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Abstract 

Background: The aim of the study was to evaluate various methods of chest compressions in  

patients with suspected/confirmed SARS-CoV-2 infection conducted by medical students 

wearing full personal protective equipment (PPE) for aerosol generating procedures (AGP).  

Methods: This was prospective, randomized, multicenter, single-blinded, crossover 

simulation trial. Thirty-five medical students after an advanced cardiovascular life support 

course, which included performing 2-min continuous chest compression scenarios using 3 

methods: (A) manual chest compression (CC), (B) compression with CPRMeter, (C) 

compression with LifeLine ARM device. During resuscitation they are wearing full personal 

protective equipment for aerosol generating procedures.  

Results: The median chest compression depth using manual CC, CPRMeter and LifeLine 

ARM varied and amounted to 40 (38–45) vs. 45 (40–50) vs. 51 (50–52) mm, respectively (p = 

0.002). The median chest compression rate was 109 (IQR; 102–131) compressions per minute 

(CPM) for manual CC, 107 (105–127) CPM for CPRMeter, and 102 (101–102) CPM for 

LifeLine ARM (p = 0.027). The  percentage of correct chest recoil was the highest for 

LifeLine ARM — 100% (95–100), 80% (60–90) in CPRMeter group, and the lowest for 

manual CC — 29% (26–48).  

Conclusions: According to the results of this simulation trial, automated chest compression 

devices (ACCD) should be used for chest compression of patients with suspected/confirmed 

COVID-19. In the absence of ACCD, it seems reasonable to change the cardiopulmonary 

resuscitation algorithm (in the context of patients with suspected/confirmed COVID-19) by 

reducing the duration of the CPR cycle from the current 2-min to 1-min cycles due to a 

statistically significant reduction in the quality of chest compressions among rescuers wearing 

PPE AGP.  

Key words: chest compression, cardiopulmonary resuscitation, quality, COVID-19, 

SARS-CoV-2, medical simulation 

 

 

INTRODUCTION 

The current coronavirus severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) pandemic which causes the disease as defined by the World Health Organization 

(WHO) : COVID-19 represents a challenge for medical personnel, specifically including 

those who are particularly exposed to this type of patient [1]. Since the appearance of the first 

cases in China in December  2019, the virus has spread around the world. As of 1 May 2020, 
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the number of confirmed infections worldwide has reached 3,260,373, including 233,996 

deaths from the virus. The virus is transmitted from human to human by droplets [2, 3]. 

Therefore, medical personnel for patients with suspected/confirmed COVID-19 should use 

full personal protective equipment (PPE) for aerosol generating procedures (AGP) to reduce 

the risk of infection [4–6]. Yang et al. [7] indicated that in COVID-19-infected patients, 

comorbidities and the diagnosed underlying diseases include: hypertension, respiratory 

system and cardiovascular diseases may be a risk factors for severe compared with a non-

severe course of the disease. Considering the above, as well as a mortality rate of nearly 5.4%, 

medical personnel may have to undertake resuscitation procedures on such a person.  

Resuscitation guidelines are published by, among others, the European Resuscitation 

Council (ERC) [8, 9] or the American Heart Association (AHA) [10, 11]. On 24 April 2020 

ERC published guidelines for conduct in COVID-19, which indicates the need to use personal 

protective equipment during resuscitation [12], but reference was not made to the impact of 

PPE AGE on the quality of resuscitation and thus the possibility of changing the resuscitation 

algorithm. However, as studies indicate, PPE may hinder medical procedures [13–15]. Chest 

compression systems including automatic chest compression devices (ACCD) or CPR 

feedback devices which may be helpful in this regard. In the case of ACCD, cardiopulmonary 

resuscitation (CPR) guidelines do not recommend their routine use. Resistance  from the main 

medical community  are based on the belief that ACCD causes more chest damage than 

manual chest compression (CC). Studies by Koster et al. LUCAS suggest that a chest 

compression device does not cause significantly more serious or life-threatening visceral 

damage than manual CC. 

