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By A.J. heightman, MPA, EMT-P
This special supplement to JEMS, prepared in coop-
eration with the U.S. Metropolitan Municipalities EMS 
Medical Directors Consortium (aka, the “Eagles” Coali-
tion), highlights some of the most important scientific 
advancements reported at the 2014 Gathering of Eagles 
Conference held in Dallas, Texas. 

The Eagles Coalition has taken the lead in accelerat-
ing and driving the advancement of clinically proven care 

and resuscitation practice such as 
adult intraosseous (IO) infusion use 

in the prehospital arena, CPAP use 
in the field, and early STEMI and CATH 

lab notifications.
Eagles coordinator and course director, Dr. 

Paul Pepe, reflects that “the collective discus-
sions, research and sometimes provocative 
initiatives carried out by the members of the 
group have not only advanced clinical medi-

cine and affected countless EMS systems, but they 
also have substantially influenced in-hospital and emer-
gency department care as well in terms of many changes 
in clinical management and procedures that were orig-
inally derived from the prehospital advances brought 
forth by members of the consortium.”

This JEMS EMS State of the Science supplement takes 
an in-depth look at significant research, advances in 
resuscitation practices, and the corresponding scien-
tific data, presented at the 2014 conference. Each is the 
result of innovative and cutting edge processes, protocols 
and equipment implemented in many of the U.S. metro-
politan municipalities.

In “Airway Choices Matter,” Jason McMullan, MD, and 
Justin Benoit, MD, take a close look at the effect of pre-
hospital airway management on cardiac arrest outcomes.

Corey Slovis, MD, FACP, FACEP, FAAEM, and his col-
leagues at Vanderbilt University present “The 5 Most 
Important Cardiovascular Topics,” and make several key 
conclusions regarding various prehospital treatments and 
procedures, including therapeutic hypothermia, epineph-
rine’s role in CPR, O2 saturation levels, minimizing the pre-
shock pause in CPR and the role of the prehospital ECG.

In “Resuscitating Beyond the 25-Minute Mark,” Brent 
Myers, MD, and key personnel from the progressive and 
innovative Wake County (N.C.) EMS System present sig-
nificant findings and recommendations from data on 

successful Wake County resuscitations that should stop 
EMS systems from calling many cardiac arrests at the 
clinically-unproven 20 minute mark. 

This epic article shows that good neurological out-
comes are likely in survivors of prolonged resuscitations 
and points out that nearly 70% of survivors managed by 
the Wake County EMS system who were in arrest lon-
ger than 40 minutes from the time of dispatch were dis-
charged from the hospital with a CPC of 1 or 2, and that 
meaningful neurological outcomes are not only possi-
ble, but in fact probable, in patients who survive cardiac 
arrest after extended resuscitations. In fact, the evidence 
from Wake County doesn’t support the concern that 
those who survive prolonged cardiac arrest will more 
than likely suffer severe neurological impairment.

In “Consistent Compressions Count!,” Joseph Holley, 
MD, FACEP, Joseph P. Ornato, MD, FACP, FACC, FACEP, 
and I present the facts and multiple case examples of 
how mechanical CPR is producing resuscitation results 
beyond expectations because of the consistency and 
minimal interruption in critically important blood flow 
these devices offer over manual CPR once activated.

The article shows the impact that the fast application 
and use of mechanical compression devices in Memphis 
(LUCAS 2) and Richmond, Va., (AutoPulse) aren’t only 
improving return of spontaneous circulation (ROSC) and 
resuscitation results but also resulting in patients who are 
so well perfused that they are exhibiting signs of good 
neurological response, blinking and answering the ques-
tions asked by paramedics during treatment and transport.

In another epic article, “A Tale of Three Successful EMS 
Systems,” we profile the dramatic increase in ROSC and 
neurologically intact discharge of patients in Wichita-
Sedgwick County, Kan.; Austin-Travis County, Texas, and 
Wake County, N.C., as a result of highly coordinated “pit 
crew” resuscitation procedures.

 Finally, in “Staying on Time,” Jeffrey M. Goodloe, MD, 
NRP, FACEP, points out the importance that count and 
cadence of chest compressions has on successful resusci-
tations. The use of inexpensive metronomes to keep per-
sonnel delivering compressions in the clinically significant 
range of 100–120 is pointed out in this important article.

This State of the Science supplement offers many EMS 
game-changing practices that should be reviewed with 
your medical leadership and response personnel to alter 
your care delivery and improve your resuscitation results.

Innovative & Cutting-Edge Resuscitation Practices

TM

SPECIAl oPPoRTunITy: JEMS and EMS Today are pleased to announce the prestigious 
Resuscitation Academy will present preconference workshops on Wednesday, Feb. 25, at the 
2015 EMS Today Conference & Expo in Baltimore, Md. The Resuscitation Academy at EMS 
Today is sponsored by Physio-Control Inc. The internationally recognized faculty will present 
on such topics as the science of resuscitation and high performance CPR. To register, please 
visit EMSToday.com. Attendance is limited. Be sure to sign up now to ensure you have a seat.
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H istorically, endotracheal intubation has been the 
defining skill of a paramedic. Unlike EDs with 
ample time, space, lighting and resources, EMS 

providers are often forced to act immediately and in a less 
than ideal environment. 

Out-of-hospital cardiac arrest is the classic case of forced 
action without time to prepare, and cardiac arrest victims 
are the most frequent EMS intubations.

Recent conversations regarding cardiac arrest have 
focused on the importance of compression rate and depth, 
adequate recoil, peri-shock pauses, CPR density, “pit crew” 

modeling, mechanical compression devices and termination of resuscitation rules. 
The American Heart Association even restructured the resuscitation alphabet to put “C” (Com-

pressions) before “A” (Airway), all in the best interest of the patient. 
While paying attention to compressions is of prime importance, the criticality of airway manage-

ment still remains. This article will focus on prehospital airway management and reaffirm its impact 
on cardiac arrest outcomes.

 
By the Numbers
Let’s put things into perspective. There are approximately 300,000 cases of out-of-hospital cardiac 
arrest in the United States every year:

• 80% will get an advanced prehospital airway; 
•  30% will be left at the scene after termination of resuscitation;
•  33% will get return of spontaneous circulation (ROSC);

Airway Choices Matter 
The effect of prehospital  
airway management  
on cardiac arrest outcomes

By Jason McMullan, MD  
& Justin Benoit, MD
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• 25% will get admitted to the hospital;
• 10% will survive to hospital discharge; and
• 6% will be discharged neurologically intact.

The Choice
There are essentially three options to choose 
from to manage the patient’s airway during 
out of hospital cardiac arrest: Use of a bag-valve 
mask (BVM), a supraglottic airway (SGA) (e.g., 
Combitube, LMA, King, SALT) and endotra-
cheal intubation (ETI). ETI is the most common 
intervention, but there’s growing support for 
SGAs as first-line airways, particularly to ensure 
that there are few interruptions in compressions 
during the early phases of resuscitation. 

While some systems are very specific as to 
which method is used first, others allow the 
paramedic tasked with airway management 
to select the best device for the situation. Take 
a moment and reflect on your own practice, 
because the choices you make really do matter.

The Resuscitation Outcomes  
Consortium Experience
The Resuscitations Outcomes Consortium (ROC), 
a multicity North American research network, 
has focused on improving out of hospital car-
diac arrest and trauma care. The ROC Prehospi-
tal Resuscitation Using an Impedance Valve and 
Early vs. Delayed (PRIMED) study, prospectively 
enrolled about 10,000 subjects and randomized 
them to early vs. late rhythm analysis and real vs. 
sham impedance threshold device.1 

While ROC PRIMED doesn’t directly address 
the role of prehospital airway management, the 
robust nature of the study allowed investigators 
to perform a secondary analysis of the data.

In this secondary analysis, 8,487 patients who 
underwent ETI were compared to 1,968 patients 
who had an SGA placed.2 Neurologically intact 
survival to hospital discharge was higher in those 
with ETI (4.7%) than those with an SGA (3.9%). 
After adjusting for many factors, such as age, ini-
tial rhythm and bystander CPR, the odds of sur-
vival were better for those with ETI (odds ratio 
of 1.4).

The odds for ROSC and 24-hour survival were 
also higher for patients with ETI and results 
persisted when patients with unsuccessful air-
way maneuvers were excluded. 

A main limitation in interpreting these results 
lies in the source of the data. Agencies in the 
ROC undergo extensive and frequent training 
in out-of-hospital cardiac arrest care and may 
not be directly comparable to your system. 

Also, these results are nested within a complex 
clinical trial and, although no difference was seen 
in the interventional arms of the trial, it’s diffi-
cult to know how those research interventions 
may have affected airway management. Regard-
less, in this group of patients, there’s a small but 
meaningful difference in outcomes based on 
how paramedics managed the patient’s airway.

The Japanese Experience
In 2013, a high-profile analysis of the All-Japan 
Utstein Registry was published in The Journal of 
the American Medical Association.3 Almost 650,000 
patient records from a six-year period were ana-
lyzed and they concluded that BVM ventilation 
was associated with a 2.6 times greater chance 
of neurologically intact survival when com-
pared to ETI or SGA placement. 

The odds of achieving ROSC and one-month 
overall survival were also more common in 
patients managed with BVM and, similar to the 
ROC study, this was true even after adjusting 
for multiple patient factors.

In order to interpret their findings, though, 
the Japanese EMS system must be understood. 
Advanced life support, including ETI and SGA 
placement, is a relatively new skill. In fact, in this 
analysis, only 6% underwent ETI and 57% were 
managed with BVM alone; this sharply contrasts 
with common practices in the United States. 

Additionally, approximately 18% of included 
cases suffered a traumatic arrest and these 
patients are expected to have dismal outcomes 
regardless of EMS interventions. 

Finally, this analysis observed a low overall neu-
rologically intact survival rate of 2.1%, which is 
approximately three times lower than in the U.S. 
Therefore, although specific airway management 
choices were associated with survival, there may 
have been other factors involved that altered the 
potential benefits of an airway procedure.

The Cardiac Arrest Registry  
to Enhance Survival Experience
The Cardiac Arrest Registry to Enhance Survival 
(CARES) was created in 2004 as a collaboration 
between Emory University, the Centers for Dis-
ease Control and Prevention and the American 
Heart Association. Since that time, CARES has 
grown to include 40 participating communities 
in 25 states and has collected data on more than 
73,000 cases of out-of-hospital cardiac arrest. 

Similar to the Japanese registry, CARES allows 
insight into the broad practice of cardiac arrest 
resuscitation and presents an opportunity to 
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explore the relationship between prehospital 
airway management and outcomes in the U.S.

An analysis of this database looked at almost 
11,000 patients with out-of-hospital cardiac 
arrest in the calendar year 2011 and showed simi-
lar results to those seen in Japan.4 Patients who 
didn’t undergo advanced airway placement had 
better neurologic outcomes than those who 
received ETI or SGA (18.6% neurologically intact 
survival for BVM, 5.2% for SGA and 5.4% for ETI).

This was most true in patients found in ini-
tially shockable rhythms. In addition, similar to 
the ROC study, when the treating EMS provid-
ers decided to place an advanced airway, patients 
found in shockable rhythms had better neurolog-
ically intact survival with ETI compared to SGA.

There was no difference seen between ETI and 
SGA for cases of primary asystole or pulseless 
electrical activity.

Your Choice Matters
Balancing all of this information can be difficult 
because, unless you are part of the ROC, CARES 
or practice in Japan, these results may not be 
directly applicable to your personal practice. 
However, these three studies all show that pre-
hospital airway management is significantly associ-
ated with neurologic outcomes. Your choice matters.

Association Doesn’t Equal Causation
All of this evidence comes from a retrospective 
look back at how patients were treated, without 
knowing the details of the resuscitations or the 
thought process behind each individual deci-
sion by the treating EMS providers. 

Most likely, our “one-shock wonders” with 
immediate return to consciousness after initial 
defibrillation are all included in the groups that 
had no advanced airway, because there was no 
need for an airway; this could bias the “no air-
way” group toward better outcomes.

However, the no airway group is also the 
default for all patients where attempts at airway 
placement failed, and it’s plausible that these 
patients could have the worst outcomes because 
of inherent interruptions in chest compressions 
that occur with airway maneuvers.

Honestly, there are unmeasured and unmea-
surable factors that influence both the airway 
decision and the patient’s outcome no matter 
how hard you try to control for them, which is 
why a causal relationship is difficult to determine.

A common mistake in interpreting these 
results is confusing association and causation. 
Crudely, association means that two things are 

related in some way or are often found together, 
whereas causation implies a definite cause-and-
effect relationship. 

Consider this example: Use of lights and sirens 
is associated with ambulance crashes. Lights and 
sirens don’t cause ambulance crashes. So, the 
strongest conclusion we can make from these 
studies is that prehospital airway management 
and neurologically intact survival are linked. The 
challenging next step is determining why? 

Trust. Professionalism. Perfection.
There’s a divine contract between you and your 
patient when you manage their airway. We all 
know the Rifleman’s Creed: “This is my rifle. 
There are many like it, but this one is mine …”

We must treat our laryngoscope and every-
thing else in our airway bag in the same way. We 
must move beyond the technical skill of airway 
management and toward an understanding 
of what happens during and after we manage 
an airway. After all, pulling a trigger may itself 
be quick, easy and harmless, but the potential 
repercussions can be devastating.

Positive Pressure Ventilation  
is the Devil …
The inevitable and immediate physiologic 
change that occurs after ETI or SGA placement 
is the conversion from normal negative pressure 
ventilation to abnormal positive pressure ventila-
tion. In the apneic patient, ventilation by a BVM 
has the same effect on physiology. 

In a normal, healthy person the diaphragm 
drops during inhalation, the thorax expands and 
air is drawn into the lungs due to a decrease in 
intrathoracic pressure. Often overlooked is the 
fact that the drop in intrathoracic pressure dur-
ing normal respiration also augments venous 
return to the heart, increasing preload. This facil-
itates adequate perfusion of the brain. 

The opposite occurs with positive pressure ven-
tilation. Intrathoracic pressure abnormally rises 
when we ventilate a patient through an advanced 
airway or with a BVM. The consequences are sig-
nificant: venous return falls, preload decreases 
and cardiac output declines. Thus, every positive 
pressure breath limits coronary and cerebral per-
fusion. In addition, even optimized chest com-
pressions during cardiopulmonary resuscitation 
fall far short of matching normal cardiac output, 
which further decreases blood flow to the brain. 

… and Hyperventilation is His Bride
We all tend to hyperventilate our patients. 
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Airway Choices Matter
Physicians, nurses, respiratory therapists, para-
medics and EMTs—no one is immune. Often we 
do it subconsciously. Sometimes we do it in an 
effort to make up for hypoxia due to prolonged 
apnea time. (This logic is wrong, by the way, 
because increasing the respiratory rate does not 
improve oxygenation.) No matter what the rea-
son, hyperventilation is always wrong in cardiac 
arrest management.

Hyperventilation causes hypocarbia, and this 
decrease in the carbon dioxide in the blood leads 
to vasoconstriction of the cerebral vessels. We 
use this to our advantage in the severe traumatic 
brain injury patient who is herniating. However, 
in patients suffering from cardiac arrest, this 
phenomenon is adding insult to injury because 
cerebral perfusion is already compromised by 
use of positive pressure ventilation. 

Do No Harm (and Do “Know” Harm)
Treatment priorities are established as soon as 
the first rescuer reaches a patient in cardiac arrest 
and each decision made should be done to maxi-
mize the chance of neurologically intact survival. 

We all agree that high-quality, uninterrupted 
chest compressions are absolutely essential, 
and rapid treatment of shockable rhythms is 
arguably the highest of all priorities. The three 
studies highlighted above lend support to deem-
phasizing airway management, but, eventually, 
the airway is almost always actively managed.

Consider these suggestions:
1.  Resurrect the art of BVM ventilation. 

This skill is harder than we remember. Prac-
tice today, tomorrow and at least as often as 
you practice other airway skills. If you have 
enough personnel, allocate two providers for 
rescue breathing and use the two-handed 
thumbs down technique to hold the mask. 
Also, using bilateral nasopharyngeal airways 
and an oropharyngeal airway truly helps.

