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Abstract: Introduction: Reducing the compression rotation interval from 2 to 1 minute is expected to improve cardiopulmonary
resuscitation (CPR) quality. This meta-analysis aimed to assess the effect of altering the compression rotation interval
on key CPR quality parameters, including compression depth, rate, and rescuer fatigue. Methods: We systematically
searched MEDLINE, EMBASE, Scopus, Google Scholar, Web of Science, and the Cochrane Controlled Register of Trials
from their inception to May 15, 2025. We searched for randomized controlled trials, simulation studies, and crossover
studies that compared 1-min and 2-min compression rotation times. The assessed outcomes included compression
depth, rate, correctness, and rescuer fatigue, which were reported as the standard mean difference (SMD) with a 95%
confidence interval (95% CI). Results: One randomized controlled trial and seven randomized crossover studies, in-
volving 668 rescuers in total, using manikins, were included. The 1-min rotation group exhibited significantly greater
compression depth, with an increase of 2.06 mm (SMD = 2.06, 95% CI: 0.44-3.68, p < 0.001). This group demonstrated
lower levels of fatigue, as indicated by a significant reduction on the visual analog scale for fatigue (SMD = -1.27, 95%
CI: -2.24 to -0.30, p < 0.001). However, there were no significant differences in the compression rate or percentage of
compressions that achieved adequate depth. Conclusion: It seems that altering the chest compression rotation inter-
val from 2 min to 1 min improves the compression depth and reduces rescuer fatigue. However, parameters, such as
the compression rate and compression adequacy, remained unchanged. Notably, all the studies were conducted on
manikins, thus necessitating further research to assess the applicability of these changes in real-world clinical settings.
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1. Introduction tient outcomes. In contrast, longer intervals may reduce in-

. L . . . terruptions and increase the risk of fatigue, thereby compro-

Cardiopulmonary resuscitation (CPR) is a life-saving pro- . .p . . gu . v P

. . . mising compression quality. Current guidelines recommend

cedure that is performed on patients who experience car- ) . . L.

. . . . a2-minute chest compression rotation or earlier if rescuer fa-
diac arrest, and its effectiveness depends predominantly on

the quality of the rescuer-delivered chest compressions (1).
However, maintaining consistent high-quality compression
can be physically demanding and potentially lead to rescuer

tigue is evident (7). Several clinical trials have recently inves-
tigated alternative strategies to those recommended in these
guidelines. Manikin studies using 1-min compression rota-
tion have shown varying results. Huseyin et al. reported a
fatigue that diminishes CPR effectiveness over time (2, 3). . Tving . 'y P
. . . high percentage of effective compressions (8). Manders et
Improving CPR quality has been the primary focus for en- . . . .
al. noted reduced fatigue in the 1-min rotation group (6), al-

though not all the trials yielded consistent findings. A study
by Pechaksorn et al. showed that a 1-min rotation induced

greater compression depth and less fatigue than a 2-min ro-

hancing outcomes in patients who have experienced cardiac
arrest since the 2000s. Shorter compression rotation inter-
vals may delay the onset of fatigue, thereby potentially im-

roving CPR effectiveness (4-6). However, frequent rotation . . .
p . & ( . q tation (5), and similar outcomes were reported by Kim et al.
can interrupt chest compressions and adversely affect pa- L. L. . . .
(4). Considering these conflicting findings, this systematic
review and meta-analysis aimed to determine whether alter-
ing the chest compression rotation interval from 2 min to 1

min enhances CPR quality and reduces rescuer fatigue.
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2. Methods
2.1. Search strategy

This systematic review and meta-analysis was conducted
in accordance with the Cochrane recommendations and
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The study protocol
was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) under protocol number
CRD42024528147.

We systematically searched for published articles in MED-
LINE, EMBASE, Scopus, and the Cochrane Central Register
of Controlled Trials (CENTRAL) from the inception of each
database until March 13, 2024. The search was updated,
with the inclusion of Web of Science on May 15, 2025. The
search terms included: “CPR,” “chest compression,” “resus-
citation,” “cardiopulmonary resuscitation,” “heart massage,”
“rotate,” “rotation,” “switch,” “interval,” “time factors,” “qual-
ity, effectiveness,” and “minute.” We limited our
search to studies that involved human participants and were

» o«

» o« » o«

metric,

published in English. Examples of keyword combinations
used in the MEDLINE database are listed in Table 1.

