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Background: Duty cycle is the portion of time spent in compression relative to total time of the
compression-decompression cycle. Guidelines recommend a 50% duty cycle based largely on animal
investigation. We undertook a descriptive evaluation of duty cycle in human resuscitation, and whether
duty cycle correlates with other CPR measures.

Methods: We calculated the duty cycle, compression depth, and compression rate during EMS resus-

g?l’z words: citation of 164 patients with out-of-hospital ventricular fibrillation cardiac arrest. We captured force
Duty cycle recordings from a chest accelerometer to measure ten-second CPR epochs that preceded rhythm analysis.
Human Duty cycle was calculated using two methods. Effective compression time (ECT) is the time from beginning

to end of compression divided by total period for that compression-decompression cycle. Area duty cycle
(ADC) is the ratio of area under the force curve divided by total area of one compression-decompression
cycle. We evaluated the compression depth and compression rate according to duty cycle quartiles.
Results: There were 369 ten-second epochs among 164 patients. The median duty cycle was 38.8%
(SD=5.5%) using ECT and 32.2% (SD=4.3%) using ADC. A relatively shorter compression phase (lower
duty cycle) was associated with greater compression depth (test for trend <0.05 for ECT and ADC) and
slower compression rate (test for trend <0.05 for ADC). Sixty-one of 164 patients (37%) survived to hospital
discharge.

Conclusions: Duty cycle was below the 50% recommended guideline, and was associated with compres-
sion depth and rate. These findings provider rationale to incorporate duty cycle into research aimed at
understanding optimal CPR metrics.
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1. Introduction

Cardiopulmonary resuscitation (CPR) - characterized by
repeated chest compressions sometimes interspersed with rescue
breathing - is a key link in the chain of survival designed to improve
outcomes following cardiac arrest. Increasing evidence indicates
that the specific composition of CPR can influence the likelihood
of successful resuscitation. CPR characteristics such as compres-
sion depth, rate, extent of release (chest recoil), and timing (CPR
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interruptions) vary substantially in resuscitation, and this vari-
ability has been associated with the likelihood of survival and
neurological recovery.! This evidence has formed the basis of resus-
citation guidelines which provide specific goals for the different
metrics of CPR (depth, rate, release, and timing).? This understand-
ing has produced efforts directed toward training, CPR feedback
(depth, rate, recoil), and mechanical CPR; all with the goal of
improving outcomes following cardiac arrest.

Resuscitation guidelines also provide specific goals for the chest
compression metric of “duty cycle”. The CPR duty cycle is the pro-
portion of time spent in compression relative to the total time of the
compression plus decompression cycle.> Current CPR guidelines
recommend a 50:50 duty cycle, where the time spent in compres-
sion and decompression is equal.> The recommendation is based
on modest evidence derived largely from experimental and animal
studies.>~? Little is known about duty cycle in human resuscitation
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and its relationship to other CPR metrics. We hypothesized that
duty cycle would vary across individual arrests and would be cor-
related with other CPR metrics such as compression depth and
rate.

2. Methods
2.1. Design, population, and setting

The study was aretrospective observational investigation of 164
persons who suffered non-traumatic, out-of-hospital ventricular
fibrillation cardiac arrest between January 1, 2007 and December
31, 2011 and were treated by King County Emergency Medical
Services (EMS) agencies equipped with specific recording equip-
ment that monitored CPR performance. Cases were excluded if
no defibrillator recording was available or the recording did not
include measures of CPR throughout the resuscitation event. The
investigation was approved by both the University of Washing-
ton and Public Health Review Boards. The study communities
have a population of approximately 600,000 persons. The EMS
is a 2-tier system activated by calling a central emergency dis-
patch (9-1-1) number. The first tier is comprised of EMT-firefighters
equipped with automated external defibrillators. The second-
tier is comprised of paramedics trained in advanced cardiac life
support including ECG rhythm interpretation, drug administra-
tion, and endotracheal intubation. The EMS personnel generally
follow the American Heart Association guidelines for cardiac arrest
resuscitation.

