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Abstract
Background—The 2005 Emergency Cardiac Care guidelines for basic life support (BLS)
recommend a compression to ventilation ratio of 30:2. The effect of the additional exertion required
to deliver more chest compressions may present a considerable physical burden on the provider.

Objective—To compare cardiopulmonary resuscitation (CPR) performance and perceived exertion
during compression to ventilation ratios of 15:2 and 30:2 with real-time feedback during two-rescuer
CPR.

Methods—Eighteen BLS-certified healthcare providers each performed five minutes of chest
compressions on a manikin with compression to ventilation ratios of 15:2 or 30:2 on two separate
sessions. Heart rate, capillary lactate, and OMNI Rate of Perceived Exertion (RPE) were recorded
before and after each session. Subjects were given continuous, automated, feedback via an
accelerometer that measured rate, depth, duration, and release of compressions. Compression
measurements and feedback messages were recorded continuously during each five minute session.
Data were analyzed using descriptive statistics and t-test to compare groups. Repeated measures
ANOVA was used to compare data over the five minute epoch.

Results—After performing external chest compressions for five minutes, peak heart rate (102±24
vs. 106±27), capillary lactate (2.2±0.95 vs. 2.2±0.96), and OMNI RPE (4.3±1.2 vs. 4.6±1.1) were
higher were higher than baseline, but did not differ between 15:2 and 30:2. Compression rate (102
± 24 vs.106 ± 27) and depth (38.8±3.6 vs. 38.2±2.9) did not differ between 15:2 and 30:2 groups or
at any minute. Total chest compressions delivered were higher (p<0.05) in the 30:2 group (457±43)
compared to 15:2 (379±28). The average no flow time was lower (p<0.05) in the 30:2 group (22
±3.03) compared to the 15:2 group (33±2.64). Number of correction prompts (48±55 vs. 64±70) did
not differ significantly between the 15:2 and 30:2 groups.

Conclusions—In a cohort of healthcare providers, increasing the CPR ratio from 15:2 to 30:2 did
not change physical or perceived exertion during a five-minute bout of CPR when continuous, real-
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time feedback is provided. The 30:2 compression to ventilation ratio resulted in more chest
compressions per minute without decreasing CPR quality.

Keywords
Cardiopulmonary resuscitation; Guidelines; Compression to ventilation ratio; Manikin; Healthcare
provider; Lactate

Introduction
Cardiac arrest occurs outside of the hospital in approximately 1 of every 1000 persons per year.
Overall survival from cardiac arrest continues to be low, with only 6−7% of persons who
collapse outside of the hospital surviving to hospital discharge. 1 Recent data have suggested
that inadequate performance of CPR may hinder the success of resuscitation efforts. 2 Chest
compressions are necessary to generate coronary perfusion pressure, thus increasing the
likelihood of return of spontaneous circulation (ROSC) during resuscitation efforts. 3
Interrupting chest compressions results in a rapid decline of CPP. 4 The Guidelines 2005 for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care increased the chest
compression to ventilation ratio from 15:2 to 30:2 to minimize no flow time (NFT). 5

The quality of chest compressions is important for successful resuscitation. Inadequate rate
and depth of compression as well as insufficient recoil have been implicated in poor quality
CPR. 6 Another reason for ineffective chest compressions is rescuer fatigue. 7, 8 Within 1−2
minutes, the quality of chest compressions decreases. 7 Moreover, rescuers are unaware of
their decrease in performance. 8 Prior studies on rescuer fatigue have been limited by not
controlling the quality of chest compressions provided, and using the previous compression to
ventilation ratio of 15:2. When CPR providers are held to the parameters of the new CPR
guidelines, the effect of additional work on the provider and the quality of CPR is unknown.

To date, the few studies that have explored the perceived amount of work necessary to provide
quality CPR under the 2005 guidelines have not provided CPR quality feedback to providers.
9-13 Prior research has demonstrated that real-time feedback improves CPR quality.14,15 We
hypothesize that performance of CPR using the new guidelines and with the provision of real-
time feedback will increase rescuer work and require more correction prompts during a five
minute bout of CPR. We compared healthcare provider CPR performance and perceived
exertion during compression to ventilation ratios of 15:2 and 30:2 with real-time feedback.

Materials and Methods
Subjects

The University of Pittsburgh Institutional Review Board approved this study and each subject
provided informed consent. All subjects were BLS-certified healthcare providers. Subjects
included physicians, paramedics and emergency medical technicians.