2.2. Selection criteria

The inclusion criteria for this meta-analysis were based on
the following PICO framework:

- Population (P): Lay rescuers or medical personnel perform-
ing CPR on either manikins or real patients.

- Intervention (I): 1-minute chest compression rotation inter-
val.

- Comparison (C): Standard 2-minute chest compression ro-
tation interval.

- Outcome (O): CPR quality metrics, such as chest compres-
sion depth, chest compression rate, percentage of adequate
chest compressions, and provider fatigue.

Based on the inclusion criteria, randomized clinical trials
(RCTs), randomized simulation studies, and crossover stud-
ies were included. Moreover, reviews, meta-analyses, poster
presentations, conference abstracts, letters, animal studies,
and case studies were excluded from the analysis. To reduce
potential confounding and selection biases, observational
and non-randomized trials were excluded. This strategy was
adopted to maintain methodological rigor and ensure com-
parability between the intervention and control conditions.

2.3. Study selection

Using an online collaborative platform (Rayyan), two review-
ers independently screened the articles based on their titles
and abstracts to determine their eligibility. The full texts of
potentially relevant studies were reviewed, and any conflicts
were resolved through discussion. The reference lists of the
included studies were manually screened to identify relevant
articles.

2.4. Data extraction

To minimize data collection errors, two independent review-
ers extracted data from the selected studies using a standard-
ized data collection form. Any discrepancies were resolved
through discussion, and a third reviewer was consulted when
necessary. Regular team meetings were held to ensure con-
tinuous progress and resolve any challenges that were en-
countered during screening and article review. If full-text ar-
ticles were unavailable, the corresponding authors were con-
tacted to obtain the necessary documents. Studies for which
the full text could not be retrieved were excluded. Each stage
of the study-selection process has been documented in the
PRISMA flowchart (Figure 1).

2.5. Risk of bias assessment

Two authors independently assessed the risk of bias using
RoB 2, with additional considerations for crossover trials.
This tool evaluates domain-specific quality across five key as-
pects: bias arising from the randomization process, bias ow-
ing to deviations from intended interventions, bias owing to
missing outcome data, bias in outcome measurements, and
bias in the selection of reported results. Each study was rated
as having a “low risk of bias,” “high risk of bias,” or “some
concerns.” Any discrepancies in quality assessment were re-
solved by discussion with a third author.

2.6. Statistical analysis

A traditional pairwise meta-analysis approach was used for
data synthesis. Statistical heterogeneity was assessed using
the Cochrane Q test and I2 statistics (9). Given the expected
clinical and methodological heterogeneity among the stud-
ies, the DerSimonian and Laird random effects model was
applied to estimate the pooled effect sizes with the corre-
sponding 95% confidence intervals (CIs).

As the components of CPR quality vary across studies, the
primary endpoint was analyzed using standardized mean
difference (SMD). The interpretation of SMD was based on
Cohen (10), where SMD values of 0.2, 0.5, and 0.8 represented
a small, medium, and large effect, respectively. If the out-
comes were reported using the same measurement scales, a
weighted mean difference (WMD) was used. Statistical sig-
nificance was set at p < 0.05, and all analyses were performed
using R (version 4.4.2) with the meta package (version 8.0-1).
To identify potential sources of heterogeneity, subgroup
analyses were performed based on provider type (lay rescuer
vs. non-lay rescuer), compression duration, and study qual-
ity. Subgroup analyses were conducted in cases of moderate
or high heterogeneity (I2 > 50%) to explore potential sources
of variation that were categorized by study design, provider
type, study quality, CPR duration, and N95 mask usage.
Furthermore, a sensitivity analysis was performed using the
leave-one-out method. Funnel plots were used to assess
publication bias. If the number of studies exceeded 10, the
funnel plot asymmetry was evaluated using both visual in-
spection and Egger’s test.
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3. Results
3.1. Study characteristics

The initial search yielded 1,323 records. After removing du-
plicates and screening titles and abstracts, nine studies were
selected for full-text review. Of these, eight full-text articles
were successfully retrieved and included in the final analy-
sis (Figure 1). The characteristics of the included studies are
summarized in Table 2.

The eight studies that were included in this review com-
prised seven crossover RCTs and one parallel RCT, involving
668 participants in total. These studies evaluated the impact
of different compression rotation intervals on CPR quality,
specifically by assessing the chest compression depth, rate,
and adequacy.

