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Abstract

Aim: The aim of this study was to evaluate chest compression rates (CCR) with and without the use of a metronome during treatment of out-of-
hospital cardiac arrest (OHCA).

Methods: We performed a retrospective cohort investigation of non-traumatic OHCA cases treated by Seattle Fire Department from January 1,
2013, to December 31, 2019. The exposure was a metronome running during CPR at a rate of 110 beats per minute. The primary outcome was
the median CCR for all periods of CPR with a metronome compared to periods without a metronome.

Results: We included 2,132 OHCA cases with 32,776 minutes of CPR data; 15,667 (48%) minutes had no metronome use, and 17,109 (52%) min-
utes had a metronome used. Without a metronome, the median CCR was 112.8 per minute with an interquartile range of 108.4 — 119.1, and 27% of
minutes were above 120 or less than 100. With a metronome, the median CCR was 110.5 per minute with an interquartile range of 110.0-112.0, and
less than 4% of minutes were above 120 or less than 100. The compression rate was 109, 110, or 111 in 62% of minutes with a metronome com-
pared to 18% of minutes with no metronome.

Conclusion: The use of a metronome during CPR resulted in increased compliance to a predetermined compression rate. Metronomes are a sim-
ple tool that improves achievement of a target compression rate with little variance from that target.

Keywords: Metronome, Cardiopulmonary resuscitation, Chest compression rate, Chest compressions, Out-of-hospital cardiac arrest,
Cardiac arrest

in multiple simulation-based studies, as well as some clinical studies,

Introduction with consistent improvement in compression rates for both layper-

sons and medical providers.” Simulation studies using a simple
Effective chest compressions are key to high-performance cardiopul- audio-based metronome only, without other prompts, also improved
monary resuscitation (CPR) and are influenced by the rate, fraction, compression parameters.®° Beyond simulation studies, the use of a
depth, and recoil."? Published evidence on compression rate specif- metronome in emergency department settings similarly improved
ically has shown rates below 100 and above 120 to be associated compression rates.'®'" However, evidence to support the use of a

with worse clinical outcomes when compared to rates between simple audio metronome to guide compression rate in real-time,
100-120.>°® The latest American Heart Association guidelines out-of-hospital situations is still limited.

reflects this evidence by recommending chest compression delivery The aim of this study was to evaluate CPR compression rates
at a rate of 100 — 120 compressions per minute.’ with and without the use of an audio metronome during treatment

The use of audio or visual devices can improve compliance with  of out-of-hospital cardiac arrest (OHCA). We hypothesized that the
chest compression rate targets.””'" Devices that provide real-time use of a metronome would improve achievement of a target com-
audio or visual feedback, including prompts, have been evaluated pression rate during treatment of OHCA.
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Methods

Study setting, design, and data collection

This study was a retrospective cohort investigation of non-traumatic
OHCA cases treated by Seattle Fire Department over seven years
from January 1, 2013 to December 31, 2019. The study was
approved by the University of Washington Institutional Review Board
and followed the STROBE guidelines for an observational study (see
STROBE Checklist, Supplemental Fig. 2).

The Seattle Fire Department is the primary responding emer-
gency medical services (EMS) agency in Seattle, Washington and
uses a tiered response model of firefighter-EMTs and firefighter-
paramedics. Firefighter-EMTs are trained in basic life support
(BLS) and use of an automated external defibrillator. From the start
of the study period to January 2015, EMTs were trained at least one
time a year in OHCA protocols, which included simulation training
with a target of 110 chest compressions per minute during CPR. In
January 2015, a CTM-40 Tuner and Metronome (DeltaLab, Thou-
sand Oaks, CA), preset to 110 beats per minute, was added to each
automated external defibrillator carrying case. EMTs were instructed
to turn on the metronome as soon as operationally feasible and leave
the metronome running throughout the resuscitation.

All defibrillators used during the study period recorded continuous
transthoracic impedance, continuous ECG waveforms, and audio
recordings of the case. The audio recordings and defibrillator data
were abstracted to create a detailed registry of each OHCA case.
The audio recordings were individually reviewed by a trained data
abstractor, and the metronome turn on time was noted when it
was first audible to the abstractor.

