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ORIGINAL RESEARCH

Bystander Cardiopulmonary Resuscitation 
Quality: Potential for Improvements in 
Cardiac Arrest Resuscitation
Richard Chocron , MD, PhD; Julia Jobe, BS; Sally Guan , BA; Madeleine Kim, BS; Mia Shigemura, BS; 
Carol Fahrenbruch , MSPH; Thomas Rea , MD, MPH

BACKGROUND: Bystander cardiopulmonary resuscitation (CPR) is a critical intervention to improve survival following out- of- 
hospital cardiac arrest. We evaluated the quality of bystander CPR and whether performance varied according to the number 
of bystanders or provision of telecommunicator CPR (TCPR).

METHODS AND RESULTS: We investigated non- traumatic out- of- hospital cardiac arrest occurring in a large metropolitan emer-
gency medical system during a 6- month period. Information about bystander care was ascertained through review of the 
9- 1- 1 recordings in addition to emergency medical system and hospital records to determine bystander CPR status (none 
versus TCPR versus unassisted), the number of bystanders on- scene, and CPR performance metrics of compression frac-
tion and compression rate. Of the 428 eligible out- of- hospital cardiac arrest, 76.4% received bystander CPR including 43.7% 
unassisted CPR and 56.3% TCPR; 35.2% had one bystander, 33.3% had 2 bystanders, and 31.5% had ≥3 bystanders. 
Overall compression fraction was 59% with a compression rate of 88 per minute. CPR differed according to TCPR status 
(fraction=52%, rate=87 per minute for TCPR versus fraction=69%, rate=102 for unassisted CPR, P<0.05 for each comparison) 
and the number of bystanders (fraction=55%, rate=87 per minute for 1 bystander, fraction=59%, rate=89 for 2 bystanders, 
fraction=65%, rate=97 for ≥3 bystanders, test for trend P<0.05 for each metric). Additional bystander actions were uncommon 
to include rotation of compressors (3.1%) or application of an automated external defibrillator (8.0%).

CONCLUSIONS: Bystander CPR quality as gauged by compression fraction and rate approached guideline goals though 
 performance depended upon the type of CPR and number of bystanders.

Key Words: dispatch- assisted cardiopulmonary resuscitation ■ out of hospital cardiac arrest ■ quality in health care 
■ telecommunicator cardiopulmonary resuscitation

The prognosis of out- of- hospital cardiac arrest 
(OHCA) remains poor; overall survival is ≈10%.1 
Key strategies can improve survival.1 These in-

terdependent strategies are described as "the links in 
the chain of survival". The first 3 links are early rec-
ognition and activation of the Emergency Response 
System (emergency medical system [EMS]), early 
cardiopulmonary resuscitation (CPR), and rapid de-
fibrillation. Collectively these interventions provide the 
best opportunity to improve OHCA survival.2– 4 Given 

the unexpected nature and out- of- hospital setting, 
these initial time- critical links typically rely on action by 
laypersons.

As the primary point of contact with the com-
munity in a medical emergency, the telecommuni-
cator has an important role to help the bystander 
recognize OHCA, initiate CPR, and potentially re-
trieve and apply an automated external defibrillator 
(AED). Current practices have the telecommunicator 
ask about consciousness and breathing to identify 
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potential arrest, provide instruction about patient and 
rescuer positioning, and then coach chest compres-
sions via telecommunicator CPR (TCPR) instruction. 
Little is known about the characteristics of the by-
standers or their CPR performance and potentially 
whether there are opportunities to improve care.5– 9 
For example, care might be improved if multiple by-
standers were available to rotate chest compressions 
or to retrieve an AED before EMS arrival. If bystander 
CPR performance is not optimal, telecommunicators 
may have opportunities to coach better CPR quality 
and in turn improve prognosis.10– 12

We hypothesized that bystander scene characteris-
tics were variable, associated with CPR performance, 
and may be amenable to telecommunicator interven-
tion and coaching. The aim of this study was to de-
scribe bystander characteristics and CPR quality with 
the goal to identify opportunities where care might be 
improved.

METHODS
Data are available on request from the authors.

