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ABSTRACT

INTRODUCTION: The prevailing COVID-19 pandemic forces paramedics to take medical rescue operations
using personal protective equipment (PPE) for aerosol-generating procedures (AGP). The use of PPE-AGP
may reduce the effectiveness of the procedures performed, including airway management, intravascular
access, or chest compression.

The goal of the current study was to compare the quality by which a chest compression during simulated
COVID-19 resuscitation while wearing PPE-AGP. A secondary goal was to assess provider preferences with
standard versus OHD chest compression methods while wearing PPE-AGP.

METHODS: This is a randomized cross-over single-blinded study involving 37 paramedics performing 2-min
continuous chest compression using two methods: the standard chest compression (CC) method during
which the rescuer takes a position to the side of the victim (STD) and over-the-head position (OHD). During
cardiopulmonary resuscitation, study participants wore Class C PPE-AGP. Both the order of study participants
and compression methods were random. The results were blinded before statistical analysis. The compres-
sion rate per minute (CPM), CC depth as well as full chest recoil were measured. The analysis was undertaken
using STATISTICA (V13.3EN).

RESULTS: Mean chest compression depth using distinct CC methods varied and amounted to 42 + 2mm for
STD vs. 46 + 4mm for OHD (p < 0.001). Chest compressions based on the OHD method were associated with
a lower frequency of chest compressions (107 = 7CPM) compared with STD (114.5 * 8; p< 0.001). A higher
percentage of full chest recoil was observed in the case of STD (42 + 6%) than in the case of OHD (34 + 10%).

CONCLUSIONS: Based on the current simulation trial, it is impossible to clearly determine which method (STD
vs. OHD) is more effective in resuscitation with PPE-AGP. Paramedics wearing PPE-AGP achieved better chest
compression depth for OHD compared to the STD, however, OHD resuscitation causes a lower degree of full
chest relaxation. A further well-designed clinical study looking at efficacy, safety, and outcomes is needed
to confirm current results.
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INTRODUCTION

The outbreak of coronavirus disease 2019 (COVID-19)
has become a primary challenging public health issue
[1]. On March 11, 2020, the World Health Organi-
zation declared that the pandemic of COVID-19 had
become a public health emergency of global concern.
As of September 2, 2020 COVID-19 has been report-
ed with a total of 25.835.301 confirmed cases and
over 858.661 deaths. New coronavirus SARS-CoV-2 is
mainly transmitted through 1) Direct exposure with
cough, sneeze, and droplet inhalation within a range
of about 1.8 meters; and 2) Contact transmission
through contact with oral, nasal, and eye mucous
membranes [2, 3]. Current personal protective equip-
ment (PPE) and infection control guidelines from the
WHO is based on the assumption that the prima-
ry mechanism of transmission is direct and indirect
droplet spread. In this situation, paramedics working
in the pre-hospital setting should treat any patient
as potentially infected with the SARS-CoV-2 virus
[4, 5]. The WHO advises that airborne transmission
can occur, but only when aerosol-generating pro-
cedures (AGP) are performed [6]. AGPs are those
that have the potential to generate aerosols and
droplets that can spread respiratory pathogens. In
this context, cardiopulmonary resuscitation (CPR) is
a complex procedure that is particularly dangerous
for medical personnel. As the study by Borkowska et
al. examining the effectiveness of cardiopulmonary
resuscitation during the COVID-19 pandemic, the re-
turn of spontaneous circulation (ROSC) in prehospital
setting was observed only in 9.4% of resuscitated
patients [7]. In turn, Baldi et al. indicating the OHCA
issues in Italy indicate that during the first 40 days of
the COVID-19 outbreak (February 21 through March
31, 2020) with those that occurred during the same
period in 2019 and indicate a 58% increase rate
of OHCA in 2020 [8]. Low patient survival may be
caused by both the negative consequences of SARS-
CoV-2 infection, as well as the reduced effectiveness
of the procedure performed by Emergency Medical
Service personnel wearing PPE-AGP.

The goal of the current study was to compare
the quality by which a chest compression during
simulated COVID-19 resuscitation while wearing
PPE-AGP. A secondary goal was to assess provider
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preferences with standard versus OHD chest com-
pression methods while wearing PPE-AGP.

