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The effects of cognitive-motor multitasking demands on the quality of chest compressions in CPR—A randomized controlled trial
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Background: In standard cardiopulmonary resuscitation (CPR), rescuers switch between ventilation and chest compressions. We examined the effect of this task-switching requirement on chest-compression quality to gain insights into the cognitive mechanisms underlying performance in standard CPR. Understanding these mechanisms can help in the development of evidence-based practical implications and cognitive aids for CPR.

Methods: A total of 300 first-year medical and dentistry students (212 females, 20.2 ± 4.4 years) participated in this randomized controlled trial. They received either a CPR training comprising both chest compressions and ventilation (standard CPR) or a CPR training comprising chest compressions only (chest-compression-only CPR). Chest-compression quality (compression depth and rate) was measured via a resuscitation manikin and analyzed using linear mixed models and linear trend analyses.

Results: Overall, chest-compression quality did not differ across standard CPR and chest-compression-only CPR. However, in standard CPR, compression quality was better after ventilation than before ventilation. Importantly, ventilation impaired the quality of the compressions executed immediately after ventilation, but the quality increased with each compression after ventilation, resulting in a better chest-compression quality after ventilation than before it.

Conclusions: This study suggests that ventilation acts as a break, improving physical capability, which in turn enhances compressions after ventilation. However, at the same time, ventilation causes a task switch which increases cognitive demands and impairs chest-compression quality immediately after ventilation. Considering the negative effect of the task-switching demand on chest-compression quality, it is useful to develop cognitive aids for professional medical care. Such cognitive aids can signal an upcoming switch to ventilation, thereby reducing the multitasking load in terms of reduced monitoring demands with respect to the number of chest compressions that have already been executed.
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1 Introduction

Sudden cardiac arrest is among the leading causes of mortality. Worldwide, 4 to 5 million people die of sudden cardiac arrest every year (1). Cardiopulmonary resuscitation (CPR) is the only lifesaving intervention (2) and the survival rates depend greatly on the quality of CPR (3–7).

The international guidelines published by the American Heart Association (AHA) and the European Resuscitation Council (ERC) (8, 9) recommend CPR that includes both chest compressions and ventilation, also referred to as standard CPR. Laypersons who are unable or unwilling to perform mouth-to-mouth ventilation are recommended to provide at minimum CPR comprising chest-compression-only CPR (10–12). Cco CPR simplifies resuscitation and eliminates concerns about the risk of infection, both of which are aspects that might increase the rate of layperson CPR (12).

A recent study that examined the outcomes after a cardiac arrest in 28 European countries revealed that the survival to hospital rates were greater when laypersons administered standard CPR than when they provided cco CPR (13). However, another study concluded that standard CPR is superior to cco CPR only, when standard CPR is executed correctly (14). Thus, for untrained laypersons, cco CPR may be as effective as standard CPR [see also (15, 16) for reviews].

Regarding the impact of the CPR method on the quality of compressions, there are studies reporting no differences in compression quality (17) and studies that observed better compression quality for standard CPR than for cco CPR or vice versa. For instance, several studies showed that the compression depth and the percentage of compressions with a correct depth were higher for standard CPR than for cco CPR (18, 19). In contrast, in another study, there were more compressions with an adequate depth for cco CPR than for standard CPR (20). This inconsistency might be attributable to differences in the CPR duration and the definition of an adequate depth [e.g., 38 mm in (17) vs. 50–60 mm in (20)].

To analyze time-dependent variations in the compression quality, various studies subdivided the CPR scenario into multiple time intervals (20, 21). These studies showed that in the first minutes, the number of compressions with a correct depth is greater for cco CPR than for standard CPR, but later, it is higher for standard CPR than for cco CPR (19). Moreover, compression quality decreases during both CPR methods (22, 23) and this decrease is greater in cco CPR than in standard CPR (21). This suggests that compressions are physically demanding and can lead to fatigue (24). Consistent with this notion, it has been shown that short breaks of some seconds improve the compression quality in cco CPR, possibly due to reduced rescuer fatigue (25, 26).

So far, differences in compression quality between standard CPR and cco CPR, if existent, are explained by differences in the level of exhaustion caused by these CPR methods. In contrast to these previous studies, in the present study, we focused on cognitive factors that might affect the performance in standard CPR and cco CPR.

From a cognitive perspective, the quality of chest compressions is expected to differ across the CPR methods due to the requirement of switching back and forth between compressions and ventilation. This is because laboratory multitasking studies consistently found that switching between tasks results in performance costs (27–30). More specifically, participants usually need more time to complete a task and commit more errors in switch conditions than in non-switch conditions. These findings suggest that the quality of chest compressions during standard CPR should be worse than that during cco CPR because standard CPR requires rescuers to maintain and update the tasks for compressions and ventilation in working memory, thus potentially inducing general multitasking costs. Chest-compression quality in standard CPR should be further impaired by the requirement to cognitively engage and disengage the chest-compression task when switching between ventilation and compressions. This cognitive demand may result in worse chest-compression quality immediately after ventilation than before ventilation, reflecting switch costs. Thus, multitasking studies suggest that the requirement to switch between ventilation and chest compressions should impair the chest-compression quality in standard CPR.