Study Design and Population
We conducted a retrospective cohort investigation of 
non- traumatic OHCA occurring in a large metropoli-
tan EMS system in greater King County, WA during 
a 6- month period from January to June 2017. We a 

priori excluded OHCA that occurred after EMS ar-
rival and cases that were not in cardiac arrest at the 
time of the 9- 1- 1 call. The study was approved by 
the appropriate Institutional Review Boards at Public 
Health— Seattle & King County and the University of 
Washington.

Study Setting and EMS System
The study involves a large metropolitan area that 
provides emergency medical response for 1.5  mil-
lion people who reside in urban, suburban, and rural 
areas. Oversight for the EMS system is provided by 
the EMS Division of Public Health— Seattle & King 
County. EMS response is activated by calling 9- 1- 1 
and connecting with an emergency communication 
center. The region is served by a 2- tiered EMS re-
sponse system coordinated by 3 emergency com-
munication centers. The first tier consists of fire 
engines or aid units staffed with firefighters who are 
trained in basic life support and are capable of pro-
viding defibrillation using automated or manual de-
fibrillators. The second tier consists of emergency 
units staffed with paramedics who are trained in 
advanced life support care. In the case of a sus-
pected cardiac arrest, first and second tier units are 
dispatched simultaneously and, upon scene arrival, 
follow the American Heart Association basic life sup-
port and advanced life support guidelines.13

Dispatch Program
Since 1989, the EMS has used Criteria Based 
Dispatch Guidelines to determine the level of EMS 
resource and provide pre- arrival instructions. The 
telecommunicator begins the call by determining the 
address of the event and obtaining and/or verifying 
a call- back number. In the study system, telecom-
municators prioritize 2 questions to identify possible 
OHCA: (1) is the patient conscious? and (2) is the 
patient breathing normally? Consistent with guide-
line recommendations, if the patient is not conscious 
and not breathing normally,14,15 then the dispatcher 
engages the caller to position the patient and begin 
CPR while activating the EMS response. TCPR in-
struction for adult arrest consists of chest compres-
sions during which the telecommunicator coaches 
the rescuer to count out loud in cycles of 4 com-
pressions (“1- 2- 3- 4- 1- 2- 3- 4….”). Rescue breathing is 
reserved for pediatric OHCA or adult circumstances 
where there is a high suspicion of a primary respira-
tory mechanism (ie, drowning or strangulation). The 
telecommunicator attempts to stay on the line with 
the caller to provide support and coaching until EMS 
arrives in instances when TCPR instruction is pro-
vided and often when unassisted bystander CPR is 
ongoing.

CLINICAL PERSPECTIVE

What Is New?
• Assessing bystander cardiopulmonary resus-

citation (CPR) quality gauged by compression 
fraction and compression rate.

• Bystander CPR performance depended upon 
the type of CPR and number of bystanders.

What Are the Clinical Implications?
• Bystander CPR quality can be ascertained 

through review of 9- 1- 1 recordings to determine 
compression fraction and compression rate.

• Telecommunicators may have opportunities to 
coach better CPR quality and early defibrillation 
and in turn improve prognosis.

Nonstandard Abbreviations and Acronyms

OHCA out- of- hospital cardiac arrest
TCPR telecommunicator CPR
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Data Collection and Definitions
The study system has an established registry of all 
EMS- treated OHCA that is organized according to 
the Utstein template.16 The registry uses information 
from the audio dispatch recording, the EMS report, 
the electronic defibrillator recording, and the hospi-
tal record. For the current study, we reviewed each 
9- 1- 1 audio call using a uniform abstraction form to 
assess: (1) characteristics of bystanders (ie, the num-
ber at scene and relationship to the patient); (2) by-
stander actions (patient positioning, instruction relay, 
chest compressions unassisted or assisted by TCPR, 
bystanders alternate compressions, AED retrieval and/
or application); and (3) timing of TCPR and bystander 
action (arrest recognition, chest compressions, chest 
compression interruption). We determined the com-
pression fraction and compression rate for each case 
using the interval from call pick- up to call completion. 
A time stamp was recorded for each start and stop of 
compressions. During each compression interval, we 
counted the number of compressions for up to 30 sec-
onds to provide an estimate of rate. A summary rate 
for each case was calculated by weighting each com-
pression interval rate according to the duration of the 
compression interval. We conducted an assessment 
of inter- reviewer reliability involving chest compression 
count and rate in 30 cases. The intraclass correlation 
coefficient was 0.89 for CPR fraction (P<0.01) and 0.69 
for compression rate (P<0.01). Appropriate Institutional 
Review Boards approved the investigation and with 
waiver of informed consent.