3.2. Quality assessment and risk of bias

Quality and risk of bias for the included studies were ascer-
tained using the revised risk of bias tool for crossover ran-
domized trials (RoB 2) and RoB 2 for parallel randomized tri-
als (11). The results of the assessment are shown in Figure
2.

3.3. Meta-analysis

3.3.1 Depth of chest compression

Six studies reported the chest compression depth. Compared
to the 2-min compression rotation interval, the 1-min com-
pression rotation interval resulted in a significantly greater
compression depth, with an SMD of 2.06 mm (95% CI: 0.44,
3.68; p = 0.01; Figure 3).

A subgroup analysis was conducted to assess the potential
heterogeneity in the effect of compression rotation intervals
between lay rescuers (n=1 trial) and non-lay rescuers (n=7 tri-
als). In the lay rescuer group, only one trial was available, and
itreported a mean difference (MD) 0f 5.89 (95% CI: 4.16-7.62)
mm; heterogeneity (I2) could not be assessed owing to the
inclusion of a single study. In the non-lay rescuer group,
which included seven trials that evaluated trained healthcare
providers, the pooled MD was 1.21 (95% CI: 0.45-1.97) mm,
without any heterogeneity (I2 = 0%). The absence of het-
erogeneity suggests consistent findings across studies in this
group (Figure 3).

Furthermore, five studies reported the percentage of com-
pressions that met the guideline-recommended depth. How-
ever, no significant differences were observed between the 1-
min and 2-min rotation groups.

3.3.2 Rate of chest compression

Six studies evaluated the compression rate and percentage
of compressions within the recommended range of 100-120
compressions per minute. No significant difference was ob-
served between the 1-min and 2-min compression rotation
intervals in terms of absolute compression rate (MD = -0.04
bpm, 95% CI: -1.60 to 1.53) or the percentage of compres-
sions within the optimal rate range (MD = 0.04%, 95% CI: -
8.02 to 7.94). The results are presented in Figure 3. The sub-
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group analysis revealed no sources of heterogeneity.

3.3.3 Rescuer fatigue

Four studies reported rescuer fatigue. The 1-minute com-
pression rotation interval group exhibited lower levels of fa-
tigue than did the 2-minute compression rotation interval
group, with a significant reduction in the visual analog score
for fatigue (MD = -1.27, 95% CI: -2.24 to -0.30; Figure 3). The
subgroup analysis revealed no sources of heterogeneity.
3.3.4 Subgroup analysis of CPR quality in the studies

We conducted subgroup analyses of CPR quality outcomes,
including compression depth, compression rate, and rescuer
fatigue, based on the study quality (low risk vs. concerns re-
garding the risk of bias), and the results were consistent with
those of the overall pooled analyses.

3.4. Publication bias

We assessed publication bias for chest compression depth
using a funnel plot (Figure 4). The plot appeared asymmet-
ric, with studies distributed unevenly around the mean effect
size, which suggested a potential publication bias. However,
given the small number of studies included (n=6), this out-
come regarding bias should be interpreted with caution. The
Egger’s test was not performed because of the limited sample
size.

Owing to the small number of included studies, a sensitiv-
ity analysis using the leave-one-out method was performed.
These results were consistent with those of the main anal-
yses. For chest compression depth, the pooled effect size
estimates remained statistically significant across all itera-
tions (range: 1.21-2.42), which demonstrated the robustness
of our findings.

4, Discussion

This systematic review and meta-analysis aimed to evaluate
the impact of 1-min versus 2-min compression rotation in-
tervals on CPR quality, focusing on chest compression depth,
rate, adequacy, and rescuer fatigue. This analysis revealed
that, compared to the 2-min interval, the 1-min compres-
sion rotation interval significantly improved chest compres-
sion depth. The subgroup analysis further highlighted a more
pronounced effect in lay rescuers than in trained health-
care providers. These findings suggest that shorter compres-
sion rotation intervals may mitigate fatigue-related decline
in compression quality, particularly in less experienced res-
cuers. Importantly, no significant differences were observed
in the compression rate or adequacy, indicating that a shorter
interval does not compromise adherence to the CPR guide-
lines.