Despite our improved knowledge of the factors influencing CPR performance [e.g., sex, physical fitness, and body mass index (31–34)], data on the cognitive mechanisms underlying CPR performance is limited. Understanding these mechanisms may help to develop evidence-based practical implications for CPR and cognitive aids for professional medical care. A first step toward that direction is to examine whether the multitasking costs found in laboratory studies also occur in clinical situations.

The established findings from cognitive task-switching research have rarely been considered in resuscitation research. In the present study, we conducted a randomized controlled trial to examine the novel question of whether the switching requirement posed by standard CPR influences chest-compression quality. We hypothesized that chest-compression quality is worse in standard CPR than in cco-CPR (general multitasking costs) and after ventilation than before it (switch costs). To further examine the impact of ventilation on compression quality, we analyzed linear trends in compression quality at a compression-by-compression level (i.e., from one compression to the next compression). Note that previous research was more interested in quantifying changes in compression quality over the entire CPR scenario than in measuring the direct effects of the switch to the ventilation task on compression quality. Therefore, these studies examined the time course of compression quality by comparing the quality across different time intervals. In contrast, in the present study, compression quality was analyzed as a function of the number of compressions that has to be executed before ventilation and the number of compressions that has been performed after ventilation. Thus, the linear trend analysis provides new insights into compression-quality changes before and after ventilation.



2 Materials and methods


2.1 Selection of participants

The study was conducted during the mandatory introduction weeks at the Medical School RWTH, for which 369 first-year medical and dentistry students were enrolled. The study was approved by the Ethical Committee of the University Hospital—RWTH Aachen (EK328/18), and was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants and the study was retrospectively registered with DRKS (DRKS00027102). Note that since this is an educational study, there is no need for preregistration on a clinical registry in accordance with national academic principles.



2.2 Study design and setting

We designed the study as a randomized controlled trial and evaluated participants' basic life support (BLS) skills in a parallel-group design with two study arms. CPR performance was analyzed after BLS training in two separate conditions.

BLS training covered 2 days, with 1 week in between. On Day 1, participants were trained in a single-rescuer CPR algorithm followed by a two-rescuer algorithm on Day 2. BLS training was conducted in groups of 10 to 15 participants each and was guided by professional instructors using Peyton's four-step-approach, which is widely used in BLS training (35).



2.3 Interventions

There were two study arms to which participants were randomly assigned (Figure 1).
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FIGURE 1
 Consort flow chart.



2.3.1 Study arm 1: standard CPR training condition

The first training session was based on current ERC guidelines, which recommend chest compressions and ventilation. During the second training, the participants learned the two-rescuer CPR algorithm. This algorithm included the application of an automated external defibrillator (i.e., AED) and a change of helpers. This study arm represents the mandatory BLS training for medicine students at RWTH Aachen University.



2.3.2 Study arm 2: cco CPR training condition

The participants first learned a single-rescuer CPR algorithm including chest compressions only. During the second training, in addition to the two-rescuer CPR algorithm of the first study arm, they learned the standard single-rescuer CPR algorithm including ventilation to ensure that all participants could conduct rescue operations in accordance with the ERC guidelines and the mandatory BLS training at RWTH Aachen University.




2.4 Measurements and outcomes

CPR performance was measured at three time points: the baseline test immediately before the first training, the post-test directly after the first training on Day 1 (i.e., after the standard CPR or cco CPR training), and the follow-up test 6 months after the second training. A standardized mock cardiac arrest single-rescuer scenario was used to assess the BLS performance. The participants were asked to resuscitate a collapsed person represented by a manikin (Resusci AnneTM, Laerdal) by performing all the steps they would take in a real-life emergency situation until a stop signal was given (120 s after the first compression).

In contrast to the baseline test, CPR performance was measured twice during both the post-test and the follow-up test. Independently of the training condition, participants performed CPR once with ventilation and once without ventilation with a break of 30 s in between. Whether the performance assessment started with the standard or the cco-CPR was counterbalanced across participants. CPR performance comprising compression depth, percentage of compressions with a correct depth, compression rate, and percentage of compressions with a correct rate was measured via the manikin with a computer-based software (Laerdal PC SkillReporting System Software, Version 2.4.1).

In addition, demographic data were recorded via an online questionnaire before the baseline test. We also employed online questionnaires before the baseline test and after the training day 1 and the training day 2 to record knowledge of CPR, self-related confidence in providing CPR, and training evaluation.



2.5 Sample size planning

We conducted an a-priori sample size calculation with G*Power (Version 3.1.9.6) and set the α level at 0.05 and the power (1-β) at 95%. A priori effect sizes (d) for general multitasking costs were estimated based on previous studies (36–41) which reported sufficient information to allow for effect size (d) calculation.