Clinical Outcomes
The primary outcomes were CPR quality as assessed 
by compression fraction and compression rate.

Statistical Analysis
Continuous data were expressed as mean±SD and 
categorical data were expressed as frequencies and 
percentages. We evaluated the bystander and OHCA 
characteristics according to bystander CPR status using 
either Student t- test for continuous variables or a χ2 test 
for categorical variables. To test for trend among the 
number of bystanders we used the Cochran– Armitage 
test and the Kruskal‒ Wallis test for categorical and con-
tinuous variable, respectively. We evaluated whether 
CPR performance (rate and fraction) might be modified 
through an interaction between type- specific bystander 
CPR (unassisted versus TCPR) and bystander count (1 
versus ≥2). For each of the CPR performance outcomes, 
we used linear regression modeling the CPR perfor-
mance metric as the outcome with the predictors of (1) 
type- specific bystander CPR (unassisted or instructed 
CPR), (2) the bystander count (1 versus ≥2) and (3) an 

interaction term between type- specific bystander CPR 
and the number of rescuers.

All analyses were 2- sided and a P value of <0.05 was 
considered statistically significant. Statistical analysis 
was performed using R studio software including the R 
version 3.6.3 (R Development Core Team [2019]. R: A 
language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
During the study period, 453 OHCA occurred before 
EMS arrival. Of these, 25 (5.5%) were not in cardiac ar-
rest at the outset of the call and were excluded (Figure 1). 
Among the eligible cohort (n=428), 23.6% of OHCA re-
ceived no bystander CPR, 42.9% received TCPR, and 
33.4% received unassisted bystander CPR (without tel-
ecommunicator assistance). Overall, patients were on 
average 62.9 (±16.6) years, 31.5% were women, and 
36.2% had documented cardiac comorbidities. OHCA 
occurred most often at home (66.6%). The OHCA was 
attended by 1 rescuer in 39.3%, 2 rescuers in 30.4%, 
and ≥3 rescuers 29.4%. Those who received bystander 
CPR had on average more bystanders on scene, were 
more likely to present with shockable rhythm, and sur-
vive with normal functional status (Table 1).

Compared with OHCA with TCPR, the unassisted 
bystander CPR group had more bystanders on scene 
(Table 2). Among the TCPR group, the telecommunicator 
recognized the arrest on average 77 seconds after the 
call receipt, and first compression occurred 147 seconds 
after call receipt. Compared with the TCPR group, the 
unassisted bystander CPR group was associated with a 
greater compression fraction (69% versus 52%, P<005) 
and compression rate (101 versus 87 per minute, P<0.05). 
The proportion where an AED was retrieved or applied 
was greater in the unassisted versus the TCPR group.

When stratified by the number of bystanders on 
scene, we observed that the CPR fraction and com-
pression rate increased as the number of bystand-
ers increased (P<0.05 test for trend for fraction and 
rate, respectively) (Table  3). The proportion of cases 
where bystanders rotated compressors or retrieved or 
applied an AED increased as the number of rescuers 
increased (Table 3).

We observed an interaction with regard to CPR 
fraction between the type of CPR (TCPR versus un-
assisted) and the number of rescuers (1 versus ≥2) 
(P=0.04 for interaction) (Figure  2). The CPR fraction 
was not different according to the number of bystand-
ers among the TCPR group (CPR fraction 53% for 1 
bystander versus 50% for ≥2 bystander). In contrast, 
we observed that CPR fraction was greater when there 
was >1 bystander among the unassisted CPR group 
(CPR fraction 60% for 1 bystander versus 71% for ≥2 
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bystander). With regard to compression rate, we ob-
served a similar pattern: 86 for 1 rescuer versus 87 
for ≥2 rescuers among the TCPR group and 92 for 1 
rescuer versus 105 for ≥2 rescuers among the unas-
sisted group, though the test for interaction was not 
statistically significant (P=0.07).