The aim of the study was to evaluate various methods of chest compressions in a 

patient with suspected/confirmed SARS-CoV-2 infection conducted by medical students 

wearing full personal protective equipment for aerosol generating procedures. The hypothesis 

herein, is that the chest compression with LifeLine ARM was superior to CPRMeter as well 

as manual chest compression.  

 

METHODS 

Study design 

 A multicenter, randomized, singe-blinded, crossover simulation study was conducted 

to evaluate chest compression quality of patients with suspected/confirmed COVID-19 by 

medical students wearing PPE for AGP. Study protocol was approved by Institutional Review 

Board of Polish Society of Disaster Medicine (Approval no. 09.01.2020.IRB). The study was 
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conducted in medical simulation centers at Lazarski University (Warsaw, Poland) and Poznan 

University of Medical Science (Poznan, Poland) in February 2020. 

 

Participants 

The sample size was based on expected differences in time to intubation and 

calculated with G × Power 3.1 using the two-tailed t-test (Cohen’s d = 0.8, alpha error = 0.05, 

power = 0.95). It was determined that a minimum of 32 participants were required for a pair-

wise comparison of the samples. 35 medical students were recruited who had successfully 

completed an advanced cardiovascular life support (ACLS) course. Written voluntary 

informed consent was obtained from each participant prior to the study. 

 

Equipment and materials 

Two devices were used in the present study: 

— CPRMeter feedback device (Laerdal, Stavanger, Norway), which is an accelerometer 

device. Placed in the middle of the chest and pressed by a rescuer, it shows the correctness of 

the rate of chest compressions, the depth of compressions as well as chest recoil [16, 17]; 

— LifeLine ARM automatic chest compression device (Defibtech, LLC, Guilford, CT, USA), 

which allows for automatic chest compression in two modes: 30:2 and in an asynchronous 

mode [18]. 

The reference method was manual chest compression. 

To simulate a patient with suspected/confirmed COVID-19 requiring CPR, Resusci 

Anne Advanced SkillTrainer manikin (Laerdal, Stavanger, Norway) was used, which was 

placed on the floor in a brightly lit room.  

The participants were dressed in a ProChem I F suit providing protection against 

organic and inorganic chemicals in high concentrations and against particles less than 1 µm in 

diameter. This suit also protects against biological hazards and toxic agents and is often used 

during the current COVID-19 pandemic. To simulate real actions against a SARS-CoV-2 

patient, the participants additionally wore a protective mask with FFP2 filter, protective 

goggles and a visor as well as double nitrile gloves (Fig. 1). 

 

Interventions 

All participants completed a brief questionnaire consisting of demographic 

information (age, sex). Before starting this trial, instructors gave medical students lectures for 

30 min about the risks associated with SARS-CoV-2 coronavirus and how to perform CPR 
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using the methods to be tested.  The participants, wearing PPE AGP, had to conduct a 2-min 

cycle of continuous chest compressions in adults. In order to achieve the desired effect and 

focus only on parameters related to chest compressions, the scenario where the patient was 

intubated was foreseen, which made it possible to conduct continuous chest compressions. 

Chest compressions were performed using three methods: (A) Manual CC, (B) compression 

using the CPRMeter feedback device, (C) compression using the LifeLine ARM system. 

Both the sequence of participants and chest compression methods were random. The 

ResearchRandomizer program was used for this purpose. Participants were divided into three 

groups. The first group started compressions using the manual method, the second using 

CPRMeter and the third using LifeLine ARM. After a 2-min CC cycle, the participants had a 

2-h break and then performed chest compressions using another method. A detailed 

randomization procedure is shown in Figure 2. 

