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Abstract

Background: Previous systematic reviews have failed to find an association between the use of real-time feedback during cardiopulmonary resus-
citation (CPR) and patient outcomes. However, these reviews excluded studies examining feedback with other system changes. As part of the Inter-
national Liaison Committee on Resuscitation (ILCOR) continuous evidence evaluation process, we conducted a scoping review to examine the
current state of this literature and the use of real-time feedback in this form.

Methods/Data sources: A protocol and search strategy was developed. We searched Medline, EMBASE, and Allied Health Literature (CINAHL)
from inception to May 2024. Cochrane (Cochrane (specifically, the Cochrane Database of Systematic Reviews) is contained in Medline so was not
searched separately. Studies were eligible for inclusion if they were published or unpublished (grey-literature) studies involving children or adults that
examined the effect of real-time feedback or prompting on the quality of CPR following cardiac arrest. Data were extracted and audited indepen-
dently. For each study, the following information were extracted: the author(s); year of publication; timeframe; study design; country; population;
intervention and comparator; type of feedback or prompt; outcomes measured; main findings for CPR quality, and; main findings for patient out-
comes. Reviewers also allocated key themes to each study and held a series of consensus discussions to consolidate themes across the included
studies.

Results: We screened 2,657 titles and included 60 studies. Our analysis identified five overlapping themes in the extended literature: system
change and quality improvement; impact on patient outcomes; better CPR quality without improved patient outcome; CPR feedback as a generator
of other CPR metrics; and CPR feedback as a potential harm. Results revealed a substantial adjacent literature, particularly on implementing high-
performance CPR as part of quality improvement programs.

Conclusions: This scoping review has identified a large body of literature and specific themes of interest in relation to feedback for CPR quality.
Future systematic reviews should include studies examining real-time feedback with other system changes.
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ical outcomes of victims of cardiac arrest. However, the results of the

Introduction studies have been mixed and implementation of real-time CPR feed-

back in the clinical setting is somewhat limited globally.®> The 2020
The quality of cardiopulmonary resuscitation (CPR) has direct recommendation of the International Liaison Committee on Resusci-
impacts on survival and neurological outcomes for patients who have tation (ILCOR) in relation to the use of real-time feedback for CPR

a cardiac arrest." Despite extensive studies and numerous quality quality (BLS361) was as following: “We suggest the use of real-
improvement projects, the quality of CPR has remained a significant  time audiovisual feedback and prompt devices during CPR in clinical

issue in both out-of-hospital and in-hospital settings. Previous stud- practice as part of a comprehensive quality improvement program for
ies have identified challenges of consistently performing high- cardiac arrest designed to ensure high-quality CPR delivery and
quality CPR even among highly trained healthcare professionals.” resuscitation care across resuscitation systems (weak recommenda-

Real-time CPR feedback has been studied as a potential method tion, very-low-certainty evidence). We suggest against the use of
not only to improve the quality of CPR but also survival and neurolog- real-time audiovisual feedback and prompt devices in isolation
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(i.e. not part of a comprehensive quality improvement program)
(weak recommendation, very-low-certainty evidence).” The 2020
systematic review did not exclude based on the user of real-time
CPR feedback, therefore studies where laypersons were users were
potentially included. Additionally, articles related to the system
change and quality improvement initiatives were excluded.

To explore the impact of this evidence and address this gap, as
part of the International Liaison Committee on Resuscitation (ILCOR)
continuous evidence evaluation process, the Basic Life Support
(BLS) Task Force decided to conduct a scoping review to examine
the current state of this literature, including this broader adjacent lit-
erature, on the use of real-time feedback.

Methods

The scoping review followed the recommendations of the Preferred
Reporting ltems for Systematic review and Meta-Analysis (PRISMA)
extension for scoping reviews.” A six-stage methodological frame-
work for scoping reviews was also adopted, which consisted of: iden-
tifying the research question, searching for relevant studies,
selecting studies, charting the data, reporting the results, and consul-
tation.® The review protocol was not prospectively registered, but the
review question and methodology was approved by the Basic Life
Support Task Force before the commencement of the search.