DISCUSSION
In this population- based cohort investigation of OHCA, 
bystander CPR was initiated in three fourths of OHCA 
before arrival of EMS. Of those receiving CPR, over half 
involved TCPR and nearly two thirds had ≥2 rescuers. 
Overall the estimated bystander CPR fraction was 59% 
and the rate was 88 compressions per minute, and var-
ied according to the need for instruction and the num-
ber of bystanders. Additional bystander actions such as 
rotation of the compressor or AED retrieval/application 
were uncommon. Collectively, the results describe the 
quality of bystander CPR and highlight the potential to 
improve bystander involvement in OHCA resuscitation.

We observed a high rate of bystander CPR due in 
part to the assertive efforts of the telecommunicators 

who were involved in over half of bystander CPR. 
Overall bystander CPR was more likely to occur 
when there were multiple rescuers. Over half of res-
cuers were family members, perhaps expected given 
that two thirds of OHCA occurred in a personal resi-
dence. Consistent with prior investigation, bystander 
CPR was associated with better functional survival.17,18 
Overall we observed a CPR fraction of 59% and com-
pression rate of 88 per minute. Although these mea-
sures fall short of guideline recommendations, they 
are encouraging. These results approach bystander 
CPR performance in (mostly) public settings where an 
AED is deployed sometimes with CPR feedback fea-
tures.19– 21 The current study includes all cases of by-
stander CPR regardless of bystander AED application, 
so likely a much larger and more generalizable OHCA 
experience. The findings suggest that the messaging 
to prioritize compressions and emphasize “push hard, 
push fast, don’t stop” may be an effective strategy.

The study investigated how CPR performance and 
rescuer action may depend upon the need for TCPR and 
the number of on- scene bystanders. We observed TCPR 
achieved guideline benchmarks with regard to timely 
arrest recognition and compression initiation.22 TCPR 

Figure 1. Flow diagram: bystander cardiopulmonary resuscitation according to telephone cardiopulmonary resuscitation 
and bystander count.
CPR indicates cardiopulmonary resuscitation; EMS, emergency medical service; and OHCA, out- of- hospital cardiac arrest; TCPR, 
telecommunicator CPR. TCPR instruction for adult arrest consists of chest compressions during which the telecommunicator coaches 
the rescuer on the compression rate and to count out loud with each compression.
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Table 1. Characteristics and Outcomes According to Bystander CPR Group

Overall No CPR Bystander CPR

P Valuen=428 n=101 n=327

Type of first CPR, n (%)

TCPR 184 (43) … 184 (56.3)

Unassisted 143 (33.4) … 143 (43.7)

No. of rescuers at scene, n (%) <0.001

0 4 ( 0.9) 4 (4) 0 (0)

1 168 (39.3) 53 (52.5) 115 (35.2)

2 130 (30.4) 21 (20.8) 109 (33.3)

3+ 126 (29.4) 23 (22.8) 103 (31.5)

Recording measures, mean (SD)*

Total elapsed sec recorded 323 (148) 298 (147) 332 (147) 0.046

Elapsed sec of CPR done … … 191 (113) …

CPR fraction … … 59%(24) …

CC frequency weighted, CC/min … … 90 (22) …

Rescue breathing, n (%) … … 15 (5)

Clinical characteristics

Age, mean y (SD) 62.9 (16.6) 63.7 (16.8) 62.6 (16.5) 0.565

Men, n (%) 299 (69.8) 69 (62.4) 230 (70.3) 0.167

Cardiac history, n (%) 155 (36.2) 38 (37.6) 117 (35.8) 0.091

Cancer history, n (%) 32 (7.5) 4 (4) 28 (8.6) 0.046

Diabetes mellitus history, n (%) 103 (24.1) 27 (26.7) 76 (23.2) 0.044

HBP history, n (%) 110 (25.7) 25 (24.8) 85 (26) 0.156

Renal disease history, n (%) 44 (10.3) 6 (5.9) 38 (11.6) 0.042

Respiratory disease history, n (%) 54 (12.6) 16 (15.8) 38 (11.6) 0.033

Stroke history, n (%) 23 (5.4) 4 (4) 19 (5.8) 0.091

Cardiac arrest characteristics and system factors

Location (detail), n (%) 0.12

Assisted living facility 65 (15.2) 12 (11.9) 43 (13.2)

Home 285 (66.6) 68 (67.3) 217 (66.4)

Public location 78 (18.2) 21 (20.8) 57 (17.4)