2.  Use feedback devices whenever possible to 
avoid hyperventilation. Capnography is the 
best method, because airway placement is con-
firmed with each breath and the respiratory 
rate can be visualized. Metronomes, flashing 
timer lights and tactile feedback resuscitation 
bags are also reasonable adjuncts.

3.  Finally, pay attention to your crew’s 
approach to airway management. Multi-
ple providers making multiple attempts at 
ETI isn’t acceptable if high-quality continu-
ous chest compressions are compromised. 
Even a single successful attempt may harm 
the patient in the long run if compressions 

are interrupted or hypoxia time is prolonged. 
Some airways are truly difficult, but the key 
is to always optimize your environment and 
make it count.

The Bottom Line
Although the best methods for resuscitation may 
differ from one EMS system to another, EMS air-
way management will always be a critical compo-
nent of cardiac arrest management. We may not 
know exactly why, but it’s clear that your choices 
have downstream impacts on survival and qual-
ity of life. ETI may be beneficial in some patients, 
whereas a BVM may suffice in others. 

No matter which ventilation method is used, 
you must monitor the effect and guide your 
team to provide effective ventilations, just as 
you guide them for effective compressions.

Why do all this? Because, selfishly, I may be one 
of the lucky ones who survives my first death; and 
I want my brain fully functional in-between. ✚

Jason McMullan, MD, is the associate director 
(research) for university of cincinnati’s department of 
emergency Medicine division of eMS and is the direc-
tor of the fellowship in eMS medicine. his career started 
as a volunteer eMt with north Mecklenburg Rescue 
Squad (charlotte, n.c.) in 1997, and he’s currently part 
of the medical direction team for cincinnati, Blue ash, 
Forest Park and Green hills Fire departments (ohio). he 
may be contacted at Jason.McMullan@uc.edu. 

Justin Benoit, MD, is an assistant professor of 
emergency medicine and an eMS research fellow at the 
university of cincinatti. his career started as a volun-
teer eMt/firefighter with the Berwyn heights Volunteer 
Fire department in Prince George’s county, Md. he’s 
currently the associate Medical director for the Mont-
gomery (ohio) Fire department, a flight physician for 
university of cincinnati Medical center’s air care and a 
tactical physician for the cincinnati Police department.

learn more about this topic from Jason McMullan 
at the eMS today conference & expo, Feb. 25–28 in 
Baltimore, Md. eMStoday.com TM
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I mportant studies and publications rel-
evant to EMS providers are appearing at 
an ever increasing frequency. In this arti-

cle, we review what we believe to be the five 
most important cardiovascular topics that have 
appeared in the literature over the past year. 

They are: 1) new and emerging evidence on 
how and when to optimally provide therapeu-
tic hypothermia; 2) the effectiveness of epineph-
rine in cardiac arrest; 3) the potential toxicity of 
oxygen in prehospital care; 4) optimal CPR tech-
niques for the year 2015; and 5) incremental 
understanding on the role of prehospital ECGs.  

1Therapeutic Hypothermia
Since 2005, both the American Heart 
Association and the European Resus-

citation Council have stated that therapeutic 
hypothermia (TH) is indicated for patients who 
survived cardiac arrest from v fib and v tach.1  

Until recently, cooling to a temperature 
of 32–33 degrees C post cardiac arrest was 

considered the standard of care and a number of 
EMS systems were even beginning this therapy 
in the field prior to ED arrival. Two recent stud-
ies have begun to refine our understanding on 
the use and application of TH post cardiac arrest.

Study #1: The first article is a large multicenter 
European trial that compared “deep” TH at 33 
degrees C to “mild” TH at 36 degrees C.2 The 
authors analyzed the results from 939 patients 
randomized to either of these temperatures.

The major finding of this article was that 
there was no benefit to cooling patients deeply 
to 33 degrees C vs. just cooling them mildly to 
36 degrees C. At six month follow-up, 54% of 
the 33 degree C patient group had died or had a 
poor neurologic outcome (50% dead) vs. 52% of 
the 36 degree C patients (48% dead). 

Of note, about 20% of the included patients 
from both groups had non-v fib/v tach arrest. 
There were no differences between the 33-degree 
C vs. 36-degree C cooled patients when each 
group’s patients were compared or when the 
non-v fib/v tach patients were compared. 

Because this study prevented patients from 
developing a fever in either group for the first 
three days of the study, the authors have now 
begun to question whether TH is as important 
as preventing hyperthermia post arrest. At the 

Important Cardiovascular Topics

The 

5 
Most 

New studies provide insight on best prehospital treatment for patients

By Ashley Brown, MD;  
Jeremy Brywczynski, MD, FAAEM;  
Jared McKinney, MD;  
Laurie Lawrence, MD  
& Corey Slovis, MD, FACP, FACEP, FAAEM

Studies indicate systems should specifically focus 
on paramedic expertise in reading anterior and 
inferior STEMIs, preferentially, as these two patterns 
are by far the most common STEMI patterns seen. 

Photos courtesy richard LescaLLette
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present time, however, this reasoning that TH 
isn’t effective and that only fever prevention 
makes a difference, is purely speculative. 

What does appear to be true is that TH 
doesn’t need to be as deep as first thought and 
that mildly cooling a patient to just 36 degrees 
C may be all that is requested.

Study #2: The second major study to appear 
in the past year comes from Seattle and King 
County, Wash.3 Researchers from the University 
of Washington evaluated whether beginning 
TH immediately post cardiac arrest in the field 
provided added benefits vs. awaiting in-hospital 
initiated therapy. 

They randomized 1,359 patients over a five-
year period to either EMS-begun TH or stan-
dard prehospital post-arrest care to 583 status/
post (s/p) v fib patients and 776 non-shockable 
rhythm arrest patients, all of whom had return 
of spontaneous circulation (ROSC) but weren’t 
awake and responsive. 

The authors found no benefit to the early, in-
the-field initiation of TH by EMS providers vs. 
those who had TH begun after hospital arrival. 
Patients who received up to 2,000 cc of EMS-
administered normal saline that had been cooled 
to 4 degrees C, had no better outcomes than 
those patients who received no EMS cooling. 

A nearly identical 62.7% of the prehospital 
cooled s/p v fib patients were discharged versus 
64.3% of the s/p v fib non-cooled EMS patients. 
There was no benefit seen in the non-v fib patient 
subgroups and no neurological benefits were seen 
in those patients who were cooled in the field.

Thus, even though the EMS-cooled patients 
arrived at the hospital with a reduced core tem-
perature of more than 1 degree C compared to 
non-cooled patients and took one hour less to 
achieve targeted TH core temperatures, they 
had no improved survival or improved neuro-
logical outcomes. 

It should also be noted that prehospital cool-
ing was associated with increased rearrests dur-
ing EMS transport and an increased incidence of 
pulmonary edema during the first hospital day.

Thus, as we approach 2015, the exact role of 
TH has become somewhat unclear. It appears 
that starting TH in the field offers no benefit 
in EMS systems with the relatively short trans-
port times seen in typical urban and suburban 
systems. Once s/p v fib/v tach patients reach the 
hospital, if they have ROSC but can’t respond 
meaningfully, TH is indicated and likely needs 
to be at only 36 degrees C. 

It’s not currently clear if there’s any benefit to 

deeper TH at 32–33 degrees C and some are now 
questioning if TH is beneficial or merely prevent-
ing fever s/p arrest. Finally, regardless of what 
temperature is used for comatose survivors of v 
fib/v tach, our strong bias is that all s/p v fib/v 
tach arrest patients who obtain ROSC should 
rapidly go to the cardiac catheterization labora-
tory regardless of whether their ECGs show an ST 
elevation myocardial infarction (STEMI) or not.4

2 Epinephrine in Cardiac Arrest
The role and efficacy of epinephrine has 
begun to be questioned. Although it has 

been central to the therapy of pulseless patients 
in cardiac arrest, its true value has never been 
rigorously studied in large, randomized, pla-
cebo-controlled human trials.

Study #1: Between the years of 2007–2010, 
the Japanese performed a large study in an 
attempt to answer the question as to the bene-
fit of epinephrine in prehospital cardiac arrest.5

Studying all witnessed cardiac arrests in the 
entire nation over the time period, they com-
pared outcomes of patients who received 
epinephrine vs. those who didn’t receive epi-
nephrine. There were almost 2,000 pairs of 
patients with an initial rhythm of v fib/v tach 
who did and didn’t receive epinephrine, as well 
as almost 10,000 pairs with an initial rhythm of 
pulseless electrical activity (PEA) or asystole.5 

The study found that there was increased 
ROSC with the prehospital administration of 
epinephrine in v fib/v tach (17% vs.13.4%), how-
ever, and likely more important, there was no 
increase in neurologically intact survival at dis-
charge. This again stresses the importance of 
early defibrillation and high-quality CPR in v 
fib/v tach arrest as opposed to a priority on the 
administration of adrenaline in arrest. 

When PEA and asystole were studied, results 
were predictably dismal. The prehospital 
administration of epinephrine did improve 
ROSC as with v fib/v tach (4% vs. 2.4%), but only 
improved neurologically intact survival at one 
month by 0.3% (0.7% vs. 0.4%). 

Study #2: In another study looking at epineph-
rine’s efficacy, physicians and scientists in Aus-
tralia noted there was little evidence epinephrine 
improved neurologically intact survival in car-
diac arrest patients, so they also embarked on a 
randomized, double-blind, placebo-controlled 
trial to test this medication’s efficacy.6 

This type of trial is considered the highest 
quality in research. Over the course of the study 
period, 262 patients received 1 mg of placebo 
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during prehospital ACLS resuscitation and 272 
received actual epinephrine. This study demon-
strated that there was an increase in ROSC when 
epinephrine was given. However, looking down-
stream, there was no difference in survival to hos-
pital discharge in patients receiving epinephrine 
or placebo by prehospital providers.

In another study, researchers analyzed all pre-
hospital studies currently available that used 
standard epinephrine, high dose epinephrine 
or vasopressin in cardiac arrest.7 There were 
14 studies included with more than 12,000 
patients. There was no survival to discharge 
benefits or neurologic outcome differences in 
any group studied.

Thus, at the present time, epinephrine’s exact 
role and effectiveness remains unclear. However, 
following the current ACLS recommendation 
seems most prudent, until there’s consensus on 
changing its current dose, role or when to admin-
ister it. Perhaps, as noted below, adding addi-
tional medications to epinephrine is the answer.

Other treatment options in cardiac arrest: 
So, if epinephrine doesn’t provide significant 
benefits in cardiac arrest when used alone, are 
there any promising treatment options for EMS 
providers? Scientific theory suggests that vaso-
pressin and steroid administration may provide 
protection of the brain in cardiac arrest, which 
epinephrine alone cannot accomplish. 

Recently, a Greek study evaluated the admin-
istration of vasopressin, steroids and epineph-
rine (VSE) in a bundle during cardiac arrest.8 Of 
the more than 250 patients receiving this ther-
apy compared to traditional treatment, VSE 
therapy resulted in increased ROSC as well as 
increased survival to discharge (13.9% vs. 5.1%). 

Although these were inpatients, this is very 
promising research and may become standard 
of care in the near future for resuscitation.

3 Oxygen Therapy
For years oxygen has been the standard 
therapy for critically ill patients encoun-

tered in the prehospital setting. However, based 
on recent literature, it’s time to rethink the rou-
tine application of high-flow oxygen to non-
hypoxemic patients in cardiac and non-cardiac 
emergencies. Not only does raising the PaO2 

have little to no benefit on oxygen delivery when 
hemoglobin is already fully saturated, but hyper-
oxia can also deleteriously alter hemodynamics. 

Hyperoxia is defined as a blood oxygen ten-
sion significantly above normal. Blood that’s 
100% saturated at room air has an oxygen 

tension of about 100 mmHg. Giving oxygen, 
especially by a 100% non-rebreather mask or 
100% O2 by endotracheal tube, won’t change the 
O2 saturation but can raise O2 tensions by hun-
dreds of mmHg.

Hyperoxia, especially above 300–350 mmHg, 
can result in the formation of reactive oxygen 
species which can trigger inflammation and 
worsen reperfusion injury. This is true for a 
myriad of conditions including acute myocar-
dial infarction, stroke, traumatic brain injury, 
chronic obstructive pulmonary disease (COPD) 
and cardiac arrest.

In patients suffering from acute myocardial 
infarction, hyperoxia can increase systemic vas-
cular resistance while at the same time decreasing 
cardiac output and stroke volume.9 These effects 
worsen coronary blood flow and further impair 
oxygen delivery to the cardiac microcirculation. 

It’s also been shown that patients who suf-
fer sudden cardiac arrest have increased mortal-
ity and worse neurologic outcome when ROSC is 
achieved if they’re exposed to supra-normal oxygen 
levels.10 This may again be a result of cerebral and 
myocardial vasoconstriction or the contribution 
of hyperoxia to the post cardiac arrest syndrome.

Based on these findings, EMS providers should 
be sure patients with chest pain or ECG changes 
consistent with ischemia or infarction have their 
O2 saturations titrated into the mid-90s, but not 
aim for saturation levels of 98–100% . We should 
all certainly avoid high-flow O2 by mask in patients 
with good oxygen saturation to begin with.

Just like in cardiac patients, hyperoxic-induced 
vasoconstriction can also worsen oxygen deliv-
ery to damaged tissue in the brain. This, cou-
pled with the formation of oxygen free radicals, 
can worsen outcome in patients suffering from 
stroke or traumatic brain injury.11–13

Giving oxygen, especially by a 100% non-rebreather 
mask or 100% O2 by endotracheal tube, won’t 
change the O2 saturation but can raise O2 tensions 
by hundreds of mmHg.
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Rincon and colleagues recently evaluated how 

different levels of oxygenation can affect acute 
cerebrovascular accident (CVA) patients who 
had suffered an ischemic stroke, hemorrhagic 
stroke or subarachnoid hemorrhage.

They divided these CVA patients into three 
groups: hyperoxic; hypoxic and normal oxy-
gen tension. They found that mortality with 
abnormal oxygenation was increased vs. those 
patients with normal oxygenation.

Mortality was 60% in the hyperoxic group, 
53% in the hypoxic group and 47% in those with 
normal oxygenation. Surprisingly, mortality 
was higher with very high oxygen tensions than 
in hypoxic patients and hyperoxia was an inde-
pendent predictor of death.

Another common situation in which oxygen 
is reflexively administered and not often care-
fully monitored is in the patient with respiratory 
distress from COPD. It’s understandable why 
this occurs, as patients with severe COPD often 
exhibit significant air hunger and high-flow oxy-
gen seems appropriate. While this patient popu-
lation is at risk for hypoxia, there’s also legitimate 
risk from hyperoxia as a result of the administra-
tion of 100% oxygen, as is commonplace. 

In 2010, Austin and colleagues compared 
high flow oxygen with titrated oxygen in the 
treatment of patients with presumed COPD 
exacerbations in the prehospital setting.14

This study demonstrated a mortality rate of 
2% in patients with COPD who were treated 
with titrated oxygen (target O2 sat of 88–92%) 
vs. 9% with standard high-flow O2. This more 
than four-fold increase in mortality is likely the 
result of hyperoxia diminishing the hypoxic 
respiratory drive in patients with COPD. 

This increase in oxygenation depresses 
respirations, resulting in hypercarbia and 
respiratory acidosis. It may also increase 
ventilation-perfusion mismatch in patients 
already in respiratory distress.

It’s therefore crucial that EMS providers pay 
close attention to how much oxygen critically ill 
patients receive in the prehospital setting.

The time for the blind administration of oxy-
gen has passed and we strongly believe that 
EMS providers should target an oxygen satura-
tion of approximately 94–95% and 89-92% for 
those with severe COPD. 

