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Abstract

The European Resuscitation Council has produced these basic life support guidelines, which are based on the 2020 International Consensus on
Cardiopulmonary Resuscitation Science with Treatment Recommendations. The topics covered include cardiac arrest recognition, alerting emergency
services, chest compressions, rescue breaths, automated external defibrillation (AED), CPR quality measurement, new technologies, safety, and
foreign body airway obstruction.
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Introduction and scope Recommendations (CoSTR) for BLS." For these ERC Guidelines the

ILCOR recommendations were supplemented by focused literature
These guidelines are based on the International Liaison Committee on reviews undertaken by the ERC BLS Writing Group for those topics not
Resuscitation (ILCOR) 2020 Consensus on Science and Treatment reviewed in the 2020 ILCOR CoSTR. When required, the guidelines
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CPR performance to improve resuscitation systems is addressed in
the Systems Saving Lives chapter.'%? Real-time feedback devices for
CPR providers will be discussed in this section.

ILCOR updated the Consensus on Science and Treatment
Recommendation for feedback for CPR quality in 2020." Three types
of feedback devices were identified: (1) digital audio-visual feedback
including corrective audio prompts; (2) analogue audio and tactile
‘clicker’ feedback for chest compression depth and release; and (3)
metronome guidance for chest compression rate. There is consider-
able clinical heterogeneity across studies with respect to the type of
devices used, the mechanism of CPR quality measurement, the
mode of feedback, patient types, locations (e.g. in-hospital and out-of-
hospital), and baseline (control group) CPR quality.

Digital audio-visual feedback including corrective audio
prompts
One cluster RCT'® and four observational studies
evaluated the effects of these devices on favourable neurological
outcome. The low-certainty cluster RCT found no difference in
favourable neurological outcome (relative risk 1.02; 95% CI
0.76—1.36; p=0.9)."°® While one of the observational studies found
an association with improved favourable neurological outcome (adjusted
odds ratio 2.69; 95% Cl 1.04—6.94),"% the other three did not. 47104105
One cluster RCT'% and six observational studies*®-5204106.107
evaluated the effects of these devices on survival to hospital discharge
or 30-day survival. Neither the low-certainty cluster RCT (relative risk
0.91; 95% Cl 0.69—1.19; p=0.5),"° nor the observational studies
found any benefit associated with these devices,*852:104.106-108
The potential benefit from real-time audio-visual feedback would
be their ability to improve CPR quality. While the low-certainty cluster
RCT showed improved chest compression rate (difference of 4.7 per
minute; 95% Cl —6.4—3.0), chest compression depth (difference of
1.6mm; 95% Cl 0.5-2.7mm) and chest compression fraction
(difference of 2%; 66% vs. 64%, p=0.016), the clinical significance
of these relatively small differences in CPR metrics is debated. '
Five very-low-certainty observational studies compared various
CPR metrics.*7:52:104.106.107 Qne observational study showed no
difference in chest compression rates with and without feedback.'®”
The other four observational studies*”-°%"'%*"% showed lower
compression rates in the group with CPR feedback with differences
ranging from—23 to—11 compressions per minute. One observational
study showed no difference in chest compression depth with and
without feedback.'?” Three observational studies showed significant-
ly deeper chest compressions ranging from 0.4 to 1.1 cm.*”*21% Two
studies reported statistically significant increases in CPR fraction
associated with feedback'%*'%” and three studies did not observe a
statistically or clinically important difference.*”:°2'° The Couper
study demonstrated an increase in compression fraction from 78%
(8%) to 82% (7%), p=0.003.""* This increase is of questionable
clinical significance. The Bobrow study demonstrated an increase in
chest compression fraction from 66% (95% Cl 64 to 68) to 84% (95%
Cl 82 to 85)."°° Two major caveats with this study include a concern
that the observed difference may have not been related to the
feedback device, as there were other training interventions and use of
an imputed data set. None of the studies showed any improvement in
Ventilaﬁon rates.47,52,103,104,106,107

47,104—106

Analogue audio and tactile clicker feedback
The standalone analogue clicker device, designed to be placed on the
patient's chest under the hands of a CPR provider, involves a

mechanism that produces a clicking noise and sensation when
enough pressure is applied. It provides tactile feedback on correct
compression depth and complete release between chest
compressions.