Initial shockable rhythm, n (%) 130 (30.4) 24 (23.8) 106 (32.4) 0.02

Witnessed collapse, n (%) 221 (51.6) 55 (54.5) 166 (50.8) 0.526

First pre- EMS CPR provider, n (%)

Layperson family 165 (38) … 165 (50.4)

Layperson other 115 (26.9) … 115 (35.1)

Layperson professional† 45 (10.5) … 45 (13.8)

Police 2 (0.01) … 2 (0.6)

None 101 (23.6) 101 (100) …

BLS response time, min (SD) 5.1 (2.3) 5.1 (2.4) 5.0 (2.2) 0.755

ALS response time, min (SD) 8.7 (5) 8.5 (4.6) 8.9 (5.2) 0.524

Outcomes

Survival at hospital discharge, n (%) 88 (20.6) 18 (17.8) 70 (21.4) 0.04

CPC 1– 2 scale, n (%) 83 (19.4) 17 (16.8) 66 (20.1) 0.04

Cardiopulmonary resuscitation fraction means the proportion of time during bystander phase of the arrest during which cardiopulmonary resuscitation is 
performed. ALS indicates advanced life support; BLS, basic life support; CA, cardiac arrest; CC, chest compressions; CPC, cerebral performance category; 
CPR, cardiopulmonary resuscitation; EMS, emergency medical service; HBP, high blood pressure; and TCPR, telecommunicator CPR.

*Duration expressed in seconds (SD).
†Doctor, nurse, registered nurse, off- duty emergency medical service officer.
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did not on average achieve the same quality metrics as 
unassisted bystander CPR (fraction of 52% versus 69% 
and rate of 87 versus 101 per minute). These differences 
might be expected given the need for telecommunicator 
OHCA identification, instruction, and coaching. Although 
the difference in fraction may be challenging to over-
come, the telecommunicator may be able to influence 

bystander compression rate with active coaching or 
background metronome. The performance differences 
also support conventional bystander training as a means 
to prepare bystanders to deliver high quality CPR.

We observed that 60% of OHCA had ≥2 rescuers 
on scene, similar to prior reports.23 Multiple rescuers 
were most common during unassisted CPR (82%), fol-
lowed by TCPR (52%), and least common when no 
CPR was performed (44%). Multiple rescuers were 
associated with higher quality CPR performance in 
a dose- dependent manner such that average frac-
tion and rate increased as the number of rescuers 
increased from 1, to 2, to ≥3 bystanders. The dose- 
dependent relationship appeared to be specific to the 
unassisted CPR circumstance where fraction and rate 
increased with rescuer count but not among TCPR 
group, again suggesting that the telecommunicator 
may control compression performance (Figure 2).

The presence of multiple rescuers provides the po-
tential for additional rescuer actions such as rotating 
compressors or retrieving/applying an AED, actions 
which could potentially improve CPR performance 
and OHCA outcome. Overall we observed a low rate 
of these actions (each <10% overall), though they 
did increase modestly as the number of bystanders 
increased. Given that the majority of OHCA had >1 
rescuer and low rate of these ancillary actions, one 
strategy to improve care might be to consider if and 
how rescuers might rotate compressions or access 
an AED. The feasibility of such an extended strategy 
will depend upon the ability for bystanders to rotate 
compressions efficiently and just- in- time availability of 
an AED. The latter will require accurate, real- time infor-
mation about the location and accessibility of AEDs. In 
many instances, the telecommunicator will be integral 
to coordinating these additional actions.

Table 2. CPR Characteristics According to the Type of 
Bystander CPR

TCPR
Unassisted 

CPR

P Valuen=184 n=143

No. of rescuers at scene, n (%) <0.01

1 89 (48.3) 26 (18.2)

2 68 (37) 41 (28.7)

3+ 27 (14.7) 76 (53.1)

Recording measures, mean (SD)*

Total elapsed sec recorded 382 (123) 267 (152) <0.01

Elapsed sec CPR done 203 (116) 174 (107) 0.02

Elapsed sec to CA 
recognition

77 (63) … …

Elapsed sec to give CC 
instruction

147 (85) … …

CPR fraction (%)† 52 (20) 69 (26) <0.01

CC frequency average 87 (20) 101 (25) <0.01

Rescuers’ actions heard or reported on the recording, n (%)

Moved the patient 166 (90.2) 49 (34.3) <0.01

Alternated CC 5 (2.7) 5 (3.5) 0.07

Retrieved an AED 1 (0.5) 7 (4.9) 0.02

Applied an AED 6 (3.3) 20 (14) 0.01

*CPR fraction means the proportion of time during bystander phase 
of the arrest during which CPR is performed. AED indicates automated 
external defibrillator; CA, cardiac arrest; CC, chest compressions; CPR, 
cardiopulmonary resuscitation; and TCPR, telecommunicator CPR.

