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Abstract

Background: The impact of wearing personal protective equipment (PPE) during cardiopulmonary resuscitation (CPR) on CPR quality and patient
outcomes is unclear. This systematic review aimed to examine whether wearing PPE during resuscitation affects patient outcomes, CPR quality and
rescuer fatigue.

Methods: In this review registered in PROSPERO (CRD42022347746), we searched Medline, EMBASE and Cochrane library between 2000 and
2022. The inclusion criteria were studies: in actual or simulated cardiac arrest; comparing PPE with no PPE; and randomised controlled trials and
observational studies with a English abstract. Risk of bias was assessed using Cochrane’s Risk of Bias-2 and ROBINS-I tools and outcomes
assessed with GRADE. We conducted a meta-analysis according to the study design. Quantitative data synthesis was done using a random-
effect model incorporating the potential heterogeneity.

Results: A total of 17 simulation-based studies and 1 clinical study were included. All outcomes were judged to be very low certainty of evidence,
subject to high risk of bias. The clinical study showed no difference in survival comparing enhanced and conventional PPE. Meta-analysis of 11
RCTs and 6 observational studies found no difference in CPR quality in rescuers wearing PPE compared with no PPE. Pooled rescuer fatigue
was significantly worse in the PPE group (mean difference, 2.7 VAS score out of 10; 95% ClI, 1.4—4.0).

Conclusions: PPE was not associated with reduced CPR quality or lower cardiac arrest survival. Rescuers wearing PPE may report more fatigue.
This finding was mainly derived from simulation studies, additional clinical studies are needed.

Keywords: Cardiopulmonary resuscitation, Chest compression, Personal protective equipment

guidelines recommend that providers should wear appropriate

Introduction PPE, including a gown and mask, when performing CPR.®

Two conflicting published systematic reviews investigate PPE’s
Cardiopulmonary resuscitation (CPR) may lead to aerosol genera-  jmpact on CPR quality. One review suggests PPE significantly com-
tion, which is associated with a risk of transmission of some infec- promises the quality of chest compression during CPR,* while the
tions to rescuers. Studies report the transmission of diseases such other showed that using PPE was not associated with a reduced rate
as severe acute respiratory syndrome (SARS) and middle east res-  or depth of chest compressions.® Several studies have been pub-

piratory syndrome (MERS) during CPR."? Therefore, international
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lished following these systematic reviews including outcomes such
as fatigue.

The purpose of this systematic review was to compare CPR by
rescuers wearing PPE with not wearing PPE or wearing an alterna-
tive strategy of PPE on CPR outcomes such as CPR quality, time to
the procedure of interest, rescuer fatigue, and survival in any setting
of cardiac arrest.

Methods

The PRISMA (Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses) statement® and the Cochrane handbook guide-
lines were followed during the design and implementation of the
study. The study protocol was registered in PROSPERO
(CRD42022347746). There were two discrepancies with the PROS-
PERO registration: the database search period and statistical test
methods.

Search strategy

The search strategy was developed by an information specialist and
approved by the authors. Three databases (Medline, EMBASE and
Cochrane library) were searched and the final database search
was conducted on July 31, 2022. The key terms and search strate-
gies used in the databases are presented in detail in Supplementary
material A. The publication year was restricted from Jan 2000 to July
2022. Study selection was performed by 4 independent investigators
(SC, ZN, NJ, AL) by reviewing the titles and abstracts of the studies
using the Rayyan software.” Relevant publications subsequently
underwent full-text independent review by authors and selected
papers underwent data abstraction. All disagreements were resolved
by discussion and consensus.

Study selection

All studies on the association between CPR and PPE were included
in this systematic review. PPE is equipment worn to minimize expo-
sure to hazards that cause serious workplace injuries and illnesses.®
In case of resuscitation, PPE mainly refers to equipment used by
healthcare workers to reduce the transmission risk of suspected
infection (e.g. COVID-19), such as masks, goggles, gowns, and pow-
ered air-purifying respirators (PAPR).

