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Abstract

Background: Mortality from in-hospital cardiac arrests remainsa largeproblemworld-wide. Inaneffort to improve in-hospital cardiac arrestmortality, there

is a renewed focus on team training and operations. Here, we describe the implementation of a “pit crew” model to provide in-hospital resuscitation care.

Methods: In order to improve our institution’s code team organization, we implemented a pit crew resuscitation model. The model was introduced

through computer-based modules and lectures and was reemphasized at our institution-based ACLS training and mock code events. To assess the

effect of our model, we reviewed pre- and post-pit crew implementation data from five sources: defibrillator downloads, a centralized hospital database,

mock codes, expert-led debriefings, and confidential surveys. Data with continuous variables and normal distribution were analyzed using a standard

two-sample t-test. For yes/no categorical data either a Z-test for difference between proportions or Chi-square test was used.

Results: There were statistically significant improvements in compression rates post-intervention (mean rate 133.5 pre vs. 127.9 post, two-tailed,

p = 0.02) and in adequate team communication (33% pre vs. 100% post; p = 0.05). There were also trends toward a reduction in the number of shockable

rhythms that were not defibrillated (32.7% pre vs. 18.4% post), average time to shock (mean 1.96 min pre vs. 1.69 min post), and overall survival to

discharge (31% pre vs. 37% post), though these did not reach statistical significance.

Conclusion: Implementation of an in-hospital, pit crew resuscitation model is feasible and can improve both code team communication as well as key

ACLS metrics.
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Introduction

There are at least 200,000 in-hospital cardiac arrests (IHCA) each
year in the United States,1 and hospital survival following an IHCA is
estimated to be 15–30%.2–5 Though some degree of mortality reflects
patients’ underlying disease, inadequate resuscitation also likely

contributes to decreased survival.6–10 For example, in a study
completed by Ornato et al., resuscitation errors were noted in 40%
of cases presenting in ventricular fibrillation (VF)/pulseless ventricular
tachycardia (pVT) and in 27% of cases with an alternative presenting
rhythm.10 Errors in resuscitation were associated with decreased
rates of return of spontaneous circulation (ROSC) and survival to
hospital discharge.
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In an effort to minimize errors, a number of training techniques
have been utilized to improve resuscitation practices. These
include the implementation of ACLS training and the utilization of
resuscitation simulation sessions.11–16 However, knowledge of
ACLS and adherence to established algorithms is not enough. The
presence of leadership skills, prior leadership training, and
utilization of more directive statements are associated with better
cardiac arrest simulation performance,17–19 while inadequate
communication and lack of leadership behaviors have been
associated with poorer outcomes during cardiac arrest
scenarios.20,21

In addition to strong communication and leadership skills, team
function and organization are also important when managing
critical care scenarios. One way that many first responders deal
with the inherent chaos of emergency situations is by utilizing a “pit
crew” model when responding to cardiopulmonary arrests.22–25

Recently, Hopkins et al. included a pit crew model and team
training as part of their “best practices” protocol when responding
to out-of-hospital cardiac arrests (OHCA).25 In this study, patients
treated in the post-intervention period had higher survival to
hospital discharge and better neurologic outcomes in the form of
higher cerebral perfusion category scores. Similarly, in an earlier
retrospective cohort analysis of OHCA, team-focused CPR was
associated with improved survival with good neurologic outcome
compared to standard CPR.26

Team training and communication are also an area of focus
for in-hospital cardiopulmonary resuscitation.27,28 The American
Heart Association (AHA) 2013 consensus statement recom-
mended that providers utilize a coordinated team response with
“specific role responsibilities”.29 Though the guideline did not
detail exactly how many roles there should be or what the
responsibilities should include, it did endorse utilizing a pit crew
model in order to ensure high quality CPR and to minimize
pauses in compressions.

Despite this recommendation, descriptions of in-hospital
resuscitation teams with specific roles and responsibilities are
lacking. The aim of this quality improvement initiative was to
improve code team communication and organization through the
development of a pit crew model for resuscitation. Here we
describe our institution’s development and roll-out of that model
and a retrospective comparison of pre- and post-implementation
metrics.