The observed improvements in compression depth align
with prior research, which emphasizes the negative impact
of fatigue on CPR performance. Kim et al. (4) found that,
compared to a 2-min interval, a 1-min compression rotation
interval resulted in a significantly higher chest compression
depth. Similarly, Pechaksorn et al. (5) reported that par-
ticipants in the 1-min group achieved a significantly higher
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mean compression depth and significantly less fatigue than
those in the 2-min group. These findings corroborate our re-
sults and demonstrate that reducing the compression rota-
tion interval to 1 min allows rescuers to maintain adequate
depth throughout the resuscitation process. The lack of sig-
nificant differences in the compression rate or adequacy is
consistent with the findings of Kim et al. (4), who found no
significant difference in compression rate between the 1-min
and 2-min groups. This suggests that the physical demands
of depth rather than rhythm are more susceptible to fatigue
over prolonged periods.

Reducing compression rotation intervals may improve CPR
quality through several mechanisms. From a physiological
perspective, Cobo-Vazquez et al. demonstrated that per-
forming continuous chest compressions for 2 min decreased
electromyographic activity in both the scapular and lumbar
muscle groups, indicating muscle fatigue (12). Shorter com-
pression rotation intervals may prevent fatigue and allow
adequate muscle recovery. Biomechanically, Sugerman et
al. observed that compression depth begins to decline after
only 90 s of continuous compression, suggesting that earlier
switching of providers could help maintain the optimal com-
pression depth (13). Regarding perceived exertion, multiple
studies have reported significantly lower fatigue scores with
1-min compression rotation intervals than with the standard
2-min protocol (4, 5, 14). Collectively, these findings support
the multifactorial benefits of shorter rotational intervals dur-
ing resuscitation.

Despite the modest increase in chest compression depth
(mean difference, ~2 mm), even small improvements could
significantly enhance perfusion during CPR. According to
data from Kanakapriya et al., a 7-mm increase in compres-
sion depth resulted in a 27.64% increase in cardiac output
among adult human participants, which demonstrated an al-
most linear relationship (15). Therefore, a 2-mm increase in
depth could potentially lead to a meaningful improvement in
cardiac output during resuscitation.

Regarding fatigue measurement, despite no standardized
minimal clinically important difference (MCID) specifically
for CPR-related fatigue, multiple clinical trials involving pa-
tients with cancer and chronic illnesses suggest that a change
of approximately one-tenth of the visual analog scale (VAS)
represents a clinically meaningful difference (16). Accord-
ingly, a 1.27-point reduction in the VAS score likely reflects
a clinically important reduction in rescuer fatigue.

These findings have direct implications for CPR guidelines
and training programs. Current guidelines from the Amer-
ican Heart Association (AHA) and European Resuscitation
Council (ERC) recommend a 2-minute compression rotation
interval, primarily based on studies on rescuer fatigue and
switching (17, 18). However, our results suggest that a 1-
minute compression rotation interval may provide superior
outcomes in terms of compression depth, particularly for lay
rescuers who may lack the physical endurance of trained pro-
fessionals. Adapting training programs to include shorter

compression rotation intervals could improve CPR quality in
real-world scenarios, especially during prolonged resuscita-
tion efforts (13).

Despite the limited direct evidence linking specific chest
compression rotation intervals to survival or neurological
outcomes, the existing literature strongly supports the re-
lationship between rescuer fatigue and reduced CPR qual-
ity. A systematic review by Maia et al. reported that phys-
ical fatigue significantly compromised the quality of chest
compressions during resuscitation efforts (19). Deterioration
in CPR quality owing to fatigue may, in turn, affect patient-
centered outcomes, although this indirect relationship war-
rants further clinical research. In addition, extreme fatigue
during CPR has been associated with rare but serious conse-
quences for rescuers. One case report documented the onset
of acute myocardial infarction in a healthcare provider after
physically strenuous CPR efforts, underscoring the potential
physiological toll of prolonged compression without rotation
(20).

5. Strengths and limitations

The strengths of this review include the inclusion of RCTs and
the use of subgroup analyses to explore heterogeneity. How-
ever, this study had some limitations. First, the small number
of included studies limited the generalizability of the find-
ings, particularly for lay rescuers, where only one trial was
available. Second, the potential for publication bias, as in-
dicated by the funnel plot asymmetry, underscores the need
for further studies, including those with unpublished or null
findings, to validate these results. Finally, there was a lack of
in vivo studies, as all clinical trials included in this study were
performed using manikins. No adverse clinical outcomes
were observed. Owing to the inherent limitations of manikin-
based simulation studies, direct clinical benefits cannot be
conclusively established from our results. Although we ob-
served an increase in compression depth, this finding may
not necessarily translate into improved survival or neurolog-
ical outcomes in real patients. The complex physiological re-
sponses during actual cardiac arrest scenarios involve vari-
ables that cannot be fully replicated in simulation environ-
ments, necessitating a cautious interpretation of our findings
until they are validated in clinical settings.