The inclusion criteria were: (1) studies addressing any setting of
cardiac arrest performing CPR regardless of actual or simulated car-
diac arrest, (2) studies comparing any rescuers donning PPE with no
PPE or other types of PPE, (3) randomised controlled trials and
observational studies (non-randomised controlled trials, interrupted
time series, controlled before-and-after studies, cohort studies)
and, (4) an English language abstract.

We excluded studies comparing the COVID-19 pandemic period
to the period prior because there were many factors affecting survival
and CPR quality other than wearing PPE. Studies investigating the
protective effect of PPE and comparing CPR methods such as
mechanical chest compression devices and rescuer change time
while wearing PPE were excluded. Other publication types not pro-
viding a comparison of PPE, such as guidelines and review articles,
were excluded.

Data extraction
Data extraction was conducted by two independent authors (SC,
ZN). If disagreement occurred, it was resolved by consensus. We

extracted data regarding study information, study design, patient
and rescuer characteristics, PPE used, comparison, outcome mea-
sures, and findings. Outcomes were rated by importance: survival
to 1-month and return of spontaneous circulation (ROSC) was rated
as critical; CPR quality, time to start CPR, rescuer fatigue, and neu-
ropsychologic performance such as concentration and dexterity were
regarded as important outcomes. The time to procedure outcomes
was limited to basic life support interventions.

Risk of bias and certainty of evidence

Two reviewers independently assessed the risk of bias for each
study, and disagreements were resolved by consensus. The risk of
bias of the randomised trials was assessed by Cochrane’s Risk of
Bias—2 tool,” and that of non-randomized studies was assessed by
the Risk of Bias in Non-randomised Studies of Interventions
(ROBINS-I) tool.'® The level of certainty for the generated evidence
was determined by the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) methodology using the
GRADEpro GDT online open-access tool.

Data synthesis with meta-analysis

Among the studies comparing PPE and no PPE, we conducted a
meta-analysis when two or more studies reported the same out-
come. Differences in outcomes between groups with and without
the use of PPE were separately evaluated according to study design
(RCT or observational study) via mean difference (MD) and their
95% confidence interval (Cl). We used the [-statistic to detect
heterogeneity. When the 1% > 60% reflected significant heterogeneity.
Pooled analyses were calculated using a random effect model
because this method incorporates the influence of potential hetero-
geneity and retrieves a more generalized result. Publication bias
was evaluated by visual inspection of funnel plots and the Egger’s
test. P-values <0.05 were considered statistically significant. Rev-
Man (Version 5.4; Cochrane Collaboration, Oxford, UK) and the
meta package in the R 4.03 software (The R Foundation for Statisti-
cal Computing, Vienna, Austria) were applied for meta-analysis and
statistical analyses.

Results

Search results

Our search strategy identified 5,203 unique articles of which 26 were
selected for full-text review. Of these, one clinical study11 and 17
simulation studies (11 RCTs'>2% and 6 non-RCTs'"*72%) were
included (Table 1). In the case of studies comparing different types
of PPE, meta-analysis was not performed because the types of
PPE varied widely between studies. Meta-analysis was performed
when two or more studies reported the same outcome, with 10 sim-
ulation studies (6 RCTs'®~'"""'92" and 4 non-RCTs***?”) comparing
PPE to no PPE included (Fig. 1).

Characteristics of included studies

The included studies were conducted from 10 countries including
Austria,’”'®  Canada,®® China,'®?* Hungary,'? Italy,'*2%2
Korea,'" %27 Spain,'®'® Sweden,?® Turkey,”>*® and USA.?* Studies
were published between January 2015 and May 2022. Various types
of PPE were used during CPR; Level-B/C PPE in one study®*, Level-
C in 4 studies,'®'°2%27 Level-D in 5 studies.'’'®*'2> PAPR was
used in one study,"’ and 3 studies used only face masks.'#2226



Table 1 - Summary of included studies.