4 CPR
Despite advances in technology and 
drug therapies, survival rates for out of 

hospital cardiac arrest in the U.S. remain dismal, 

with less than a 15% overall survival rate.15 Stud-
ies have consistently shown that high-quality 
CPR improves survival.15–17 

By focusing on the delivery of high-quality CPR, 
many EMS systems have made dramatic improve-
ments in neurologically intact survival rates. 

The American Heart Association has identified 
five critical components of high-quality CPR:

1.  Chest compression fraction (CCF): Chest com-
pression fraction is the proportion of time 
chest compressions are performed during 
the cardiac arrest. The goal of CCF is at 
least 80%, therefore it is essential to mini-
mize interruptions of chest compressions.

2.  Chest compression rate: 100–120 compressions 
per minute is the optimal manual compres-
sion rate in both adults and children. Any-
thing above or below this range will decrease 
cardiac output, coronary perfusion and, ulti-
mately, neurologically intact survival.

3.  Chest compression depth: Compression depths 
of 2 inches (50mm) in adults, and 1/3 the 
chest anterior-posterior dimension in 
infants and children are the minimum 
compression depths needed to ensure opti-
mal CPR efficacy.

4.  Full chest recoil: It’s essential not to lean on 
the chest during recoil so that full re-expan-
sion of the chest cavity and lungs can occur. 
This will maximize venous return during 
relaxation and allow maximal cardiac out-
put during compression.

5.  Avoid excessive ventilation: By delivering 
between 6–12 breaths per minute, the lungs 
aren’t expanded for much of the compres-
sion fraction. Thus, the less the lungs are 
expanded, the more blood will be returned 
to the heart. Positive pressure ventilation 
lowers cardiac output, therefore tidal vol-
umes need only to produce a small visible 
rise in the chest wall.

The recent literature has demonstrated that 
the consistent delivery of high-quality CPR 
requires constant performance monitoring and 
feedback. Even well-trained providers fail to 
consistently deliver high-quality CPR. Systemic 
continuous quality improvement programs 
should be implemented to monitor CPR qual-
ity and resuscitation outcomes. 

Remember the adage: “If you don’t measure it, 
you can’t improve it.” 15 CPR is a team endeavor 
and CPR performance is enhanced when team 
members have a designated leader and clearly 
defined roles.

Strong team leadership requires orchestration 
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of tasks with the focus toward delivering high-
quality CPR. All tasks requiring interruption 
of chest compressions should be done simul-
taneously, modeling the “pit crew” teams in 
auto racing. 

Recent studies have also demonstrated the 
importance of the “peri-shock pause” and rates 
of survival after a cardiac arrest.16, 17

The “peri-shock pause” is defined as the time 
interval from the cessation of compressions to 
the time of defibrillation (pre-shock time) plus 
the time from shock to resumption of chest 
compressions (post-shock time).  

Limiting the pre-shock interval to less than 
10 seconds and the peri-shock interval to less 
than 20 seconds improves outcomes. There was 
an approximate 50% increase in survival when 
the pre-shock pause was less than 10 seconds as 
compared to those whose pre-shock pause was 
greater than 20 seconds.2

Interestingly, the length of the post-shock 
interval has not been found to play a role in 
survival. The pre-shock pause can be shortened 
by pre-charging the manual defibrillator dur-
ing the last five seconds of the CPR cycle before 
the rhythm check. This will eliminate the time 
needed to charge the defibrillator after a shock-
able rhythm is detected. 

In a recently published study, doing com-
pressions while the machine was charging 
decreased the pre-shock pause from 15 to 3.5 
seconds and improved the compression frac-
tion by almost 10%.17 

When using an AED, compressions during 
charging will decrease the peri-shock pause. 
Unfortunately, the ability for the AEDs to reli-
ably interpret a rhythm and charge during com-
pressions isn’t yet widely available. 

In summary, there are five critical components 
of manual CPR that help to define the delivery 
of high-quality care during a cardiac arrest. It’s 

also important to remember that CPR is a team 
endeavor and requires leadership and clearly 
defined roles in order to maximize performance. 

Continuous monitoring and feedback on 
CPR performance is essential. Recent studies 
have illustrated that strategies geared toward 
limiting the peri-shock pause improve survival.

5 Prehospital ECGs
Obtaining and interpreting prehospital 
ECGs is an essential skill for a paramedic, 

yet sensitivity and specificity among differ-
ent EMS systems varies for identifying STEMI. 
Many systems use paramedic interpretation, 
often coupled with automated interpretation of 
the ECG, while others also include transmission 
to base station for physician interpretation.

Studies have found that paramedics are best 
at interpreting inferior STEMI (96%), followed 
by anterior STEMI (78%); however, only about 
51% correctly recognized a lateral STEMI.21 (See 
Figure 1).

Although paramedics continue to be more 
expert in recognizing STEMIs, there’s the 
potential for falsely labeling STEMI mimics, 
such as bundle branch blocks, LVH and paced 
rhythms as STEMIs,21 as well as failing to rec-
ognize hyper-acute T waves, Wellen’s syndrome 
and posterior STEMIs.18 

Based on these findings, we believe all EMS 
systems should focus on teaching their para-
medics to become experts in reading ECGs 
for STEMIs and also to transmit ECGs to the 
receiving hospital for physician review. Rather 
than focusing on all STEMI patterns, includ-
ing high lateral, posterior and right ventricular, 
a recent article demonstrated that prehospital 
STEMIs are mostly composed of inferior (55%) 
and anterior (41%) patterns, and educational 
efforts should be focused on these two patterns. 

We believe it’s pointless to debate whether sys-
tems should transmit their prehospital ECGs for 
STEMI confirmation, but believe strongly that 
systems should aim for optimal teamwork where 
paramedic ECG interpretation, computer ECG 
read and ED doctors all work together in decid-
ing whether the PCI team should be activated.

Much more effort should be devoted to improv-
ing the number of STEMI patients who receive 
prehospital ECG, as a recent study showed that 
only 47–55% of STEMI patients brought in by 
EMS have an ECG recorded.24 The importance 
of prehospital ECGs cannot be overstated. In 
a recently published meta-analysis of 16 stud-
ies involving 14,000 patients, prehospital ECGs 

It’s important to remember that CPR is a team 
endeavor and requires leadership and clearly 
defined roles in order to maximize performance.
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decreased mortality by 37% and reduced door-to-
balloon times by between 21–78 minutes.25

Obtaining and potentially transmitting a pre-
hospital ECG in patients with the potential for 
acute coronary syndrome (ACS) is important 
even when initial ECG doesn’t show STEMI.

In one study, 11% of patients who were even-
tually diagnosed with a STEMI initially had a 
nondiagnostic ECG.19 Of these patients, 72.4% 
developed STEMI on ECG within 90 minutes 
of initial ECG, underlying the importance of 
repeating ECGs during transport in patients 
with symptoms highly suspicious for ACS and, 
in particular, those patients whose symptoms 
change en route.19

Oppositely, between 3–22% of patients with 
initial STEMI on ECG may have resolution of 
ST-elevation by the time they get to the ED.20,23 
This may be due to spontaneous reperfusion 
and/or prehospital treatments; however, these 
patients remain at high risk of reocclusion and 
should be treated as STEMI patients. 

Even if patients don’t have a STEMI on initial 
ECG or by the time they get to the ED, prehos-
pital ECGs have great value. In another recent 
study from Ontario, 281 prehospital ECGs of 
patients without STEMI were evaluated. Of 
these, 12.3% had clinically significant abnormali-
ties that weren’t present by the time the patient 
arrived at the ED, such as ST depression, T-wave 
inversions or arrhythmias.22 

Of these abnormalities, 65.7% changed phy-
sician management.22 Another 21 prehospi-
tal ECGs weren’t different than the initial ED 
ECG, but influenced patient management prior 
to obtaining initial ECG (such as early consulta-
tion or treatment). In this study, a total of 18.5% 
of prehospital ECGs changed or influenced ED 

physician management.22

In summary, prehospital ECGs are increas-
ingly common and the expertise of interpre-
tive skills of paramedics continues to increase. 
Systems should specifically focus on para-
medic expertise in reading anterior and inferior 
STEMIs, preferentially, as these two patterns are 
by far the most common STEMI patterns seen.

Optimal care is more likely when the para-
medic, the computer and the ED physician are 
all interpreting the prehospital ECG as a team. 
And finally, the prehospital ECG has great 
value, even if it doesn’t show a STEMI, as it can 
be compared to the ED’s ECG and serial ones 
obtained later. One ECG begets another! 

In Closing
We close this article with five summary 
statements:

1.  Therapeutic hypothermia started in the 
prehospital setting doesn’t appear to have 
any proven benefits and once the patient 
arrives at the hospital, mild hypothermia to 
just 36 degrees C, rather than 32 degrees C, 
may become the new standard of care. 

2.  Epinephrine’s role in CPR remains 
unproven and it may be that it’s more effec-
tive if combined with vasopressin and, per-
haps, steroids. 

3.  Oxygen isn’t a benign drug and EMS pro-
viders should aim for an O2 saturation of 
94–95% in most critically ill patients, rather 
than 100%, and aim for just 89–92% in 
those patients with significant COPD.  

4.  CPR needs to be performed meticulously 
well with a focus on minimizing the pre-
shock pause by performing compres-
sions during charging and adherence to a 

Figure 1: ECG showing inferior STEMI  image courtesy VanderbiLt uniVersity schooL of medicine
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compression depth of at least 2 inches and 
a rate of 100–120 compressions per minute. 

5.  The prehospital ECG has great value even 
if it doesn’t show a STEMI as it can be used 
for comparison purposes with one or more 
EMS or in-ED ECGs. “One ECG begets 
another.” ✚
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Studies show:
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O n a hot summer afternoon in Raleigh, N.C., 
paramedics from the Wake County EMS 
System (WCEMSS) respond to a middle-

aged man lying pulseless and apneic next to his truck 
on the shoulder of an interstate.

The Raleigh Fire Department personnel who were 
first on scene had witnessed the patient suffer cardiac 
arrest after vomiting his sports drink. They initiated 
CPR and shocked the patient twice with an automated 
external defibrillator (AED) prior to EMS arrival.

Paramedics place the patient on a cardiac monitor 
and observe ventricular fibrillation, prompting a third 
shock and continued CPR. EMS and first responders 
work as a team to provide aggressive resuscitation in an 
effort to save the man’s life.

Resuscitating  
Beyond the 
25-Minute  

Mark

Good neurological  
outcomes are likely  
in survivors of prolonged 
resuscitations

By James Dorroh, EMT-P;  
Patricia Overman, EMT-P &  
Benjamin Applebome, EMT-P

Photo Julianne GouldinG Macie
illustration canstockPhoto/teshiMine
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CPC 2 patients are able to care for them-
selves and work despite their moderate cerebral 
impairment; CPCs 1 and 2 are thus both cate-
gorized as “good” neurological outcomes.

It’s reasonable to consider whether pro-
tracted time in cardiac arrest—even in the pres-
ence of refractory v fib, as exhibited by the man 
who coded beside the highway—is predictive 
of poor neurological outcomes ranging from 
severe cerebral disability to brain death.

No provider wants to resuscitate a patient 
only to have him remain comatose for the rest 
of his life. In lengthy codes, then, is there a 
point at which cardiovascular survival may still 
be achievable, but the potential for quality of 
life is so low that further efforts should be con-
sidered neurologically futile?

Out with the Old …
Examination of the last decade’s trends in 
out-of-hospital cardiac arrest management 
provides context for the discussion of neuro-
logical survivability. Prior to 2005, WCEMSS 
ran codes according to the standard of care at 
the time. Providers who practiced in that era 
will likely recall the former approach of 15:2 
compression-to-ventilation ratios, stacked 
shocks, early intubation, IV access, administra-
tion of two rounds of drugs, load the patient 
and go to the hospital. 

Defibrillation, intubation and diesel ther-
apy were the primary focus. Paramedics simply 
didn’t work codes on scene. It seemed intuitive 
that the soundest course of action was to initi-
ate treatment in the field and rush the victim to 
the closest ED in hopes of beating the clock; car-
diac arrest patients need doctors, and paramed-
ics aren’t doctors, as the thinking went.

EMS professionals and their medical directors 
have since come to realize that routinely trans-
porting patients who are in cardiac arrest is bad 
for patients and risky for providers.

High-quality compressions, now known as vital 
to neurologically intact survival, are difficult to 
achieve in a moving ambulance. And crews work-
ing unrestrained in the patient compartment is 
dangerous, especially when the driver has that 
“I’ve got a dying man in the back of my truck and 
we need a doctor now!” thought process.

Awareness of the problems with the load-
and-go strategy for codes led to the “work them 
where you find them” approach. With the grow-
ing consensus that nontraumatic cardiac arrest 
patients stand their best chance of survival 
when worked on scene, the next step was to 

Paramedics obtain rapid intraosseous access 
to administer vasopressors, antiarrhythmics 
and cold saline. A blind insertion airway device 
provides adequate ventilation, and waveform 
capnography allows for constant monitoring of 
airway patency and metabolic status. 

The providers also use an impedance thresh-
old device (ITD) with a timing light to guard 
against detrimental hyperventilation. The code 
commander ensures the patient receives contin-
uous compressions and timely defibrillations 
with minimal pauses.

As the resuscitation progresses, paramedics 
shock the patient multiple times in an unsuc-
cessful effort to break his ventricular fibril-
lation. In cases of refractory v fib, WCEMSS 
utilizes double sequential external defibrilla-
tion, the delivery of near-simultaneous shocks 
from two cardiac monitors connected to two 
sets of pads placed on the patient. 

WCEMSS personnel administer three such 
double sequential shocks to no avail: the man 
still lies unresponsive on a backboard, the lethal 
arrhythmia displayed on both monitors. The 
patient has been in arrest for nearly 30 minutes, 
25 of which have been with ACLS care underway.

Neurological Futility?
Cardiac arrest patients frequently fail to regain 
spontaneous circulation despite intense resus-
citative efforts. Common guidelines for the ter-
mination of out-of-hospital resuscitation assist 
EMS providers in determining when further 
intervention is likely to be futile.

Amongst other criteria, one standard require-
ment is that 25 minutes of ACLS care be pro-
vided to the patient before ceasing efforts.1,2 

Paramedics often elect to continue resuscitation 
beyond 25 minutes when confronted with per-
sistent v fib, narrow-complex pulseless electrical 
activity of normal rate, high or normal end-tidal 
carbon dioxide (EtCO2) measurements, and var-
ious other factors that can give providers reason 
to believe that their patient maintains viability.

A question that remains, however, is whether 
patients who endure such prolonged resuscita-
tions stand any realistic chance of neurologically 
intact survival (NIS), the ability to live and func-
tion independently following cardiac arrest. 

NIS can be more strictly defined as com-
prising patients who are discharged from the 
hospital with a cerebral performance category 
(CPC) score of 1 or 2, where 1 indicates mild 
or no cerebral disability and 2 indicates mod-
erate disability. 
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the implementations would certainly have been 
viewed as a failure. 

Healthcare professionals generally agree 
that a person’s quality of life is at least as 
important as his mere ability to sustain a 
pulse, and it’s in this context that the ques-
tions of resuscitation termination versus pro-
longation become pertinent. 

With the new and effective approach of on-
scene resuscitation prior to transport, how long 
should paramedics continue their efforts and 
still expect the patient who survives to have 
a good quality of life? Do lengthy resuscita-
tions contribute to significantly greater rates of 
comatose and severely disabled survivors?

To answer these questions, WCEMSS collabo-
rated with WakeMed Health and Hospitals and 
SAS Institute to conduct a retrospective study 
of out-of-hospital cardiac arrests in the Wake 
County EMS System from 2005 through 2012. 

One of the objectives of the study was to exam-
ine the relationship between the duration of 
resuscitation and neurologically intact survival.