Since most of these studies had small sample sizes, effect sizes varied substantially, with smaller samples tending toward larger effects (explorative correlations r = −0.47 for the studies reporting compression depth and r = −0.59 for the studies reporting compression rate). This is consistent with previous reports that studies with small sample sizes tend to overestimate effect sizes (42). Based on the aforementioned studies, average effect sizes were 0.955 for compression depth and 1.668 for compression rate. Since sample sizes and effect sizes varied greatly among the studies, we decided to settle conservatively for a medium effect size of 0.5 for compression depth and a large effect size of 0.8 for compression rate. This resulted in recommended sample sizes of n = 210 for the compression depth and n = 84 for the compression rate. Both were adequately covered by the maximum available sample of 369 students enrolled.

For switch costs, we did not conduct an a-priori sample size calculation because there were no studies assessing this performance decline in CPR.



2.6 Randomization

An independent employee, who was blinded for the scientific investigation, randomized and allocated the students into groups of 10 to 15 persons. Each day, we trained six groups, three in each study arm. Allocation of the groups to the study arms was performed following a balanced sequence of randomly generated numbers.



2.7 Statistical analysis

We examined the effects of multitasking demands posed by standard CPR on chest-compression quality by means of generalized mixed models and linear trend analyses. In all the analyses, we employed the CPR performance after the first training (post-test). We used linear mixed models to account for the nesting of compressions within persons.

The analyses were conducted using the R packages lme4 (43) and lmerTest (44). For the continuous outcomes (compression depth in mm and compression rate in compressions per minute, cpm), a linear mixed model was estimated with a restricted maximum likelihood (REML) procedure. The significance testing of regression coefficients was done via t-tests using Satterthwaite's approximation for degrees of freedom (45). The reported effect sizes for the linear mixed models are computed according to Hedges (46) and can be interpreted like Cohen's d. For the binary outcomes (correct compression depth and rate: yes/no), a logistic mixed model was estimated with maximum likelihood estimation. The significance testing of regression coefficients was done via Wald tests. The reported effect sizes for the logistic mixed models are standardized average marginal effects.

The analyses focused on two contrasts. First, general multitasking costs were assessed by analyzing the independent between-subjects variable CPR method (cco CPR vs. standard CPR). For this analysis, we used the cco CPR performance of the cco training group and the standard CPR performance of the standard training group. This approach is similar to that reported in previous studies which averaged compression quality across the entire CPR duration and contrasted it across the CPR methods (20). For this analysis, we used all chest compression because the working memory demands (i.e., to maintain the compression and ventilation tasks in standard CPR vs. compression task in cco CPR) were constant across the entire CPR duration and should, therefore, affect each single chest compression.

Second, switch costs were assessed based on the within-subjects independent variable time point of the chest compression (before vs. after ventilation). This analysis was restricted to the standard CPR performance in the standard training group. We compared performance in the last five compressions before ventilation (task repetition) with that in the first five compressions after ventilation (task switches).1 Note that the effect of a task switch can only be observed immediately after the switch (27). Hence, from an empirical perspective, it is required to focus on the first compressions following the switch, to isolate switch costs. Moreover, we conducted linear trend analyses to explore linear trends in the quality of the last five chest compressions before ventilation and the first five compressions after ventilation.

The dependent variable was chest-compression quality, defined according to current guidelines. We analyzed chest-compression depth (recommended: 50–60 mm), percentage of compressions with a correct depth, compression rate (recommended: 100–120 cpm), and percentage of compressions with a correct rate.2




3 Results


3.1 Sample characteristics

Of the 369 students enrolled in the course, 69 students had to be excluded from the study due to missing data and technical problems (Figure 1). Our final data set included 300 participants for the general multitasking cost analysis and 145 participants for the switch cost analysis and linear trend analysis (see Table 1 for demographics).


TABLE 1 Demographic data of the final sample.

[image: Table 1]



3.2 Mixed models on general multitasking costs

Regarding chest-compression depth in the post-test, we did not find significant differences across cco CPR and standard CPR. Neither compression depth, t(299.006) = 0.719, p = 0.473, d = 0.207, CI = [−0.357, 0.772], nor percentage of compressions with a correct depth on the log odds ratio scale, z = 0.751, p = 0.453, average marginal effect = 0.034, d = 0.089, CI = [−0.143, 0.320], differed significantly across the CPR methods (Figure 2A).
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FIGURE 2
 (A) Compression depth (in ms) and compressions with a correct depth (in %) and (B) compression rate (in cpm) and compressions with a correct rate (in %) as a function of the CPR method (standard CPR vs. chest-compression-only CPR; cco CPR).


Like chest-compression depth, compression rate, t(298.961) = 1.321, p = 0.188, d = 0.480, CI = [−0.232, 1.192], and percentage of chest-compressions with a correct rate, z = 0.289, p = 0.772, average marginal effect = 0.012, d = 0.032, CI = [−0.186, 0.250], also did not differ significantly across cco CPR and standard CPR (Figure 2B).