Protocol and Data collection
This was a prospective, randomized, cross-over study examining external chest compression
performance and physical exertion of the provider during two-rescuer CPR. Subjects
performed five minutes of chest compressions on a manikin with compression to ventilation
ratios of 15:2 or 30:2 on two separate sessions. An investigator provided ventilations with a
bag-valve mask device. Following the completion of CPR subjects rested quietly in the lab for
five minutes.
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Participants performed external chest compressions for five minutes on a CPR manikin
(Laerdal Resusci Anne, Stavanger, Norway) placed on the floor. The manikin chest recoil
spring was replaced with a stiffer prototype provided by Laerdal to impart more realistic chest
compliance. Participants counted the number of compressions out loud. While performing
compressions, subjects were given continuous, automated, feedback for rate, depth, duration,
and release of compressions.

Feedback was provided by a Philips HeartStart MRx Monitor/Defibrillator (Philips
Electronics, New York, NY) with Q-CPR feedback technology (Laerdal, Stavanger, Norway)
based on measurements recorded by the Q-CPR Compression Sensor placed on the manikin's
chest and connected to the monitor. Correction prompts included “incomplete release,” “release
pressure,” “compress deeper,” “increase duration,” “press faster,” and “press slower.” The
feedback prompts served to optimize compression rate at 100 compressions per minute and a
depth of 38−51 mm.5 Compression measurements and feedback messages were recorded
continuously during each five minute session for later download and analysis. After a minimum
rest period of one hour, subjects performed external chest compressions for five minutes in the
alternate condition.

Prior to performing CPR, a CardioSport heart rate monitor (Polar Electro Oy, Sweden) was
secured around the subject's chest. Heart rate was recorded at baseline, the completion of CPR,
and five minutes following CPR completion. Capillary blood lactate was drawn from the
fingertip using a lancet (Becton Dickinson, Franklin Lakes, NJ), Lactate Plus test strip and
meter (Nova Biomedical, Waltham, MA) with aseptic technique at baseline and five minutes
following CPR completion. This time epoch was chosen to allow time for intramuscular lactate
to enter the blood stream.16 The subject rated perceived exertion using the OMNI Run-Walk
RPE scale, a scale of perceived effort anchored by 0 ‘extremely easy’ to 10 ‘extremely hard’.
17 The scale was explained to the subject by an investigator prior to beginning the study. OMNI
RPE measurements were obtained prior to CPR, immediately following the completion of CPR,
and five minutes after CPR completion.

Statistical Analysis
Data were analyzed using descriptive statistics and t-test to compare groups. A sample size of
18 was targeted to detect a 1.5 absolute difference in the OMNI RPE between the study groups
with a power of 0.90. This sample size would also allow us to detect a doubling of venous
lactate between the baseline measurement and the post-CPR measurement. The unpaired
Student's t-test was used to compare performance variables and correction prompts between
the 15:2 and 30:2 compression to ventilation groups. Repeated measures ANOVA was used
to analyze performance variables during each minute of the study. Analyses were considered
significant when alpha ≤ 0.05.

Results
Eighteen CPR-certified healthcare providers completed the study. Demographics are shown
in Table 1. All subjects were experienced CPR providers with a mean of 11.1 ± 6.79 years of
experience (range: 1 to 24 years).

Physiology and Perceived Exertion
After five minutes of compressions, heart rate, lactate, and OMNI RPE were increased but
these outcomes did not differ between the 15:2 and 30:2 groups (Table 2).
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Compressions
Compression data are shown in Table 3. Rate and depth of compression did not differ
significantly between the 15:2 and 30:2 groups or during any minute of CPR. Number of
compressions with incomplete release did not differ between the 15:2 and 30:2 groups.
Percentage of compressions with adequate depth was not different between the two groups.
Total number of compressions was higher with 30:2 compared to 15:2. The overall NFT was
lower in the 30:2 group compared to the 15:2 group.

When analyzing by minute, the NFT was significantly lower in the 30:2 group (p<0.001; Figure
1). The 30:2 group received more compressions per minute but more compressions were too
shallow (p=0.007, p=0.02; Figure 1). Compression depth was not different between groups
(p>0.05). None of the measurements significantly differed over time.

Correction Prompts
The number of correction prompts provided during CPR did not differ between the 15:2 and
30:2 groups or during any minute of CPR (Table 3).

Discussion
The results of this study demonstrate that in healthcare providers performing external chest
compressions, a compression to ventilation ratio of 30:2 leads to a greater total number of
compressions over five minutes and a lower proportion of time without chest compressions
when real-time feedback is provided. We also noted a lower NFT in the 30:2 group. This
supports prior research. 9-12 Moreover, with the provision of real-time feedback, the number
of correct compressions and compression rate and depth did not differ between the two groups
in our study. However, the 30:2 group did note more compressions that were deemed too
shallow. Given the overall increase in compressions, the clinical effect of this finding is unclear.
Overall, our data refute the hypothesis that increasing the rate of compressions to ventilations
increases rescuer work and decreases CPR quality.