Research question

In line with ILCOR’s process for evidence reviews, the research
question was structured in the ‘PICOST’ (Population, Intervention,
Comparison, Outcome, Study Design, Timeframe) format as follows:

e Population: Adults and children (excluding neonates) in any set-
ting (in-hospital or out-of-hospital) with cardiac arrest who are
resuscitated by health professionals responding in a professional
capacity.

Intervention: Real-time feedback or prompt devices for CPR qual-
ity (e.g. rate and depth of compressions and/or ventilations).
Comparators: No real-time feedback and prompt devices or alter-
native real-time feedback and prompt devices.

Outcomes: Any patient outcome or measure of CPR quality.
Study Designs: Randomized controlled trials (RCTs) and non-
randomized studies (non-randomized controlled trials, interrupted
time series, controlled before-and-after studies, cohort studies)
are eligible for inclusion. Case series were included in the initial
search. Grey literature and non-peer reviewed studies, unpub-
lished studies, conference abstracts and trial protocols were eligi-
ble for inclusion. All relevant publications in any language are
included if there was an English abstract. Animal and simulation
studies were excluded.

e Timeframe: From database inception to 31st May 2024.

Eligibility criteria

In this review, we considered real-time feedback or prompting of
CPR quality to include any form of feedback from humans or
device/technology involving audio or visual prompts during the
course of a resuscitation. Metronomes were considered ‘prompt’
devices and were included in this definition. In addition, we included
articles that examined real-time coaching or verbal instructions dur-
ing resuscitation. This scoping review was limited to studies involving

healthcare professionals as the users of real-time feedback as it was
felt that laypersons as users might dilute the true effect of real-time
CPR feedback devices and make it difficult to examine its effective-
ness. Additionally, literature related to the system change and quality
improvement initiatives was specifically included in this scoping
review.

Data sources

A comprehensive search strategy was developed with input from an
information specialist. Articles for review were obtained by searching
PubMed, EMBASE, Cochrane, and Allied Health Literature
(CINAHL), for all entries from database inception to 31st May
2024. A grey literature search was also performed in the Google
search engine. Articles were identified using the following key terms
for real-time feedback and prompting: “feedback”, “feed-back”, “feed
back”, “CPR-sensing”, “Q-CPR”, “CPR-plus”, “CPREzy”, “CPR-Ezy”,
“high performance cardiopulmonary resuscitation”, “high perfor-
mance resuscitation”, “prompt™”, “sensor*”, “metronome”, “real time”,
“realtime”, “resuscitat”. Where appropriate, we included MESH
terms and Embase exploded terms. A detailed search strategy
including all search terms is shown in supplementary appendix. Grey
literature searching using the google search engine adopted similar
search terms. We also searched the reference lists of identified stud-
ies to identify relevant articles that may have been missed.

Study selection

Studies meeting the search criteria across databases were exported
and reviewed in Nested Knowledge. Two reviewers independently
screened all titles and abstracts for relevance. A third review inde-
pendently adjudicated any conflicts. Relevant titles then underwent
full-text review by two reviewers, independently, for eligibility criteria.
A third reviewer resolved any conflicts in decisions. During full-text
review, simulation studies, commentaries and opinion pieces that
did not cite references related to real-time CPR feedback were
excluded. In addition, poster abstracts were excluded if the data pre-
sented was subsequently published in a full report. Reference lists in
relevant systematic reviews were also screened to identify any arti-
cles that may have been missed. Finally, articles relating to the
use of real-time feedback during resuscitation of neonates were
excluded as the ILCOR Neonatal Life Support Task Force completed
a scoping review of the same topic in January 2023.°

Data extraction, charting and consultation

Articles meeting eligible criteria underwent data extraction. Data
were extracted independently by three reviewers (SM, TN, TK) and
then audited by another (ZN). For each study, the following informa-
tion were extracted: the author(s); year of publication; timeframe;
study design; country; population; intervention and comparator; type
of feedback or prompt; outcomes measured; main findings for CPR
quality, and; main findings for patient outcomes. In order to pilot
the data extraction tool, SM, TN and TK independently reviewed
ten articles each, then met to compare extraction results. Based
on this meeting, explanatory notes were added to each extraction
field to ensure consistency in the terminology used in the data extrac-
tion process. Disagreements were resolved by discussion. Review-
ers also allocated key themes to each study and held a series of
consensus discussions to consolidate themes across the included
studies. Extracted information was presented in tabular format for
each study individually and then aggregated by major study
characteristics. Tables were accompanied by a narrative of results
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identifying key themes. The results of the scoping review were
shared with the ILCOR BLS Task Force and made available for pub-
lic consultation and feedback on the ILCOR website. A formal apprai-
sal of study quality was not undertaken.”