3.3 Mixed models on switch costs

The chest-compression depth in the post-test was significantly deeper after than before ventilation, t(4513.297) = 6.644, p < 0.001, d = 0.246, CI = [0.137, 0.318] (Figure 3A). Moreover, the percentage of chest-compressions with a correct depth was significantly higher after ventilation than before it, z = 4.862, p < 0.001, average marginal effect = 0.0395, d = 0.097, CI = [0.058, 0.136].
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FIGURE 3
 (A) Compression depth (in ms) and compressions with a correct depth (in %) and (B) compression rate (in cpm) and compressions with a correct rate (in %) as a function of the time point of chest compressions (before vs. after ventilation).


The compression rate was also significantly higher after ventilation than before it, t(3563.806) = 3.533, p < 0.001, d = 0.212, CI = [0.094, 0.33]. The percentage of chest-compressions with an adequate rate did not change significantly after ventilation, z = 0.0798, p = 0.936, average marginal effect = 0.00103, d = 0.003, CI = [−0.079, 0.086] (Figure 3B).



3.4 Linear trend analysis

For compression depth, there was no significant trend in the five last chest compressions before the ventilation (b = 0.0635), t(4511.286) = 0.933, p = 0.351, meaning that compression depth did not change before ventilation. Immediately after ventilation, the compression depth decreased significantly (−0.939), t(4511.286) = −3.980, p < 0.001, but the slope increased significantly (0.803), t(4511.286) = 8.336, p < 0.001. Thus, the first compression after a preceding shift to ventilation was shallower than the last compression before ventilation, but the depth increased with each compression after ventilation (Figure 4A).
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FIGURE 4
 Linear trend analysis for (A) compression depth and (B) the percentage of chest compressions with a correct depth of the last five compressions before ventilation (i.e., −5 to −1) and the first five compressions after ventilation (i.e., 1 to 5). In figure (A), the boxplots show the median (horizontal line), the 1st and 3rd quartiles (box), and a maximum of 1.5 times the interquartile range outside the box (whiskers). Values that are further outside the box are displayed as individual points. In the middle of the box, the mean is marked with an additional point. In figure (B), the points depict the percentage of chest compression with a correct depth and the regression lines represent the predicted values due to the linear trend.


Regarding the percentage of compressions with a correct depth, on the log odds ratio scale, there was a significant trend in the five last compressions before ventilation (b = 0.0913), z = 269.030, p < 0.001, indicating that the percentage of compressions with a correct depth increased significantly with each compression before ventilation (Figure 4B). After ventilation, the percentage of compressions with a correct depth decreased significantly (−0.298), z = −877.741, p < 0.001, meaning that the percentage of compressions with a correct depth was lower for the first compression after ventilation than for the last compression before ventilation. However, the slope of compressions with a correct depth increased significantly after ventilation (0.238), z = 700.985, p < 0.001.

For compression rate, there was no significant trend before ventilation (b = 0.135), t(3561.807) = 0.933, p = 0.453, indicating that compression rate did not change before ventilation (Figure 5A). However, after ventilation, the compression rate significantly decreased (−3.794), t(3561.811) = −6.359, p < 0.001, and the slope of the rate increased significantly (1.706), t(3561.811) = 6.712, p < 0.001. Thus, the first compression rate after ventilation was lower than the last rate before it and the rate increased with each compression after ventilation.
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FIGURE 5
 Linear trend analysis for (A) chest compression rate and (B) the percentage of chest compressions with a correct rate of the five compressions before ventilation (i.e., −4 to −1) and the first compressions after ventilation (i.e., 2 to 5). In figure (A), the boxplots show the median (horizontal line), the 1st and 3rd quartiles (box), and a maximum of 1.5 times the interquartile range outside the box (whiskers). Values that are further outside the box are displayed as individual points. In the middle of the box, the mean is marked with an additional point. In figure (B), the points depict the percentage of chest compression with a correct rate and the regression lines represent the predicted values due to the linear trend.


Regarding percentage of compressions with a correct rate, on the log odds ratio scale, there was no significant trend before ventilation, (b = −0.084), z = −1.596, p = 0.111. Thus, the percentage of compressions with a correct rate did not change across the last five compressions before ventilation (Figure 5B). After ventilation, the percentage of compressions with a correct rate decreased significantly, (−0.171), z = −0.982, p = 0.326, and also the slope of the percentage of compressions with an adequate rate increased significantly (0.206), z = 2.757, p = 0.006, indicating that the first compression rate after ventilation was less often in the recommended range than the last compression before ventilation. However, the percentage of compressions with a correct rate increased with each compression after ventilation.




