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Background: Randomized controlled trials (RCTs) evaluating the influence of personal protective equipment (PPE) on quality of chest compressions during cardiopulmonary resuscitation (CPR) showed inconsistent results. Accordingly, a meta-analysis was performed to provide an overview.

Methods: Relevant studies were obtained by search of Medline, Embase, and Cochrane's Library databases. A random-effect model incorporating the potential heterogeneity was used to pool the results.

Results: Six simulation-based RCTs were included. Overall, pooled results showed that there was no statistically significant difference between the rate [mean difference (MD): −1.70 time/min, 95% confidence interval (CI): −5.77 to 2.36, P = 0.41, I2 = 80%] or the depth [MD: −1.84 mm, 95% CI: −3.93 to 0.24, P = 0.11, I2 = 73%] of chest compressions performed by medical personnel with and without PPE. Subgroup analyses showed that use of PPE was associated with reduced rate of chest compressions in studies before COVID-19 (MD: −7.02 time/min, 95% CI: −10.46 to −3.57, P < 0.001), but not in studies after COVID-19 (MD: 0.14 time/min, 95% CI: −5.77 to 2.36, P = 0.95). In addition, PPE was not associated with significantly reduced depth of chest compressions in studies before (MD: −3.34 mm, 95% CI: −10.29 to −3.62, P = 0.35) or after (MD: −0.97 mm, 95% CI: −2.62 to 0.68, P = 0.25) COVID-19. No significant difference was found between parallel-group and crossover RCTs (P for subgroup difference both > 0.05).

Conclusions: Evidence from simulation-based RCTs showed that use of PPE was not associated with reduced rate or depth of chest compressions in CPR.
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INTRODUCTION

High-quality cardiopulmonary resuscitation (CPR) is the most important life-saving procedure for people with critical clinical conditions, such as cardiac arrest (1–3). The success of CPR relies on effective chest compression, which is defined as compressions with adequate rate, depth, and minimized interruptions by the International Liaison Committee on Resuscitation (4). With the pandemic of coronavirus disease 2019 (COVID-19), increasing number of critically ill patients with COVID-19 need CPR (5). Since there is evidence for COVID-19 infection transmission during chest compressions, use of personal protective equipment (PPE) has been recommended for health care personnel involved in resuscitating of patients with confirmed or suspected COVID-19 (6–8). However, studies evaluating the influence of PPE use on the quality of chest compression showed inconsistent results (9–14). Some simulation-based randomized controlled trials (RCTs) suggested that use of PPE by the CPR providers was associated with compromised quality of chest compression (9, 14), while others did not show significant difference regarding the performance of chest compression (10–13). An early meta-analysis including five studies (three RCTs and two observational studies) supported that the use of PPE may compromise the quality of chest compression during CPR (15). However, including observational studies may confound the results (15). Since three additional RCTs have been published since the meta-analysis (11–13), we performed an updated meta-analysis to provide an overview of current understanding regarding the influence of PPE use on quality of chest compression during the process of CPR.



METHODS

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement (16) and the Cochrane Handbook guidelines (17) were followed during the designing and implementation of the study.


Search Strategy

Medline, Embase, and the Cochrane Library (Cochrane Center Register of Controlled Trials) databases were searched for relevant studies with a combined strategy as [(“personal protective equipment” OR “PPE”) AND (“chest compression” OR “cardiopulmonary resuscitation” OR “CPR”)]. Animal studies were not considered. The references of related reviews and original articles were also searched as a complementation. The final database search was conducted on May 12, 2021.



Study Selection

Studies that fulfilled the following criteria were included: (1) studies published as full-length articles in English; (2) designed as simulation-based RCTs, either parallel group or crossover; (3) included medical personnel who were qualified to perform CPR and randomly allocated to perform chest compression with and without the use of PPE; (4) only adult CPR studies were included; and (5) outcome regarding the quality of chest compression was reported, including the difference of rate and/or the depth of chest compression between the two groups. Reviews, editorials, study protocols, observational studies, and studies performed in pediatric settings were excluded.