Results

In total, 4,518 articles were identified. After de-duplication, the total
number of articles screened was 2,657. A total of 83 articles under-
went full-text review. Twenty-three articles were excluded at this
stage and 60 articles were included in the final review (see Fig. 1).
Details of all articles included are presented in the Supplemental
Table.

As shownin Table 1, of the 60 studies included, there were six ran-
domized controlled trials,®'® eleven systematic reviews,'*>* 41
observational studies,?> %% and two case series.®*°° Five themes were
identified in the 60 studies: system change & quality improvement;
impact on patient outcomes; better CPR quality without improved
patient outcome; CPR feedback as a generator of other CPR metrics;
and CPR feedback as a potential harm. All articles included a descrip-
tion of the setting in which the study took place. Ten articles included

both OHCA and IHCA,'# 162072446 24 investigated OHCA
onIy 8,10,11,17,19,26,28,33—-35,37—-39,41,44,47,48,50-52,54,55,61,62 and 26 inves-

tlgated |HCA Only-9.12,1 3,18,25,27,29-32,36,40,42,43,45,49,53,56—-60,63,65-67

As described above, the vast majority of studies that described
some aspect of real-time feedback for CPR were observational
(n = 41). Nineteen studies reported an improvement in some aspect
of CPR quality but did not report a consequent improvement in
patient outcomeslﬂ.21,25.27,36.40742,44,45,48,49,51,52,57761,63,66 SlX stud-
ies investigated the impact of real-time feedback in out-of-hospital
settings.'"#7:50:52.5462 \jjth the exception of a statistically significant
improvement in ROSC rates in two studies,'"®® improved patient
outcomes were not reported. One study investigating the impact of
a CPR coach giving corrective verbal feedback in pediatric IHCA
and found an improvement in ROSC rates in centers with a CPR
coach.*®

System change/quality improvement

Of the eleven systematic reviews identified, three meta-analyses
investigated the impact of ‘system performance improvement’, ‘im-
plementation of high performance CPR’ and ‘quality improvement
systems’.'®"92° Thirteen primary studies described real-time feed-
back as part of overall system improvements.26:28-3537-39.55 Of the
seven studies that described CPR quality, all reported that at least
some aspects of CPR quality had improved as a result of the inter-
vention. Results on the impact on patient outcomes were more
mixed, but the majority of the thirteen studies reported some degree
of positive impact on patient outcomes.

Impact on patient outcomes

One systematic review that examined the impact of real-time feed-
back on training and CPR performance found that feedback
improved CPR quality but no direct impact on survival to discharge
rates.?* Six other systematic reviews investigated the effect of real-
time feedback on patient outcomes. Kirkbright (2014) also included
manikin studies but reported human studies separately.'* For three
human studies, they found no significant improvement in patient

outcomes, but significant improvements in chest compression rate,
depth, and no-flow fraction. In OHCA patients, Lyngby (2021) found
that real-time feedback improved chest compression depth and rate
but did not statistically improve patient outcomes."” Pooled analysis
by Lv (2022) found that real-time feedback did not improve ROSC,
was associated with improved survival to discharge but not with good
neurological outcome at discharge.’® A similar review by Wang
(2020) found that improved survival to discharge was found only in
studies where the Cardio First Angel device was used.?® Miller
(2020) found that ‘free-standing non-AED AV feedback devices’
were associated with improved outcomes.'® Finally, Sood (2023)
performed a meta-analysis and reported that the real time audiovi-
sual feedback group were significantly more likely to achieve ROSC
with a higher likelihood in the in-hospital setting, but with no signifi-
cant improvement in survival to discharge.?’