Future research should focus on in vivo trials to study clin-
ical outcomes, including survival rates and neurological re-
covery, associated with different compression rotation inter-
vals. Furthermore, increasing the representation of lay res-
cuers in trials is critical for a better understanding of the
effects of compression-rotation intervals in this population.
Addressing publication bias by encouraging the reporting of
null or negative results in CPR-related studies would further
strengthen this evidence.
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6. Conclusions

This systematic review and meta-analysis suggests that a 1-
minute chest compression rotation interval improves com-
pression depth and reduces rescuer fatigue without compro-
mising the compression rate or adequacy. These findings in-
dicate the potential benefit of reconsidering the current CPR
guidelines, particularly for lay rescuers and prolonged resus-
citation efforts. However, further in vivo studies are required
to confirm these results in clinical settings.
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Search strategy for different databased

Database |Key concept Search terms
Medline |#1 CPR, Chest com- | (“CPR” [Text Word] OR “Chest compression” [Text Word]) OR (“Resuscitation” [MeSH Terms] OR “Heart
pression massage” [MeSH Terms])
#2 Rotation (“Rotate” [Text Word] OR “Switch” [Text Word] OR “Interval” [Text Word]) OR (“Time factors” [MeSH
Terms])
#3 Minute “Minute” [Text Word]
#4 CPR Quality (“Quality” [Text Word] OR “Metrics” [Text Word] OR “Effectiveness” [Text Word]) OR (“Task Performance
and Analysis” [MeSH Terms])
#5 #1 AND #2 AND #3 AND #4
EMBASE |#1 CPR, Chest com- | ("CPR" OR "Chest compression") OR ("Cardiopulmonary resuscitation":mh OR "Heart massage":mh OR
pression "Basic life support":mh)
#2 Rotation ("Rotate" OR "Switch" OR "Interval") OR ("Time factor":mh)
#3 Minute ("Minute" OR "Minutes")
#4 CPR Quality ("Quality" OR "Metrics" OR "Effectiveness") OR ("Quality":mh OR "Treatment outcome":mh OR "Per-
formance measurement":mh)
#5 #1 AND #2 AND #3 AND #4
Scopus #1 CPR, Chest com- | TITLE-ABS-KEY ("CPR") OR TITLE-ABS-KEY ("chest compression") OR TITLE-ABS-KEY ("cardiopul-
pression monary resuscitation")
#2 Rotation TITLE-ABS-KEY ("rotat*") OR TITLE-ABS-KEY ("switch") OR TITLE-ABS-KEY ("interval*")
#3 Minute TITLE-ABS-KEY ("minute*")
#4 CPR Quality (TITLE-ABS-KEY ("quality") OR TITLE-ABS-KEY ("metric*") OR TITLE-ABS-KEY ("effectiveness"))
#5 #1 AND #2 AND #3 AND #4
CENTRAL | #1 CPR, Chest com- | (“CPR” OR “Chest compression”) OR (“Resuscitation” OR “Cardio Pulmonary Resuscitation” OR “Code
pression Blue” OR “Basic Cardiac Life Support” OR “Heart massage”)
#2 Rotation (“Rotate” OR “Switch” OR “Interval”) OR (“Time factors”)
#3 Minute (“Minut”)
#4 CPR Quality (“Quality” OR “Metrics” OR “Effectiveness”) OR (“Task Performance and Analysis”)
#5 #1 AND #2 AND #3 AND #4
Web  of|#1 CPR, Chest com- | TS=("CPR" OR "chest compression" OR "resuscitation")
Science | pression
#2 Rotation TS=("rotate*" OR "switch" OR "interval*" OR "time factors")
#3 Minute TS=("minute*" AND ("minute" OR "minutes"))
#4 CPR Quality TS=("quality" OR "metrics" OR "effectiveness" OR "task performance and analysis")
#5 #1 AND #2 AND #3 AND #4