Methods

Patients

All patients who had a true cardiopulmonary arrest (CPA) at the
main campus of our tertiary care, academic medical center were
included in this quality improvement project. Data were reviewed
for all events pre-intervention (April 2013–December 2013) and
post-intervention (October 2014–June 2015). The main goal was
to improve team communication and function with a secondary
goal to improve resuscitation metrics. Since all data obtained
were de-identified and were collected under the auspices of
quality improvement, a formal IRB was not required; permission
for publication was obtained by our institution’s Chief Quality and
Patient Safety Officer.

Pit crew implementation

Our code team is comprised of internal medicine residents, nurses,
pharmacists, respiratory therapists, anesthesia residents and attend-
ings, and pulmonary/critical careor cardiology fellows. Due to the sizeof
our institution, there are several people from each department on “code
call” who respond to CPA events located near their geographic zone for
that particular day. All CPA events are announced via overhead alert
and members assemble based on their assigned call schedule and
zone. However, due to the ad hoc nature of our code team and
members’ inability to pre-assign roles and responsibilities, inadequate
communication and organization were frequently cited complaints.30

In order to improve role clarity and code team organization, we
developed a new “pit crew” model for in-hospital cardiac arrest
resuscitation (Fig. 1). In this model, there are between ten and twelve
clearly defined code team roles – each with specific responsibilities
(Table 1). These roles are positioned within two circles: an inner circle
which is within one arm-length of the patient and an outer circle which is
within one arm-length of the inner circle (or two arm-lengths from the
patient). Roles within the inner circle involve direct patient care activities
whereas outer circle roles include tasks such as charting, running, and
supervising. We also highlighted key crew resource management
(CRM) principles that were pertinent to code team function (i.e. closed
loop communication, sterile communication, and debriefing).

This new resuscitation model was introduced throughout the
hospital system in a step-wise fashion. First, individuals from each of
the key departments were invited to participate in a “Code Blue Team
Training Day.” As part of this training, participants were educated
about the new pit crew model and the importance of related CRM
principles. These newly-trained participants then acted in a video
which was designed to illustrate the new model. This video was
incorporated into respiratory therapy, pharmacy and nursing
orientations as well as computer-based learning modules. A separate
lecture was given to all internal medicine residents and then the model
was introduced to the entire department of internal medicine during a
grand rounds presentation. Lastly, the new model was depicted on all
screen-savers hospital-wide.

We also used mock codes and our expert-led debriefing process to
reinforce thenew model andrelevant CRM principles. Mockcodes were
implemented at our institution approximately six months prior to the
implementation of our pit crew model as a way to better quantify areas
for improvement in code team function and to provide participants with
real-time feedback on their resuscitation performance. Like true code
events, mock codes were announced overhead without prior warning.
Participants were the same personnel responding to true code blue
events for that assigned day. The pit crew model was also
reemphasized at expert-led debriefings. At our institution, an expert-
led debriefing is triggered if a quality concern is identified during a code
blue event. In this debriefing, a code blue committee leader will meet
with responders from both the local unit and code team to identify areas
of opportunity and implement any needed process improvement. A full
description of our debriefing process has been published previously.30

Data were collected for all mock codes and expert-led debriefings under
the auspices of quality improvement.

Data review and analysis

We reviewed pre- and post-pit crew implementation data from
five sources: defibrillator downloads, the Information Warehouse
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(a centralized, clinical, hospital database), supervised mock
codes, expert-led code blue debriefings, and random confidential
surveys. Defibrillator downloads, the Information Warehouse
queries, and mock code reviews provided ACLS metrics. CPR
rate was obtained via transthoracic impedance captured by the
Physio-control Lifepak 20 s, and Codestat 9 software was utilized
for data analysis. Compression rates over the entire event were
analyzed. More subjective data about code team communication

and function were obtained from the mock codes, expert-led
debriefings, and the confidential surveys. In an effort to minimize
bias from the more subjective sources, data were analyzed and
coded by two independent reviewers. The reviewers then met
and reviewed their data analysis. If there was disagreement
about how they had coded the data, they went back to the original
data for re-review and discussed their reasons for scoring the
event in a particular way until a consensus was reached. Not all

Table 1 – Pit crew roles and responsibilities.