CODESTAT data review software (Version 12.0, Stryker Corpo-
ration, Kalamazoo, MI, USA) calculates a chest compression rate
(CCR) for each minute of the case using the mean of
compression-to-compression intervals for that minute, excluding
the lowest and highest quartile intervals (Supplemental Fig. 1). This
produces a trimmed mean, which reduces the influence of compres-
sion detection errors. In some cases, the software is unable to calcu-
late a compression rate. This occurs if a manual defibrillator was not
in “paddles” mode, there were an insufficient number of compres-
sions during the one-minute epoch, or compressions were missed
by the software algorithm. The software computes each interval
based on when the defibrillator was turned on. The first and last com-
pression periods typically start or end part way through a one-minute
epoch, since chest compressions do not align precisely at the minute
transition, and chest compression periods are not always precisely
two minutes.

Study population, exposure, outcomes, and statistical
analysis
All non-traumatic OHCA cases treated by the Seattle Fire Depart-
ment were eligible for inclusion (Fig. 1). We excluded patients with
the following characteristics: no defibrillator data or cases in which
the defibrillator recording was missing audio, patients aged less than
18 years old, patients who first developed cardiac arrest after EMS
arrival, patients that received advanced life support (ALS) care by
providers who were not part of the Seattle Fire Department, or if
there was a date/time mismatch between the defibrillators used on
the same case.

Among the included cases, unique CODESTAT minute epochs
were excluded if they occurred after the patient’s first return of spon-

taneous circulation (ROSC), a LUCAS device was in use, the same
minute was reported by more than one defibrillator, or a compression
rate was not able to be calculated. Minutes with compression rates
above 150 or below 60 were also excluded, as it was unlikely these
values represented true observations. In cases where the same min-
ute was reported by more than one defibrillator (cases often used
both an automated external defibrillator and a manual defibrillator),
the overlapping minutes from the first defibrillator were retained
and repeat minutes from the second defibrillator were excluded.

Minutes without a metronome running were designated as “No
Metronome”. Minutes when the metronome was running for the
entire 60 seconds were designated as “Metronome”. If a minute con-
tained the moment when the metronome was first audible, then that
minute was designated as “Metronome” to reduce any potential bias
towards a metronome effect.

The exposure in this study was a metronome running during EMS
CPR. The primary outcome was the median compression rates for all
periods with “Metronome” compared to periods with “No Metro-
nome.” The total amount of minutes above 120 compressions per
minute (CPM) and under 100 CPM were also reported for periods
with “Metronome” and periods with “No Metronome”.

At the patient level, we compared baseline characteristics in two
groups based on whether the metronome was used at any time in the
case or not. Categorical variables were compared with the chi-
square statistic and the Wilcoxon rank sum test for continuous vari-
ables. At the minute level, “No Metronome” minutes were compared
to “Metronome” minutes using the Wilcoxon rank sum test. The two
categorical variables, “Minutes over 120 CPM” and “Minutes under
100 CPM” were compared using a chi-square statistic. The
Kruskal-Wallis test was used to compare compression rates by year.
A p-value less than 0.05 was considered to be statistically significant.
Skewness and kurtosis tests were used to assess normal distribu-
tion. Statistical analysis was performed using Stata version 17 (Sta-
taCorp, College Station, TX).

Results

There were 3,047 OHCAs during the study period, of which 2,806
cases had viable defibrillator data. An additional 618 cases were
excluded, as shown in Fig. 1a. The resulting 2,188 cases contained
41,514 minutes of CPR. After excluding 8,738 ineligible minutes of
CPR (Fig. 1b), 32,776 minutes of CPR remained across 2,132
cases. Of this total, 15,667 (48%) minutes had no metronome use,
and 17,109 (52%) minutes had metronome use.