No Drawbacks to Extended Efforts
Not surprisingly, the results showed that the 
longer patients had to be resuscitated, the 
less likely they were to survive to hospital dis-
charge. Of those patients who did survive pro-
longed resuscitations, however, many were 
neurologically intact: The study found that 
nearly 70% of survivors who were in arrest lon-
ger than 40 minutes from the time of dispatch 
were discharged from the hospital with a CPC 
of 1 or 2. This rate of neurologically intact sur-
vival, in fact, approached the NIS rate for all 
survivors—83%.4

These data demonstrate that meaningful 
neurological outcomes are not only possible, 
but in fact probable, in patients who survive 
cardiac arrest after extended resuscitations. The 
evidence from this study does not support the 
concern that those who survive prolonged car-
diac arrest will more than likely suffer severe 
neurological impairment.

Put in real-world terms, the research implica-
tions are dramatic. Over the seven years studied 

determine whether the other code management 
strategies in place at the time were effective in 
achieving resuscitation.

The New Era of Resuscitation
In 2005, WCEMSS began implementing new 
American Heart Association guidelines for 
compressions, ventilations, and induced hypo-
thermia in cardiac arrest.

Continuous compressions with mini-
mal interruptions and single defibrillations 
replaced 15:2 ratios and stacked shocks. The 
use of intraosseous drills allowed for rapid cir-
culatory access. Paramedics deemphasized early 
intubation provided that effective ventilation 
could be maintained through BLS adjuncts or 
blind insertion airways. 

Providers also took great care to avoid hyper-
ventilation, utilizing an ITD equipped with tim-
ing lights set to proper ventilatory rates. 

The final phase of implementation intro-
duced induced hypothermia by EMS following 
return of spontaneous circulation; WCEMSS 
has since been initiating hypothermia during 
the intra-arrest period as well.

The results of these modifications were 
astounding. Overall survival to hospital dis-
charge during the full implementation phase 
nearly tripled from baseline and critically, neu-
rologically intact survival remained essentially 
the same: roughly three quarters of discharged 
patients had CPCs of 1 or 2.3 

Working codes on scene with new interven-
tions and improved management strategies, 
like the choreographed “pit crew” process, was 
allowing more people in Wake County to live 
meaningful lives following out-of-hospital car-
diac arrest.

When to Stop?
WCEMSS demonstrated that these changes 
to cardiac arrest procedures have a net posi-
tive effect on survival rates and greatly increase 
the absolute number of neurologically favor-
able outcomes. Had the new approach instead 
caused a significant climb in the rate of survi-
vors with devastating brain damage, however, 

Overall survival to hospital discharge during the full implementation 
phase nearly tripled from baseline & critically, neurologically  

intact survival remained essentially the same.
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transport and monitor him closely for re-arrest. 
He begins to exhibit spontaneous respirations 
and movement, though remains unresponsive 
to commands.

The paramedics transport the patient to the 
ED, where doctors continue EMS-initiated 
therapeutic hypothermia. The man ultimately 
receives a cardioverter-defibrillator and is dis-
charged to home neurologically intact.

Cases such as this demonstrate the ability to 
achieve good neurological outcomes despite 
extended resuscitative efforts. WCEMSS data 
indicate that a significant majority of the sur-
vivors of lengthy codes are subsequently able to 
live and function independently. 

Providers should continue their efforts 
undaunted for cardiac arrest patients who 
don’t meet termination criteria or who show 
other signs of viability after 25 minutes of 
resuscitation. Though overall survival from 
prolonged arrest is poor, those who reach hos-
pital discharge are likely to enjoy a meaningful 
quality of life. ✚

James Dorroh, EMT-P, is a paramedic with Wake 
county eMs. he’s also an eMs instructor at Wake tech-
nical community college, a patient simulation facilita-
tor, and a member of the WceMs carolina hurricanes 
Medical team.

Patricia Overman, EMT-P, is a paramedic with 
Wake county eMs. she’s the former als coordinator 
for network ambulance service in scranton, Pa. she’s a 
full-time student at Western carolina university pursu-
ing her B.s. in emergency medical care. she has more 
than 20 years of eMs experience in private, public and 
volunteer agencies.

Benjamin Applebome, EMT-P, is a paramedic 
with Wake county eMs. he’s also an eMs instructor at 
durham technical community college.
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in Wake County, if providers had strictly lim-
ited their efforts to 25 minutes from the time 
they were dispatched, approximately 100 neuro-
logically intact survivors would have had their 
resuscitations prematurely abandoned.

The longest duration of arrest that resulted 
in a patient’s neurologically intact survival was 
73 minutes, a case that illustrates the potential 
for favorable outcomes in codes worked well 
beyond the standard 25-minute futility mark.

It must be acknowledged that in many cases, 
25 minutes of ACLS care is sufficient to deter-
mine futility. The victim who has sustained 
asystole for this duration despite aggressive 
intervention provides a clear example of some-
one unlikely to benefit from continued efforts.

In light of WCEMSS’s research, however, EMS 
providers shouldn’t necessarily feel compelled 
to cease resuscitation if there remain signs of 
viability, such as good EtCO2 or a persistent 
shockable rhythm. 

Further studies will hopefully elucidate 
which factors predict survivability from pro-
longed arrest. Until then, paramedics should 
apply their clinical judgment when consider-
ing whether to continue resuscitation beyond 
25 minutes.

Conclusion
WCEMSS paramedics continue their attempts 
to revive the man who collapsed on the side 
of the road. The team maintains continuous 
compressions, controlled ventilations and cold 
fluid infusion, while hanging a procainamide 
drip and administering additional defibrilla-
tions. After 40 minutes of resuscitative efforts 
and more than a dozen shocks, the patient’s v 
fib finally breaks, his heart resuming a sinus 
rhythm, and providers note strong femoral 
and radial pulses.

Following return of spontaneous circula-
tion, the responding crews remain on scene 
for 10 minutes to prepare the patient for 

WCEMSS data demonstrate 
that meaningful neurological 

outcomes are not only possible, 
but in fact probable, in patients 
who survive cardiac arrest after 

extended resuscitations.
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T he Memphis Fire Department (MFD) 
and Richmond (Va.) Ambulance 
Authority (RAA) have a lot in common. 

Both services are innovators in EMS, have an 
enthusiastic staff that continues to implement 
ways to improve the care they render to their 
patients and both have been searching for ways 
to improve their resuscitation success rates. 

Each also believes they’ve found that way by 
implementing mechanical CPR in their agency. 
MFD uses the Physio-Control LUCAS 2 chest 
compression system and RAA uses the ZOLL 
AutoPulse non-invasive cardiac support pump.

Though they’re using different devices, their 
results have been dramatic and have convinced 
their medical and administrative leadership that 
mechanical CPR offers many benefits over man-
ual CPR, not the least of which is the ability to 
maintain consistent and uninterrupted CPR—a 
key ingredient in the successful resuscitation and 
discharge of patients neurologically intact from 
the receiving hospital.

MFD and RAA are both keenly aware that 
sudden cardiac arrest (SCA) is a leading cause 
of death among adults over the age of 40 in the 
United States, that approximately 424,000 peo-
ple experience EMS-assessed out-of-hospital 

nontraumatic SCA annually (more than 1,000/
day) and nine out of 10 victims currently die.1

The number of people who die each year 
from SCA is roughly equivalent to the com-
bined number of people who die from Alzheim-
er’s disease, assault with firearms, breast cancer, 
cervical cancer, colorectal cancer, diabetes, HIV, 
house fires, motor vehicle accidents, prostate 
cancer and suicides combined. 

SCA can be best impacted by early interven-
tion with cardiopulmonary resuscitation (CPR), 
defibrillation, advanced cardiac life support, 
therapeutic hypothermia and other measures of 
comprehensive post-resuscitation care.

When bystanders intervene by providing early, 
high-quality CPR and using automated external 
defibrillators (AEDs) before EMS arrives, four 
out of 10 victims survive.1

This article will detail the path each service 
has taken to success in implementing mechani-
cal CPR on their frontline ambulances. 

The MFD Experience
The MFD, the largest EMS system in the state of 
Tennessee and the Midsouth, responds to more 
than 121,000 EMS calls annually. MFD is an all 
advanced life support (ALS) system that oper-
ates 36 ALS ambulances, 56 ALS engines, and 21 
BLS ladder truck companies with a staff of 500 
firefighter/paramedics and 1,100 firefighter/
EMTs. The department operates 98 pieces of fire 

Mechanical CPR is producing resuscitation results beyond expectations

By Joseph Holley, MD, FACEP;  
Joseph P. Ornato, MD, FACP, FACC, FACEP  
& A.J. Heightman, MPA, EMT-P

In the more typical EMS environment, mechanical 
CPR devices like the AutoPulse can deliver 
consistent, high-quality chest compressions over 
time with minimal interruption in blood flow. 

Photo courtesy richmond AmbulAnce Authority

Consistent 
Compressions 
Count!
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apparatus that are ALS capable. ALS response 
times average just over four minutes.

In addition to teaching a paramedic educa-
tion program, MFD is a certified American 
Heart Association education center, and the 
only fire department in the U.S. authorized by 
the Continuing Education Coordinating Board 
for Emergency Medical Services to issue their 
own CEUs.

Operating one of the most progressive EMS 
systems in the U.S. means utilizing some of the 
latest treatment protocols and procedures. This 
includes induced hypothermia and mechani-
cal CPR devices for cardiac arrest patients, con-
tinuous positive airway pressure for congestive 
heart failure patients, and intraosseous infu-
sion for intravenous fluid access. 

MFD also has an aggressive ST elevation 
myocardial infarction (STEMI) program with 
an average time of 65 minutes from first para-
medic contact-to-balloon in a hospital cardiac 
catheterization lab. 

The city of Memphis is in the heart of the car-
diovascular disease belt, rating high on the inci-
dences of heart disease and strokes, according 
to the American Heart Association. In addition, 
a 1994 study published in the Annals of Emer-
gency Medicine found that the level of bystander 
CPR was significantly lower for African-Amer-
icans in Memphis when compared to whites.2 
In addition, the traditional social morays prev-
alent in this region result in a large percentage 
of patients in cardiac arrest being transported.

Focus on Improving SCA Outcomes
Prior to 2012, the MFD initiated several changes 
to improve patient outcomes for sudden car-
diac arrest. MFD first focused on quality CPR 
with effective compressions. EZ-IO intraosseous 
infusion drills and King Airways were added in 
an effort to reduce the times that compressions 
were being interrupted. Hypothermia treatment 
was also initiated in the field. Return of sponta-
neous circulation (ROSC) rates increased, but 
MFD continued to look for ways to improve 
patient outcomes.

In 2011, MFD piloted various mechanical 
CPR devices, examining cost, crew choice, out-
comes and support logistics eventually select-
ing the Physio-Control LUCAS 2.

Initially, MFD budgetary constraints allowed 
only 18 devices to be purchased. The devices were 
deployed randomly throughout the city. 

During the first year of deployment, no addi-
tional changes were made in protocol or procedure. 

Detailing of medics resulted in use of the product 
by a large majority of MFD paramedics.

At the completion of the first year, a compar-
ison between those utilizing the mechanical 
CPR device and those without revealed a large 
increase in ROSC rates among patients treated 
with mechanical CPR. 

In determining ROSC rates, MFD included all 
full arrests where CPR was attempted. While some 
departments have exclusion criteria for ROSC 
rates, MFD prefers to include all medical and 
trauma full arrests in order to more accurately 
gauge performance, including all heart rhythms.

MFD personnel performed CPR on a total of 
1,204 patients in 2012, with ROSC occurring in 
250 (21%) of those cases. The LUCAS 2 device 
was used on 114 full arrests, with ROSC occur-
ring in 37 of those cases. This equaled a ROSC 
rate of 32% on the LUCAS 2 resuscitations, 11% 
higher than the overall average for the year.

This substantial improvement in patient care 
prompted an aggressive effort to fully imple-
ment the LUCAS 2 device on all MFD ambu-
lances. To do so, the MFD partnered with the 
Assisi Foundation of Memphis, a foundation 
that serves nonprofit organizations working to 
improve Memphis and the Midsouth.3

Due to the initial success with LUCAS 2 
devices, the Assisi Foundation provided grant 
funds to outfit the remaining MFD ambulances 
with the mechanical CPR devices. 

In 2013, with all 35 ambulances equipped 
with the LUCAS 2 device, the overall ROSC rate 
rose to 31%, a 10% increase over the previous 
year. MFD personnel performed CPR on a total 
of 1,134 patients in 2013, with ROSC occurring 
in 348 (30%) of those cases. However, for those 

The Assisi Foundation provided the Memphis Fire Department 
with grant funds to ensure every MFD ambulance was equipped 
with a LUCAS 2 mechanical CPR device. 
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receiving mechanical CPR, the ROSC rate was 
an astounding 49%!

The devices are now widely hailed by MFD 
paramedics, who feel the impact of the device 
has been profound. Cardiac arrest care now 
seems less stressful and more organized. And 
clearly the results speak for themselves. 

What Makes the Difference
The MFD medical direction, training and quality 
assurance team believes the difference is resusci-
tation results and ROSC improvement is a result 
of the consistency of CPR delivery. Despite hav-
ing plenty of personnel on scene at cardiac arrests, 
there was always a lack of consistency between the 
quality of first responders CPR, frequency of com-
pressor rotation and frequent pauses in CPR. 

These pauses often occurred for inventions to 
be performed, but also occurred due to patient 
movement to locations more conducive to CPR 
or transportation to the ED.

Despite CPR feedback after the call, improve-
ments were hard to maintain. Training wasn’t 
frequent enough. 

Knowing that the three most important 
aspects of high-quality CPR are a compres-
sion fraction of 90%, a compression rate of 110, 
and a compression depth of 2 inches, the MFD 
found that the LUCAS 2 provided the consis-
tency that their system lacked. At the MFD’s 
2014 EMS Star of Life reception, nearly every 
cardiac arrest survivor present had benefited 
from the LUCAS 2 device. One woman had 
actually been successfully resuscitated twice in 
two months with the device.

And the results continue to drive change; EDs 
in the Memphis area are now adding mechani-
cal CPR. Cardiologists in Memphis are also now 
performing cardiac catheterization while the 
LUCAS 2 device helps maintain a pulse.

The RAA Experience
The Richmond Ambulance Authority (RAA) is a 
high-performance EMS system that’s well-known 
for technological innovation, operational effi-
ciency and research focusing on CPR, field man-
agement of major traumatic injury and safety. 

Richmond Fire & EMS provides primary first 
response and automated external defibrilla-
tor care and RAA functions as the sole, all-ALS 
ambulance provider in the city of Richmond. 
Fire crews are positioned conventionally in fire 
stations while RAA’s ALS ambulances are posi-
tioned dynamically 24/7 throughout the city 
using advanced system status management 

(SSM) that bases the unit placement on data 
analysis of where the most likely next life-threat-
ening call will occur.

The SSM strategy, refined by more than 24 
years of experience, is extraordinarily effective, 
resulting in an ALS-response time interval to 
scene consistently greater than 90% in all sec-
tors of the city in 8 minutes, 59 seconds or less. 

In 2004, RAA added ZOLL AutoPulse load-
distributing band chest compression devices 
on all of its ALS ambulances. The RAA proto-
col calls for early application of the device dur-
ing resuscitation when there’s still maximum 
patient viability. 

RAA has found that the primary advan-
tage of the device is that it provides consistent, 
high-quality, minimally interrupted chest com-
pressions that can be maintained during defi-
brillation and, on rare occasions when required, 
during patient transport. It can be applied 
quickly by a well-trained crew.

In a before/after implementation of mechani-
cal chest compression comparison, RAA dem-
onstrated a significantly improved survival to 
hospital discharge.4 However, RAA was cautious 
to point out that, in its “control period” prior to 
deploying the mechanical device in 2004, the qual-
ity of manual CPR being performed was highly 
variable. Thus, RAA hypothesized that much of 
the improvement seen in survival might represent 
the difference between not-so-well-performed 
manual CPR (as was the case in most EMS sys-
tems and hospitals prior to 2004) vs. consistent, 
high-quality, mechanical chest compression. 