Role Responsibility

Inner circle
Team lead Lead code team as per ACLS algorithm; assess “Hs &Ts” regarding cause for code

event
Airway/anesthesia Establish advanced airway; bag patient at appropriate rate depending on if advanced

airway is present or not
Medication administrator Administer medications, read-back all medications
Monitor/defibrillator operator Operate defibrillator including charging/shocking as appropriate, aid with rhythm

interpretation
Compressor #1 Complete chest compressions
*Access Obtain IV access if needed

Outer circle
Pharmacy (crash cart operator) Draw up medications as requested by team lead
Timekeeper Announce every 2 min interval
Documenter Document code events in the EMR
Code supervisor Serve as “back-up” for the code lead; manage outer circle
Compressor #2 Switch off/on with compressor #1 every 2 min cycle
Runner Obtain additional equipment/resources as needed

Fig. 1 – Code blue pit crew model. The inner circle (light grey) includes roles that require providers to be within one arm
length of the patient. The outer circle (dark grey) includes roles that are important for overall team function but do not
require direct contact with the patient.
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areas of communication were commented upon in the expert-led
debriefings or confidential surveys. When no comment was
made, the reviewers marked the category as “I” (indeterminate).
Proportions were based on the number of yes/no designations
only.

We compiled both our baseline (pre) and post-intervention metrics
but only metrics that were anticipated to change with the intervention
were analyzed for statistical significance (Table 2). Readers should
determine if statistically non-significant changes would be clinically
relevant/meaningful in their setting. Compression rate compliance
was based on a rate of 100–120 starting April 2013 (early AHA
guideline update).

Data with continuous variables and normal distribution was
analyzed using a standard two-sample t-test test. If data were not
normally distributed, a Mann–Whitney U test was performed. For yes/
no categorical data either a Z-test for difference between proportions
or Chi-square test were used. Two-tailed analysis was used unless
otherwise noted.

Results

There were exactly 159 cardiopulmonary arrest events at our medical
center in both the pre-intervention (April 2013–December 2013) and
post-intervention (October 2014–June 2015) time periods. Each time
frame included three quarters of code events with a nine month gap
during the intervention period. The automatically recorded data
elements from the Information Warehouse were the most complete,
but there were still omissions due to incomplete charting of the bedside
staff during some events. Additionally, due to the fact that data were
gathered retrospectively, some defibrillator data could not be
recovered. By design, confidential surveys and expert-led debriefings
occurred for only a subset of cardiopulmonary arrests (CPA) (Table 2).
In addition to the true CPA data, we also completed and analyzed
10 mock code events (Table 2).

Defibrillator download data revealed a statistically significant
improvement in compression rate post-intervention (mean rate 133.5

Table 2 – ACLS and communications data by source.

Information warehouse

Pre Post p-Value

Total N 159 159 –

Pulseless at code start (#Yes) 124 138 –

Adrenaline (Epinephrine) �5 mina 96 (83%) 101 (92%) –

Survival to discharge (%) 31 37 0.26
Presented pVT/VF (#) 49 38 –

Shockable rhythms not identified (%) 32.7 18.4 0.13
Mean time to shock (min)b 1.96 1.69 0.41
pVT/VF Shocked �2 min (%)b 20 (74%) 23 (79%) 0.32

Life pack
Total N 86 109 –

Mean compression rate over entire event 133.5 127.9 0.02

Mock codes
Total N 6 4 –

pVT/VF shocked �2 min from defibrillator placement (%) 0 75 0.02
Closed loop communication adequate (%) 33.3 75 –

Team lead self-identified (%) 66.7 100 0.22
Sterile communication utilized (%) 16.7 75 0.08
Team communication adequate (%) 33.3 100 0.05