Author, year Design PPE Patient Rescuer, n Comparison Outcomes Findings
Abelsson 2018 Non- No accurate Adult Firefighter, 80 PPE + self-contained breathing Correctly performed No difference
randomised, description manikin apparatus vs no PPE ventilations,
parallel compression (%)
Banfai 2022 RCT, parallel  Mask only Adult College student,  Cloth mask vs surgical mask  CC depth, rate; fatigue: Effectiveness of CC decreased
manikin 216 vital signs, subjective significantly in both
scale groups
Barcala-Fuelos RCT, Glove, mask, glasses, Adult Lifeguard, 14 Full PPE vs basic time to start CPR; Basic-PPE is significantly faster than
2021 crossover apron manikin PPE + plastic blanket (on-boat) CPR quality; perceived  Full-PPE, equally good quality
fatigue
Cavallin 2022 RCT, Gown, FP2 mask, Infant NICU consultant, PPE vs no PPE Time to start ventilation Using PPE delayed neonatal
crossover gloves, hat, eye manikin pediatric resident and compression resuscitation
protection, shoe and nurse; 48 procedures
covers
Chen 2016 RCT, Level C Adult Anesthesiologist, PPE vs no PPE Depth, rate, fatigue PPE led to poorer quality CPR
crossover manikin 80 metrics and higher fatigue
Donoghue 2020  Non- Level B (prehospital) or Pediatric EMS personnel, = Baseline vs PPE session up to Depth, rate, release No difference
randomised, level C (hospital) manikin nurse, physician; 5 min velocity, fatigue
crossover 108
Fernandez- RCT, Level D (coverall, face  Adult Nurse, PPE vs no PPE % compressions at No difference
Méndez 2021 crossover shield, goggles, manikin physiotherapist, target depth, recoil and
surgical mask, KN95 physician and rate; % ventilations at
mask, nitrile gloves EMT; 20 target volume;
and boot swabs) physiologic response
Hacimustafaoglu  Non- Level D Adult Physician, nurse, PPE vs no PPE Depth, rate, recoil, PPE associated with poorer CPR
2021 randomised, manikin paramedic; 76 fatigue score, quality and higher fatigue rates
crossover physiologic variables
Kienbacher 2021  RCT, Level D, with and Adult EMT, 48 (24 (a) no PPE, (b) PPE including Depth, effective CC, Despite a subjective increase in
crossover without mask valve manikin teams) a FFP2 mask with an hands-off time, fatigue  physical strain, the actual quality of
expiration valve, (c) PPE CPR remains unchanged
including an FFP1 mask
without an expiration valve
Kienbacher 2022 RCT, Level D, with and Adult EMT, 48 (24 Same as above Concentration (d2 test), Attention and dexterity are not
crossover without mask valve manikin teams) psychomotor strain inferior when wearing PPE, including
(nine-hole peg test) FFP2 masks
Kim 2016 RCT, Level C Adult EMT, 20 PPE vs no PPE Depth, rate, no flow time PPE significantly increased hands-
crossover manikin off time but increase adequate
proportion of CC rate
Ko 2021 Retrospective  Level D + PAPR OHCA ED professional, = Conventional PPE vs ROSC, 1-month Use of enhanced PPE
(before after) patients 67 enhanced PPE (including survival, perceptions to  did not alter patient outcomes
(n=130) PAPR) PPE use
Mormando 2021  RCT, parallel Level C CBRNe PPE  Adult Senior resident, PPE vs no PPE Depth, rate, release No difference
manikin 36

(continued on next page)
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Table 1 (continued)

Findings

Outcomes

Comparison

Rescuer, n
EMT, 34

Patient
Adult

Design PPE

RCT,

Author, year

No difference

Depth, rate, release,
and number of effective

chest compressions

PPE vs no PPE

FFP3 mask, safety

Rauch 2021

manikin

glasses, gloves and

gown

crossover

Masks other than surgical masks
increase rescuer fatigue and

Depth, rate,
effectiveness and

fatigue

Adult Physician, No mask, surgical, FFR

Mask only

Non-

Serin 2021

(filtering face-piece respirator),

half-face mask

paramedic; 48

manikin

randomised,
crossover

negatively affect the quality of chest

compression

Depth, rate No difference

PPE vs no PPE

EMT, 20

Adult

Non- Level C

Shin 2015

manikin

randomised,
crossover

N95 mask increases fatigue and

decreases CPR quality

Depth, rate, chest recoil,
fatigue
No gown vs standard gown vs Time to vetilation and
modified gown