It has been previously established that prolonged time spent without chest compressions for
ventilations, pulse checks, and other procedures results in a large fraction of time during
resuscitation without chest compressions. 4, 6 The goal of the AHA guideline change to
increase the compression to ventilation ratio emphasizes the importance of compressions, and
to decrease time without chest compressions. This study, along with our prior clinical work
demonstrates that increasing the compression to ventilation ratio in the prehospital setting
improves the delivery of compressions, and improves return of spontaneous circulation
(ROSC). 10

Importantly, peak heart rate, capillary lactate, and OMNI RPE did not differ between the 15:2
and 30:2 ratios. Prior studies have evaluated the effect of various CPR bouts on heart rate and
perceived fatigue as measured on a Likert, visual analog scale (VAS), or Borg RPE. 9,11,13
Deschilder and Bridgewater describe an increase in perceived exertion by subjects as measured
with the VAS and Borg scales, respectively. 11,13 One potential reason for the difference
between their results and ours may be that Bridgewater examined a time period of ten minutes
and concluded that the length of the fitness test should be reduced. 13 Deschilder also detected
a small difference in perceived exertion. 11 However, both groups had adequate mean depth
of compression, suggesting that increased effort by the providers may not be clinically relevant.
Heart rate and lactate were not monitored in that study.

Distinctly different from prior studies, the subjects in our study were given real-time continuous
feedback with correction prompts based on their specific compression performance. The
purpose of the feedback was to encourage subjects to perform correct compressions varying
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only the compression to ventilation ratio. Previous studies have shown that real-time feedback
during CPR performance improves the delivery of ventilations and chest compressions and
have led to the development of therapeutic devices that deliver CPR performance prompts.
14,15 Bridgewater provided intermittent feedback to subjects regarding their compressions per
minute, but did not provide continuous correction prompts related to depth, rate or recoil. 13
Odegaard did not provide feedback to their lay person subjects. 12

There are several limitations to this study. First, we used healthcare providers as subjects and
did not evaluate the lay rescuer population. This is relevant to our system, for most victims of
cardiac arrest do not receive bystander CPR. 10 However, a lay rescuer may be less fit and
suffer significant physical strain when performing a higher compression to ventilation ratio.
Second, we did not evaluate heart rate, lactate, or exertion continuously during each five minute
bout of compressions. We utilized a two-rescuer model where the subject provided
compressions and ventilations were done by an investigator with the bag-valve-mask. This
may have led to a more optimal setting for the subject to concentrate on chest compressions.
We have previously noted that rescuers perform CPR less efficiently as more tasks are given
to them. 18 Finally, this was a simulated resuscitation and may not represent the austere
environment faced by many prehospital rescuers.

Conclusions
Increasing the compression to ventilation ratio from 15:2 to 30:2 did not change rescuer effort
or perceived exertion in a cohort of healthcare providers during a five-minute bout of CPR
when continuous feedback is provided. The 30:2 compression to ventilation ratio produced
more chest compressions per minute and less time without chest compressions without
decreasing CPR quality.
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Figure 1.
A. No flow time (%) by group. (p<0.001 for comparison between groups)
B. Compressions per minute by group. (p=0.007 between groups)
C. Shallow compressions per minute by group. (p=0.02 between groups)
D. Compression depth (mm) by group.
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Table 1
Subject Demographics

Mean (SD) Minimum Maximum

Age (yr) 31.1 (8.0) 21 57
Height (in) 69.7 (3.55) 64 76
Weight (lb) 176.28 (30.62) 130 240
BMI 25.46 (3.59) 21.3 32.5
Years of CPR training 11 (6.79) 1 24
Gender (% male) 78
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Table 2
Physiologic variables and perceived exertion. Values are mean (SD).

15:2 Pre 15:2 Post 30:2 Pre 20:2 Post

HR (beats / min)) 77 (14) 102 (24) 76 (14) 106 (27)
Lactate (mmol/L) 1.4 (0.44) 2.2 (0.95) 1.4 (0.51) 2.2 (0.96)
OMNI 0.11 (0.5) 4.3 (1.2) 0.22 (0.7) 4.6 (1.1)
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Table 3
Compressions and correction prompts. Values are mean (SD).

15:2 (SD) 30:2 (SD)

Rate (per minute) 105 (8.4) 109 (10)
Depth (mm) 38.8 (3.6) 38.2 (2.9)
Adequate depth (%) 63 (37) 56 (36)
Incomplete release 33 (55) 47 (69)
Correction prompts 48 (55) 64 (70)
Total compressions 379 (28) 457 (43) *
Total no flow time (%) 33 (2.7) 22 (3.0) *

*
p<0.05 compared to 15:2 group
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