4 Discussion

The aim of the present study was to examine the impact of multitasking demands on CPR quality. With respect to general multitasking costs we found that despite the requirement to interrupt chest compressions and switch to the ventilation task before switching back to chest compressions, the compression quality did not differ across cco CPR and standard CPR. However, during standard CPR, the compression depth, the number of chest compressions with a recommended depth, and the compression rate were higher after ventilation than before it. From the cognitive perspective, task switching was assumed to impair the quality of chest compressions in standard CPR compared to cco CPR and to result in worse chest compression quality after ventilation than before ventilation (21, 28, 47). Importantly, in line with the cognitive perspective, the first compression after ventilation had a lower rate, was less deep and more often incorrect in its depth and rate than the last compression before ventilation, but the depth, the rate, and the percentage of compressions with recommended depth and rate increased with each ventilation after ventilation. This increase resulted in a better compression quality after than before ventilation.


4.1 The role of cognitive multitasking in CPR

A reason for the comparable performance across the CPR methods might be that the performance costs in standard CPR, which were expected from the cognitive perspective (27–30), were overshadowed by motor performance benefits caused by the break. CPR is a task encompassing both a cognitive and a motor component. This is because, in addition to the maintenance and updating of the compression and ventilation tasks as well as the switching between tasks, rescuers are required to carry out potentially fatiguing movements in terms of chest compressions which require sufficient force to be executed. Evidence for the notion that CPR is physically demanding is provided by various studies which showed that during CPR, the quality of chest compressions declines rapidly over time (20, 22, 23).

Ventilation could possibly act as a temporal break that increases the physical capabilities during CPR delivery (40, 48). Accordingly, previous studies observed that the heart rate of rescuers increases more during cco CPR than during standard CPR, whereas the chest-compression quality decreases more rapidly during cco CPR than during standard CPR (19, 20). This suggests that standard CPR rescuers may have more force to conduct compressions, especially after ventilation, and that the performance cost due to the requirement of maintaining and updating multiple tasks in working memory might be overshadowed. Correspondingly, we found that the chest-compression depth was deeper after ventilation than before it.

In fact, Heidenreich and colleagues (2006) (20) observed that cco CPR resulted in more adequate compressions than standard CPR for the first 2 min of CPR. After 3 min, the difference in the number of adequate compressions across the CPR methods, however, diminished or even reversed into more adequate chest compressions with standard CPR than cco CPR (19, 20). These findings suggest that when physical exertion is less pronounced, the cognitive demands of maintaining and updating the ventilation and chest compression tasks in working memory as well as switching between these tasks may impair chest-compression performance.

Note that the depth of the first compression after ventilation was lower than the last compression executed before ventilation, but the compression depth then increased rapidly with each compression. A similar data pattern was observed for the compression rate. This novel finding of a decline in the depth and rate immediately after ventilation might reflect performance costs caused by the switching requirement in standard CPR and thus be of cognitive nature. In addition, the novel finding of a rapid increase in the depth and rate in the following chest compressions might reflect the motor-related benefit caused by the ventilation break and thus might have a motor-related nature. Importantly, previous studies typically averaged the compression quality across specific time intervals and were, therefore, not able to isolate these effects.



4.2 Limitations

A limitation of this study is that—despite the large sample size—our sample does not represent the general public regarding age, fitness, and education. Our sample consisted of young highly-educated medical and dentistry students. Thus, they do not necessarily represent the average person who would perform CPR in a real-life situation.

Furthermore, CPR on a manikin does not perfectly mimic clinical CPR. The simulation conditions may also help participants feel less emotional arousal or be less committed to resuscitation than in a real situation.

Moreover, we focused on the compression depth and compression rate as indices of CPR quality. We thus cannot draw conclusions about the impact of multitasking demands on the quality of the overall CPR performance. To do so, a single measure representing the overall CPR performance is required.



4.3 Summary and conclusion

By transferring concepts from cognitive psychology (27–30) to resuscitation research, we gained novel knowledge about the effects of ventilation on chest-compression performance in CPR. The present study suggests that ventilations act as a break, improving physical capability, which in turn enhances compressions after ventilation. At the same time, ventilation are associated with a task switch which hampers compression quality immediately after ventilation. Thus, the effects of ventilation on chest-compression performance rely on motor-related and cognitive mechanisms. If we consider the evidence for negative effects of task switching in the standard CPR method, it may be useful to develop cognitive aids for professional medical care. Such cognitive aids can act as a task cue for an impending switch to ventilation. This could reduce the mental multitasking load because there would be reduced monitoring demands with respect to the number of chest compressions already performed.
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Footnotes

1We replicated the analyses with 8, 10, and 15 compressions before and after the ventilation. The results were identical for each number of compressions. However, with 15 compressions, the effect sizes were smaller.

2Chest-compression depth is measurable for each compression, whereas chest-compression rate is calculated as a difference measure between two compressions. Therefore, the analysis of compression depth is based on five means before the ventilation and five means after the ventilation (i.e., one mean for each compression), whereas four means are used for the analysis of compression rate. Importantly, the means are calculated for both compression depth and rate using the same compressions.