One study, using the Cardio First Angel (CFA),® conducted with
patients admitted to ICU from the ED found that patient outcomes
were significantly improved in the CFA group: (66.7% vs. 42.4%,
P < 0.001); survival to ICU discharge (59.8% vs. 33.6%); survival
to hospital discharge (54% vs. 28.4%, P < 0.001). Similarly,
Vahedin-Azimi (2016) found that real-time AV feedback improved
CPR quality and outcomes for patients in ICUs (ROSC was observed
more frequently in the intervention group (72% vs. 35%;
p=0.001))."

Better CPR quality without improved patient outcomes

Twelve primary studies that examined both chest compression qual-
ity and patient outcomes reported that real-time feedback on chest
compression quality did not significantly improve patient out-

COrneS.BJO.,25,4O—42.48,49.51 ,569,683,65

CPR feedback as a generator of other CPR metrics

Two studies under this theme used CPR feedback to measure lean-
ing force during CPR and concluded that feedback reduced leaning
force. Neither study included patient outcome data.

CPR feedback as a potential harm

This study described two case deceased patients and the visible
damage to the chest wall that appeared to have been caused by
the feedback device.®*

Discussion

This scoping review exploring the impact of real-time feedback for
cardiopulmonary resuscitation (CPR) quality on patient outcomes
identified 60 studies that have been categorised into five themes with
overlaps: system changes/quality improvement, impact on patient
outcomes, better CPR quality without improved patient outcomes,
CPR feedback as a generator of other CPR metrics, and CPR feed-
back as a potential harm. Of 60 studies, 6 were RCTs, 11 were sys-
tematic reviews, 41 were observational studies, and two were case
series.

The previous 2015 and 2020 ILCOR Systematic Reviews
(BLS361: SysRev) did not restrict the search strategy based on
who performed CPR. However, while the population of interest in
the current scoping review was limited to CPR performed by ‘health
professionals responding in a professional capacity’, only studies
where CPR was performed by health professionals were ultimately
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Feedback for CPR quality
PRISMA Flow Diagram
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Fig. 1 - PRISMA Flow Diagram.

included in the 2015 and 2020 systematic review syntheses. There-
fore, the upshot is that both the results of the current scoping review
and the systematic review cover the same population of interest.
The 2015 and 2020 systematic reviews specifically excluded
studies where real-time CPR feedback technology was used with
system wide quality improvement initiatives, or only presented the
real-time CPR feedback components of such studies. The current
scoping review included 60 studies in the final synthesis, compared
to 16 studies in the 2020 systematic review (and 11 in the 2015 sys-

tematic review). Sixteen of the new studies included in the current
scoping review were related to system change/quality improvement.
While a scoping review is, by definition, a broad reflection of the lit-
erature associated with a topic, it is clear there is a substantial adja-
cent literature on implementing high performance CPR/Quality
Improvement programs which include a real-time CPR feedback
component. Our findings suggest a need for critical appraisal of this
particular body of literature to determine whether impact on patient
outcomes can be ascertained.
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Table 1 - Summary of study characteristics.

All Studies Population of Interest
All Adults Only Paediatric Only

Total number of studies, n 60 14 41 5
Cumulative feedback-CPR patients, n* 55,889 1,379 54,376 134
Year of publication, n (%)

Before 2000 2 (3) 0 1(2) 1 (20)

2000-2009 8 (13) 2 (14) 5 (12) 1 (20)

2010-2019 26 (43) 6 (43) 17 (43) 3 (60)

2020+ 24 (40) 6 (43) 17 (43) 0
Study Design, n (%)

Randomised controlled trial 6 (10) 0 6 (15) 0

Observational study 42 (70) 7 (50) 30 (73) 5 (100)

Systematic review/meta-analysis 11 (18) 7 (50) 4 (10) 0

Others 1) 0 1) 0
Feedback type, n (%)

CC — audio & visual 40 (67) 6 (43) 30 (73) 4 (80)

CC — audio 8 (13) 3 (21) 4 (10) 1 (20)

CC — visual 1) 0 1) 0

Others 11 (18) 5 (36) 6 (15) 0
Region, n (%)

North America 20 (33) 4 (29) 12 (30) 4 (80)