METHODS
Study Population and Setting
The study population consisted of paramedics par-
ticipating in the training of Advanced Cardiovascu-
lar Life Support (ACLS) conducted according to the
AHA guidelines [9]. Inclusion criteria were: a) con-
sent to participate in the study, b) active paramedic
status, ¢) minimum one year of experience in EMS
teams. Exclusion criteria were: a) refusal to consent,
b) presence of medical concerns precluding the abil-
ity to participate, including pregnancy or asthma,
) symptoms or suspicion of viral infection.

Study Design

A prospective, randomized, crossover single-blind-
ed simulation trial was conducted. The protocol of
this trial was approved by the Institutional Review
Board of the Polish Society of Disaster Medicine
(No. 22.01.20.IRB). The study was conducted ac-
cording to the Consolidated Standards of Reporting
Trials (CONSORT) statement (Suppl. 1).

Before beginning the simulation portion of the
study, all participants were asked to complete a short
questionnaire concerning previous experiences with
clinical resuscitation as well as PPE-AGP using. Addi-
tionally, all participants participated in a 60-minute
training session reminding the principles of cardio-
pulmonary resuscitation following the guidelines of
the American Heart Association (AHA) [9], as well
as the demonstration of the correct donning of the
PPE-AGP suit and performing chest compression
using the STD and OHD method (Fig. 1).

After the demonstration session, participants
were randomized to STD or OHD while wearing
a Tychem F Level-C (DuPont, Wilmington, USA) suit,
airway protection N95 respirator (3M Poland, Ka-
jetany, Poland), face shield (3M Poland, Kajetany,
Poland) including double nitrile gloves (MedaSEPT®,
Poznan, Poland).

The participants were then asked to perform
a 2-minute cycle of continuous chest compression
(CCO) using one method, then had a 30-minute
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FIGURE 1. Chest compression methods used in the trial: (A) Standard position; (B) Over-the-head position

Sequence 1

Sequence 2

FIGURE 2. Randomization flow chart

break, and then performed chest compression us-
ing another method. The detailed procedure of trial
randomization is presented in Figure 2.

All chest compressions were performed on a Sim-
Man 3G (Laerdal Inc., Stavanger, Norway) adult sim-
ulator. The simulator was placed on a flat surface
to simulate sudden cardiac arrest at home.

After performing chest compression both meth-
ods, each participant completed the post-interven-
tion questionnaire regarding perceptions of ease
of chest compression while wearing PPE-AGP.

Outcomes and Data Collection

The primary outcome measure was the quality of
chest compression, which consisted of the follow-
ing parameters: chest compression rate, chest com-
pression depth as well as chest recoil. The values

PERIOD 1

PERIOD 2

Start with OHD
(n=19)
Start with SDT
(n=18)

indicated in the AHA guidelines [9] were used as
reference values. Accordance with those guidelines,
chest compression rate should be between 100 and
120 compressions per minute (CPM), the depth of
chest compressions should be 5 to 6 cm, and after
each compression should be followed by full relaxa-
tion of the chest.

The chest compression quality data was recorded
in real-time using the simulator control software
— Laerdal Learning Application (LLEAP software,
v.7.1.0; Laerdal Inc, Stavanger, Norway).

De-identified participants’ data were entered
into Macintosh Excel Database (Microsoft Excel
for MAC 2020, v.16.40; Microsoft Inc., Redmond,
WA, USA). Data were correlated with question-
naire response data by the use of pre-assigned
participant numbers.
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Table 1. Summary of study results

Compression parameter STD OHD MD / OR (95%Cl) p-value
CC depth (mm) 42 (+2) 46 (+4) MD = -4.00 (-5.44, -2.56) < 0.001
CC rate (CPM) 114.5 (£8) 107 (=7) MD = 7.50 (4.07, 10.93) < 0.001
Chest recoil (%) 42(=6) 34 (+10) MD = 8.00 (4.24, 11.76) < 0.001
Correct hand placement (%) 96.5 (+2.5) 96 (+4) MD = 0.50 (-1.02, 2.02) 0.52
Preferences (%) 16/37 (43.2%) 21/37 (56.8%) OR = 0.58 (0.23, 1.46) 0.25

CC — Chest compression; CPM — Compressions per minute; STD — Standard position; OHD — Over-the-head position; MD — Mean difference; OR — Odds ratio; Cl — Confidence interval

Statistical analysis and Sample Size Calculations
Sample size calculations were performed based on
a two-sided paired t-test assuming 80% power and
a significance level of 0.05. Assumptions for expect-
ed results were based upon the work of Malysz et al.
[10]. Those calculations indicated that a sample size
of 32 participants would be required to power the
trial adequately to detect a difference of 5 millime-
ters between the two modalities. To ensure a safety
margin, we recruited 37 participants in this study.