This hypothesis has proven to be well-founded. 
In a follow-up clinical trial, 522 randomized out-
of-hospital cardiac arrest patients in three U.S. 
and two European sites compared high-quality 
manual CPR using real-time feedback vs. load-
distributing band chest compression with the 
AutoPulse device.5 Sustained ROSC, 24-hour 
survival and survival to hospital discharge were 
statistically equivalent. The 20-minute CPR 
fraction (the % of time each minute that chest 
compressions were being performed) in the trial 
was excellent in both groups (80.4% for Auto-
Pulse and 80.2% for manual CPR).

Clinically Proven
The RAA conclusion is that mechanical chest 
compression with devices such as the AutoPulse 
can at least equal survival outcomes seen with 
optimally-performed CPR in a clinical trial set-
ting with highly trained crews using real-time 
quality of CPR feedback devices. However, in 



november2014

A Supplement to JEMS23

Consistent Compressions Count!
the more typical EMS environment, mechanical 
CPR devices can deliver consistent, high-qual-
ity chest compressions over time with minimal 
interruption in blood flow.

In addition, these devices lessen the physical 
exhaustion that can occur when manual CPR 
needs to be sustained for more than a few min-
utes, and allow rescuers to focus their attention 
on other important tasks during resuscitation. ✚

Joseph Holley, MD, is medical director of the mem-
phis Fire department, as well as numerous ems agen-
cies in the region, a member of the metropolitan 
medical directors (eagles) coalition, and the ems med-
ical director for the state of tennessee. he can be con-
tacted at Joe.holley@memphistn.gov.

Joseph P. Ornato, MD, is medical director of the 
richmond Ambulance Authority, richmond Fire & ems, 
and henrico county division of Fire, and is a member of 

the metropolitan medical directors (eagles) coalition. 
he may be contacted at ornato@aol.com.

A.J. Heightman, MPA, EMT-P, is the editor-in-chief 
of Jems. contact him at aheightman@pennwell.com 
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32 shocks & 2 hours, 45 minutes 
of LUCAS 2 mechanical CPR

in August 2013, 56-year-old tim Franko was clearing 
brush in 90-degree heat at his place of employment. he 
had been feeling terrible and tried to cool off in front of a 
shop fan at the end of his shift, but he continued to feel ter-
rible and eventually collapsed. his boss started cPr within 
one minute of his collapse and called 9-1-1.

st. Paul Fire department paramedics worked him 
on scene with multiple defibrillations, medications and 
mechanical cPr with the Physio-control lucAs 2 chest 
compression device. While working on him the paramedics 
noticed that his eyes were open and they started communi-
cating with him with eyes blinking.

neurologic responsiveness is becoming a fairly frequent 
occurrence with the advent of mechanical cardiac com-
pression devices because of the devices’ ability to increase 
blood flow through the heart and to the brain. 

recognizing his neurologic responsiveness, paramedics 
moved him quickly to the ed at regions hospital in st. Paul 
where staff continued the resuscitation with the lucAs 2 
for another hour and 45 minutes, all the while not giving 
up because of Franko’s obvious neurologic responsiveness.

With his ecg showing a large anterior stemi, he was 
brought immediately to the cath lab where he promptly 
arrested again. interventional cardiologist Johannes brecht-
ken, md, decided to perform the catheterization while the 
lucAs 2 was running. dr. brechten cleared out the 100% 
lAd (the classic widow-maker lesion) and the patient then 
converted to a stable sinus rhythm. he was placed on hypo-
thermia and brought to the ccu.

the total lucAs 2 time in operation was two hours 
and 45 minutes with a total of 32 countershocks deliv-
ered, making Franko one of the longest cPr, neurologically 

intact survivors in the world. upon awakening the next 
morning, mr. Franko complained only of a sore chest. 

r.J. Frascone, md, medical director of the st. Paul Fire 
department, was instrumental in getting the lucAs 2 com-
pression devices in st. Paul Fire apparatus.

Frascone says, “All you have to do is turn on the machine. 
it used to be [if] a patient gets 15 minutes of cPr or 30 
minutes of cPr, no shot, you might as well call it. With this 
device that’s clearly not the case. We now have multiple 
intact survivors who have undergone extended periods of 
cPr, with some of them like mr. Franko, undergoing cardiac 
catheratization while the machine was actively doing cPr. 
that approach is simply not possible with manual cPr.” 

Frascone believes that the majority of refractory v fib 
rhythms, the rhythm that Franko was in, are the functional 
equivalent of stemis and if we’re going to save these 
patients, we have to be more aggressive in resuscitation 
and take selected ones to the cath lab.

basic cPr still saves lives, and studies show in many 
cases it can be as effective as automated cPr. but in a pro-
longed resuscitation, Frascone says, the lucAs 2 is taking 
rescue medicine beyond what anyone thought was possi-
ble. “When do we stop? it’s a problem to know when to 
stop because this machine does such a wonderful job. it’s a 
great problem to have.”

Dramatic Mechanical CPR Saves

R.J. Frascone, MD, FACEP, 
demonstrates the LUCAS 
2 device following a 
spectacular save where 
a man received more 
than 2 hours, 45 minutes 
of mechanical CPR.
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Dramatic Mechanical CPR Saves
Third Story AutoPulse Save
mike snyder’s parents were worried about the safety of 
their son, Jordan, 24, while he was serving in Afghanistan.  
little did they know that it would be mike, their 27-year-
old son living nearby in richmond, Va., who would be the 
one at death’s door.

his brush with death happened on a cold december 
night when mike, his wife, Jen, her brother, Justin, his girl-
friend, and two cousins returned to Justin’s apartment 
after the group had spent the evening at a movie followed 
by a late dinner. mike said he didn’t feel well, so Jen went 
to get him a glass of water. by the time she arrived back at 
his side, mike had collapsed and wasn’t responding.  Jus-
tin immediately called 9-1-1 while his cousin caleb initi-
ated cPr, setting the chain of survival into motion.  

With the richmond Ambulance Authority (rAA) on the 
line, the family and friends put the phone on speaker so 
they could hear instructions from dispatcher travis gort-
ney. it was gortney’s first cardiac arrest; he had joined 
rAA just four months earlier.  

Firefighters from richmond’s Quint 18 were the first to 
arrive and continued cPr until the paramedics arrived. 
rAA paramedic Alex Klimenko arrived with his emt part-
ner Jonathan carroll, grabbed all of their equipment—
including the Zoll AutoPulse non-invasive cardiac 
support pump, which is part of their protocol—and ran 
up three flights of stairs to the apartment.  

Finding mike collapsed in the doorway to a bathroom 
in complete arrest, they quickly placed him on the Auto-
Pulse for continuous, consistent chest compressions.  
in addition to compressions from the AutoPulse, mike 
received seven defibrillating shocks.

“by this time, mike had been in sudden cardiac arrest 
for 30 minutes, and we had worked on him for 20, using 
everything we had, including medication and therapeutic 
hypothermia,” Klimenko said.

After several minutes of resuscitative efforts, snyder 
responded to the care and his heart converted to a stable 
rhythm with pulses returned. As the firefighter and Als 
crew was placing snyder on an evacuation stretcher, with 
the AutoPulse still in place, he lapsed back into cardiac 
arrest, so they reactivated the AutoPulse as they contin-
ued downstairs and to the awaiting ambulance. 

“since we had the AutoPulse, we could carry him 
down the three flights of stairs while it continued chest 
compressions. Without the AutoPulse, getting him down 
those stairs would have been 10 times more difficult,” 
Klimenko said. “it continued perfusion to his brain and 
delivered quality chest compressions, something we 
wouldn’t have been able to provide without the device.”

Klimenk adds, “Without the AutoPulse, we feel the 
outcome would have been different. the device makes an 
incredible difference, which is why we kept it on him dur-
ing the 12-minute lights-and-siren drive to Virginia com-
monwealth university (Vcu) hospital.”

At Vcu, mike was transferred over to the ed staff. 
Although he regained a pulse, mike remained uncon-
scious, so he was moved to the Vcu advanced resusci-
tation, cooling therapeutics and intensive care (Arctic) 
unit where he was cooled to 33 degrees c. 

After 24 hours, the Arctic team slowly began rewarm-
ing mike’s cooled body and provided intensive support to 
ensure his ultimate recovery. he regained consciousness 
and was released with the Zoll lifeVest wearable defi-
brillator, which monitors the heart 24/7.

mike wore the lifeVest for a month until undergoing 
an open heart ablation procedure at Vcu to correct the 
rogue pathway that caused his arrest. mike was diag-
nosed with Wolff-Parkinson-White syndrome, an abnor-
mal electrical pathway that can cause palpitations, 
dizziness and other symptoms, when he was young, 
after his dentist identified it as a possibility. Although 
rare, WPW can also cause sudden cardiac arrest. until 
his near-death experience, mike had been asymptomatic 
for years.

rAA has been using the AutoPulse since 2005 and 
has seen a significant increase in the number of patients 
who obtain return of spontaneous circulation (rosc). Kli-
menko says, “the AutoPulse is easy to apply and use. it 
takes us under a minute to deploy.”

one year to the day later, mike, Jen and their little 
daughter, lily, 2½, returned to rAA, to meet and thank 
the rescuers who gave him a second chance at life. mike 
is glad for the second chance. he told his rescuers that 
he was very appreciative of their fast response and care, 
stating, “they gave me back my life. the odds of me wak-
ing up alive and as the same person mentally and physi-
cally were so extraordinarily low. it’s just amazing. you 
can’t put a price on that. i get to see the sunrise every 
day and see my daughter smile. And i’m forever grateful 
to Zoll and the team at rAA who saved my life.”

Mike Snyder (center) poses with paramedic Alex 
Klimenko (left) and EMT Jonathan Carroll.
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Consistent Compressions Count!

Too Unstable to Fly
during most of the year, the population of West yellow-
stone, mont., is around 1,000 people. but during the 
summer, up to 15,000 visitors stream into yellowstone 
national Park every day through the popular entrance 
near old Faithful. And, when tourism soars, so do calls for 
emergency services and medical care.

the hebgen basin Fire district (hbFd) serves this 
300-square-mile area of rugged terrain in the gallatin 
national Forest of montana’s southwest rockies. during 
peak season, it’s not unusual to receive multiple calls at 
the same time for ambulances.

unlike more densely populated areas, the closest hos-
pital is 84 miles away in rexburg, idaho. And the clos-
est cardiac and trauma center is 110 miles in idaho Falls.

 When 56-year-old local hotel maintenance worker 
steve bartlett experienced chest pains and difficulty 
breathing, and then lapsed into sudden cardiac arrest 
(scA), he was fortunate that an hbFd ambulance 
equipped with a Zoll AutoPulse non-invasive cardiac 
support pump responded to the 9-1-1 call to assist him.

Within minutes of the 9-1-1 call, captain John moore 
and his partner, leslie mcbirnie, arrived at bartlett’s side 
in the maintenance shop.

“he was talking with us and had the look of a very sick 
person,” says mcbirnie. “i went to get the stretcher and 
when i came back inside, moore told me that steve just 
had a seizure and was unconscious. We moved steve to 
our ambulance. he still had a pulse. but, about a minute 
later, he went into sudden cardiac arrest.”

mcbirnie immediately started manual chest compres-
sions, while moore grabbed the defibrillator and shocked 
bartlett. it would be the first of many times that evening 
that bartlett would be shocked. 

they then placed the Zoll AutoPulse on and began 
to deliver consistent, high-quality automated chest com-
pressions to bartlett. soon after the AutoPulse was put 
into operation, bartlett achieved return of spontaneous 
circulation (rosc). the AutoPulse was turned off, but left 
in place. minutes later, bartlett rearrested and the Auto-
Pulse was turned on again for four minutes. the hbFd 

crew then realized that a clinical pat-
tern was developing.

bartlett’s pulse was between 60 and 70 beats per minute, 
but it couldn’t be maintained. he next went into v tach, was 
shocked and converted into a sinus rhythm with frequent 
premature ventricular contractions. his pulse then dropped 
below 40 and the AutoPulse was once again turned on for 
another round of mechanical chest compressions.

A decision was then made to call Air idaho to have 
bartlett flown to the catheterization lab at eastern idaho 
regional medical center in idaho Falls. 

moore and mcbirnie transported bartlett to a desig-
nated landing zone to meet to meet the Air idaho flight 
crew, with the AutoPulse still operating.

Following a 20-minute drive to the landing zone, the 
ground and air crews agreed bartlett was too unsta-
ble for the flight, so the flight crew joined moore and 
mcbirnie in the ambulance and they transported bartlett 
to the town of st. Anthony, the halfway point between 
the landing zone and idaho Falls, where they met an 
idaho Falls Fire department (iFFd) ambulance. 

there, steve was transferred to the iFFd ambulance 
under the continued care of the helicopter crew. the iFFd 
crew and Air idaho flight team continued the compres-
sion and Als care for bartlett throughout the additional 
40-minute drive to eastern idaho regional medical center.

At the hospital, bartlett coded 30 times the first night 
in the icu, then another 15 times the second night. he 
spent three weeks in the hospital and eventually under-
went surgery to have a stent inserted.

bartlett  recovered with no neurological deficits and 
returned to a hbFd board of directors meeting to thank 
moore, mcbirnie and what he called “that good-looking 
machine” (i.e., the AutoPulse)  that helped to save his life.

Asked what role the AutoPulse played when bartlett 
collapsed, moore didn’t hesitate in his reply. “it saved 
his life,” moore said. “the first time we activated it on 
bartlett, he had rosc. in later attempts, we were able to 
once again achieve rosc. the AutoPulse worked flaw-
lessly, doing what it was designed to do every time we 
activated it.”

Dramatic Mechanical CPR Saves

The ZOLL AutoPulse non-invasive 
cardiac support pump gave 
paramedics a second option to 
save a man in rural Montana.
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Dramatic Mechanical CPR Saves

Savin’ in Memphis
31 Delta 2—Unresponsive Patient
early in the morning on Aug. 1, 2014, 67-year-old Joyce 
Wynn was walking with her friend and suddenly col-
lapsed. the call to 9-1-1 came at 5:22 a.m. for an unre-
sponsive patient and memphis Fire deptartment (mFd) 
engine 48 and Als unit 13 were dispatched. 

dispatchers advised the units that a nurse was on 
the scene and had initiated cPr. on arrival, engine 48 
assumed patient care, continued cPr and began treat-
ment. Als unit 13 arrived and deployed the lucAs 2 
chest compression system to ensure quality cPr. 

the patient was intubated, shocked and medicated, 
and she soon spontaneously regained a pulse. induced 
hypothermia protocols were initiated and Wynn was 
transported to methodist north where she had begun to 
breathe on her own by the time she arrived. 

Wynn was treated at methodist north and was dis-
charged with no deficit.

9 Echo 1—Patient Not Breathing
At 6:30 a.m. on oct. 20, 2013, 53-year-old Pamela greer 
collapsed in her living room. the 9-1-1 operator received 
the call at 6:34 a.m. and immediately dispatched mFd 
engine 30, Als unit 34 and ems lieutenant 204. 

the 9-1-1 operator began pre-arrival and cPr instruc-
tions. the family was scared and under duress, but fol-
lowed directions to the best of their ability. on arrival, 
engine 30 and Als unit 34 assumed patient care, con-
tinued cPr and initiated treatment. Als unit 34 rapidly 
deployed the lucAs 2 and the patient was intubated, 
shocked and given cardiac drugs. induced hypothermia 
protocols were initiated, 12 lead ecgs were transmitted 
to st. Francis Park chest Pain center and, while en route, 
the patient spontaneously regained a pulse, began fight-
ing the et tube and breathing on her own.

greer was treated and discharged without any deficits.

33 Delta 1—Sudden Cardiac Arrest  
at a Dialysis Clinic
At 1 p.m. on April 4, 2014, 58-year-old Joe euell was 
receiving his dialysis treatment when he suddenly went 
into cardiac arrest. the nurses and staff immediately began 
cPr and applied an Aed which delivered two shocks.

treatment continued while the 9-1-1 system was acti-
vated. mFd engine 11, Als unit 12 and ems lieutenant 
202 were dispatched and, on arrival, assumed patient 
care, continued cPr and initiated treatment including 
early, rapid application of the lucAs 2. the patient was 
intubated, shocked and cardiac drugs were administered. 