2.2. Data collection and variables

The EMS system maintains a registry that includes every treated
out-of-hospital cardiac arrest. Patient, circumstance, care, and
outcome characteristics are abstracted from a range of sources
including dispatch, EMS, hospital, vital statistics, and defibrillator
records and organized according to the Utstein definitions.'® The
defibrillator information gathered for this particular study included
arecording of the ECG rhythm tracing, the transthoracicimpedance
measurements, data from an accelerometer placed on the patient’s
chest, and the audio recording. The accelerometer data included
measurements of acceleration and force which were used to com-
pute chest compression rate and depth.

Chest compression duty cycle was calculated using the force
recordings from the chest accelerometer, Philips MRx-Event
Review Pro®©, using two different previously reported methods
termed the effective compression time (ECT) and area duty cycle
(ADC). The force accelerometer can distinguish forces of compres-
sion from decompression. The ECT is a first-order measure that is
the time from the beginning to the end of the compression divided
by the total period for that compression-decompression event.?
The ADC is a second-order measure that is the ratio between the
area under the force curve and the total area of one rectangle out-
lining the compression-decompression curve (Fig. 1).!! Thus the
ECT is more intuitive measure of duty cycle but we also assessed
the ACD in an effort to explore how different measures of force
might compare to one another and to the compression metrics of
depth and rate. The time period defining each compression period
for ECT and ADC was defined as the time between the two absolute
minima on either side of the compression peak in the force trace.
Both measures are reported as percentages. These measures of duty
cycle were derived using the ten-second CPR epochs that immedi-
ately preceded each scheduled defibrillator rhythm analysis set to
occur at 2 min intervals per American Heart Association resuscita-
tion guidelines. We calculated the median value of ECT and ADC for
all compressions within the 10-s epoch.
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Fig. 1. Graphic depiction of duty cycle as derived from the ECT and ADC. The y-axis
is the force and the x-axis is time.

Median depth values for each ten-second epoch were obtained
directly from the MRx defibrillator download files, which record
the depth for each CPR compression by estimating the position of
the puck based on the acceleration measurements. Median chest
compression rate was also calculated based on the force trace.

2.3. Statistical analysis

We used descriptive statistics to evaluate the distribution of the
duty cycle. To characterize the relationships between duty cycle
and the other CPR metrics parameters, we divided the duty cycle
into quartiles. We then calculated compression depth and com-
pression rate according to duty cycle quartiles. CPR metrics were
calculated in MATLAB® and SPSSO© statistics. Statistical significance
was defined as p <0.05.

3. Results
3.1. Patients

Of the 558 persons who suffered out-of-hospital ventricular
fibrillation arrests and were treated by the study EMS agencies,
164 (29%) had complete defibrillator download information for the
entire resuscitation event. Demographic, circumstance, care, and
outcome characteristics were similar between cases included and
excluded in the study (Table 1). Among study cases, most arrests
were witnessed; more than half received bystander CPR; nearly
two-thirds had spontaneous circulation at the end of EMS care, and
about a third survived to hospital discharge with good neurological
outcome (Table 1). Among witnessed ventricular fibrillation arrest
due to presumed cardiac etiology (as designated by the Utstein
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Table 1
Characteristics according to defibrillator record status.

Characteristic Defibrillator record status

Eligible, available Eligible, unavailable

(n=164) (n=394)

Average age, 63.4(16.6) 63.6 (15.6)
years (SD)

Male, % (n) 78%(128) 76% (298)

Cardiac etiology, 88% (144) 89% (391)
% (n)

Bystander 74% (121) 71%(181)
witnessed, %
(n)

Bystander CPR, % 70% (114) 69% (270)
(n)

EMS response 5.3(2.0) 49(2.1)
interval, min
(SD)

ROSC at the end 63%(104) 66% (259)
of EMS care, %
(n)

Survival to 37%(61) 42%(167)
discharge, % (n)

Favorable 32%(53) 37%(147)
neurological

status, % (n)

Return of spontaneous circulation is abbreviated ROSC.
All comparisons result in p >0.05.

template), 43% survived to hospital discharge, and 37% survived
with favorable neurological status.