CENTRAL: Cochrane Central Register of Controlled Trials.

gELN P Characteristics of the studies included in the review

Study Year Design Study Site Participants Number |Male (%) |Duration* |Washout#
Manders et al. 2009 RCT Australia Nurse 72 36.1 8 N/A
Oliviera et al. 2015 C-RCT Brazil Lay rescuer 148 84.5 2 30

Kilic et al. 2018 C-RCT Turkey EM Resident 36 68.4 4 N/A
Gheibati et al. 2019 C-RCT Iran Lay rescuer 70 N/A 16 N/A
Pechaksorn et al. 2020 C-RCT Thailand Medical student 104 51.0 8 30
Heydari et al. 2021 C-RCT Iran Medical personnel |80 53.8 10 30

Kim et al. 2023 C-RCT South Korea Paramedic student | 100 56.0 20 180
Mathew et al. 2024 C-RCT India Medical student 58 48.2 12 24

*: CPR duration in minute. #: data are presented as minute. RCT, randomized control trial; C-RCT, crossover randomized control trial;
EM, emergency medicine; N/A, not available or not applicable.
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the present meta-analysis.

Identification of studies via databases and registers

Records identified from:
Databases (n = 1,683):
MEDLINE (n = 379)
EMBASE (n = 363)
Scopus (n = 179)
CENTRAL (n=531)
WOS (n=231)
Registers (n = 0)

!

Records screened

Identification

Records removed before screening.
Duplicate records removed (n = 984)
Records marked as ineligible by automation
tools (n = 0)
Records removed for other reasons (n = 0)

(n=709)

v

Reports sought for retrieval

Records excluded
(n =700)

hJ

(n=19)

!

Reports assessed for eligibility

Screening

Reports not retrieved
(n=1)

(n=8)

Studies included in review
(n=8)

Reports of included studies
(n=0)

Included

hd

Reports excluded:
(n=0)

Crossover randomized trials

Parallel randomized trial

A A
10 Oversll Bas
Selection of the reportad result
Messurement of the outcome
Mising cutcome data
E I
o 20 4 60 80 100 [} 20 40 60 BO 100
Lowrisk Some concerns M Highrisk Lowrisk Some concerns  MHigh risk
B B

Oliviera; 2015 |

Kilic; 2018

Gheibati; 2019

2020

|Heydari; 2021 I
|Kim; 2023

Mathew; 2024

Summary of the risk of bias per item (A) and traffic light plots of the risk of bias assessment (B) of the studies according to the RoB2
for crossover and parallel randomized trial.
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Experimental Control Weight  Weight
Study Total Mean S0 Total Mean S0 Mean Ditference MD 85%-C| {common) {random)
Oliviera, 2015 148 53,58 7.4800 148 47.70 7.6800 i & 5.89 | 4.16, 7.62] 16.1% 17.7%
Kilic, 2018 36 47.00 TE000 35 46.50 B.0000 — T 1.40 [-2.20; 5.00] a7 106%
Pechaksarn, 2020 104 4580 7.2000 104 44,50 7.1000 -—r— 1.30 [0.64; 3.24] 12.7% 16.8%

A Heydari, 2021 80 56.56 6.4000 80 55.55 7.1300 b e 1.01 [-1.08;3.11] 10.9% 16.2%
Kim, 2023 100 54.00 40700 100 5250 5.9300 —=— 1.50 [ 0.08; 2.81] 24.2%  19.0%
Mathew, 2024 58 5B.00 29800 53 57.00 3.7000 e 1.00 [-0.22; 2.22] 92.3%  19.7%
Common effect model 526 526 {> 1.96 [1.27; 2.65]  100.0% .
Random effects model —_— 2.06 [0.44; 3.68] . 100.0%
Helarogenety: I = 79.2%, 1° = 30789, p = 0.0002