One very-low-certainty RCT evaluated the effect of a clicker device
on survival to hospital discharge and found significantly improved
outcome in the group treated with the clicker device (relative risk 1.90;
95% Cl 1.60—2.25; p<0.001)."° Two very-low-certainty RCTs
evaluated the effect of a clicker device on ROSC, and found
significantly improved outcome in the group treated with the clicker
device (relative risk 1.59; 95% CIl 1.38—1.78; p<0.001 and relative
risk 2.07; 95% Cl 1.20—3.29, p < 0.001),19%:110

Metronome rate guidance

One very-low-certainty observational study evaluated the effect of a
metronome to guide chest compression rate during CPR before
ambulance arrival found no benefit in 30 day survival (relative risk
1.66; 95% Cl —17.7—14.9, p=0.8) One very-low-certainty observa-
tional study evaluated the effect of a metronome on 7-day survival and
found no difference (3/17 vs. 2/13; p=0.9).""" Two observational
studies evaluated the effect of a metronome on ROSC, and found no
difference in outcome (adjusted relative risk 4.97; 95% Cl —21.11
—11.76, p=0.6 and 7/13 vs. 8/17, p=0.7).'°%%1""

Taking these data together ILCOR suggested the use of real-time
audio visual feedback and prompt devices during CPR in clinical
practice as part of a comprehensive quality improvement programme
for cardiac arrest designed to ensure high-quality CPR delivery and
resuscitation care across resuscitation systems, but suggested
against the use of real-time audiovisual feedback and prompt devices
in isolation (ie, not part of a comprehensive quality improvement
programme).''?

Safety

Harm to people providing CPR

This guideline is based on an ILCOR scoping review,''? the previous
2015 ERC BLS Guidelines*® and the recently published ILCOR
consensus on science, treatment recommendations and task
force insights,® ILCOR systematic review, and ERC COVID-19
guidelines.?

The ILCOR BLS Task Force performed a scoping review related
to harm to people providing CPR to identify any recent published
evidence on risk to CPR providers. This scoping review was
completed before the COVID-19 pandemic. In this review, very few
reports of harm from performing CPR and defibrillation were
identified. Five experimental studies and one case report published
since 2008 were reviewed. The five experimental studies reported
perceptions in experimental settings during shock administration for
elective cardioversion. In these studies, the authors also measured
current flow and the average leakage current in different experi-
ments to assess rescuer safety. Despite limited evidence evaluating
safety, there was broad agreement within the ILCOR BLS Task
Force and ERC BLS writing group that the lack of published
evidence supports the interpretation that the use of an AED is
generally safe. Consistent with ILCOR treatment recommendations,
the ERC recommends that lay rescuers perform chest compres-
sions and use an AED as the risk of damage from accidental shock
during AED use is low."#2112

As the SARS CoV-2 infection rates have continued to rise
throughout the world, our perception of safety during CPR has

Please cite this article in press as: T.M. Olasveengen, et al., European Resuscitation Council Guidelines 2021: Basic Life Support,
Resuscitation (2021), https://doi.org/10.1016/j.resuscitation.2021.02.009




RESUS 8902 No. of Pages 17

16 RESUSCITATION XXX (2021) XXX =XXX

81. Perkins GD, Smith CM, Augre C, et al. Effects of a backboard, bed 100. Sunde K, Jacobs |, Deakin CD, et al. Part 6: Defibrillation: 2010
height, and operator position on compression depth during international consensus on cardiopulmonary resuscitation and
simulated resuscitation. Intensive Care Med 2006;32:1632—5. emergency cardiovascular care science with treatment

82. Sanri E, Karacabey S. The impact of backboard placement on chest recommendations. Resuscitation 2010;81(Suppl. 1):e71-85.
compression quality: a mannequin study. Prehosp Disaster Med 101. Jacobs |, Sunde K, Deakin CD, et al. Part 6: Defibrillation: 2010
2019;34:182-7. international consensus on cardiopulmonary resuscitation and

83. Putzer G, Fiala A, Braun P, et al. Manual versus mechanical chest emergency cardiovascular care science with treatment
compressions on surfaces of varying softness with or without recommendations. Circulation 2010;122:5S325—37.
backboards: a randomized, crossover manikin study. J Emerg Med 102. Semeraro F. European Resuscitation Council guidelines systems
201650: 594—600e1. saving lives 2020 resuscitation. 2020.