References

 1. Chugh SS, Reinier K, Teodorescu C, Evanado A, Kehr E, Al Samara M, et al. Epidemiology of sudden cardiac death: clinical and research implications. Prog Cardiovasc Dis. (2008) 51:213–28. doi: 10.1016/j.pcad.2008.06.003

 2. Kwon OY. The changes in cardiopulmonary resuscitation guidelines: from 2000 to the present. J Exerc Rehabil. (2019) 15:738–46. doi: 10.12965/jer.1938656.328

 3. Berg RA, Sanders AB, Kern KB, Hilwig RW, Heidenreich JW, Porter ME, et al. Adverse hemodynamic effects of interrupting chest compressions for rescue breathing during cardiopulmonary resuscitation for ventricular fibrillation cardiac arrest. Circulation. (2001) 104:2465–70. doi: 10.1161/hc4501.098926

 4. Gallagher EJ, Lombardi G, Gennis P. Effectiveness of bystander cardiopulmonary resuscitation and survival following out-of-hospital cardiac arrest. JAMA. (1995) 274:1922–5. doi: 10.1001/jama.1995.03530240032036

 5. Meaney PA, Bobrow BJ, Mancini ME, Christenson J, De Caen AR, Bhanji F, et al. Cardiopulmonary resuscitation quality: improving cardiac resuscitation outcomes both inside and outside the hospital: a consensus statement from the American Heart Association. Circulation. (2013) 128:417–35. doi: 10.1161/CIR.0b013e31829d8654

 6. Van Hoeyweghen RJ, Bossaert LL, Mullie A, Mullie A, Calle P, Martens P, et al. Quality and efficiency of bystander CPR. Resuscitation. (1993) 26:47–52. doi: 10.1016/0300-9572(93)90162-J

 7. Abella BS, Alvarado JP, Myklebust H, Edelson DP, Barry A, O'Hearn N, et al. Quality of cardiopulmonary resuscitation during in-hospital cardiac arrest. JAMA. (2005) 293:305. doi: 10.1001/jama.293.3.305

 8. Perkins GD, Gräsner J-T, Semeraro F, Olasveengen T, Soar J, Lott C, et al. European resuscitation council guidelines 2021: executive summary. Resuscitation. (2021) 161:1–60. doi: 10.1016/j.resuscitation.2021.02.003

 9. Perkins GD, Olasveengen TM, Maconochie I, Soar J, Wyllie J, Greif R, et al. European resuscitation council guidelines for resuscitation: 2017 update. Resuscitation. (2018) 123:43–50. doi: 10.1016/j.resuscitation.2017.12.007

 10. Panchal AR, Bartos JA, Cabanas JG, Cheng A, Aziz K, Berg KM, et al. Part 3: Adult basic and advanced life support: 2020 American heart association guidelines for cardiopulmonary resuscitation and emergeny cardiovuascula care. Circulation. (2020) 142:366–468. doi: 10.1161/CIR.0000000000000918

 11. SOS-KANTO study group. Cardiopulmonary resuscitation by bystanders with chest compression only (SOS-KANTO): an observational study. Lancet. (2007) 369:920–6. doi: 10.1016/S0140-6736(07)60451-6

 12. Abella BS, Aufderheide TP, Eigel B, Hickey RW, Longstreth Jr WT, Nadkarni V, et al. Reducing barriers for implementation of bystander-initiated cardiopulmonary resuscitation: a scientific statement from the American Heart Association for healthcare providers, policymakers, and community leaders regarding the effectiveness of cardiopulmonary resuscitation. Circulation. (2008) 117:704–9. doi: 10.1161/CIRCULATIONAHA.107.188486

 13. Gräsner JT, Wnent J, Herlitz J, Perkins GD, Lefering R, Tjelmeland I, et al. Survival after out-of hospital cardiac arrest in Europe—results of the EuReCa TWO study. Resuscitation. (2020) 148:218–22. doi: 10.1016/j.resuscitation.2019.12.042

 14. Schmicker RH, Nichol G, Kudenchuk P, Christenson J, Vaillancourt C, Wang HE, et al. CPR compression strategy 30: 2 is difficult to adhere to, but has better survival than continuous chest compressions when done correctly. Resuscitation. (2021) 165:31–7. doi: 10.1016/j.resuscitation.2021.05.027

 15. Bielski K, Smereka J, Chmielewski J, Pruc M, Chirico F, Gasecka A, et al. Meta-analysis of chest compression-only versus conventional cardiopulmonary resuscutation by bystanders for adult with out-of-hispital cardiac arrest. Cardiol J. (2023) 30:606–13. doi: 10.5603/CJ.a2021.0115

 16. Hüpfl M, Selig HF, Nagele P. Chest-compression-only versus standard cardiopulmonary resuscitation: a meta-analysis. Lancet. (2010) 376:1552–7. doi: 10.1016/S0140-6736(10)61454-7

 17. Rössler B, Goschin J, Maleczek M, Piringer F, Thell R, Mittlböck M, et al. Providing the best chest compression quality: Standard CPR versus chest compressions only in a bystander resuscitation model. PLoS ONE. (2020) 15:e0228702. doi: 10.1371/journal.pone.0228702