Confidential surveyc

Total N 11 25 –

Communication problems (%) 73 44 0.913

Expert-led debriefingsc

Total N 17 19 –

Problems with communication (%) 57.10 47.4 0.291
Problems with team function (%) 93.30 52.6 0.89
Communication problems noted in CS (%) 81.3 61.1 0.945
All roles filled (%) 17 25 –

Closed loop communication adequate (%) 0 66.7 –

Sterile communication (%) 11.1 50 –

pVT = pulseless ventricular tachycardia; VF = ventricular fibrillation; CS = confidential survey.
a Time of pulselessness or time to first adrenaline was not known or documented in all cases; data was available for 115 cases pre-intervention and 110 post.
b Time to defibrillation was not documented in all cases; data was available for 27 case pre-intervention and 29 post.
c Not all areas of communication were commented upon in the confidential surveys or expert-led debriefings. When no comment was made, the category was
marked as “I” (indeterminate) and the proportions were based on the number of yes/no designations only.
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pre vs. 127.9 post, two-tailed p = 0.02). Forty-nine patients pre-
intervention and 38 patients post-intervention had an initial presenting
rhythm of pulseless ventricular tachycardia (pVT) or ventricular
fibrillation (VF). There was a trend toward a reduction in the number of
shockable rhythms that were not defibrillated post-intervention (33%
pre vs. 18% post) and a trend toward improvement in average time to
shock post-intervention (mean 1.96 min pre vs. 1.69 min post) though
these did not reach statistical significance. There was also a
trend toward overall improved survival to discharge post-intervention
(31% pre vs. 37% post).

When data from the supervised mock codes were analyzed, there
were statistically significant improvements in the number of patients
who were shocked appropriately in less than two minutes (0% pre and
75% post, p = 0.02, chi squared) and the events with “adequate team
communication” (33% pre vs. 100% post, p = 0.05). There were also
improvements in some of the specific crew resource management
principles that were reinforced as part of the new resuscitation model
including the presence of closed loop communication (33% pre vs.
75% post), self-identification of the team members (67% pre vs. 100%
post), and presence of sterile communication (17% pre vs. 75% post),
but these did not meet statistical significance.

Confidential survey data revealed a reduction in “problems noted
with code team communication/function” post-intervention (73% pre
and 44% post) and expert-led debriefings cited less “problems with
team function” post-intervention (93% pre vs. 53% post) but neither
were statistically significant given the small sample size. In addition,
there was a trend toward improvement in “all [code team] roles filled”
(17% pre and 25% post), “closed loop communication” (0% pre vs.
67% post), and “sterile communication” (11% pre vs. 50% post)
but these also were not statistically significant secondary to small
sample size.

Discussion

Lack of clear code team organization and communication is a
frequently cited problem within true code and mock code events.30,31

In order to improve this aspect of code blue resuscitation, more
emphasis should be placed on educating code team members about
specific roles and responsibilities.

Though utilization of a pit crew model was suggested in the
2013 AHA consensus statement on CPR quality, there are few
examples of how thiscanbe implemented in the literature. Most of these
examples are from EMS or first responder settings and so are not
necessarily generalizable to the treatment of inpatient cardiac arrests.
Recently, Colquitt et al. described the utilization of a pit crew
resuscitation model for inpatient CPA events, but the model was only
utilized for simulated mock codes and was not rolled out for true CPA
events.31 To the best of our knowledge, our initiative represents one of
the first large-scale implementations of a pit crew resuscitation model
utilized by an ad hoc code team. Similar to previously described out-of-
hospital resuscitation models, our pit crew model includes specific roles
for airway management, CPR delivery, medication administration,
defibrillator operation, and documentation. However, given the medical
complexity of an in-hospital cardiac arrest and the need to consider and
treat underlying pathologies (i.e. “H”s and “T”s), we also added several
other named roles. These additional roles include a code leader,
timekeeper, pharmacist, and code supervisor. The ad hoc nature of our
code team underscores the importance of well-structured, clearly
defined code team roles. When responders arrive on the scene, team

membersmust quicklyassess the situation, self-identify, and fulfill a role
that they are competent to perform.