84. Olasveengen TM, de Caen AR, Mancini ME, etal. 2017 international 103. Hostler D, Everson-Stewart S, Rea TD, et al. Effect of real-time
consensus on cardiopulmonary resuscitation and emergency feedback during cardiopulmonary resuscitation outside hospital:
cardiovascular care science with treatment recommendations prospective, cluster-randomised trial. BMJ 2011;342:d512.
summary. Resuscitation 2017;121:201—-14. 104. Couper K, Kimani PK, Abella BS, et al. The system-wide effect of

85. Ashoor HM, Lillie E, Zarin W, et al. Effectiveness of different real-time audiovisual feedback and postevent debriefing for in-
compression-to-ventilation methods for cardiopulmonary hospital cardiac arrest: the cardiopulmonary resuscitation quality
resuscitation: a systematic review. Resuscitation 2017;118: improvement initiative. Crit Care Med 2015;43:2321—31.
112-25. 105. Sainio M, Kamarainen A, Huhtala H, et al. Real-time audiovisual

86. Garza AG, Gratton MC, Salomone JA, Lindholm D, McElroy J, feedback system in a physician-staffed helicopter emergency
Archer R. Improved patient survival using a modified resuscitation medical service in Finland: the quality results and barriers to
protocol for out-of-hospital cardiac arrest. Circulation implementation. Scand J Trauma Resusc Emerg Med 2013;21:50.
2009;119:2597-605. 106. Bobrow BJ, Vadeboncoeur TF, Stolz U, et al. The influence of

87. Olasveengen TM, de Caen AR, Mancini ME, etal. 2017 international scenario-based training and real-time audiovisual feedback on out-
consensus on cardiopulmonary resuscitation and emergency of-hospital cardiopulmonary resuscitation quality and survival from
cardiovascular care science with treatment recommendations out-of-hospital cardiac arrest. Ann Emerg Med 201362: 47—56e1.
summary. Circulation 2017;136:e424—40. 107. Abella BS, Edelson DP, Kim S, et al. CPR quality improvement

88. Ma MH, Lu TC, Ng JC, et al. Evaluation of emergency medical during in-hospital cardiac arrest using a real-time audiovisual
dispatch in out-of-hospital cardiac arrest in Taipei. Resuscitation feedback system. Resuscitation 2007;73:54—61.
2007;73:236—45. 108. Agerskov M, Hansen MB, Nielsen AM, Moller TP, Wissenberg M,

89. Bohm K, Stalhandske B, Rosenqvist M, Ulfvarson J, Hollenberg J, Rasmussen LS. Return of spontaneous circulation and long-term
Svensson L. Tuition of emergency medical dispatchers in the survival according to feedback provided by automated external
recognition of agonal respiration increases the use of telephone defibrillators. Acta Anaesthesiol Scand 2017;61:1345—53.
assisted CPR. Resuscitation 2009;80:1025—8. 109. Goharani R, Vahedian-Azimi A, Farzanegan B, et al. Real-time

90. Roppolo LP, Westfall A, Pepe PE, et al. Dispatcher assessments for compression feedback for patients with in-hospital cardiac arrest: a
agonal breathing improve detection of cardiac arrest. Resuscitation multi-center randomized controlled clinical trial. J Intensive Care
2009;80:769—72. 2019;7:5.

91. Dami F, Fuchs V, Praz L, Vader JP. Introducing systematic 110. Vahedian-Azimi A, Hajiesmaeili M, Amirsavadkouhi A, et al. Effect
dispatcher-assisted cardiopulmonary resuscitation (telephone- of the Cardio First Angel device on CPR indices: a randomized
CPR) in a non-Advanced Medical Priority Dispatch System controlled clinical trial. Crit Care 2016;20:147.