 18. Min M-K, Ryu J-H. Comparison of chest compression quality between compression-only CPR and 30; 2 conventional CPR. Korean J Emerg Med Serv. (2015) 19:139–48. doi: 10.14408/KJEMS.2015.19.3.139

 19. Shin J, Hwang SY, Lee HJ, Park CJ, Kim YJ, Son YJ, et al. Comparison of CPR quality and rescuer fatigue between standard 30: 2 CPR and chest compression-only CPR: a randomized crossover manikin trial. Scand J Trauma Resusc Emerg Med. (2014) 22:1–9. doi: 10.1186/s13049-014-0059-x

 20. Heidenreich JW, Berg RA, Higdon TA, Ewy GA, Kern KB, Sanders AB. Rescuer fatigue: standard versus continuous chest-compression cardiopulmonary resuscitation. Academic Emergency Medicine. (2006) 13:1020–6. doi: 10.1197/j.aem.2006.06.049

 21. Nishiyama C, Iwami T, Kawamura T, Ando M, Yonemoto N, Hiraide A, et al. Quality of chest compressions during continuous CPR: comparison between chest compression-only CPR and conventional CPR. Resuscitation. (2010) 81:1152–5. doi: 10.1016/j.resuscitation.2010.05.008

 22. Ochoa FJ, Ramalle-Gomara E, Lisa V, Saralegui I. The effect of rescuer fatigue on the quality of chest compressions. Resuscitation. (1998) 37:149–52. doi: 10.1016/S0300-9572(98)00057-4

 23. Sugerman NT, Edelson DP, Leary M, Weidman EK, Herzberg DL, Hoek TL, et al. Rescuer fatigue during actual in-hospital cardiopulmonary resuscitation with audiovisual feedback: a prospective multicenter study. Resuscitation. (2009) 80:981–4. doi: 10.1016/j.resuscitation.2009.06.002

 24. Manders S, Geijsel FE. Alternating providers during continuous chest compressions for cardiac arrest: every minute ore every two minutes? Resuscitation. (2009) 80:1015–8. doi: 10.1016/j.resuscitation.2009.05.014

 25. Catalisano G, Milazzo M, Simone B, Campanella S, Catalanotto FR, Ippolito M. Intentional interruptions during compression only CPR: a scoping review. Resusc Plus. (2024) 18:1–9. doi: 10.1016/j.resplu.2024.100623

 26. Baldo E, Cortegiani A. Intentional interruptions during compression only CPR: a way to increase adherence to CPR and compression's quality. Resuscitation. (2021) 167:10–1. doi: 10.1016/j.resuscitation.2021.06.028

 27. Kiesel A, Steinhauser M, Wendt M, Falkenstein M, Jost K, Philipp AM, et al. Control and interference in task switching—a review. Psychol Bull. (2010) 136:849–74. doi: 10.1037/a0019842

 28. Koch I, Poljac E, Müller H, Kiesel A. Cognitive structure, flexibility, and plasticity in human multitasking-an integrative review of dual-task and task-switching research. Psychol Bull. (2018) 144:557–83. doi: 10.1037/bul0000144

 29. Vandierendonck A, Liefooghe B, Verbruggen F. Task switching: interplay of reconfiguration and interference control. Psychol Bull. (2010) 136:601–26. doi: 10.1037/a0019791

 30. Hirsch P, Nolden S, Declerck M, Koch I. Common cognitive control processes underlying performance in task-switching and dual-task contexts. Adv Cogn Psychol. (2018) 14:62–74. doi: 10.5709/acp-0239-y

 31. Hansen D, Vranckx P, Broekmans T, Eijnde BO, Beckers W, Vandekerckhove P, et al. Physical fitness affects the quality of single operator cardiocerebral resuscitation in healthcare professionals. Eur J Emerg Med. (2012) 19:28–34. doi: 10.1097/MEJ.0b013e328347a2aa

 32. Lin C-C, Kuo C-W, Ng C-J, Li W-C, Weng Y-M, Chen J-C. Rescuer factors predict high-quality CPR—a manikin-based study of health care providers. Am J Emerg Med. (2016) 34:20–4. doi: 10.1016/j.ajem.2015.09.001

 33. Ock SM, Kim YM, Chung J, Kim SH. Influence of physical fitness on the performance of 5-minute continuous chest compression. Eur J Emerg Med. (2011) 18:251–6. doi: 10.1097/MEJ.0b013e328345340f

 34. Sayee N, McCluskey D. Factors influencing performance of cardiopulmonary resuscitation (CPR) by foundation Year 1 hospital doctors. Ulster Med J. (2012) 81:14–8.

