. This
duplicity highlights the importance of group size as well as scale in
statistical analysis. Be that as it may, a decrease in performance, if
reproducible at a larger scale, may elucidate fundamental issues in
the use of HFMs in MERT training such as suspension of disbelief,
lack of translatability to areal scenario or perhaps a problem with the
protocol utilized within the training session.

An important element not always included in the discussion
of HFM training is its effect on the non-technical skills, such as
team working and communication, task management and role
assignment, decision making, and leadership [25]. In post-training
surveys conducted at ORMC, those participating - including nurses,
physicians, and respiratory therapists - cited an increased knowledge
in skills expected of them during a code, a greater comfort with

the proscribed algorithms used, clearer understanding of their role
in a code situation, and improved communication amongst team
members. The positive impact of HFM training was also demonstrated
in the other non-participating hospital staff. Prior to the initiation
of formal MERT training, the staff filled out a survey ranging from
comfort in calling an RRT to confidence in the skills of MERT.

We found that in almost every category asked, there was
positive impact of MERT training for the rest of the hospital staff.
If the use of HFM simulation in MERT training can translate into a
more confident team as well as an equal or improved performance,
the confidence of other hospital employees in the MERT’s ability
and utility could increase. Confidence in the MERT skill level rose
almost 10%, interpersonal difficulties dropped almost 20%, and
fear of chastisement in calling an RRT dropped 30%. The positive
psychological impact on hospital confidence in the MERT is a
fundamental contribution of training which is often undervalued.
Uncertainty felt by staff or hesitation in calling a rapid response
negates any positive benefits of training teams to achieve AHA
guidelines; such metrics cannot be attained if codes are not called.

We hypothesized that HFM use would significantly improve
current MERT training for acute cardiopulmonary events. While
this investigation showed few differences with the use of HFMs, it
reaffirmed the strong quality of current MERT training. Beyond the
AHA metrics, MERT training improved communication amongst
team members and strengthened the confidence of hospital personnel
to utilize the MERT. Further, when mirrored with decreased hospital
acute care mortality rates, it is clear that MERT training serves utility
in improving quality of care.

Looking forward, we plan to continue this research with a
prospective controlled study, with an emphasis on post-code care
simulation scenarios. This will include an analysis on postcode AHA
metrics such as normothermia maintained below 38°C, hypotension
management with a systolic blood pressure 290, survival to discharge
and functional status at discharge [10]. Additionally, we plan to change
the training protocol to involve smaller groups during simulations,
and take into consideration specific limitations presented in this
study to more strictly compare groups. We believe the current pilot
study as well as our planned directions will have a high impact on
the use and implementation of HFMs into improving MERT training
given the specificity with which we are examining outcomes. While
more investigation is needed with a larger sample size and clearer
data delineation, the use of HFMs may prove to show no significant
clinical improvement to current training protocols, especially if those
protocols already train teams that respond correctly, cohesively, and
swiftly.
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