(AMPDS): implementation process and costs. Resuscitation 111. Chiang WC, Chen WJ, Chen SY, et al. Better adherence to the
2010;81:848—-52. guidelines during cardiopulmonary resuscitation through the

92. Lewis M, Stubbs BA, Eisenberg MS. Dispatcher-assisted provision of audio-prompts. Resuscitation 2005;64:297—301.
cardiopulmonary resuscitation: time to identify cardiac arrest and 112. Olasveengen TM, Mancini ME, Perkins GD, et al. Adult basic life
deliver chest compression instructions. Circulation 2013;128: support: international consensus on cardiopulmonary resuscitation
1522-30. and emergency cardiovascular care science with treatment

93. Nichol G, Leroux B, Wang H, et al. Trial of continuous or interrupted recommendations. Resuscitation 2020;156:A35—79.
chestcompressions during CPR. N EnglJ Med 2015;373:2203—14. 113. White L, Rogers J, Bloomingdale M, et al. Dispatcher-assisted

94. Gold LS, Fahrenbruch CE, Rea TD, Eisenberg MS. The relationship cardiopulmonary resuscitation: risks for patients not in cardiac
between time to arrival of emergency medical services (EMS) and arrest. Circulation 2010;121:91-7.
survival from out-of-hospital ventricular fibrillation cardiac arrest. 114. Haley KB, Lerner EB, Pirrallo RG, Croft H, Johnson A, Uihlein M.
Resuscitation 2010;81:622—5. The frequency and consequences of cardiopulmonary resuscitation

95. Wik L, Hansen TB, Fylling F, et al. Delaying defibrillation to give performed by bystanders on patients who are not in cardiac arrest.
basic cardiopulmonary resuscitation to patients with out-of-hospital Prehosp Emerg Care 2011;15:282—7.
ventricular fibrillation: a randomized trial. JAMA 2003;289: 115. Moriwaki Y, Sugiyama M, Tahara Y, et al. Complications of
1389-95. bystander cardiopulmonary resuscitation for unconscious patients

96. Baker PW, Conway J, Cotton C, et al. Defibrillation or without cardiopulmonary arrest. J Emerg Trauma Shock 2012;5:
cardiopulmonary resuscitation first for patients with out-of-hospital 3-6.
cardiac arrests found by paramedics to be in ventricular fibrillation? 116. Tanaka Y, Nishi T, Takase K, et al. Survey of a protocol to increase
A randomised control trial. Resuscitation 2008;79:424—31. appropriate implementation of dispatcher-assisted

97. Jacobs IG, Finn JC, Oxer HF, Jelinek GA. CPR before defibrillation cardiopulmonary resuscitation for out-of-hospital cardiac arrest.
in out-of-hospital cardiac arrest: a randomized trial. EMA — Emerg Circulation 2014;129:1751—-60.

Med Aust 2005;17:39—45. 117. Lu TC, Chang YT, Ho TW, et al. Using a smartwatch with real-time

98. MaMH, Chiang WC, Ko PC, et al. Arandomized trial of compression feedback improves the delivery of high-quality cardiopulmonary
first or analyze first strategies in patients with out-of-hospital cardiac resuscitation by healthcare professionals. Resuscitation
arrest: results from an Asian community. Resuscitation 2019;140:16-22.
2012;83:806—12. 118. Park SS. Comparison of chest compression quality between the

99. Stiell IG, Nichol G, Leroux BG, et al. Early versus later rhythm modified chest compression method with the use of smartphone

analysis in patients with out-of-hospital cardiac arrest. N Engl J Med
2011;365:787—-97.

application and the standardized traditional chest compression
method during CPR. Technol Health Care 2014;22:351-8.

Please cite this article in press as: T.M. Olasveengen, et al., European Resuscitation Council Guidelines 2021: Basic Life Support,
Resuscitation (2021), https://doi.org/10.1016/j.resuscitation.2021.02.009