All calculations were done with the STATISTICA
software package (v.13.3EN; Tibco Inc, Tulsa, OK,
USA). For statistical analysis, the data was blinded.
Continuous features were summarized with means
and standard deviations. Categorical features were
summarized with frequency counts and percent-
ages. The Kolmogorov-Smirnov test was applied to
test data for normality. Fisher Exact Tests were used
to compare resident survey responses. We com-
pared qualitative variables by Fisher exact test and
Kruskal-Wallis test. Continuous data, including the
time for the successful intravascular access, were
analyzed using analysis of variance (ANOVA) test-
ing. All tests were two-sided and p values less than
0.05 were considered statistically significant.

RESULTS

The study involved 37 paramedics whose mean age
was 31 = 7.5 years and mean work experience in
EMS was 6.7 = 4.5 years. All participants in the
study declared their experience in the field of CPR in
clinical settings. None of the study participants had
experience with chest compression wearing PPE-
AGP before study entry.

A detailed summary of the results of chest com-
pression parameters is presented in Table 1. Mean
chest compression depth using distinct CC meth-
ods varied and amounted to 42 + 2 mm for STD
vs. 46 = 4mm for OHD (p < 0.001). Chest com-

pressions based on the OHD method were associ-
ated with a lower frequency of chest compressions
(107 = 7CPM) compared with STD (114.5 + §;
p < 0.001). A higher percentage of full chest recoil
was observed in the case of STD (42 = 6%) than in
the case of OHD (34 = 10%). This difference was
statistically significant (p < 0.001). The differences
incorrect hand placement between STD and OHD
were not statistically significant.

Most people (58.8%) indicated OHD as the pre-
ferred method during true CPR. The remaining people
indicated the STD method as the preferred method.

DISCUSSION

The aim of the study was to compare two techniques
of chest compression (STD vs. OHD) performed by
paramedics wearing PPE-AGP. The prevailing COV-
ID-19 pandemic causes that in the case of OHCA par-
amedics should perform CPR in protective suits. To
the authors’ knowledge, this is the first STD vs. OHD
under the conditions of use personal protective
equipment against aerosol-generating procedures.

Performing medical procedures when healthcare
workers are wearing PPE-AGP may reduce the effec-
tiveness of the procedures performed by extending
the duration of these procedures as well as reducing
the effectiveness of individual attempts to perform
the procedure. This applies to both obtaining intra-
vascular access [11], advanced airway management
[12], as well as the effectiveness of chest compres-
sion [13]. Chen et al. [14] indicated significant dete-
rioration of CC performance in HCWs with the use
of a level-C personal protective equipment, which
may be a disadvantage for enhancing the survival
of cardiac arrest. In turn, a study by Donoghue et
al. shows that during a clinically appropriate 2-min-
ute period, neither CC quality nor self-reported fa-
tigue worsened to a significant degree in providers
wearing PPE [15]. Donghue also indicates that that
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Pediatric Basic Life Support recommendations for CC
providers to switch every 2 minutes need not be al-
tered with PPE use. The research of Malysz et al. [13]
indicates that in the case of adult resuscitation, the
use of PPE reduces the quality of chest compression,
including a reduction in the depth of chest compres-
sions and the correctness of chest relaxation with
time. The differences between these two studies
can be explained by the fact that resuscitation was
carried out concerning the various simulators: an
adult and a child. In the study by Malysz et al. an
adult simulator was used, whose cardiopulmonary
resuscitation requires much more effort than the
resuscitation of a child. On the other hand, Dong-
hue indicates that the depth of chest compression
did not decrease significantly over time, however,
according to the analysis of the data obtained by
him, chest compression was performed based on
too shallow chest compressions, which were on
average 2.2 cm, while the guidelines of resuscita-
tion for 5-years old child recommend that the CC
depth be between 1/3 to 1/2 of the anteroposterior
diameter of the chest, corresponding to a depth
of at least 5cm [16]. Nerveless, it is clear that the
returning of the spontaneous circulation (ROSC) in
patients experiencing cardiac arrest is dependent
on the quality of the CPR they receive. However,
a number of investigations have demonstrated that
rescuers develop immediate fatigue during CPR and
the quality of CC declines rapidly after 1 to 3 min
of CPR [17]. Abelairas-Gémez et al. showed that
a simple strength training program has a significant
impact on the quality of chest compressions and
its maintenance over time [18]. The analysis of the
performed examination showed a statistically signif-
icantly greater depth of chest compressions during
compression performed by OHD. This may be due to
the force applied to the chest being directed differ-
ently, thus exerting more pressure on the chest than
is the case with an STD.