Though the primary goal of this quality improvement initiative was
to improve code team organization through the utilization of a model
with clearly defined roles and responsibilities, we were also able to
demonstrate quantifiable improvements in our resuscitation metrics
with the implementation of this pit crew model. First, we noted an
improvement in compression rates post-pit crew implementation.
Though, depending on the rate, an average difference of five
compressions per minute may or may not be clinically relevant, there is
little debate regarding the importance of the appropriate depth and
rate of chest compressions in general. Therefore, because both our
pre- and post-implementation rates were above the upper limit
recommended by the AHA, a decrease in five compressions per
minute may be meaningful as it likely represents greater chest recoil
and ultimately more effective CPR. However, we cannot state that the
improvement in CPR rate was solely secondary to the implementation
of the pit crew model since there was an increased focus on
resuscitation education in general as we worked to educate code blue
team members about the new framework. However, no other specific
interventions were implemented during the time that we introduced the
pit crew model.

We also noted improvements in subjective code team measure-
ments including the presence of adequate code team communication.
The importance of a strong code team communication was recently
highlighted by Brahmajee et al.32 In their qualitative study designed to
identify what top-performing hospitals are doing to improve their
resuscitation outcomes, they cited four factors that they believed to be
associated with higher rates of in-hospital cardiac survival. These four
factors include: team design, team composition and roles, communi-
cation and leadership, and ongoing training and educational efforts.
Therefore, though we did not find a statistically significant increase in
survival to discharge in our study, our development of a clear
resuscitation model, clearly defined roles, a renewed emphasis on
CRM principles (including communication metrics), and ongoing
education in the form of debriefings and mock codes may ultimately be
associated with improved mortality with a larger sample size.

The implementation of a pit crew resuscitation model to improve
code team function was well-received at our institution. Inadequate
communication and frequent overcrowding with lack of clarity
regarding role fulfillment had been commonly cited problems at our
medical center. The development and roll-out of the pit crew model
directly addressed these weaknesses.30 However, the implementa-
tion of a more standardized resuscitation model across our hospitals
required significant time and resources. In addition to the education
provided in the initial computer-based learning modules and lectures,
we provided continuing education regarding the new pit crew model
during mock codes, expert-led debriefings, ACLS recertification
classes, and simulation sessions. Though this took institutional
support and a dedicated work-group, we believe that providing
continued education to different disciplines was ultimately what
helped to ensure that this model was adopted.

Limitations

As alluded to previously, one of the largest limitations of this quality
improvement project is its small sample size. We attempted to address
this by including data from five different sources. However, the number
of CPA events at our institution remains relatively small with an even
smaller number of mock codes or cases identified as appropriate for
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expert-led debriefing. Similarly, though we collected objective data
from the defibrillators as well as from our institution’s clinical database,
these data were not complete for every CPA event due to incomplete
charting and the retrospective nature of our quality project. Though our
small sample size limited the robustness of our data, we believe that
describing our model and the feasibility of its implementation remains
valuable.

Another limitation is the subjective nature of some of the data
collected. Survey data are subject to individual’s own biases and may
vary depending on the participant. Additionally, the events that were
reviewed in expert-led debriefings likely represent “worst case”
scenarios and may not be indicative of all true code blue events.
Though we were able to attain data from a variety of different sources,
the measurement of code team communication and organization
remains inherently subjective. In order to combat this, we had two
independent reviewers evaluate all purely subjective measures. We
also collected data regarding objective ACLS metrics including those
that require adequate code team function.

Lastly, though the implementation of a pit crew model for
resuscitation was well-received at our institution, our findings or
practices may not be generalizable across other institutions.

Conclusions

This study represents one of the first adoptions of the pit crew model as
part of the coordinated response to in-hospital cardio-pulmonary
arrests. By better defining code team roles and responsibilities, we
have laid the foundation for ongoing improvement of our code team’s
organization and communication and, ultimately, patient outcomes.
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