†Mean (SD) of percentage.

Table 3. CPR Characteristics According to Number of Bystanders

1 2 3+

P for Trend115 109 103

Recording measures, mean (SD)

Total elapsed sec recorded 378 (136) 332 (156) 280 (133) <0.01

Elapsed sec of CPR done 209 (120) 190 (112) 170 (103) 0.04

CPR fraction (%)* 55 (21) 59 (23) 65 (27) <0.01

CC frequency average 87 (19) 89 (21) 97 (26) 0.02

Rescuers’ actions heard or reported during the recording, n (%)

Moved the patient 93 (80.9) 85 (65.4) 53 (42.1) <0.01

Alternated CC 0 (0) 2 (1.8) 6 (5.8) <0.01

Retrieved an AED 1 (0.9) 2 (1.8) 5 (4.9) 0.05

Applied an AED 5 (4.3) 7 (6.4) 14 (13.6) <0.01

Cardiopulmonary resuscitation fraction means the proportion of time during bystander phase of the arrest during which CPR is performed; ≥3 or <3 rescuers 
at the scene. AED indicates automated external defibrillator; CC, chest compressions; and CPR, cardiopulmonary resuscitation.

*Mean (SD) of percentage.
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Limitations

The study has limitations. Audio recordings provide 
incomplete information, potentially producing inac-
curate or missing data. For instance, ascertainment 
of the number of rescuers relied on listening to the 
call to understand who was involved in the resus-
citation. There is potential that the study may have 
underestimated the number of rescuers given the 
modality to ascertain bystander count. The result-
ing misclassification would likely attenuate the true 

relationships such that the dose- relationship may 
be even stronger than what was observed. We were 
only able to assess CPR fraction and compression 
rate but not compression depth and release using 
audio, appreciating that these metrics were an im-
perfect calculation that relied on audio recording. 
The audio approach, however, is not restricted to the 
modest proportion of OHCA that capture bystander 
CPR via AED recording that can occur with a public 
access AED. Thus the current investigation enables 
comprehensive case inclusion and hence is likely 

Figure 2. Cardiopulmonary resuscitation fraction and compression rate by the type of bystander cardiopulmonary 
resuscitation and the number of rescuers at the scene.
Inside each box plot the dot represents the mean and the line represent the median. Cardiopulmonary resuscitation fraction 
means the proportion of time during bystander phase of the arrest during which cardiopulmonary resuscitation is performed. 
CPR indicates cardiopulmonary resuscitation; EMS, emergency medical system; OHCA, out- of- hospital cardiac arrest; and TCPR, 
telecommunicator CPR.
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more generalizable. There was a low prevalence of 
rescue breathing highlighting the emphasis on chest 
compressions in current training programs. An ex-
perience with higher proportion of rescue breathing 
could observe different results about CPR perfor-
mance. The study did not undertake a comprehen-
sive assessment of predictors of bystander CPR 
performance but rather focused on a- priori expo-
sures of type- specific bystander CPR and rescuer 
count. We cannot comment for example on whether 
the age or sex profiles of the rescuer(s) or patients 
influenced CPR performance. The study took place 
in a large metropolitan system with a longstanding 
OHCA registry and program of evaluation so it may 
differ from other communities, though many of the 
patient and treatment characteristics are similar to 
other reports.

CONCLUSIONS
In this population- based investigation of bystander 
CPR, CPR quality as gauged by compression fraction 
and compression rate indicated measurable perfor-
mance that overall approached guideline benchmarks. 
Bystander CPR performance was associated with the 
type of CPR— TCPR or unassisted— and the number 
of bystanders. Additional bystander actions to rotate 
compressors or deliver an AED were uncommon, even 
when there were multiple rescuers. The findings help 
characterize the status of the essential link of early 
CPR and suggest opportunities for how CPR quality 
and early defibrillation may be improved.
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