 

Measurements 

All parameters were recorded using SkillReporter software (Laerdal, Stavanger, 

Norway) attached to the simulator. Additionally, in order to analyze the parameters at 

intervals of 20 s, the parameters were recorded in real time using GoPro HERO 5 Black 

camera (GoPro, Inc., CA, USA). The parameters such as: depth of CCs, rate of CCs and 

degree of chest recoil were analyzed. The parameters as indicated by the ERC and AHA 

guidelines were employed, according to the depth of CCs of an adult should be in the range of 

50–60 mm, a compression rate should be from 100 to 120 compressions per minute (CPM), 

was used as reference values [8, 10].  

Following the completion of this scenario, the participants were asked to grade each 

chest compression method based on the fatigue according to visual-analogue scale (VAS) (1 = 

no fatigued, 100 = extremely fatigued) in the relevant scenario, but they discouraged from an 

overall ranking of the devices.  

 

Statistical analysis 

The data were compiled using a standard spreadsheet application (Excel, Microsoft, 

Redmond, WA, USA) and were analyzed using the Statistica version 13.3EN (Tibco Inc, 

Tulusa, OK, USA). Data were blinded from the team interpreting the results. All participant 

and chest compression parameter data were summarized descriptively. Categorical data are 

presented as raw numbers and as frequencies, and continuous and ordinal data are presented 

as the median and interquartile range (IQR). The Friedman test was used for intra-group 
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analysis, and for a pairwise comparison, the Wilcoxon signed-rank test was used. In all 

analyses, a significance level p < 0.05 was used. 

 

RESULTS 

Thirty-five medical students after an ACLS course were enrolled. There were no 

exclusions in the present study.  

 

Chest compression parameters 

Data on the quality of 2-min CCs are presented in Table 1. Analysis of the quality of 

2-min CCs showed statistically significant differences in the depth of CCs performed 

manually, using CPRMeter and LifeLine ARM (40 mm [38–45] vs. 45 mm [40–50] vs. 51 

mm (50–52), respectively; p = 0.002). Statistically significant differences in chest 

compression depth between manual chest compressions and CPRMeter (p = 0.031) and 

LifeLine ARM (p < 0.001) were shown. The difference was also observed between 

CPRMeter and LifeLine ARM (p = 0.002; Suppl. Table 1). 

Compression rates for manual CC was 109 (IQR 102–131) CPM, 107 (IQR 105–127) 

CPM for CPRMeter feedback device, and 102 (IQR 101–102) CPM for LifeLine ARM (p = 

0.027). As in the previous parameter, statistically significant differences were observed 

between manual compression and CPRMeter (p = 0.047), manual compression and LifeLine 

ARM (p = 0.001), and between CPRMeter and LifeLine ARM (p = 0.006). 

 The best chest recoil was observed with LifeLine ARM systems — 100% (IQR 95–

100), followed by CPRMeter — 80% (IQR 60–90), and the lowest for manual CC — 29% 

(IQR 26–48). These differences were statistically significant (p < 0.001). Two-sided analysis 

showed statistically significant differences in the percentage of correct chest recoils between 

manual chest compressions and CPRMeter (p < 0.001), manual CC vs. LifeLine ARM (p < 

0.001) as well as between CPRMeter and LifeLine ARM (p < 0.001). 

 

Chest compression quality in 20-sec periods 

An analysis of the depth of chest compressions carried out in 20-s intervals is shown 

in Figure 3. Statistical analysis showed a significant reduction in the depth of CCs above 60 s 

for both manual CC and CPRMeter. 

 The chest compression rate showed statistically significant differences for manual CC 

and CPRMeter groups (Fig. 4).  
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 The percentage of correct chest recoils for manual CC was significantly reduced after 

only 60 s of CPRMeter (Fig. 5). Percentage of correct chest recoils in LifeLine ARM 

remained the same throughout the entire chest compression period. 

 

Fatigue VAS score 

The degree of fatigue of study participants performing CCs based on VAS score when 

using manual CC, CPRMeter and LifeLine ARM groups was varied and were observed 

accordingly 75 (IQR 45–90) vs. 80 (IQR 50–90) vs. 20 (IQR 20–30) points (p = 0.002). There 

was statistically significant differences in degree of fatigue between manual chest 

compression and LifeLine ARM (p < 0.001), and between CPRMeter and LifeLine ARM (p < 

0.001). 