3.2. Duty cycle measures

There were 369 epochs for evaluation, collectively constituting
3690 s of CPR. The mean duty cycle per epoch was 38.8% (SD=5.5%)
using the ECT method and 32.2% (SD =4.3%) using the ADC method
(Fig. 2a and b). Duty cycle did not significantly vary during the
course of resuscitation. For example, the average duty cycle using
the ECT method was 38.7% prior to the 1st shock, 37.2% prior to
the 2nd shock, 37.8% prior to the 3rd shock, 36.8% prior to the 4th
shock, and 37.3% prior to the 5th shock. Regardless of the derivation
method or time point during resuscitation, the vast majority of duty
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Fig. 2. Distribution of the duty cycle according to the effective compression time
and area duty cycle methods. The y-axis is the number of epochs and the x-axis is
the median value of the duty cycle for a given epoch. ADC, area duty cycle; ECT,
effective compression time.
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Fig. 3. Scatter plot of area duty cycle versus effective compression time. ADC, area
duty cycle; ECT, effective compression time.

cycle measures were <50%. The ECT and ADC were only moderately
correlated (R=0.35) (Fig. 3).

3.3. Correlation with other CPR parameters

The duty cycle was inversely associated with compression depth
by both methods used to derive the duty cycle (Table 2) (test
for trend <0.05 for ECT and ADC). For example when stratified
according to duty cycle quartile using the ADC method, the aver-
age compression depth was 43.9 mm for quartile 1 (median duty
cycle=32.4%), 44.6 mm for quartile 2 (median duty cycle =37.1%),
42.6 mm for quartile 3 (median duty cycle=41.0%), and 37.9 mm
for quartile 4 (median duty cycle=45.2%). Conversely, increasing
ADC quartile - but not ECT quartile - was associated with greater
compression rate (Table 2).

4. Discussion

In this investigation of out-of-hospital ventricular fibrillation
cardiac arrest, we observed a duty cycle during clinical resusci-
tation that averaged 32-38%, depending on the method used to
derive the measure. Regardless of the measurement approach, the
duty cycle was inversely associated with compression depth such
that relatively shorter compression phase (lower duty cycle) cor-
responded to greater compression depth. In addition, a relatively
shorter compression phase corresponded to slower compression
rate using the ADC method. Taken together, the findings involving
duty cycle indicate that actual field care in a high-performing EMS
system differs substantially from guideline recommendations, and
that the duty cycle and its variation likely influence other important
CPR metrics.

Previous animal experimental studies indicate that duty cycle
can influence hemodynamics and potentially resuscitation out-
come, but have provided conflicting results regarding optimal
ratios.>® Many - though not all - of these investigations
demonstrate higher blood flow and better outcomes when the
compression phase is less than 50%. Conversely, in a small case
series of 8 in-hospital human arrests treated with mechanical com-
pressions during the very terminal phase of care, a duty cycle of
50-60% achieved greater arterial blood flow during CPR compared
to shorter compression phase duty cycles (30-40%).12 We observed
that the active compression phase in clinical resuscitation com-
prised about a third of the typical compression-decompression
cycle, and nearly all duty cycles were less than 50%.
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Table 2
Compression depth and rate according to duty cycle quartile.
Characteristic =~ Measure Total
ECT quartile ADC quartile
1 2 3 4 1 2 3 4
(n=92) (n=92) (n=93) (n=92) (n=92) (n=92) (n=93) (n=92)
Median 324 371 41.0 45.2 27.5 30.8 334 36.7 -
duty cycle
Compress 109.1 112.7 112.2 109.6 108.8 109.3 110.1 1154 1109
rate (SD) (8.9) (13.1) (12.5) (12.5) (9.1) (9.8) 12.0 (14.9) (11.9)
Compress 43.8 43.9 41.2 40.1 43.9 44.6 42.6 37.9 422
depth (SD) (8.4) (8.2) (7.2) 9.1) (8.3) (7.2) (7.9) (8.5) (8.4)

Compression rate and depth associated with ADC quartile (test for trend p <0.05).
Compression depth associated with ECT quartile (test for trend p <0.05).