Data Extraction and Quality Assessment

Database search, data extraction, and quality evaluation were conducted by two independent authors. If disagreement occurred, it was resolved by consensus. We extracted data regarding study information (first author, publication year, and study country), study design (blind or open-label), characteristics of medical personnel involved [sample size, age, sex, and body mass index (BMI)], details of PPE used, and durations for each cycle of chest compression. Quality evaluation was achieved using the Cochrane's Risk of Bias Tool (17) according to the following aspects: (1) random sequence generation; (2) allocation concealment; (3) blinding of participants and personnel; (4) blinding of outcome assessors; (5) incomplete outcome data; (6) selective outcome reporting; and (7) other potential bias.



Statistical Analysis

Differences of rate and/or the depth of chest compression between participants with and without the use of PPE were separately evaluated via mean difference (MD) and their 95% confidence interval (CI) in this meta-analysis. We used the Cochrane's Q-test to detect the heterogeneity (18). The I2-statistic was also calculated, and an I2 > 50% reflected significant heterogeneity. Pooled analyses were calculated using a random-effect model because this method incorporates the influence of potential heterogeneity and retrieves a more generalized result (17). Sensitivity analysis by excluding one study at a time was used to evaluate the influence of each study on the pooled results of the meta-analysis (17). Subgroup analyses were performed to evaluate the results in studies published before or after the occurrence of COVID-19 and according to the design of the studies. We performed subgroup analysis according to the timing mainly because studies published after COVID-19 are more likely to be designed for the chest compression under the circumstances of possible COVID-19 positive patients, which may be more meaningful considering the current pandemic of COVID-19. Publication bias was evaluated by visual inspection of funnel plots, and the Egger's regression asymmetry test (19). P-values < 0.05 were considered statistically significant. The RevMan (Version 5.1; Cochrane, Oxford, UK) and Stata software (Version 12.0; Stata, College Station, TX) were applied for statistical analyses.




RESULTS


Search Results

The process of database search and study identification was shown in Figure 1. Briefly, 209 articles were obtained through the initial database search, and 157 were retrieved after exclusion of duplicated records. Among them, 139 articles were subsequently excluded based on titles and abstracts primarily because these studies were irrelevant to the aim of the meta-analysis. Of the 18 articles that underwent full-text review, 12 were further excluded for the reasons presented in Figure 1 Finally, six RCTs (9–14) were included.


[image: Figure 1]
FIGURE 1. Flowchart of literature search.




Study Characteristics

Table 1 shows the characteristics of the included studies. Overall, these studies were all simulation-based RCTs including medical personnel who performed chest compression on a manikin with and without the use of PPE. Two of the studies were performed before the occurrence of COVID-19 (9, 10), while the other four were performed after COVID-19 (11–14). These RCTs were performed in China (9, 14), Korea (10), Italy (12, 13), and Austria (11). Four of them were randomized crossover studies (9–11, 13), while the remaining two were randomized parallel-group studies (12, 14). A total of 258 medical personnel who were qualified to perform CPR were involved in the included studies (mean age: 31.3 years, men: 60%). Level-C PPE was used in five studies (9–13), and N95 mask was used in the other study (14). The level-C PPE applied among the included studies typically included safety gloves, safety glasses, chemical protective suits, respirator masks with active filter, and safety gumboots, etc., which have been specified for each study in Table 1. The duration of chest compression was 2 min in five studies (9, 11–14), and 4 min in the other study (10). Outcomes of rate and depth of chest compression between those with and without the use of PPE were reported in all of the included studies.


Table 1. Characteristics of the included RCTs.
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Data Quality

Table 2 shows the details of study quality evaluation. All of the included RCTs were open-label studies. Methods of random sequence generation were reported in four RCTs (9, 12–14), and information of allocation concealment was reported in one study (12). The overall quality score varied between 3 and 5, indicating moderate study quality.