 

DISCUSSION 

Recent guidelines of the ERC as well as the AHA indicate a direct impact of high-

quality CC on the effectiveness of resuscitation [8, 10] and thus, the return of spontaneous 

circulation and reduction of neurological deficits caused by hypoxemia.  

During CPR, the need to interrupt CCs to provide synchronous ventilation prevents 

blood flow continuity, reducing the possibility to ensure high-quality CPR and have a 

negative impact on perfusion and patient outcome [19, 20]. In this study, continuous chest 

compressions were performed because, as indicated by ERC and AHA guidelines, the key 

role during CPR is to minimize pauses in CCs [8, 10]. In the case of patient intubation, 

continuous (asynchronous to emergency ventilation) CCs are possible [21]. As numerous 

studies indicate, it is the most effective method, because by eliminating long pauses 

accompanying rescue breathing improves perfusion pressure [21–23]. Continuous chest 

compression, as indicated by Heidenreich et al. [22] resulted in more adequate compressions 

per minute than standard CPR for the first 2 min of CPR. However, as the duration of the 

resuscitation increases, continuous chest compression technique leads to more fatigue for the 

rescuer. The reduction of fatigue may be influenced by the physical condition of the rescuer 

[24]. However, the application of PPE, as shown by numerous studies, may reduce the 

efficiency of medical procedures [25], starting with CCs [26], by obtaining vascular access 

[27, 28], ending with airway management [29, 30]. 

A factor influencing the quality of CPR is the depth of CCs [31]. For CPR without 

PPE AGP, the depth of CCs decreases after about 2 min of compressions [32].  
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In the current study there were statistically significant differences in the depth of CCs 

between the different methods of CCs. In the case of manual CC and CPRMeter groups, a 

statistically significant decrease in the depth of CCs was observed after 1 min of resuscitation, 

which may have been caused by excessive fatigue of participants performing CCs as a result 

of using PPE AGP [13]. Other authors also point to the problem of reduced quality of CCs 

when using PPE [13, 26, 33]. In the present study, the CC depth during the use of ACCD was 

equal throughout the whole resuscitation process and was consistent with current CPR 

guidelines, due to the fact that the chest CC depth was performed automatically. This method 

of compression also allows CPR to be performed during patient transport to the hospital as 

well as during prolonged resuscitation [34, 35].   

During CPR full chest recoil after each compression is independently associated with 

improved survival and is independently associated with improved survival and favorable 

neurologic outcome at hospital discharge after adult out-of-hospital cardiac arrest [36, 37]. 

Analysis of the obtained results showed that medical students dressed in PPE AGP perform 

manual CCs in an insufficient manner. The problem of incomplete chest relaxation is reduced 

when using CPRMeter. The results obtained are confirmed by other studies [38, 39]. Similar 

to the depth of compressions, chest recoil is significantly reduced after 1 min of continuous 

CC (in manual CC and CPRMeter groups). This may be due to fatigue of the rescuer and 

subsequent CC after each compression. CSs to the appropriate depth and then performing full 

chest recoil is a prerequisite for optimal perfusion pressure [23, 40]. 

The rate of CC is also an important element of high-quality CC. CPR guidelines 

recommend that CC should be performed at a rate of 100–120 CPM. Idris et al. confirms that 

compression rates between 100 and 120 per minute were associated with the greatest survival 

to hospital discharge [41]. A higher compression rate than 120 CPM may improve organ 

perfusion but does not increase survival. However, it may lead to faster fatigue of the rescuer, 

which consequently results in lower quality of CCs [42, 43]. Chen at al. [33] suggested that 

the use of PPE may reduce the rate of chest compression.  