Metronome use increased consistently throughout the study per-
iod. During the first year after metronome deployment only 32% of
cases used a metronome, but by 2019 metronomes were used in
88% of cases (Supplemental Table 1). The metronome was turned
on early in the case; the median interval from the start of EMS
CPR to the metronome start was 1.3 minutes for all cases that had
a metronome (Table 1). This interval decreased consistently from
3.2 minutes in 2015 to 0.7 minutes in 2019 (Supplemental Table 1).

The median age of included patients was 63 years with an
interquartile range of 50-75 years. Overall, 78.5% of patients had
a presumed cardiac etiology, and 23.6% had an initially shockable
cardiac arrest rhythm. The median length of resuscitation, defined
by the time from the start of EMS CPR to ceasing efforts or arrival
to hospital, was 30.0 minutes for cases without a metronome, and
30.5 minutes for cases with a metronome (Table 1).
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Total Non-Traumatic OHCA from
January 1, 2013 to December 31, 2019
n = 3,047 cases

l

Cases with viable defibrillator data
n= 2,806 cases

—— > | Patient <18 years old n= 33 cases

n=2,773 cases

——— | Aurrest after arrival n= 326 cases

n = 2,447 cases

——— | ALS care by Others n= 37 cases

n = 2,410 cases

Incomplete Case Data (Missing audio or mismatch
start time)

n= 222 cases

Total Remaining Cases
n = 2,188 cases

Total Minutes of attempted CPR for
remaining OHCA
n = 41,514 minutes

—_— | Minutes after first ROSC n = 5,107 minutes ‘

n = 36,407 minutes

Minutes Lucas Device In Use n =690 minutes ‘

n = 35,717 minutes .
I;! Compression Rate has no value

(meaning impedance was not used, there was a prolonged pause
in compressions, compressions were missed by the device

algorithm, or human annotator error)
n = 33,365 minutes n = 2,352 minutes

——— | Device overlap n= 559 minutes ‘

n = 32,806 minutes
——* | Median Compression Rate > 150 n = 30 minutes ‘

n = 32,776 minutes
— | Median Compression rate < 60 n = 0 minutes |

Total Remaining Sample
n = 32,776 minutes, 2,132 cases
Total minutes with no metronome used Total minutes with metronome in use
n = 15,667 minutes n = 17,109 minutes

Fig. 1 - 1a. Case Exclusions: Number of cases excluded for each exclusion criteria. 1b. Minute Exclusions: Individual
minutes were excluded from a case if they meet any of the minute exclusion criteria. Abbreviations: OHCA: out of
hospital cardiac arrest, ALS: advanced life support, ROSC: return of spontaneous circulation.
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Table 1 - Out of hospital cardiac arrest patient characteristics.

All Patients

Patients w/out

any Metronome Used

Patients w/ Metronome

Ever Used

Demographics
Total patients
Age, years
Sex, male
Clinical Features
Presumed Etiology
Primary Cardiac
Primary Respiratory - non toxic
Primary Respiratory - toxic
Medical
Other / Unknown
Arrest Location
Home/Other Residence
Public
Healthcare Facility
Other / Unknown
Bystander Witnessed
Bystander CPR
Initial Rhythm on EMS Arrival
VF or VT

Median/n (IQR/%)

2,132
63 (50-75)
1,412 (66.3%)

1,673 (78.5%)
109 (5.1%)
208 (9.8%)
120 (5.6%)
22 (1.0%)

1,304 (61.2%)
565 (26.5%)
249 (11.7%)
14 (0.7%)

785 (36.8%)
1,283 (60.2%)

502 (23.6%)

PEA 482 (22.6%)
Asystole 1,052 (49.4%)
Non-Shockable 43 (2.0%
Pulses on First Check 36 (1.7%)
Unknown 17 (0.7%)

Case Features

Call to Dispatch, minutes

Call to Start EMS Compressions, minutes
Length of Resuscitation, minutes

EMS Compressions to Metronome Start, minutes

0.63 (0.47-0.88)
6.7 (5.6-8.1)
30.3 (22.2-39.4)

Median/n (IQR/%)
1,043

63 (50-75)

682 (65.4%)