Europe 13 (22) 1(7) 11 (28) 1 (20)

Asia 13 (22) 1(7) 12 (30) 0

Africa 0

Australia and New Zealand 3 (15) 0 3 (25) 0

Multicontinental 9 (15) 6 (43) 2 (5) 1(17)
OHCA vs IHCA, n (%)

All CA 12 (20) 8 (57) 4 (10) 0

OHCA 30 (50) 4 (29) 24 (59) 2 (40)

IHCA 18 (30) 2 (14) 13 (32) 3 (60)
Reported outcome, n (%)

Patient and Process outcome 26 (43) 6 (43) 19 (46) 1 (20)

Only patient outcome 13 (22) 4 (29) 9 (22) 0

Only process outcome 21 (35) 4 (29) 13 (32) 4 (80)
Themes Identified, n (%)

System change/quality improvement 16 (27) 5 (36) 11 (28)

Impact on patient outcomes 14 (23) 3 (21) 11 (28)

Better CPR quality without improved patient outcomes 26 (43) 6 (50) 16 (40) 5 (100)

CPR feedback as a generator of other CPR metrics 3 (5) 1(7) 2 (5)

CPR feedback as a potential harm 1(2) 0 1(3)

Abbreviations: CA = Cardiac Arrest; CC = Chest Compressions; CPR = Cardiopulmonary resuscitation; IHCA = In-hospital Cardiac Arrest; OHCA = Out-of-hospital

Cardiac Arrest.

" Excluded all systematic reviews/meta-analysis when counting the number of patients.

The majority of studies suggest that real-time a positive associa-
tion between CPR feedback and CPR quality. However, in common
with the 2015 and 2020 systematic reviews, this association was
often not directly aligned with a commensurate improvement in
patient outcomes. The vast majority of studies included were obser-
vational in nature, meaning it is difficult to account for the impact of
confounding and selection bias in these studies. Since the 2020 sys-
tematic review, the current scoping review identified an additional 16
studies that investigated the impact of CPR feedback on CPR quality
and patient outcomes. While the quality of articles was not assessed
as part of this scoping review, the volume of literature included in the
results synthesis of the current scoping review illustrates how the
body of evidence on this topic has increased, particularly since the
last ILCOR Systematic review.

Studies relating to the impact of feedback for CPR quality on pae-
diatric patients was limited when compared to adult patients This
means that the impact of CPR feedback technology in the paediatric
field is relatively under-researched and even less understood for this
patient cohort.

It is of note that the RCTs conducted in specific in-hospital set-
tings showed a more promising association between real-time feed-
back devices and patient outcomes, suggesting that setting may be a
significant factor in determining the impact of real-time feedback.
There was a small quantity of literature describing alternative and
more invasive methods of measuring CPR quality. While there was
insufficient literature to warrant a systematic review of this topic, it
may be worth reconsidering this as these technologies advance
and become more prevalent.
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There are limitations to these results. Of particular note is that, as
is normal for a scoping review, no assessment of literature quality
has been performed, therefore it is not possible to draw practice-
related conclusions from these results. However, the breadth of this
scoping review has uncovered new and adjacent literature relating to
the impact of real-time feedback on CPR quality and patient out-
comes, which will inform formulation of future systematic review
plans. It is also important to note that, in the absence of quality
appraisal and meta-analysis, the themes identified by the authors
are indicative and not definitive.

Conclusions

This scoping review has revealed a substantial body of literature
related to the impact of real-time CPR feedback on CPR quality
and patient outcomes, including a range of systematic reviews cov-
ering different aspects of the impact of this technology. The range
and themes covered by this literature have broadened since the pre-
vious 2020 ILCOR Systematic Review on this topic, particularly in the
theme of quality improvement and system change. This signals the
need for a revised and updated systematic review to inform ILCOR
Guidelines.

ILCOR statement

This review includes information on resuscitation questions devel-
oped through the continuous evidence evaluation process, managed
by the ILCOR. The questions were developed by ILCOR Task
Forces, using strict conflict of interest guidelines. Evidence evalua-
tions are discussed at ILCOR meetings to reach consensus and pro-
duce a final summary document.
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