While on scene the patient had a return of spontane-
ous circulation and began to attempt to breathe. induced 
hypothermia protocols were initiated in the field and 
euell was transported to methodist university, where he 

was treated and discharged with no deficits. 

9 Echo 1—Cardiac Arrest
on sept. 15, 2013, at approximately 11:50 p.m., 57-year-
old edmond leone collapsed in front of his wife and 
stopped breathing. the call to 9-1-1 came at 11:54 p.m. 
and mFd engine 59 and Als unit 30 were immediately 
dispatched. they arrived to find the patient’s wife per-
forming cPr.

the lucAs 2 was rapidly deployed to ensure effective, 
high-quality cPr, the patient was intubated, shocked 
and had cardiac drugs administered. induced hypother-
mia protocols were also initiated and, before transport to 
the hospital, the patient’s cardiac rhythm stabilized and 
regained a pulse. 

leone was transported to st. Francis bartlett hospital 
and was ultimately discharged with no deficits.

10 Delta 4—Severe Chest Pain 
on Jan. 1, 2014, just after midnight, 54-year-old edward 
martin began complaining of a sudden onset of severe 
chest pain. his wife immediately called 9-1-1 and was 
given pre-arrival instructions. mFd engine 54 and Als 
unit 18 were dispatched and arrived to find martin in 
a very unstable condition: short of breath, diaphoretic 
and complaining of severe chest pain. they initiated iV 
and cardiac medication, and obtained, interpreted and 
transmitted a 12-lead ecg to baptist memphis hospital’s 
ed—all in just 7 minutes!

during transport, martin’s condition continued to dete-
riorate and, as Als unit 18 was pulling into the ambu-
lance bay at baptist memphis, he went into v fib. the crew 
immediately shocked him and started the lucAs 2, which 
helped the crew—now without the additional engine 
company personnel—to administer uninterrupted com-
pressions as they worked to resuscitate the patient.

martin regained a pulse as he was wheeled into the 
ed. he received definitive treatment in the ed and cath-
eterization lab and survived without deficit.

The LUCAS 2 chest compression system has aided the 
Memphis Fire Department in delivering high-quality CPR 
during numerous saves.
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        EMS STATE of the SCIENCE

I n auto racing, seconds can make the dif-
ference in winning or losing a race. NAS-
CAR teams have proven the effectiveness 

of what’s referred to as the “pit crew” approach 
to rapid, coordinated, race car pit maintenance 
stops to avoid unnecessary delays, get critically 
important tasks completed in the minimum 
amount of time and avoid errors that can cost 
them time and, ultimately, the race. 

In the race to save cardiac arrest patients, it’s 
now also been shown that the use of a “pit crew” 
approach by EMS crews can also make resus-
citations more effective by reducing interrup-
tions in compressions and peri-shock pauses, 
reducing delays in interpreting cardiac activity, 
eliminating pauses for airway management and 
reducing the time it takes to place and activate 
mechanical CPR devices. 

This article focuses on three progressive EMS 
systems that have each been highly effective in 
standardizing their approach to cardiac arrest 
resuscitation by implementing the pit crew 
approach to resuscitation, using well-defined 
process and clinical procedure checklists and 
other methods to limit delays in the care and 
resuscitation of patients.

Wichita-Sedgwick County, Kan.
In 2012, the Wichita-Sedgwick County, Kan., 
EMS System (W-SCEMSS) modified the Austin-
Travis County (Texas) EMS pit crew approach 
to resuscitation of cardiac arrest patients to 
meet the needs of the local system. The goal 
was to not only produce a more consistent 
resuscitation team and a well-choreographed 
approach to resuscitation but to also produce 

A Tale 
of Three 
Successful 
EMS Systems
How coordinated “pit crew” 
procedures have helped 
improve cardiac arrest 
resuscitations in the field

Wichita-Sedgwick County (Kan.) EMS: Sabina Braithwaite, MD, MPH;  
Jon E. Friesen, MS, EMT-P; Scott Hadley, MBA, BSN, RN, EMT-P & Darrel Kohls, BA, EMT-P

Austin-Travis County (Texas) EMS: Paul R. Hinchey, MD, MBA, FACEP;  
Michael Prather, EMT-P & Mark Karonika, EMT-P, FP-C

Wake County (N.C.) EMS: Brent Myers, MD, MPH, FACEP; William D. Holland II, BS, M.Div, EMT-P;  
Candice M. Eason, AAS, EMT-P & Justin Carhart, AAS, EMT-P

Crews from Wake County EMS and Raleigh Fire Department work 
to resuscitate a patient using the pit crew approach to CPR.

Photo Julianne GouldinG Macie
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BLS triangle,” and made it its own by having its 
EMS providers refine it to be workable in the 
Wichita-Sedgwick County system. (See Figure 1.)

Among other things, W-SCEMSS made a 
decision to have very specific equipment place-
ment. For example, the cardiac monitor is speci-
fied to be placed so the rhythm and end-tidal 
carbon dioxide (EtCO2) information on the 
monitor can be seen immediately by more than 
one ALS provider and the BLS pit crew. This 
ensures that paramedic consensus regarding 
the rhythm occurs with minimum delay and 
without lengthening the CPR pause if there’s 
any question. It also provides real-time feed-
back regarding compression effectiveness and 
the potential ROSC to the entire team.

W-SCEMSS also chose to choreograph all 
actions to the number of compressions in a cycle 
rather than having crews try to watch a clock to 
keep time. With a metronome set at 110/min-
ute, the cycles are 220 compressions rather than 
two minutes. Every 20 count is called out by the 
person in the airway position of the resuscita-
tion team so the rest of the team knows when to 
perform other actions that are required at a spe-
cific time during the cycle.

Given the economy in recent years, W-SCEMSS 
has limited resources for quality improvement. 
Therefore, the choice of what would be moni-
tored and evaluated needed to be very deliberate 
and focused so the medical director and clinical 
coordinators would know if the system was pro-
ducing better results.  

Traditionally, metrics such as response time 
have gotten a great deal of play in the EMS 
industry as worthy of measurement, mainly 
because they were relatively easy to measure. 
But in recent years, studies have shown that 
the time to get to the patient’s side likely plays 
much less of a role than what happens once the 
provider encounters the patient.1,2

W-SCEMSS’ first step in deciding on what 
metrics were worth measuring was to make 
a decision on what the most important end-
points to reach were. The ultimate goal was not 
only to deliver more pulsatile patients to EDs, 
but to also have more patients leave the hospi-
tal neurologically intact.

Because W-SCEMSS participates in the 
national Cardiac Arrest Registry to Enhance 
Survival (CARES), with its linkages to hospi-
tal outcomes and utilizing standardized defi-
nitions, the method of monitoring progress in 
achieving this ultimate goal and comparing to 
EMS agencies nationally was already in place.3,4 

better results from resuscitations, increasing 
the number of return of spontaneous circula-
tion (ROSC) patients and patients who leave 
the hospital neurologically intact.

The pit crew model designs structure, con-
sistency, efficiency and accountability into our 
approach to resuscitation.

W-SCEMSS took the basic Austin-Travis 
County design that had defined roles and respon-
sibilities for each team member and the “sacred 

Figure 1.
W-SCEMSS pit crew procedure

  W-SCEMSS pit crew positions
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being met. However, after about three to four 
months, system administrators noted a pro-
nounced drop-off in compliance, with pause 
lengths creeping up over 30 seconds and com-
pression ratios down from > 90% to 80%.

At this point, the system didn’t have enough 
patient data to prove that the changes that had 
been made were making a difference overall in 
neurologically intact survival to discharge. It 
would take at least nine to 12 months to poten-
tially show a positive trend. But it was clear 
the system needed to reengineer its pit crew 
approach by creating simple process changes to 
develop a default path that would produce the 
desired result. 

To meet the three targets outlined in Area #1, 
it was clear the primary issue to address was the 
length of any pauses occurring between cycles. 
To do this, W-SCEMSS made three process 
changes:

1.  The entire team is programmed to know 
that compressions are to restart after 16 
metronome beats (8.7 seconds) of inter-
rupted CPR. To ensure this process compli-
ance, the team verbally counts metronome 
beeps during any pause in compressions. 
Because the metronomes are set at a rate of 
110/minute, the audible count allows the 
crew to get their hands back on the chest 
at the 16th beat of the interruption inter-
val and, by default, keeps pauses under the 
10-second goal each cycle. The code com-
mander can ask for a longer pause, but the 
default is a measured pause that’s less than 
10 seconds or 16 metronome beats;

2.  The code commander keeps their fingers on 
the patient’s femoral pulse—starting at the 
180th compression during each cycle—to 
monitor quality of CPR and know immedi-
ately if there’s any organized rhythm noted 
on the monitor that’s actually producing 

W-SCEMSS chose to monitor the impact of 
the pit crew approach in two areas and within 
several time frames:

Area #1
First, how was the system complying with the 
simple targets set for each individual patient 
resuscitation based on the best currently avail-
able practices and evidence? The three items 
identified as most important were:

1.  Minimal CPR interruptions (target less 
than 10 seconds);

2.  Compression rate of at least 100/minute 
(including pauses), with CPR ratio of > 95% 
and compression ratio of  ≥ 90%; and

3.  Right-timed defibrillation (with minimal 
interruption, see #1).

These were encouraged in our pit crew model 
by the following processes and procedures:

1.  Joint education sessions for all providers 
on the critical importance of limiting com-
pression pauses;

2. Use of metronomes set at 110/minute; and
3.  Charging the defibrillator prior to each 220 

compression pause for rhythm check to 
limit additional delay for charging.

Area #2
The W-SCEMSS team also felt it important to 
provide prompt feedback on individual per-
formance to all providers caring for a patient, 
so self-motivated behavior modification could 
take place without further supervisory interven-
tion. This was done by annotating each cardiac 
arrest (preferably within 72 hours) and provid-
ing the documentation to the crews and their 
supervisors. 

Pause duration was specifically noted, as was 
CPR ratio, compression ratio, compression rate 
and compressions/minute. 

Initial data was very encouraging, with targets 

Table 1: Impact of pit crew approach on resuscitations  
in Wichita-Sedgwick County, Kan.

Wichita-sedgewick 
county, Kan.

12-month period before pit crew process initiated
(6/1/11–5/31/12)

12-month period after pit crew process initiated
(6/1/13–5/31/14)

sustained return  
of spontaneous  

circulation in the field

Proportion of survivors 
neurologically intact

sustained return  
of spontaneous  

circulation in the field

Proportion of survivors 
neurologically intact

all rhythms1 10.3%
(34 of 329 patients)

68.0%
(34 of 50 patients)

29.2%
(96 of 328 patients)

91.4%
(43 of 47 patients)

Bystander-witnessed 
arrests only

18.1%
(21 of 116 patients)

66.7%
(24 of 36 patients)

42.6%
(43 of 101 patients)

95.6%
(22 of 23 patients)

1. cares data for bystander-witnessed, eMs-witnessed and unwitnessed.
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Three Successful EMS Systems
to Austin-Travis County and other systems 
across the outcome spectrum is the consistency 
it brings. Before utilizing the pit crew approach, 
every cardiac arrest was carried out in a differ-
ent manner, adding to the variability of cardiac 
arrest management and making it difficult to 
define and describe. Now every cardiac arrest is 
engineered to be the same.

Like Wichita-Sedgwick County and Wake 
County (N.C.), Austin-Travis County uses a uni-
form process that allows us to better isolate and 
measure elements of cardiac arrest management. 
Over the last four years of pit crew, that consis-
tency has contributed to improvement in our 
outcome measurement, feedback to providers, 
compression quality, timing of interventions and 
bystander CPR and AED availability initiatives.

a pulse when CPR is stopped. This elim-
inates the need for someone to search for 
the pulse location, since it has already been 
confirmed during CPR; and

3.  The defibrillator is pre-charged beginning 
at the 200 count in each cycle—20 compres-
sions before hitting the 220 mark. In this 
manner, as soon as CPR stops, the patient 
can be shocked immediately if a shock-
able rhythm is identified. This keeps the 
pause shorter and also limits the peri-shock 
pause; longer peri-shock pauses have been 
shown to decrease survival.5,6

By limiting pauses with these interventions, 
compression ratios came back up to the desired 
targets. These changes in pit crew choreography 
have resulted in significantly decreasing pauses 
and getting them back into the target range, 
and W-SCEMSS now consistently shows com-
pression ratios of  > 90%.

Looking at the big picture, the overall 
W-SCEMSS survival for the year after full pit 
crew implementation was 13.7% (compared to a 
national average of 9.4%), an Utstein survival of 
48.6% (28.9% national average) and, of survivors 
who made it to discharge, 91.4% were neurologi-
cally intact with cerebral performance scores of 
1 or 2 (79.6% national average).  

Implementation of the W-SCEMSS cardiac 
arrest initiative has been rewarding in other 
ways also. Neurologically intact survivors have 
returned to thank providers, and there’s no 
reward greater than that!

None of our success would’ve been possible 
without everyone in the system being open to 
learning and implementing a radical change in 
how we approach resuscitation, and each resusci-
tation team fully embracing the new practice pat-
tern, supported by complete management buy-in.

Austin-Travis County, Texas
Many argue that running a cardiac arrest isn’t 
intellectually or clinically challenging and so 
they dismiss its complexity. Successful manage-
ment of cardiac arrest, however, is far more dif-
ficult than we believe. What makes consistently 
well-run codes so elusive is the competing needs 
of various interventions, the need for constant 
attention in a chaotic environment, and our 
inherently poor perception of task time. Cho-
reographed or pit crew CPR is a great example 
of EMS innovation and process engineering 
designed to address these challenges and those 
of the prehospital environment.

What has made choreographed CPR invaluable 
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Table 2: Impact of pit crew approach  
on resuscitations in Austin-Travis County, Texas

austin-travis 
county, texas

12-month period
(1/1/13–12/31/13)

sustained return  
of spontaneous  

circulation in the field

Proportion of survivors 
neurologically intact

all rhythms1 33.8%  
(179 of 530 patients)

86.3%  
(63 of 73 patients)

Bystander-witnessed 
arrests only

48.2%  
(119 of 247 patients)

91.8%  
(56 of 61 patients)

1. cares data for bystander-witnessed, eMs-witnessed and unwitnessed.

Leadership, a standardized approach and constant review have 
contributed to success in Austin-Travis County.
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I’d been doing for years. After training to use 
the pit crew approach, I quickly realized it made 
perfect sense. 

As firefighters on an engine company, we all 
have a designated assignment for a house fire. We 
know before arriving on scene that one firefighter 
is going to grab an attack line; the other firefighter 
is going to force entry to the house; the officer will 
do a 360 of the incident to look for hazards and 
formulate a plan; and the engineer will get the 
engine ready to supply water. So, why would we 
treat cardiac arrest differently?

The pit crew model allows personnel to know 
what their assignments are before we even walk 

These represent the easily quantified bene-
fits of choreographed CPR. But, like other EMS 
systems that have implemented the pit crew 
approach, we’ve found it improves far more 
than just the numbers. The following com-
ments on the impact of pit crew are from system 
providers at different agencies. Their comments 
were provided independently without any input 
or knowledge of the others’ content.

Battalion Chief Michael Prather, EMT-P, of 
Lake Travis (Texas) Fire Rescue: When Lake 
Travis Fire Rescue adopted the pit crew model 
of CPR, it was a change to the standard Ameri-
can Heart Association training for cardiac arrest 

CPR Under the Old Oak Tree
The importance of a story
By Paul R. Hinchey, MD, MBA, FACEP

the stories that live in any profession or organization 
are an important reflection of what that group values.

if your folklore is about a paramedic intubating up-
side down in a car, at night, with a shoehorn, during 
a hurricane, your system probably values skills. if it’s a 
story about a provider making a sandwich for a diabetic 
or taking a gift to a sick child in the hospital, caring and 
compassion are important to you. 

i like stories highlighting eMs providers that know 
and apply the science of prehospital medicine instead 
of following protocols without understanding why. this 
is one from a couple of years ago in the austin-travis 
county eMs system that illustrates this point.

a patient in his 50s suffers a cardiac arrest at home. 
Bystanders are given cPr instructions by phone and 
begin compressions just minutes after the collapse. Fire 
first responders arrive, begin choreographed cPr and 
deliver several shocks. eMs arrives and the cardiac ar-
rest continues for another 40 minutes with a dozen 
defibrillations and two double-sequential defibrillations 
that finally result in rosc.