Table 2. Details of quality evaluation for the included RCTs via the Cochrane's Risk of Bias Tool.
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Meta-Analysis Results

Since one study (11) reported data of caregivers who provided CPR with two different sets of PPE, PPE including a filtering face piece (FFP) 2 mask with valve, and with PPE including an FFP2 mask without valve, these datasets were independently included into the meta-analysis. Overall, pooled results of seven datasets from six RCTs showed that there was no significant difference in the rate (MD: −1.70 time/min, 95% CI: −5.77 to 2.36, P = 0.41, I2 = 80%; Figure 2A) or the depth (MD: −1.84 mm, 95% CI: −3.93 to 0.24, P = 0.11, I2 = 73%; Figure 2B) of chest compression between medical personnel with and without PPE. Sensitivity analyses by excluding one dataset at a time did not significantly change the results (MD for rate of chest compression: −2.86 to −0.45, P all > 0.05; MD for depth of chest compression: −2.26 to −0.76, P all > 0.05; Table 3). Specifically, sensitivity analysis limited to studies with level-C PPE (9–13) showed consistent result (chest compression rate: MD: −0.45 time/min, 95% CI: −4.40 to 3.51, P = 0.83; I2 = 78%; chest compression depth: MD: −1.36 mm, 95% CI: 3.49 to 0.77, P = 0.21; I2 = 72%; Table 3). Subgroup analyses showed that use of PPE was associated with reduced rate of chest compression in studies before COVID-19 (MD: −7.02 time/min, 95% CI: −10.46 to −3.57, P < 0.001), but not in studies after COVID-19 (MD: 0.14 time/min, 95% CI: −5.77 to 2.36, P = 0.95; Figure 2A). In addition, PPE was not associated with a significantly reduced depth of chest compression in studies before (MD: −3.34 mm, 95% CI: −10.29 to −3.62, P = 0.35) or after (MD: −0.97 mm, 95% CI: −2.62 to 0.68, P = 0.25; Figure 2B) the occurrence of COVID-19. Moreover, subgroup analyses according to study design were shown in Figures 3A,B, which showed no significant between-subgroup differences of the rate or the depth of chest compression in parallel-group and crossover studies (both P for subgroup difference > 0.05).


[image: Figure 2]
FIGURE 2. Forest plots for the meta-analysis of the quality of chest compression in medical personnel with and without PPE. (A) Forest plots for the meta-analysis of the rate of chest compression in studies before or after COVID-19 and (B) forest plots for the meta-analysis the depth of chest compression in studies before or after COVID-19.



Table 3. Sensitivity analyses.
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FIGURE 3. Forest plots for the meta-analysis of the quality of chest compression in medical personnel with and without PPE. (A) Forest plots for the meta-analysis of the rate of chest compression in parallel group (PG) or crossover (CO) RCTs and (B) forest plots for the meta-analysis the depth of chest compression in parallel group PG or CO RCTs.




Publication Bias

The funnel plots for the meta-analysis of the rate and depth of chest compression between medical personnel with and without PPE were shown in Figures 4A,B. These funnel plots were symmetrical on visual inspection, suggesting low risk of publication biases. Egger's regression tests were not performed since only seven datasets were available for each outcome.


[image: Figure 4]
FIGURE 4. Funnel plots for the meta-analysis of the quality of chest compression in medical personnel with and without PPE. (A) Funnel plots for the outcome of the rate of chest compression and (B) funnel plots for the outcome of the depth of chest compression.