Doctor, nurse; 80 N95 mask vs surgical mask

Adult

Mask only

RCT, parallel

Tian 2020

manikin
Adult

Gown modification (pre-tied neck

Firefighter

Gloves, N95

Non-

Watson 2008

straps and longer waist ties that tie in
front) reduce the time delay of

compression

respirator, eyewear, manikin instructor, 58

gown

randomised,

parallel

standard gown in chest compression

and ventilation

CBRNe: chemical, biological, radiological, nuclear, and high yield explosives, CC: chest compression, CPR: cardiopulmonary resuscitation, ED: emergency department, EMT: emergency medical technician, FFP: filtering
facepiece, Level B: Highest level of respiratory protection with a lower level of skin protection, Level C: Same level of skin protection as Level B with a lower level of respiratory protection, Level D: No respiratory protection and

only minimal skin protection, OHCA: out-of-hospital cardiac arrest, PAPR: powered air purifying respirator, PPE: personal protective equipment, RCT: randomised controlled trial.

Most studies used adult manikins for CPR simulation, although pedi-
atric®* and infant'* manikins were used in two studies. In addition,
there were 13 studies comparing PPE to no PPE,'* 22527 gnd 5
studies comparing effects between PPE types.'''2228 CPR provi-
ders also varied and included students,'® lifeguards,'® firefight-
ers,>>?8 EMTs,"®?” and in-hospital healthcare professionals.'" %~
16:20.22 Many studies used crossover design, while some used paral-
lel comparison. 220222328 gimylated CPR length was varied from
2 min, 4 min,"®?” 5 min,?* 12 min,"”"'® and 20 min."®?"?* Standard
CPR with ventilation was usually performed but some stud-
ies'? 15222425 gimylated compression only CPR. A total of 22 out-
comes were extracted from the included studies. The
Supplementary material B shows the details of the risk of bias
assessment. The outcomes included in the meta-analysis were eval-
uated as having very low certainty of evidence according to the GRA-
DEpro tool (Supplementary material C).

Findings of studies

Survival was reported in a before-after observational study'' com-
paring conventional PPE (n = 73, surgical mask, glove and gown)
and enhanced PPE (n = 57, complete bodysuit, boots, N95 respira-
tor, and powered air-purifying respirator) in the emergency depart-
ment. This study reported no difference in 1-month survival
(conventional PPE 8.2% vs enhanced PPE 3.5%, adjusted
OR = 0.38, 95% CI: 0.07-2.10; P = 0.27) or ROSC (49.3% vs
43.8%, adjusted OR = 0.79, 95% CI: 0.38-1.67; P = 0.54).

Among 15 simulation studies reporting various CPR quality mea-
sures, 8 studies'®1617:202123.24.27 ranorted no difference in CPR
quality by PPE group. Among the 6 studies'®'>7222526 that
reported rescuer fatigue, all but 1 study'? reported an increase in fati-
gue in the PPE group. The time to starting compressions and venti-
lations was reported to be delayed with PPE in all of 3 studies.'®'#28
Concentration and dexterity were measured in 1 study and were not
inferior when wearing PPE."®

Meta-analysis
Meta-analysis was performed for the following 7 outcomes (Fig. 2):
chest compression depth (mm),'>"71921:24"27 compression rate
(per min),'s 17197212427 narcentage of appropriate compression
depth,'®1®1921 appropriate compression rate,'>'®'® appropriate
chest recoil,'®2° hands-off time,'®"® and rescuer fatigue.?*2°
There was no difference in key measures of CPR quality in res-
cuers wearing PPE compared with no PPE. However, pooled res-
cuer fatigue measured using the visual analogue scale in 2
observational studies was significantly worse in the PPE group
(mean difference 2.7 VAS score out of 10; 95% Cl, 1.4 to 4.0).2>6
Among these outcomes, the appropriate percentage of chest recoil
was higher in the PPE group by combining 2 studies. However, both
studies showed no significant difference in chest recoil between
groups.'®2° This discrepancy resulted from the conversion process
of median (IQR) values of the study to mean (SD).>° A funnel plot
showed no evidence of visual asymmetry in the plotted studies
reporting compression depth and rate (Supplementary material D),
and this was confirmed by Egger’s test (P = 0.65).