Another parameter, apart from the depth of
chest compressions, influencing the quality of chest
compression is the CC rate per minute. The chest
compression rate was also associated with the re-
turn of spontaneous circulation [19, 20]. CPR guide-
lines performer by AHA as well as ERC recommends
that the CPR be greater than 100CPM, but not
greater than 120CPM [21, 22]. Despite the exist-
ence of differences in the rate of chest compression
despite the STD and OHD groups, these rates were
within the recommended range. Despite subsequent

editions of the CPR guidelines, there is still no con-
sensus among scientists regarding the optimal rate
of chest compression. As indicated Solevdg et al.
[23] and other authors, a higher CC rate (i.e. over
120/min) is also more fatiguing, which affects CC
quality [24]. In turn, a study by Kilgannon et al. con-
ducted in in-hospital cardiac arrest adult patients,
a chest compression rate of 121-140CPM had the
highest odds ratio of ROSC [25]. In the case of
OHCA, Idris et al. indicated that compression rates
between 100 and 120CPM were associated with the
greatest survival to hospital discharge [19].

In this study, the continuous chest compression
technique was selected. According to the ERC and
AHA guidelines, efforts should be made to minimize
interruptions in chest compressions. Moreover, as
evidenced by Ewy et al. [26] research, CCC com-
pared with 30:2 compressions-to-ventilations car-
diopulmonary resuscitation improved neurological
outcome. Wang et al. in a prospective, randomized
animal study in the first 12 minutes of CPR, contin-
uous compressions could maintain relatively better
coronary perfusion pressure, PaO,, and global ven-
tilation/perfusion values than 30:2 cardiopulmonary
resuscitation [27]. The above advantage of contin-
uous chest compressions over 30:2 resuscitation
was also confirmed in other studies [28-30]. How-
ever, as the study by Liu et al. shows, chest com-
pression quality decreased significantly faster when
performing CCC compared to 30:2 method [31].
Therefore, the person compressing the chest should
be changed every two minutes or sooner.

Another parameter influencing the quality of
chest compression is full chest recoil (FCR), which was
independently associated with improved survival and
favorable neurologic outcome at hospital discharge
after adult OHCA [32]. In our study, the correctness
of chest relaxation in both STD and OHD was insuffi-
cient, and in the case of OHD, a statistically significant
reduction in the correctness of FCR was observed. This
may be because paramedics tend to lean excessively
on the patient’s chest in over-the-head resuscitation.

The above-mentioned and described parameters
of chest compression, such as the depth of chest
compressions, the frequency of compression or the
correctness of chest relaxation are extremely impor-
tant and affect the quality of the compression and
thus the effectiveness of the entire CPR, however,
they should not be treated individually — but try to
perform CPR based on all parameters of chest com-
pression at the same time [33, 34].
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Limitations and Strengths
Limitations of the medical simulation trials have been
previously described [13]. In addition, only a group
of paramedics participated in the study, however, it
was a deliberate action dictated by the fact that par-
amedics are the first line of contact with OHCA pa-
tients and are relatively often forced to undertake re-
suscitation measures in pre-hospital conditions, and
in the time of the prevailing COVID pandemic -19,
these procedures should be performed in PPE-AGP.
The study also has strengths. To the authors’
knowledge, this is the first study to evaluate STD
vs. OHD chest compression methods by paramedics
while wearing PPE-AGP. Another strong point of the
study is its randomized cross-over nature and the
fact that it was a single-blinded study.

CONCLUSIONS

Based on the current simulation trial, it is impossible to
determine which method (STD vs. OHD) is more effec-
tive in resuscitation with PPE-AGP. Paramedics wearing
PPE-AGP achieved better chest compression depth for
OHD compared to the STD, however, OHD resuscitation
causes a lower degree of full chest relaxation. A further
well-designed clinical study looking at efficacy, safety,
and outcomes is needed to confirm current results.
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