What are the implications of these results? The study does
not demonstrate that a relatively shorter compression phase is
associated with better clinical outcomes. Nonetheless and specu-
lative, the findings suggest that “high-impulse” compressions with
a shorter compression phase constituted the characteristic com-
pression in an EMS system with a very high survival rate.!?> The
finding - in the context of experimental studies - is provocative
and questions whether the duty cycle is typical of other systems
and importantly whether the 50% duty cycle recommended by
guidelines is optimal? For example, recent randomized trials of
mechanical CPR have not demonstrated clinical benefits compared
to manual CPR despite potential mechanistic advantages related
to traditional CPR metrics.'*'> The duty cycle of these mechanical
devices is 50%, and may differ from the duty cycle of manual CPR.
This difference in duty cycle may undermine any potential benefit
of mechanical CPR.

We also observed that relatively shorter compression phase was
associated with greater compression depth and slower compres-
sion rate (for the ADC measure). Evidence indicates that greater
compression depth is associated with better clinical outcome.!%17
Compression rate may also influence clinical prognosis.'® However
these investigations have not incorporated duty cycle. Whether the
primary benefit is due to depth, rate, duty cycle, or some combina-
tion is not known, but the current study results provide a strong
rationale for future prognostic studies of CPR metrics to include
duty cycle in order to clarify how these metrics independently or
synergistically affect outcome.

We used two different methods to derive the duty cycle: the
effective compression time and the area duty cycle. Although the
two methods used to derive duty cycle both indicated an aver-
age duty cycle far below 50% and a consistent correlation between
shorter compression phase and deeper chest compression, the two
approaches were only moderately correlated. The lack of correla-
tion likely reflects the essential differences in derivation: the ECT
is a first-order equation that that depends on the change in direc-
tion of the chest as determined by the accelerometer while the
ADC incorporates the area under the force curve. The ECT is a more
intuitive measure but the ADC may also be useful. The imperfect
agreement suggests that efforts to achieve an optimal duty cycle
should consider the method (or methods) used to derive the mea-
sure to best inform resuscitation stakeholders how to consider duty
cycle.

The investigation has limitations. We used a convenience sam-
ple of ventricular fibrillation arrest that provided for recording
the duty cycle and other CPR metrics. Those cases that were not
available for the study could have been different with regard to
duty cycle; however clinical characteristics and outcome were sim-
ilar between cases that were and were not included (Table 1).
Moreover, an evaluation of non-shockable arrest was not included
and could also provide distinct results. We used two methods to

derive the duty cycle, and other derivations may provide different
results. There is no reporting standard for duty cycle. We chose to
derive duty cycle from ten-second CPR epochs prior to defibrilla-
tion. We focused on this CPR segment among ventricular fibrillation
arrest given the potential importance of care during the perishock
period.'? Amore comprehensive assessment throughout resuscita-
tion could produce different results. However, we did not observe a
substantial change in duty cycle over the course of a resuscitation.
For example, the duty cycle prior to the first shock was similar to
the duty cycle prior to the fifth shock. We evaluated the relation-
ship between duty cycle and compression depth and rate, but not
completeness of chest recoil. Incorporating all these CPR measures
including duty cycle simultaneously may be required to optimally
understand how measures are related and may interact to influ-
ence clinical outcomes. The study was not designed to evaluate
if and how duty cycle may affect clinical outcome. Such a study
would require larger sample and ideally a randomized trial design.
The study occurred in a community with a high-performing EMS
system and may not be generalizable. Subsequent studies should
characterize the duty cycle in other EMS systems.

5. Conclusion

The characteristic duty cycle comprised only about a third of
the compression-decompression cycle, and was well below the
recommended guideline. A relatively shorter compression phase
(lower duty cycle) was associated with greater compression depth
and slower compression rate (by the ADC method). These findings
provider rationale to incorporate duty cycle into future research
aimed at understanding optimal CPR metrics.
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