2 0 2 4 & B
Experimental Control Weight  Weight
Study Total Mean S0 Total Mean s0 Mean Difference Mo 95%-C1 (common) {random)
subgroup = Lay rescuer
Oifivigra, 2015 148 53,59 7.4800 148 47.70 7.6800 - 5.89 [4.16;7.62] 16.1% 17.7%
subgroup = Other
Kilic, 2018 36 47.90 76000 36 46.50 8.0000 37%
Pechaksom, 2020 104 4580 7.2000 104 44.50 7.1000 12.7%
Heydari, 2021 B0 56.56 64000  BD 55.55 7.1300 10.9%
B Kim, 2023 100 54.00 40700 100 52.50 58300 24.2%
Mathaw, 2024 58 58.00 29600 58 57.00 3.7000 32
Common effect model 378 ara B3.0%
Random effects model -
Hateragenaity: © = 0%, 1+° =0, p = 0,9578
Commen effect model 526 526 1.96 [1.27; 2.66] 100.0% .
Random effects mode| 2.06 [ 0.44; 3.68] . 100.0%
Hateraganalty: 1 = 79.2%, 1 = 3.0789, p = 0.0002 2 0 4 6 8
Test 107 subgroup differences (common eflect): ) = 25.67, dl =1 (0 < 0.0001)
Test lor subgroup ditferences (randem effects): ) = 2367, df =1 (7 < 0.0001)
Experimental Contral Weight  Weight
Study Total Mean SD Total Mean s0 Mean Difference MD 95%-Cl (commoan) {random)
Cliviera, 2015 148 121,00 13.0100 148 124.08 11.7100 1%
Hilic, 2018 36 12500 18.0000 36 125.00 59.0000 0.1%
Pachaksomn, 2020 104 116.10 12,5000 104 117.60 12.4000 4.9%
Heydari, 2021 B0 11480 36200 B0 11376 4.8400 31.5%
C Kirn, 2023 100 11850 7.4100 100 11650 9.3300 10.4%
Mathew, 2024 5811100 22200 B2 11100 37000 @00 [-1.11; 1.11) 45.0%,
Common effect model 526 526 0.26 [-0.48; 1.01] 100.0% »
Random etfects modal -0.04 [-1.60; 1.53] « 10007
Hetarogeneity: F = B3.1%, v = 2.0241, p = 0.0584
-20 -10 a 10 20
Experimental Control Welght  Weight
Study Total Mean SD Total Mean S0 Mo 85%-Cl {common) {random)
Manders, 2009 36 71.68 308800 36 7470 36.5800 -3.02 [-18.66; 12.62] 1.6% 13.1%
Pechaksorn, 2020 104 36.00 40.0000 104 51.50 41.3300 -15.50 [-26.55; -4.45] 3.3% 17.5%
Heydari, 2021 &0 76.06 20000 B0 TIH8 T.ETOO 208 [-0.38; 4.54] B6.0% 25.7%
D Kim, 2023 100 77.50 30.4400 100 85.50 38.5900 f 12.00 [ 2.37; 21.63] 4.3% 19.0%
Mathaw, 2024 58 97.00 &6T00 58 96.00 14.0700 g 1.00 [3.01; 501] 24.8% 24.7%
Common effect model 378 are 1.58 [-0.42; 3.58] 100.0% .
Random ciects model -0.04 [-8.02; 7.94] 100.0%
Heterogansity: = 71.6%, «° = 6298426, p = 0.0065
20 -1 0 0 20
Experimental Contral Weight Weight
Study Total Mean 5D Total Mean sD Mean Difference MD 95%-C1 {common) (random)
Oliviera, 2015 148 199 1.0900 148 4.56 1.6800 = | 335% 20.6%
Pechaksom, 2020 104 4.96 1.7600 104 566 1.65400 Vi 16.3% 20.2%
Heydari, 2021 80 396 0.8800 B0 &.20 1.1700 - 33.9% 20.6%
E Kim, 2023 100 550 24000 100 6.20 2.3000 i B2% 19.5%
Mathew, 2024 58 3.00 1.2600 58 3.00 2.2200 | P —— 0.00 [-0.66; 0.66] B.1% 19.3%
'
Common elfect model 490 490 <> -1.79 [-1.98; -1.61] 100.0% .
Random effects model —_— -1.27 [-2.24; -0.30] . 1000%
Hatarogensity: ¥ = 85.6%, + = 1.1679, p = 0.0001
3 2 1 o 1

A: Forest plot comparing chest compression depth between 1-min and 2-min compression rotation intervals; B: Forest plot of sub-
group analysis of compression depth by provider type (lay rescuers vs. trained providers); C: Forest plot comparing chest compression rates
between compression rotation intervals; D: Forest plot comparing the percentage of compressions within the recommended rate range; and E:
Forest plot comparing rescuer fatigue scores between the two compression rotation intervals.
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Funnel plot assessing potential publication bias for chest compression depth.
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