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The quality of CPR and chest compressions are key factors for survival from cardiac arrest.1

Over the past 50 years, there has been a progressive increase in the recommended rate of
chest compressions during CPR.

In 1960, the recommended rate was 60 compressions/ minute; this increased to at least 100
compressions/ minute in the latest guidelines from the American Heart Association (AHA)
in 2010.1–4 However, guidance is not provided for a maximum chest compression rate.

In this article, I’ll review key studies and gaps in our knowledge about chest compression
rate, including the study recently published in the journal Circulation and how it can be used
to guide clinical practice.5 I’ll also review what further studies need to be done regarding
chest compression rate and quality of CPR in general.

One of the most fundamental things that we have learned from research over the past 10
years is that survival from out-of-hospital cardiac arrest depends mostly on the quality of
BLS (including defibrillation) that is given in the field before the patient arrives at a
hospital. In Dallas-Fort Worth, and at least one other Resuscitation Outcomes Consortium
(ROC) site, less than 1% of patients who are not resuscitated in the field will leave the
hospital alive.
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The recommended rate of chest compressions during CPR has increased over the past 50
years, but recent research shows that we must also consider the ideal maxmium rate and
avoid exceeding 125 compressions/minute.

DISCOVERING THE QUESTION
The AHA and the International Liaison Committee on Resuscitation (ILCOR) jointly review
guidelines for CPR every five years to determine if new science published since the last
review provides evidence strong enough to justify changing a guideline or adding a new
guideline.

In 2006, AHA and ILCOR asked me and two other investigators to review the guideline for
chest compression rate during CPR in preparation for the 2010 CPR Consensus on Science
Conference (the last CPR guidelines had been published in 2005).

I began the review of chest compression rates by searching for appropriate articles in such
databases as PubMed and repeated it several times until November 2009. The final review
included 22 articles that were a variety of human, animal and manikin studies, few of which
tested different chest compression rates. The studies showed that when compression rates of
EMS providers were measured in the prehospital setting, the rates were faster than 100
compressions/minute, generally averaging about 110–120 compressions/minute.

Animal studies showed that blood flow and survival increased with faster chest compression
rates.6–10 Some studies compared 60 with 120 compressions/minute and some compared 60,
100, 120 and 150 compressions/ minute. These studies showed better blood flow occurred at
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120–150 compressions/minute. One animal survival study compared 60 and 120
compressions/ minute and found greater survival with the faster rate.8

Two human studies compared 80 with 120 compressions/minute. 11,12 These studies found
improved blood flow and pressure, or increased end-tidal carbon dioxide levels (an indirect
measure of blood flow), with the faster rate.

In summary, these studies provided consistent evidence for improved blood flow at rates of
120–150 compressions/minute. However, this is only indirect evidence regarding optimal
rates because none of the studies observed the influence of chest compression rates on return
of spontaneous circulation (ROSC), or survival, in humans.

The bottom line: This was a huge gap in the scientific literature of resuscitation for
something as fundamental as chest compression rates during CPR.

Identifying gaps in scientific knowledge is one of the functions of the guideline review
process, so that investigators can be directed to important areas of future research. The
review prompted me to take up the question: What is the ideal chest compression rate range
(low and high) for survival?

METHODS
Fortunately, as an investigator in the ROC, I was in a position to do something about it. The
ROC is a network of regional research centers that are focused on two main problems:
severe traumatic injury and non-traumatic cardiac arrest. The regional research sites include:

• Birmingham, Ala.

• Dallas-Fort Worth

• Milwaukee

• Pittsburgh

• Portland, Ore.

• San Diego

• Seattle-King County

• Ottawa, Ontario

• Toronto, Ontario

• Vancouver, British Columbia

The ROC maintains a registry for cardiac arrest that was started in December 2005 and
continues today. The registry enrolls about 22,000 out-of-hospital cardiac arrest cases
annually. Such patients receive CPR by paramedics and firefighters and are then often
transported to a hospital. The registry data starts with the 9-1-1 call and ends with vital
status at the time of hospital discharge, including in-hospital data.13,14

Most importantly for my study, the registry collects data from electronic files that
defibrillator-monitors record during CPR. These files record chest compressions, shocks,
and interruptions in chest compression and some also record the depth of each chest
compression, ventilation, and end-tidal carbon dioxide.15 The files are a detailed record of
the entire resuscitation and are the next best thing to actually being there (possibly better
than being there because of the detailed second-to-second measurements found in these
files).
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These files have provided crucial data that has been used in a number of studies regarding
various aspects of CPR, including chest compression rates, which collectively can be termed
“quality of CPR” studies.16,17

Our study of chest compression rates included more than 3,000 adult patients from ROC
sites in the U.S. and Canada who had out-of-hospital cardiac arrest and CPR provided by
EMS rescuers (firefighters and paramedics). All of the study patients had electronic
recordings of chest compressions available.5

The study included data from the first five minutes of CPR; this data was analyzed using a
logistic regression model.18 The model adjusted for the following factors that are known to
affect outcome:

• Age

• Sex

• First known rhythm

• Witnessed cardiac arrest

• Bystander CPR

• Location (home vs. public)

These factors are also called Utstein predictors and should be used in most cardiac arrest
studies where outcome is an end-point.