826 (79.2%)
50 (4.8%)
111 (10.6%)
47 (4.5%)

9 (0.9%)

603 (57.8%)
308 (29.5%)
126 (12.0%)
6 (0.6%)

381 (36.5%)
593 (56.8%)

263 (25.2%)
235 (22.5%)
505 (48.4%)
14 (1.3%)
16 (1.5%)
10 (1.0%)

0.62 (0.47-0.85)
6.5 (5.4-7.9)
30.0 (20.8-38.9)

Median/n (IQR/%)
1,089

63 (50-75)

730 (67.0%)

847 (77.9%)
59 (5.4%)
97 (8.9%)
73 (6.7%)
13 (1.2%)

701 (64.4%)
257 (23.6%)
123 (11.3%)
8 (0.7%)

404 (37.1%)
690 (63.4%)

239 (21.9%)
247 (22.7%)
547 (50.3%)
29 (2.7%)
20 (1.8%)

7 (0.6%)

0.65 (0.48-0.92)
6.8 (5.7-8.2)
30.5 (23.4-39.7)
1.3 (0.6-3.2)

p

0.95
0.45

0.19

0.043

0.13
<0.0001
0.24

0.0006
0.0006
0.012

There were significant differences observed between groups for Arrest Location, Bystander CPR, Call to Dispatch, Call to Start EMS Compressions, and Length of

Resuscitation. There were no significant differences observed between other groups.

Data was missing from 10 cases for Age; 21 cases from Call to Start EMS Compressions; 32 cases from Length of Resuscitation, minutes; and 7 cases from

EMS Compressions to Metronome Start.

Abbreviations: CPR: cardiopulmonary resuscitation, EMS: emergency medical services, VF/VT: ventricular fibrillation/ventricular tachycardia, PEA: pulseless

electrical activity.

The observed chest compression rates are detailed in Table 2.
Without a metronome, the median compression rate was 112.8, with
a larger interquartile range of 108.4 — 119.1. The median compression
rate for all minutes with a metronome was 110.5, with a much smaller
interquartile range of 110.0 — 112.0. The compression rate was 109,

110, or 111 in 62% of all metronome minutes compared to 18% of
no metronome minutes (Fig. 2). Of all minutes without a metronome,
21.8% were at a compression rate above 120 CPM and 5.4% were
below 100. Of all minutes with a metronome, only 3% were above
120 CPM and 0.7% were below 100 (Table 2, Figs. 2 and 3).

Table 2 - Overall Compression Rates.

No Metronome Metronome p

Total minutes 15,667 17,109

Median Compression Rate 112.8 110.5 <0.0001

IQR 108.4-119.1 110.0-112.0

Minutes over 120 CPM 3,413 513 <0.0001
Minutes over 120 CPM, % 21.8% 3.0%

Minutes under 100 CPM 846 128 <0.0001
Minutes under 100 CPM, % 5.4% 0.7%

Overall median compression rates for all minutes without a metronome compared to minutes with a metronome.

Abbreviations: CPM: compressions per minute.
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Fig. 2 - Overall Chest Compression Rates. Fig. 2 is a histogram showing the frequency of compression rates for
periods without a metronome prior to 2015, periods without a metronome after 2015, and periods with a metronome.
This illustrates a significant concentration around 110 compressions per minute with a metronome, while there is a

much wider distribution for periods without a metronome.

Discussion

In this retrospective analysis of seven years of OHCA cases, we
observed that EMS teams could reliably use a simple audio metro-
nome. Metronome use was associated with delivered chest com-
pression rates much closer to the target rate of 110 compressions
per minute. We observed that during minutes of metronome use vari-

ance from that target rate was much lower, and less than 4% of min-
utes were outside of the 100—120 chest compressions per minute
guideline window.