Post resuscitation care is started, including assuring 
an adequate airway, a 12-lead to confirm no st eleva-
tion myocardial infarction and cold saline for hypother-
mia is administered. the patient is obviously sick, so 
firefighters accompany the eMs crew to help if needed. 
Minutes into the transport the patient rearrests and the 
ambulance pulls to the side of the road for more effec-
tive cPr. 

cPr begins, but, as they rotate compressors, the crew 
has difficulty performing the choreographed resuscita-
tion process in the cramped patient compartment of the 
ambulance.

the code commander is concerned the quality of cPr 
is suffering, but attempts to improve their situation are 
unsuccessful. something needs to change. so, he tells 

the crew: “out of the ambulance!”
they quickly remove the patient and stretcher from 

the back of the ambulance and move under a tree on 
the roadside. there, they assume pit crew positions and 
deliver high-quality, uninterrupted cPr. 

several minutes and a defibrillation later, the patient 
again has rosc and is once again loaded into the am-
bulance. he’s transported to the ed in serious but stable 
condition and is eventually discharged.

responses to this story are usually mixed. Mostly 
people miss the real value of the story. its significance is 
not, as some would like to believe, a story of rebellion 
against the oppression of eMs by traditional medicine 
or really even about cPr on the side of the road. this 
story, and others like it, reflects a change in how our 
profession is beginning to value prehospital providers 
as practitioners of the science.

nobody can write a “do cPr on the side of the 
road” protocol or a protocol for many of the myriad 
circumstances providers find themselves in. the best 
our profession can hope to do is promote the science 
as we know it and encourage practitioners to apply 
it. high-quality cPr helps to maximize outcomes; you 
can’t do good cPr while moving; resuscitate first and 
move second.

Fortunately we’ve never had to repeat the resuscita-
tion “bail-out” intervention. however, using the same 
science, we’ve pulled our ambulances to the side of the 
road to initiate cPr, worked cardiac arrests in the hospi-
tal ambulance bay or side-by-side with an ed physician 
when a patient is pulled from a vehicle at the hospital’s 
front door. 

Prehospital practitioners know what matters in car-
diac arrest and that understanding, like the implemen-
tation of continuous positive airway pressure, induced 
hypothermia and end-tidal carbon dioxide, is beginning 
to influence the management of cardiac arrest both in-
side and out of the hospital. 

But that’s another story.
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the problem, and thinking out loud. Any idea is 
welcome and everyone participates. 

This leaves me time to attend to the family to 
explain what’s happening and care for everyone 
at the scene.

Our pit crew approach means we run a bet-
ter and more consistent cardiac arrest but it has 
changed more than just that. It has changed 
our relationship with the first responders and 
fire departments. Now everyone has a role and 
is equally important to the outcome. Regard-
less of how you responded to the scene, or what 
your level of certification, we’re a team.

Wake County, N.C.
Over the past six years, the Wake County EMS 
System (WCEMSS) has used the pit crew 
approach to cardiac arrest management which 
has resulted in an increase of neurologically 
intact survivors. Each provider has a specific 
role aimed at the return of spontaneous circula-
tion and neurological survivability. 

WCEMSS has enough resources to dedicate a 
minimum of three ALS response units to every 
cardiac arrest so that quality care may be deliv-
ered on scene. This typically includes two ambu-
lances, a district chief (DC) and/or an advanced 
practice paramedic (APP). In addition to these, 
each arrest will have one or more dedicated 
engine companies from a local fire department.

through the door. It allows for CPR to start rap-
idly and be performed effectively throughout 
the duration of the code.

A firefighter is positioned at each side of the 
patient filling the assignment of compressor 
giving 100–110 compressions a minute. They 
stay in cadence with the metronome and limit 
pauses during compressions.

The firefighter at the head maintains a mask 
seal or places an airway, while the person not 
compressing the chest ventilates the patient.

Initially we were skeptical of the pit crew model. 
However, after working several cardiac arrests 
and realizing that the codes ran smoother, every-
one accepted the new approach. We all have an 
assignment that we’re all well-trained to manage. 
Those assignments allow us to work as a team, 
just like we would at a fire.

Once the medic unit arrives on scene, they 
have their assigned positions as well. We inte-
grate additional providers and interventions 
without interruption of chest compressions or 
ventilations: we all become one team.

Commander Mark Karonika, EMT-P, FP-C; 
Austin-Travis County EMS: When we rolled out 
pit crew, we believed we were already manag-
ing cardiac arrest calls at a very high level. How 
could this improve it? 

As a supervisor I respond to every cardiac 
arrest while on duty, and I have seen the dif-
ference this new approach makes. Today I can 
respond to any cardiac arrest with any first 
responder or EMS crew in our system and what 
I will see is the same.

The defibrillator charges, but no one stops 
what they’re doing until the last possible sec-
ond. They know we need to keep CPR going to 
reduce the time off chest until the rhythm and 
pulse check. 

Without being asked or told, compressions start 
again with a new compressor; a constant focus on 
high-quality CPR. I see the crews working to solve 

Figure 2. Lake Travis Fire Rescue  
pit crew assignment board
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Table 3: Impact of pit crew approach  
on resuscitations in Wake County, N.C.

Wake county, n.c.

12-month period
(1/1/13–12/31/13)

sustained return  
of spontaneous  

circulation in the field

Proportion of survivors 
neurologically intact

all rhythms1
41.9%  

(194 of 463 patients) 
95% ci2 37–46%

91.3%  
(63 of 69 patients) 
95% ci 82–96%

rosc  
(all witnessed rhythms)

Proportion of survivors 
neurologically intact

Bystander-witnessed 
arrests only

57.4%  
(97 of 169 patients) 
95% ci 50–65%

94.9%  
(37 of 39 patients) 
95% ci 83–98%

rosc (all witnessed & 
shockable rhythms)

Proportion of survivors 
neurologically intact

Bystander-witnessed 
arrests only

68.4%  
(39 of 57 patients) 
95% ci 55–79%

100.0%  
(26 of 26 patients) 
95% ci 87–100%

1. cares data for bystander-witnessed, eMs-witnessed and unwitnessed.

2. ci = confidence interval. this means the data shows that the eMs system can 
be 95% confident that treatment of the same numer of patients in the future will 
result in the same percental range of results.
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In addition to supplying cold fluids, the DCs 
and APPs also fill a vital role in helping accom-
plish the systems goals of compassionate and 
clinically excellent care. By working with the 
patient’s family and loved ones, the DC or APP 
act as a liaison between the code commander 
and family.

Due to the emotionally traumatic nature of 
many cardiac arrests, DCs and APPs invite the 
family to observe the resuscitation efforts. By 
presenting the family with the facts of the resus-
citation, they can assist them in making sound 
decisions regarding their loved one’s care. Fami-
lies are encouraged to ask questions and under-
stand each intervention of the resuscitation in 
an attempt to help them cope with the arrest 
and its ultimate outcome.

When utilizing the team approach, WCEMSS 
has discovered that it may be necessary to con-
tinue beyond the 30 minutes commonly recog-
nized for resuscitation attempts. WCEMSS has 
demonstrated that patients 60 minutes or lon-
ger into an arrest may still have the possibility 
of surviving neurologically intact. (See “Reusci-
tating Beyond the 25-Minute Mark: Good neu-
rological outcomes are likely in survivors of 
prolonged resuscitations,” p. 16.)

Despite each responder having a defined role, 
prior to terminating resuscitation efforts, the 
code commander uses the collaborative knowl-
edge of the personnel on scene, which is espe-
cially valuable in rare extended resuscitations.

Once ROSC has been established, the roles 
for each responder may change, but the con-
cept remains the same. Emphasis is placed on 
maintaining continuous carotid or femoral 
pulse monitoring by a dedicated team member 
keeping a finger on the pulse. This is important 
during the movement of ROSC patients to the 
stretcher or ambulance in the case of re-arrest. 

The results in Wake County have been sig-
nificant with WCEMSS numbers for all car-
diac arrests tracked in our CARES report (all 
rhythms, all codes that were witnessed, unwit-
nessed, or EMS-witnessed) exhibiting 42% sus-
tained ROSC (194 of 463 patients) and 91% of 

WCEMSS has developed a great working rela-
tionship with the local fire departments and 
other first responder agencies. Fire personnel 
primarily concentrate on continuous compres-
sions, bag-valve mask ventilations and early 
AED defibrillation prior to EMS arrival. They’re 
essential members of the resuscitation team and 
are integrated from dispatch to ED transport.

Cardiac arrest resuscitation in Wake County 
is a well-organized delegation of responsi-
bilities among personnel. Everything possi-
ble is done to ensure three paramedics are on 
scene to assume the responsibilities of code 
commander, airway management and IV/
intraosseous establishment with medication 
administration. The code commander is the 
keystone to this team approach.

The code commander focuses on the overall 
resuscitation, with their primary focus being on 
the ECG monitor. This ensures that any rhythm 
changes are quickly identified and addressed. 
The code commander also oversees the overall 
pace and timing of critical interventions such 
as medication administration, two-minute 
rhythm checks, ventilation rate and compres-
sion rate aided by a metronome.

Per protocol, the code commander uses the 
cardiac arrest checklist, which is a valuable tool 
for both pre- and post-ROSC. This checklist 
encompasses all the necessary components of 
a successful resuscitation and is an important 
part of delivering the same standard of care to 
all patients. (See online bonus content at www.
jems.com/wake-checklist.)

The most recognizable innovation to Wake 
County’s cardiac arrest management has 
been intra-arrest induced hypothermia. This 
critical intervention for neurological survival 
has been integrated into the resuscitation 
through the DCs and APPs who bring cold 
saline to the arrest.7

It’s imperative to the success of this inter-
vention that receiving hospitals participate. 
WCEMSS has coordinated with multiple area 
EDs across multiple hospital systems to ensure 
cooling is continued.

Everything possible is done to ensure three paramedics are on scene to 
assume the responsibilities of code commander, airway management 
and IV/intraosseous establishment with medication administration.  

The code commander is the keystone to this team approach.
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of experience in the industry. he may be contacted at 
Paul.hinchey@austintexas.gov.

Michael Prather, EMT-P, is a battalion chief, field 
training and performance improvement officer and 
15-year veteran of lake travis Fire rescue.

Mark Karonika, EMT-P, FP-C, has 18 years of 
experience in eMs as a flight and critical care para-
medic. he’s a 15-year veteran of austin-travis county 
eMs and currently serves as a commander in the spe-
cial operations division.

Wake County, N.C.
Brent Myers, MD, MPH, FACEP, is the director and 

medical director of Wake county eMs system.
William D. Holland II, BS, M.Div, EMT-P, is a 

paramedic and field training officer with Wake county 
eMs system.

Candice M. Eason, AAS, EMT-P, is a paramedic 
and field training officer with Wake county eMs system.

Justin Carhart, AAS, EMT-P, is a paramedic and 
field training officer with Wake county eMs system.
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all survivors are neurologically intact on dis-
charge (63 of 69 patients).

For total bystander-witnessed arrests (all 
rhythms) our ROSC was 58% (97 of 169 
patients), with a 95% confidence interval (CI) of 
50–65%. And, for witnessed, shockable rhythms, 
our sustained ROSC using our pit crew 
approach and treatment modalities was 68% 
(39 of 57 patients), with 95% CI 55–79%  and 
discharged alive 26 of 57 patients (46%), 95% CI 
33–58%, all of whom were neurologically intact. 
(See Table 3, p. 33.)

Utilizing the pit crew approach will improve 
outcomes for the citizens and the families you 
serve by assuring evidence-based therapies are 
consistently provided. It will also provide a 
framework to integrate new therapies. While 
interventions such as continuous compres-
sions and early defibrillation are the corner-
stones of resuscitation today, as we continue 
to improve our knowledge of resuscitation 
through research the team approach can be eas-
ily modified to incorporate future best practices 
with consistency. ✚

Bonus online content: Read how Wake 
County EMS developed a checklist to 
improve cardiac arrest care delivery at 
www.jems.com/wake-checklist.

Wichita-Sedgwick County, Kansas
Sabina Braithwaite, MD, MPH, is medical direc-

tor of Wichita-sedgwick county, Kansas and clini-
cal associate professor of emergency medicine and 
preventive medicine and public health at the univer-
sity of Kansas. she’s also the past chair of the ameri-
can college of emergency Physicians eMs committee 
and of the international trauma life support Board of 
directors. she’s been involved in a number of national 
eMs initiatives, most recently including the eMs cul-
ture of safety project. she may be contacted at 
sabina.braithwaite@sedgwick.gov.

Jon E. Friesen, MS, EMT-P, is a paramedic instruc-
tor at hutchinson (Kan.) community college.

Scott Hadley, MBA, BSN, RN, EMT-P, is the direc-
tor of sedgwick county eMs.

Darrel Kohls, BA, EMT-P, is the education man-
ager for Wichita-sedgwick county eMs system.

Austin-Travis County, Texas
Paul R. Hinchey, MD, MBA, FACEP, is the medi-

cal director for austin-travis county eMs system and 
the national association of eMts. a former para-
medic, he’s board certified in eMs and has 28 years 

Watch for a special 
Google Hangout with 
JEMS Editor-in-Chief 

A.J. Heightman and Medical Directors Sabina 
Braithwaite, Paul Hinchey and Brent Myers on 
the pit crew approach in December. 
Sponsored by Laerdal Medical.
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        EMS STATE of the SCIENCE

A s you’ll read in multiple other sections 
of this supplement, we continue to dis-
cern insights into more effective treat-

ment approaches to out-of-hospital sudden car-
diac arrest. In reality, we’ve collectively learned 
more in just the last decade than ever before 
about the pathophysiology of cardiac arrest. 

With considerations about cooling (therapeutic 
hypothermia), chest compression continuity and 
alternative ventilation strategies, is there really 
much to talk about when it comes to something 
as simple as the rate of chest compressions?

That’s a good place to start and an under-
standable question. For purposes of this particu-
lar conversation, let’s discuss victims who are of 
adult age. You’re correct in your interpretation 
of the AHA guidelines released in late 2010.1 
How the 2015 guidelines on chest compression 
rate will change, if at all, is unknown.

There’s been some interesting science pub-
lished regarding chest compression rates since 
those 2010 guidelines.2,3 I’m quite sure the clini-
cians and scientists charged with formulating 

those 2015 guidelines will certainly take such 
discoveries into account. The fact is—no surprise 
here, I think—nothing is very simple when it 
comes to a condition as dynamic, dramatic and 
challenging as cardiac arrest.

Key among the latest scientific papers on chest 
compression rate is work done by Dr. Ahamed 
Idris and his colleagues in the Resuscitation 
Outcomes Consortium. In short, Dr. Idris and 
the research team found that exactly 100 chest 
compressions per minute didn’t produce the 
highest number of survivors among the large 
group of cardiac arrest victims who were treated 
by systems that participate in the ROC.4 

The “sweet spot” of chest compression rate in 
that review, published in 2012, was much nearer 
to 120 chest compressions per minute.4 So, you 
might say that the AHA is still right because 120 
compressions per minute fits the definition of 
“at least 100 times a minute,” although so does 
140 compressions per minute, correct?

Staying 
on Time
A conversation about the  
importance of count & cadence  
of chest compressions

By Jeffrey M. Goodloe, MD, NRP, FACEP

Scientific data published since the 2010 AHA 
guidelines is helping to refine CPR chest 
compression rate.

Photo DaviD howerton

“So, Dr. G, what’s your interest in chest 
compression rate? The American Heart As-
sociation (AHA) says to compress the cardiac 
arrest victim’s chest at least 100 times a 
minute. That’s all there is to it, right?”
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conditioning or weightlifting? Why does our 
heart rate rise and breathing increase? We are do-
ing the “Magic C” as I call it—compensating! 