DISCUSSION

In this meta-analysis, by pooling the results of up-to-date simulation-based RCTs, we found that use of PPE was not associated with reduced rate or depth of chest compression in CPR. The robustness of the finding was confirmed by results of sensitivity analysis by excluding one dataset at a time. Moreover, subgroup analysis showed consistent results for RCTs published after the occurrence of COVID-19. Taken together, these results suggest that PPE use in providers of CPR dose not compromise the quality of chest compression. Since there is evidence for COVID-19 infection transmission during chest compressions (6), results of this meta-analysis further supported the current recommendation that PPE should be worn during chest compressions for patients with confirmed or suspected COVID-19.

Results of our meta-analysis are different from the previous meta-analysis which showed that use of PPE may compromise the quality of chest compression during CPR (15). Some difference in methodology of meta-analysis should be noticed when the results of current meta-analysis and the previous one are compared. Firstly and the most importantly, although all of the included studies were simulation-based, the previous meta-analysis included both RCTs and observational studies (before and after PPE). Including the non-randomized before-and-after-PPE studies may confound the results of the overall meta-analysis since the procedures of chest compression with PPE were all performed after a few sessions without PPE (15). In our meta-analysis, only RCTs were included. Although four of the RCT included in our meta-analysis were crossover studies (9–11, 13), the sequences for performing chest compression with or without PPE were randomly allocated, which had minimized influence on the results. In addition, the previous meta-analysis included one study in the pediatric setting (15). Since the delivering of chest compressions to adult and pediatric patients is different, including study in the pediatric setting may also cause additional bias. Unlike the previous one, only RCTs of chest compressions performed in adult patients setting were included in our meta-analysis. Finally, only one out of the five included studies in the previous meta-analysis was performed during the COVID-19 pandemic (15). In our meta-analysis four of the six included RCTs (11–14) were performed during the COVID-19 pandemic, and further subgroup analysis by including these four studies only also showed that use of PPE did not reduce the rate or depth of chest compressions in CPR. This is important because PPE used in these studies generally mimicked the PPE used in chest compressions for patients with suspected or confirmed COVID-19. Collectively, results of our meta-analysis suggest that use of PPE was not associated with reduced rate or depth of chest compressions in CPR, and the results were consistent for including studies during the COVID-19 pandemic.

Evidence for optimal PPE during CPR is limited. One included RCT showed that PPEs including masks with and without expiration valve were both safe for use during CPR and did not significantly affect the quality of chest compressions (11). However, another non-randomized study showed that protective masks other than surgical masks used as PPE increase rescuer fatigue in CPR and negatively affect the quality of chest compressions (20). However, due to the non-randomized nature and lack of a control group without PPE, these results are difficult to interpret. Besides, automated chest compression devices and reduced duration of the cycle of CPR have also been suggested for patients with suspected or confirmed COVID-19 during CPR (21, 22). The optimal PPE may be that has minimized influence on the quality of chest compression, but has adequacy protection for the healthcare providers. More researches are needed for the development of an evidence-based CPR guideline for patients with COVID-19.

Our study has limitations. Firstly, the search strategy of this study was based on keywords, rather than using MeSH (Medline) and Emtree (EMBASE) as instructed by the Cochrane Handbook (17), and a librarian was not consulted during the development of the search strategy. Accordingly, search strategy in this study is not sufficient for a robust search. Besides, all of the included RCTs were simulation-based, and could not fully reflect the situation of real-life scenarios such as CPR for critically ill patients with COVID-19. In addition, the number of available studies and participants in each study are limited, which prevented comprehensive subgroup analysis according to the characteristics of the CPR providers and studies. Moreover, rate and depth were used to evaluate the quality of chest compressions during CPR. It remains unknown whether use of PPE may affect the clinical outcomes in patients receiving CPR. Finally, significant heterogeneity was observed among the included studies. Although we found consistent results for studies during COVID-19 pandemic, future studies are needed to determine whether the difference in PPE may affect the results.

In conclusion, results of the meta-analysis including simulation-based RCTs showed that use of PPE was not associated with reduced rate or depth of chest compressions in CPR. These findings support the current recommendation that PPE should be worn during chest compressions for patients with confirmed or suspected COVID-19.
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