The accuracy and reduced variance observed with use of the
metronome suggests it is a significant tool for improvement of chest
compression delivery. Avoiding compression rates above 120 may
be clinically significant, as excessively high compression rates are



6 RESUSCITATIONPLUS 15 (2023) 100417

Compression Rates by Year and Metronome Use

Before 2015

Metronome Never Used in Case Metronome Never Used in Case

Compression Periods w/o

Metronome Metronome

150

140

130

120
130 112.4

110

100

Compression Rate

90

80

70

60

Compression Periods w/o

2015 and later

Metronome Used in Case

Compression Periods w/o
Metronome

Compression Periods w
Metronome

112.1
110.6

Fig. 3 - Compression Rates by Year and Metronome Use. Fig. 3 is comprised of a single point (for every period of CPR
data) at the observed compression rate for that period. The compression periods are grouped by those prior to 2015
(periods without a metronome) and after 2015. After 2015, the compression periods are displayed from cases
without a metronome ever used in the case, periods without a metronome running (but with a metronome used later
in the case) and periods with a metronome. There is a small concentration around 110 for minutes after 2015
without a metronome used in the case. This could represent a metronome running that was missed during data
abstraction or represent evidence that providers have gotten better at targeting 110 compressions per minute even
without a metronome, both potential limitations of the study.

thought to decrease CPR diastole time and reduce cardiac output
and coronary blood flow.'? Chest compression rate can influence
compression depth, with faster compression rates reducing the deliv-
ery of optimal compression depth.'®'*

The optimal compression rate during CPR is an ongoing area of
research.” The use of a metronome to reliably achieve a precise
compression rate is an adaptable way to evaluate the impact of dif-
ferent chest compression rates on patient-oriented survival
outcomes.

In addition to the effectiveness of a metronome in guiding com-
pression rates, its ease of use and low cost make implementation
straightforward. The metronomes used in this study were purchased
for about $25 each and are easily set to the desired rate. Metronome
use was rapidly adopted and increased consistently over the study
period.

Metronome use has very few drawbacks or negative effects. One
previous simulation study observed a decreased compression depth
during metronome use, suggesting that the metronome shifted focus
from depth to rate."® A follow up study proposed that a higher com-
pression rate of 120 reduced any negative effect on compression

depth observed at lower compression rates of 100-110."%'® These
studies were performed with individuals relatively less experienced
in CPR than many EMTs and paramedics.

The use of a metronome may have contributed to improved com-
pression rates even during intervals without a metronome (Figs. 2
and 3). This potential learning effect from the use of a metronome
was also described in a study using metronomes to train laypersons
in CPR; individuals trained with a metronome achieved better com-
pression rates in follow-up sessions even when no metronome was
used."” This learning effect from the metronome is both a benefit,
as it provides continuous training for performing CPR at guideline
rates; but it is also a potential limitation of the study. As compression
rates improved since implementation of the metronome, the true
effect of the intervention could be underestimated.

This study has limitations. Our study was performed with EMTs
and paramedics trained and practiced in high performance CPR.'®
From this training, they may have achieved target compression rates
at a higher frequency than less practiced providers even without a
metronome, potentially limiting the generalizability of the study. Addi-
tionally, although minutes with a LUCAS device in use were
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excluded, there were unexpected repeat observations of compres-
sion rates of 101.75. This is most likely explained by minutes that
a LUCAS was in use, representing an incorrect recording of the
LUCAS start times. The metronome turn-on time was recorded only
once trained data abstractors could hear it on the defibrillator record-
ing, therefore it is possible it was audible on scene, but not during
data abstraction leading to an incorrect categorization of those
CPR minutes. This effect may be visible in Fig. 3 in the 2015 and
later cohort, with a small increase around 110 CPM within minutes
marked as not using a metronome. This study did not include any
analysis of outcomes or survival associated with metronome use.
Additionally, the study did not evaluate any other markers of quality
of CPR besides the compression rate. Using a metronome to
achieve a target rate could influence other aspects of quality CPR
like the compression depth. Ultimately, these limitations should be
considered in the context of the study’s strengths of a relatively large
sample size, detailed reporting of events, and granular timing of
resuscitative care.

In conclusion, the audio metronome is an easily deployed, adapt-
able, and effective tool that helps achieve a target chest compression
rate during CPR with little variance from that target.
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