 35. Giacomino K, Caliesch R, Sattelmayer KM. The effectiveness of the peyton's 4-step teaching approach on skill acquisition of procedures in health professions education: a systematic review and meta-analysis with integrated meta-regression. PeerJ. (2020) 8:e10129. doi: 10.7717/peerj.10129

 36. Heidenreich JW, Hidgon TA, Kern KB, Sanders AB, Berg RA, Niebler R, et al. Single-rescuer cardiopulmonary resuscitation: “two quick breaths” — an oxymoron. Resuscitation. (2004) 62:283–9. doi: 10.1016/j.resuscitation.2004.05.013

 37. Heidenreich JW, Sanders AB, Hidgon TA, Kern KB, Berg RA, Ewy GA. Uninterrupted chest compression CPR is easier to perform and remember than standard CPR. Resuscitation. (2004) 63:123–30. doi: 10.1016/j.resuscitation.2004.04.011

 38. Higdon TA, Heidenreich JW, Kern KB, Sanders AB, Berg RA, Hilwig RW, et al. Single rescuer cardiopulmonary resuscitation: can anyone perform to the guidelines 2000 recommendations? Resuscitation. (2006) 71:37–9. doi: 10.1016/j.resuscitation.2006.02.020

 39. Odegaard S, Saether E, Steen PA, Wilk L. Quality of lay person CPR performance with compression: ventilation rations 15:2, 30:2 or continuous chest compressions without ventilations on manikins. Resuscitation. (2006) 71:335–40. doi: 10.1016/j.resuscitation.2006.05.012

 40. Trowbridge C, Parekh JN, Ricard MD, Potts J, Patrickson WC, Cason CL. A randomized cross-over study of the quality of cardiopulmonary resuscitation among females performing 30:2 and hands-only cardiopulmonary resuscitation. BMC Nurs. (2009) 8:6. doi: 10.1186/1472-6955-8-6

 41. Yoon BG, Beak ML. A comparative study on accuracy and fatigue in hands-only CPR and traditional CPR by voice instructions. Korean J Emerg Med Ser. (2012) 16:31–41.

 42. Kühberger A, Fritz A, Scherndl T. Publication bias in psychology: a diagnosis based on the correlation between effect size and sample size. PLoS ONE. 9:e105825. doi: 10.1371/journal.pone.0105825

 43. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. J Stat Softw. (2015) 67:1–48. doi: 10.18637/jss.v067.i01

 44. Kuznetsova A, Brockhoff PB, Christensen RHB. lmerTest Package: tests in linear mixed effects models. J Stat Softw. (2017) 82:1–26. doi: 10.18637/jss.v082.i13

 45. Satterthwaite FE. An approximate distribution of estimates of variance components. Biometrics Bulletin. (1946) 2:110–4. doi: 10.2307/3002019

 46. Hedges LV. Effect sizes in cluster-randomized designs. J Educ Behav Stat. (2007) 32:341–70. doi: 10.3102/1076998606298043

 47. Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The unity and diversity of executive functions and their contributions to complex “frontal lobe” tasks: a latent variable analysis. Cogn Psychol. (2000) 41:49–100. doi: 10.1006/cogp.1999.0734

 48. Abelairas-Gómez C, Rey E, González-Salvado V, Mecías-Calvo M, Rodríguez-Ruiz E, Rodríguez-Núñez A, et al. Acute muscle fatigue and CPR quality assisted by visual feedback devices: a randomized-crossover simulation trial. PLoS ONE. (2018) 13:e0203576. doi: 10.1371/journal.pone.0203576

Copyright
 © 2025 Hirsch, Pears, Klasen, Kiefer, Koch and Sopka. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-12-1536796-g005.gif
A. Compression rate (in cpm)

E
‘m m





OPS/images/fmed-12-1536796-t001.jpg
a a o
osts ana ana
N 300 145
Sex 212 female 102 female
74 male 34 male
14 without specification 9 without specification
Age 20.2 & 4.4 years 20.1 £ 4.5 years
With previous CPR 52 29

training experience






OPS/images/fmed-12-1536796-g003.gif





OPS/images/fmed-12-1536796-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The effects of cognitive-motor multitasking demands on the quality of chest compressions in CPR—A randomized controlled trial



		1 Introduction



		2 Materials and methods



		2.1 Selection of participants



		2.2 Study design and setting



		2.3 Interventions



		2.3.1 Study arm 1: standard CPR training condition



		2.3.2 Study arm 2: cco CPR training condition









		2.4 Measurements and outcomes



		2.5 Sample size planning



		2.6 Randomization



		2.7 Statistical analysis







		3 Results



		3.1 Sample characteristics



		3.2 Mixed models on general multitasking costs



		3.3 Mixed models on switch costs



		3.4 Linear trend analysis







		4 Discussion



		4.1 The role of cognitive multitasking in CPR



		4.2 Limitations



		4.3 Summary and conclusion







		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		Footnotes



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Medicine

The effects of cognitive-motor
multitasking demands on the
quality of chest compressions in
CPR—A randomized controlled
trial





OPS/images/fmed-12-1536796-g001.gif





OPS/images/fmed-12-1536796-g002.gif
A.Compression Depth

8. Compression Rate

g 2 2 ¢ 8
[ p——











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Medicine