Discussion

In this review and meta-analysis, we identified very low certainty evi-
dence that wearing PPE does not impact survival and quality of CPR
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Compare CPR methods
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Fig. 1 - PRISMA diagram for study selection.

despite increasing rescuer fatigue. We compared several metrics of
CPR quality, including compression depth and rate, appropriate
compression depth and rate, hands-off time, and appropriate chest
recoil, and found no difference in comparing rescuers wearing PPE
and those without PPE.

Wearing PPE significantly increased rescuer fatigue. In addition
to the 2 studies included in the meta-analysis, 4 more studies
assessed rescuer fatigue during CPR. However, the study design,
types of PPE used, and outcome measures were too varied to com-
bine. For example, some studies reported fatigue using the Borg
scale® ranging from “6” (no exertion) to “20” (maximal exertion),
while other studies used the VAS scale. Five out of 6 studies showed
an increase in fatigue in the PPE group. Rescuers wearing PPE may
have more significant fatigue.

The delivery of chest compressions is physically tiring. The two
studies included a meta-analysis reporting greater fatigue in the
groups wearing PPE. CPR was performed in pairs, and the person
performing chest compressions was changed every 2 minutes.?>%°
Although both studies reported worse CPR quality with PPE, the
overall results of our meta-analysis show no effect on CPR quality.
Furthermore, there is a lack of clinical studies examining the impact
of PPE on patient outcomes. Some authors suggested an option to
shorten CPR cycles while wearing PPE*%3" by changing the rescuer
every 1 minute. However, there is no evidence to support this change
from international recommendations, we found no evidence that PPE
influenced CPR quality and a shorter CPR cycle may also increase
the hands-off time.*? An ILCOR systematic review in 2019 also sug-

gested against pausing chest compressions at intervals other than
every 2 minutes to assess the cardiac rhythm.**

The studies included in this review were predominately simulation
manikin-based studies and varied in the type of PPE, the design of
simulated scenarios, the duration of CPR performed, and the mea-
sures of CPR quality used. We used a random effect model for
pooled analyses because this method incorporates the influence of
potential heterogeneity and retrieves a more generalized result.>*
A previous systematic review by Sahu et al.* which suggested that
PPE significantly compromised CPR quality used fixed effect mod-
els, while another systematic review by Cui et al.® using random
effect models reported no statistical difference in CPR quality
according to PPE. As such, results should be interpreted carefully
and may not be generalizable to the clinical setting.

Current knowledge gaps are as follows: the effect of PPE on
patient outcomes; the impact of PPE on CPR quality in actual resus-
citation; the relationship between PPE use, CPR duration, and res-
cuer fatigue; and the best type of PPE or appropriate modification
strategies to mitigate rescuer fatigue. Since PPE is essential for
infection prevention during CPR, future research should be focused
on developing PPE that reduces transmission of infection, causes
less fatigue for rescuers, and does not worsen CPR quality.

There are several limitations in this review. First, critical out-
comes such as patient survival were identified in only one very low
certainty study with only 130 patients. Second, we planned multiple
subgroup analyses such as PPE types, adult vs pediatric, out-of-
hospital vs in-hospital cardiac arrest, and CPR duration. However,
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Fig. 2 - Forest plots of CPR quality.

due to the low number of studies, subgroup analyses were unable to
be performed. Finally, the studies included in this review were pre-
dominately simulation manikin-based studies and varied significantly
in the procedures used, including the type of PPE, the design of sim-
ulated scenarios, the duration of CPR performed, and the measures
of CPR quality used. As such, results should be interpreted carefully
and may not be generalisable to the clinical setting.

Conclusion

In this review, using PPE was not associated with reduced CPR qual-
ity in simulation studies. At this time, there is insufficient data in the
clinical setting, particularly on the time to interventions and patient

outcomes. Although rescuers wearing PPE may fatigue more quickly
with PPE, this finding was mainly derived from simulation studies,
and requires confirmation in clinical studies. Increased vigilance of
fatigue during CPR with PPE may be necessary.
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