That workout-induced tachycardia and 
tachypnea is getting greater-than-usual oxygen-
enriched blood flow to muscles that require it 
to perform what we’re asking of them. As long 
as we are pulsatile, and your patient is pulsatile, 
our human bodies will stretch compensation to 
impressive levels. But, what happens when pul-
satile becomes pulseless? Compensation ceases, 
at least the intrinsic compensation.

So what’s the extrinsic compensation during 
CPR? You. Me. Your partner(s). Bystander(s). 
CPR is, in one word, compensation.

What percent of compensation do you and 
I have to attain for a person when we do CPR? 
100%! Sobering, huh? We don’t even get to out-
source 1%; that 100% needs to be the very best 
it can be, at least according to the best under-
standing of what works today. 

As important as each compression is, the de-
compression phase is just as important because 
that’s when intrathoracic pressure drops and 
blood flow can return to the heart to be avail-
able for flow from the heart on the next com-
pression. Think about the last sick patient you 
had in a true tachydysrhythmia with a pulse? 
Why were they so weak, hypotensive and likely 
even hypoxic? The rapidity of their pulse pre-
vented good cardiac output and perfusion, both 
to central and peripheral circulation. 

We may not be so worried about peripheral per-
fusion in cardiac arrest, but if our compressions 
are going to produce helpful cerebral and coro-
nary perfusion pressures, we have to let enough 
decompression time occur. That doesn’t happen 
if we compress at 140 times a minute.

So do professionally trained EMTs and para-
medics compress that fast anyway? Actually, 
yes, a lot do. Good-hearted, enthusiastic police 
officers, firefighters, EMTs and paramedics per-
form too many compressions. How do I know 
this? Back in 2011, we discovered in the process 
of reviewing chest compression fundamentals 
with each and every EMT and paramedic in the 
EMS System for Metropolitan Oklahoma City 
and Tulsa, that without a metronome to guide 
compressions, nearly 90% of these incredibly 
well-trained men and women were compressing 
somewhere between 135–145 times per minute! 

That really opened my eyes. It affirmed to me 
several things: 1) We have EMS professionals 
in our system who really care about—and work 
hard at—treating cardiac arrest. Even in training 

“The patients (and their families) we 
treat often think more is better, and if we 
want to be honest, many EMTs and paramed-
ics subscribe to that belief about a lot of 
interventions. That said, I bet you’re getting 
ready to burst that bubble and tell us 140 
compressions per minute may not be better?”

Actually, I’m not going to say 140 compres-
sions per minute may not be better than a rate 
of 120. Instead, I’m going to say, based upon the 
Idris paper, that 140 compressions per minute 
are definitely not better for survival than 120. 
In that report, a very compelling graph is pre-
sented that I choose to describe as a “wave of 
survival per compression rates.”

The reason I call it a “wave” is that a curve im-
plies an even rise and fall and this isn’t that. The 
scientific term for the actual curvilinear shape 
is a cubic spline model, but that’s hard for a guy 
like me to immediately grasp. I can visualize a 
wave that rises and then fades out, and I think 
most people can as well. 

So back to that study, it’s not too hard to 
imagine that survival proved lower at rates less 
than 100 compressions per minute and then 
there is a slow increase to a peak in survival near 
120 compressions per minute. 

Here’s my key point: After 125 and towards 
140 and beyond, the survival line drops off! 
That’s why this study is so important in my 
opinion, and I trust the researchers, their 
method of study, plus the number of patients 
involved was large. This is science you and I can 
use in our quest to produce more neurological-
ly intact survivors from out of hospital sudden 
cardiac arrest.

“Why do you think 140 isn’t better than 
120? Besides, are people in real life com-
pressing at 140 anyway? That seems pretty 
fast and not what’s taught in the first place.”

Let me break that up into two answers. First, 
we have to think about this amazing organism 
that is the human body. What happens when 
you and I decide we’re going to get our particular 
organisms in better shape and do some aerobic 
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and getting quick feedback to our colleagues 
about how consistent in rates and continuity 
that their compressions were or were not in 
individual resuscitations, we’ve seen our chest 
compression fraction (time of resuscitation in 
which chest compressions are occurring) move 
from a typical 85% to more than 95%.

Without getting too far down in the weeds 
of science, it’s important to point out that use 
of mechanical chest compressors and/or the 
impedance threshold device can influence the 
basic physiology of hemodynamics produced 
by compressions. 

Through very in-depth conversations that I’ve 
had over the past few years with the clinical sci-
entists who developed the impedance threshold 
device, it appears that the ideal compression 
rate for CPR without an ITD, as reported in the 
Idris paper, differs from what’s ideal if an im-
pedance threshold device is used in-line in the 
airway circuit.5  

It seems the best rate when using an imped-
ance threshold device is much closer to the 100 
compression rate per minute; in fact, in sub-
sequent data analysis, the best overall survival 
in the ROC study occurred in patients who re-
ceived an active ITD with chest compression 

scenarios, their adrenaline kicks in and they go 
after it! I had honestly thought if we did start 
using metronomes set at 120 beeps per minute, 
directly influenced by that ROC study we’ve 
been talking about, those metronomes would 
be needed to speed up the rates. But, I was 
wrong. The reverse was true; we were compress-
ing too fast and the metronomes would help us 
to slow down.

It became crystal clear to me we needed to be-
gin using metronomes to change natural com-
pression rate tendencies. This turned out to not 
just be a positive for the patients, but our crews 
also, because we were actually able to reduce the 
physical work necessary in performing optimal 
manual chest compressions.

“Cool, Dr. G. So just compress at 120 
a minute in adults, use metronomes set to 
that and that’s all there is to it?”

Even with what we’ve discussed so far, there’s 
more to it. To prove the point, I’ll share with you 
now that we recently changed our compression 
rate guideline, and metronomes, to 110 com-
pressions per minute in rate.

“What?!?! How does that make sense 
based upon what we’ve been talking about?”

Back to the “nothing is really simple when it 
comes to cardiac arrest” mindset. In our par-
ticular system, we currently don’t use mechani-
cal chest compression devices like the Physio-
Control LUCAS 2 chest compression system 
or ZOLL AutoPulse non-invasive cardiac sup-
port pump. We use a team dynamic plan for 
coordinated resuscitation (aka the “pit crew” 
approach). The most common resuscitation in 
metro Oklahoma City or Tulsa has 5–8 EMS 
professionals on scene within 4–10 minutes. 

In addition, one of the devices we choose to 
use in our airway management and cardiac arrest 
care is the ResQPOD impedance threshold de-
vice (ITD) for its capability of reducing intratho-
racic pressure during decompression—another 
important factor in cardiac arrest resuscitation.5

Further, because of the emphasis we’ve been 
placing on the continuity of chest compressions 

Metronomes attached to monitor/defibrrilators 
allow agencies to fine tune CPR compression rates 
to keep up with the latest scientific evidence. 

Photos DaviD howerton
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Food and Drug Administration review and ap-
proval process. 

Should you ignore those metronomes that 
come with the cardiac monitor/defibrillators? 
Not if your local medical oversight physician(s) 
want you to use them. If they do, please use them 
per your system-specific treatment guidelines. 

In our system, we’ve purchased musical met-
ronomes that do allow for rate changes. This 
made it possible to start at 120 beeps per min-
ute, change to our current 110 beeps per minute, 
and still allow for future changes. I’m pretty sure 
these music industry companies have no idea 
what paramedics are doing ordering dozens of 
metronomes. They probably think we’ve got 
some great garage bands in urban Oklahoma!

Many options exist in the marketplace.  I rec-
ommend you try to find something that’s easy 
to activate and see or hear, with the durability of 
the proverbial EMS steel ball, something that al-
lows for rate changes (but doesn’t allow crews to 
change it to undesired rates or allow unintended 
changes in rates), and something sized to pro-
mote ready accessibility.

There are a lot of smartphone apps with audi-
ble and visual metronomes that are adjustable as 
well. We considered use of smartphone apps, but 
didn’t want to ask our EMS professionals to use 
their personally owned devices in the provision 
of resuscitation.

Many of the agencies in our EMS system have 
found great ways to physically attach  metro-
nomes to the outside of their AEDs or manual 
monitor/defibrillators so initial arrival EMTs 
and paramedics don’t have to go fishing in a 
pocket or compartment to find it in the early 
and chaotic first minutes of resuscitation. Easy 
access always promotes consistency in early use. 

 “So, Dr. G.: What kind of improvement 
have you seen in resuscitation practices in 
the EMS System for Metropolitan Oklahoma 
City and Tulsa since your crews started us-
ing these metronomes during cardiac arrest 
resuscitations?”

We made an assumption when the pit crew 
protocol was finalized and initially implement-
ed, that the medics were providing 120 com-
pressions per minute per our protocol. All of 
the involved agencies had metronomes at that 
time and there was nothing to lead us to believe 

rates close to 100/min. So, we’re slowing down 
to 110 for now, primarily based upon both this 
specific data analysis and our system-specific 
chest compression fraction and effective com-
pressions per minute. We’ll continue to follow 
our survival outcomes and adjust our chest 
compressions rates as further observation and 
science dictates.

To illustrate how complex this can get, if active 
compression-decompression CPR with an ITD 
finds its way to the streets of the United States, 
that ideal chest compression rate may be as low 
as 80/min according to a recent U.S. study!6

It does make sense when you appreciate that 
all of these things produce different compres-
sion types and intrathoracic pressure and, thus, 
different compression types and adjuncts, like 
the ResQPOD ITD and mechanical compression 
devices, will produce different optimal rates. 

Just remember, it still is all about survival and 
there are a lot of “fine tuning” knobs to turn 
back and forth as science gives us updates to 
our user’s manual for resuscitation.

“Wait, Dr. G. So you’re talking a lot 
about rates, but not so much specifically 
about metronomes. Seems like those are 
more important than you first thought and if 
anything, they’re getting even more impor-
tant. Why don’t the monitor/defibrillators 
have metronomes adjustable from 100 per 
minute? Should we ignore those? And, what 
metronomes should we be buying?”

First, you’re right. Metronomes are far more 
important than I first thought. In fact, credit 
goes to paramedics in our system who pushed 
the concept. I’ll claim to be smart—smart enough 
to listen to what proved to be their great idea.7 

Those early metronomes came about because 
not all the responding companies (fire-based) 
had manual monitor/defibrillators and not 
all of our monitor/defibrillators had built-in 
metronomes at the time. And, for my manufac-
turing colleagues reading this article, I’ll admit 
some frustration at the lack of their built-in 
metronomes being changeable in rate. But, I’ll 
also admit that I understand the frustration 
that these manufacturers have themselves be-
cause they can’t put a “dial the rate up or down” 
knob or touchscreen on their devices without a 
time-intensive and costly journey through the 
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“Thanks, Dr. G. Do you have any part-
ing thoughts?”

It’s an exciting time in EMS resuscitation.  
It takes work on everyone’s part to keep pace 
with the findings we’re putting into practice. 
Thanks for your commitment to excellence in 
out-of-hospital EMS medicine by reading this 
article. Together we’re finding better answers to 
challenges like cardiac arrest, answers that tru-
ly make a life or death difference to people we 
serve, and when they need those answers most. 
Keep reading and asking questions because sci-
entific discoveries are happening in EMS medi-
cine now more than ever. ✚

Jeffrey M. Goodloe, MD, NRP, FACEP, is medical 
director for the Medical Control Board, which provides 
physician oversight for the eMs system for Metropoli-
tan oklahoma City and tulsa, which includes the emer-
gency Medical services authority, the oklahoma City 
Fire Department, the tulsa Fire Department, 20 subur-
ban fire departments and american airline’s emergency 
response team in tulsa. he’s professor and eMs sec-
tion chief in the Department of emergency Medicine at 
the University of oklahoma school of Community Med-
icine. he’s also a member of the JeMs editorial Board 
and can be reached at jeffrey-goodloe@ouhsc.edu.
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this rate was in question. 
 When we participated in a cardiac arrest resus-

citation analytics annotation pilot project spon-
sored by one of our industry partners in February 
and March of 2014, we found that the compres-
sion rates on some cases were alarmingly high 
while others were at or near 120. So we added 
a field to the data we collect and the CPR rates 
have been continuously tracked since that time.

One of the things we found early on was that 
some of the smaller sized metronomes were not 
being used for various reasons. In some cases, it 
was simply because the crews forgot to use them, 
though in others it was because the Velcro that 
had been used to attach them to the monitors 
had become worn and the metronomes either 
fell off and were lost, or they were simply placed 
in the monitor case where EMTs and paramed-
ics didn’t know they were relocated. Like they 
say, out of sight can equal out of mind!

We also learned that environmental noise can 
cover the sound of the metronome, so, whatever 
metronome you use, it has to be capable of be-
ing heard and/or seen. The metronomes built 
into the cardiac monitor/defibrillators do seem 
to solve that problem, but I want to caution 
that I personally don’t think 100 compressions 
per minute for all cardiac arrest patients, in all 
resuscitation practices is the optimal rate as we 
know it today. 

In all of the cases in our specific system when 
the metronome wasn’t used, the compression 
rate was certainly faster than the 120/min we 
desired. Interestingly, when the ambulance 
would go en route to the hospital, rates often 
jumped almost immediately from around 120 
to 130 and above.

After we mounted a concerted effort to have 
the providers utilize the metronomes and be-
gan revealing the patterns in compression rates 
at our monthly CQI meetings and additionally 
in emails to the education departments in our 
system agencies, we found almost immediate 
elimination of extreme compression rate devia-
tions (e.g., greater than 160/min). 

Our typical rate is now 123/min. Keep in mind 
we’re still rolling out the change to 110/min. 
This is down from 129/min. It doesn’t sound 
like much, but there are nearly 100 workable 
arrests every month in our system and that’s a 
great achievement by our fire and EMS crews 
in focusing on hitting that compression “sweet 
spot” of compressions per minute. We believe it 
has strongly contributed in  increasing our suc-
cessful resuscitations.  



The performance of high-quality CPR is the primary component 

in helping us all achieve this goal. Through better measurement, training, 

and systems-improvement of CPR quality, we can have a signifi cant 

impact on survival from cardiac arrest.

Learn more in the AHA Statement CPR Quality: Improving Cardiac 

Resuscitation Outcomes Both Inside and Outside the Hospital at 

www.heart.org/cprquality

Every year in the United States more than 500,000 adults and 

children experience a cardiac arrest and less than 15% survive.
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CPR—and patient outcomes—can always improve. EMS teams 

work hard to develop and maintain their skills, but there’s a better 

way that frees up staf for other lifesaving tasks: the LUCAS®  

Chest Compression System from Physio-Control. It’s easy to use 

and designed to deliver high-quality chest compressions for as  

long as it takes while protecting crew safety. 

Allina Health and Physio-Control 

Allina Health provides care to one million residents across 100 

Minnesota communities. In 2013 they responded to 62,000 

emergency calls spread out over 1,600 square miles. That’s  

a lot of people and a lot of territory. Allina needed to ensure  

everyone could get the best possible treatment—including the  

best possible CPR.

After deploying the LUCAS system, Allina went from seeing a 

few cardiac arrest survivors each year to several a month. In the 

first six months, they had a 5% increase in neurologically intact 

survival-to-discharge rates. Now they’re among the best in the 

nation at 50%, much higher than the 38% national average. That’s 

a big diference when it comes to saving lives.

Bottom line: Physio-Control solutions can help you improve 

your CPR and patient outcomes.

Learn more. 

Download the case study at www.physio-control.com/AllinaHealth

How can you improve  

your CPR performance?
Mechanical, High-Quality CPR Boosts 
Neurologically Intact Survival.

—  Susan Long, Director of Clinical and 

Support Services, Allina Health EMS

“ Crews and first 
responders love it—
it makes the scene 
of a cardiac arrest 
go smoother and 
provides better CPR 
than we can provide 
manually.”

Case study: Teamwork and attention to detail at every level of care enhances patient outcomes at Allina. Physio-Control GDR 3302700  
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