The model also adjusted for ROC site. Chest compression rate was measured only during
intervals when chest compressions were being performed and excluded intervals in which
there was a pause in chest compressions.

Average patient age was 67 years; 1,082 had ROSC (35%) and 265 (8.6%) survived to
hospital discharge. The study found that the average chest compression rate used by EMS
providers across ROC sites was 112 compressions/ minute. One-third of patients received a
rate greater than 120/minute, and 7% had a rate greater than 140/minute. Remarkably, we
measured rates up to 180 compressions/ minute at many sites.

SIGNIFICANT RESULTS
We found that ROSC peaked at a chest compression rate of about 125 compressions/ minute
and then declined sharply at higher rates (Figure 1). In addition, survival-to-hospital
discharge also peaked between 100–120 compressions per minute and then declined at faster
rates, although this was not statistically significant after adjustment for the covariates listed
above (Figure 2).

Another important finding: Chest compression depth became less as chest compression rates
became faster, especially with rates above 140/minute. Adequate depth of chest
compressions is thought to be a very important determinant of outcome from cardiac arrest;
so loss of depth at high compression rates may be one mechanism accounting for the
decreased success of resuscitation.

Two principal mechanisms are thought to be responsible for producing blood flow during
external chest compression: direct cardiac compression and increased intrathoracic
pressure.19,20 In either case, forward blood flow depends on venous blood filling the heart or
lungs during diastole or the release phase of external chest compression. If this phase is too
brief, blood available for forward flow during the compression phase will be limited.
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Such mechanisms may account for findings in animal models and in the present study that
120 compressions/ minute is a rate that appears to be optimal for blood flow as well as for
survival, but that rates faster than 120/minute are associated with decreased blood flow and
survival.

Implicit in the guidance for rescuers to “push hard, push fast” may be the belief that rescuers
don’t push fast enough. That they don’t push hard enough has been documented in a number
of studies. However, at least for professional rescuers, the tendency is to push too fast. This
tendency may be because of the surge of adrenaline and excitement that occurs during a
code, but may also be a function of the elastic properties of the human chest, which makes
higher chest compression rates feel more natural to the rescuer.

Above: Metronomes can help EMS providers maintain a correct chest compression rate.
Right: The 2010 American Heart Association Guidelines for CPR and ECCU set a minimum
of 100 compressions per minute.
This phenomenon may be similar to the natural bounce frequency of a trampoline. Thus,
compressing the chest at a frequency of 100–120 compressions/minute may require a
conscious effort to counteract higher compression rates that seem more natural.

Idris Page 5

JEMS. Author manuscript; available in PMC 2013 September 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Metronome devices that emit a tone can be set to a desired rate to provide guidance during
chest compression. Metronomes have been found useful as an aide to maintain correct chest
compression rate.21

We have used metronomes in Dallas EMS agencies with great success. We measured chest
compression rates for several years and found it to average about 135 compressions/minute.

After we introduced metronomes on all EMS AEDs and monitor-defibrillators, the average
rate decreased to 107 compressions/minute, a rate that’s right in the middle of the cardiac
compression “sweet spot.” This improvement in chest compression rates and other aspects
of basic CPR coincided with a substantial increase in survival rates in Dallas.

Moreover, we have been teaching lay rescuers to use the song “row, row, row your boat,
gently down the stream” (first proposed by my colleague Ray Fowler, MD) as an aide to
help maintain the proper chest compression rate. Almost everyone knows this song and we
have found that it aids in calming some rescuers during a stressful event, such as cardiac
arrest.

FUTURE STUDIES
This compression range study should be repeated with a larger number of patients with data
from electronic CPR files to determine if chest compression rate is significantly associated
with survival to hospital discharge. A study with su$cient power to determine optimal chest
compression depth for survival should be also be conducted.

Optimal chest compression rates may also differ depending on whether manual compression
is performed or whether a mechanical chest compression device or a device that affects
circulation during chest compression is used. Such devices should be studied to determine
optimal chest compression rates.

Studies addressing the following questions are also needed: When should ventilation be
started during CPR, and how much ventilation is needed to improve survival to hospital
discharge?

CONCLUSION
Although additional studies are needed, this study shows that the likelihood of ROSC after
out-of-hospital cardiac arrest was greatest with use of chest compression rates between 100–
120 compressions/minute and ROSC declined when compression exceeded 125
compressions/minute.
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Figure 1.
Unadjusted cubic spline of the relationship between chest compression rates (x-axis) and the
probability of return of spontaneous circulation (ROSC) (y-axis).
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Figure 2.
Unadjusted cubic spline of the relationship between chest compression rates (x-axis) and the
probability of survival to hospital discharge (y-axis).
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