Cardiopulmonary resuscitation feedback devices facilitate CCs by showing real-time 

compression parameters [44, 45]. Iskrzycki et al. [46] in his study showed that visual real-

time feedback device significantly improved quality of CPR performer by lifeguards. In 

contrast Wattenbarger et al. [47] stated that a targeted training intervention combined with 

real-time CPR feedback improved CC performance among health care providers. However, 

the use of such a device still requires force from the rescuer and also leads to fatigue. In the 

study, after 1 min of continuous CCs, rescuers dressed in PPE AGP were both statistically 
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significant in reducing the depth of CCs and in reducing chest recoil. This may result in 

reduced effectiveness of the whole resuscitation process. Another solution aimed at improving 

the quality of CC is the automatic CC system. Taking into account the fact that the quality of 

CCs performed by medical personnel is in many cases insufficient [48], there can be a remedy 

for this problem. Analysis of the data obtained in this study showed that LifeLine ARM, an 

example of ACCD, performed CCs at the appropriate depth and at the programmed 

compression rate. As indicated by the studies Szarpak et al. [49], and Truszewski et al. [50] 

LifeLine ARM resuscitation using LifeLine ARM had significantly better quality compared to 

manual chest compressions.  

The use of such systems is particularly important when paramedics are unable to 

perform high quality CPR — and this is the case for patients with suspected/confirmed 

COVID-19 when, due to the coronavirus, personnel must be equipped with PPE AGP. 

 

Limitations of the study 

There were several limitations in the present study. First, an adult manikin was used to 

simulate patients requiring CPR. Therefore, the quality of chest compressions may differ from 

that of CPR under real CPR. However, the choice of medical simulation as a research method 

was deliberate and was dictated by the fact that it is medical simulation that allows for full 

standardization of performed procedures without the risk of complications for a potential 

patient [23, 51, 52], moreover, in the current pandemic, conducting research — in particular 

randomized cross-over study under emergency conditions could endanger both the patient and 

the rescuer. The second limitation was to include only medical students in the study, however, 

this group may be involved in providing medical assistance in a disaster or emergency 

situation, hence an assessment of the possibility of CPR in PPE AGP is one of the key actions 

to determine an optimal method of CPR.  

The study also has its strengths. Among them, was the randomized cross-over study 

design, as well as the fact that it was a multi-center study. Additionally, a single-blinded study 

was utilized, increasing its value. Another aspect supporting this study is the fact that, 

according  to available research, this is the first study comparing different methods of CC of 

patients with suspected/confirmed COVID-19 by rescuers wearing personal protective 

equipment for aerosol generating procedures. 

 

CONCLUSIONS 
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In conclusion, according to the results of this simulation trial, ACCD should be used 

for CC of patients with suspected/confirmed COVID-19. In the absence of ACCD, it seems 

reasonable to change the CPR algorithm (in the context of patients with suspected/confirmed 

COVID-19) by reducing the duration of the CPR cycle for one rescuer from the current 2-min 

to 1-min cycles due to a statistically significant reduction in the quality of CCs among 

rescuers wearing PPE AGP. More studies on chest compression quality with PPE AGP should 

be conducted to confirm those data. 
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Table 1. Comparison of chest compression quality parameters 

Parameter 
Chest compression technique 

P 
Manual CC CPRMeter LifeLine ARM 

Chest compression depth 40 (38–45) 45 (40–50) 51 (50–52) 0.002 
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Correct chest recoil 29 (26–48) 80 (60–90) 100 (95–100) < 0.001 
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Figure 1. Rescuer with personal protective equipment for aerosol generating procedures. 

 

Figure 2. Randomization flow chart. 

 

Figure 3. Chest compression (CC) depth parameters relative to time intervals; *Significant 

difference (p < 0.05) compared to the time of 20 s of an appropriate CC technique. 

Figure 4. Chest compression (CC) rate parameters relative to time intervals; *Significant 

difference (p < 0.05) compared to the time of 20 s of an appropriate CC technique. 

 

Figure 5. Percentage of correct chest recoil parameters relative to time intervals; *Significant 

difference (p < 0.05) compared to the time of 20 s of an appropriate chest compression (CC) 

technique. 

 

 












