Mechanical ventilation during cardiopulmonary resuscitation in adults with cardiac arrest: a systematic review and meta-analysis

Table S1. Search strategies for each database.

	Sources
	Search terms
	Results

	PubMed
	("Heart Arrest"[Mesh] OR "Cardiac Arrest" OR "Heart Arrest" OR OHCA OR IHCA) ) 
AND ("Respiration, Artificial"[Mesh] OR "Ventilators, Mechanical"[Mesh] OR "Mechanical Ventilation" OR mechanical ventilat* OR ventilator* OR "positive pressure ventilat*") 
AND ("Cardiopulmonary Resuscitation"[Mesh] OR CPR OR chest compression*) 
AND ("Return of Spontaneous Circulation" OR ROSC OR surviv*) 
NOT (animals[mh] NOT humans[mh])
	480

	Embase
	('exp cardiac arrest' OR 'heart arrest' OR 'cardiac arrest' OR ohca OR ihca) 
AND ('exp artificial ventilation' OR 'mechanical ventilation' OR mechanical) 
AND (ventilat* OR ventilator* OR 'positive pressure ventilat*') 
AND ('exp cardiopulmonary resuscitation' OR cpr) 
AND ('return of spontaneous circulation' OR rosc OR surviv*) 
NOT ([animals]/lim NOT [humans]/lim)
	350

	Web of Science
	"cardiac arrest" OR "heart arrest" OR OHCA OR IHCA (All Fields) 
And "mechanical ventilation" OR mechanical ventilat* OR ventilator* OR "positive pressure ventilat*" (All Fields)
And "cardiopulmonary resuscitation" OR CPR OR "chest compression*" (All Fields) 
And "return of spontaneous circulation" OR ROSC OR surviv* (All Fields) 
NOT animal* (All Fields)
	387

	Scopus
	TITLE-ABS-KEY ( "cardiac arrest" OR "heart arrest" OR OHCA OR IHCA ) 
AND TITLE-ABS-KEY ( "mechanical ventilation" OR mechanical ventilat* OR ventilator* OR "positive pressure ventilat*" ) 
AND TITLE-ABS-KEY ( "cardiopulmonary resuscitation" OR CPR OR "chest compression*" ) 
AND TITLE-ABS-KEY ( "return of spontaneous circulation" OR ROSC OR surviv* ) 

	466











Table S2. Additional study details, event counts, and definitions of clinical outcomes reported in the included studies
Panel A. Study characteristics
	Study
	Inclusion/Exclusion Criteria
	Participant Demographics
	Relevant Timings

	Johannigman, 1995
	Inclusion: Adult patients requiring airway management in an urban OHCA setting. Exclusion: Not explicitly defined beyond the need for ventilatory support.
	Mean age 61 ± 19 years; 62% male.
	Median 911 call-to-hospital interval: 35–36 min.

	Hernández-Tejedor, 2023
	Inclusion: Non-traumatic OHCA; age ≥18; arrest persisting 3 min after early ETI. Exclusion: ROSC before/within 3 min of ETI; traumatic cause; ETI >8 min.
	Mean age 63.3 ± 17.1 years; 21% female.
	ETI achieved within 8 min of EMS care; sample taken 15 min post-ETI.

	Malinverni, 2024
	Inclusion: Non-traumatic OHCA. Exclusion: Trauma; minors; pregnancy; ECLS transport; ROSC before ALS; missing ventilation data.
	Median age 70 (IQR 59–80); 33.4% female.
	Response interval median 7 min; median no-flow 5–6 min.

	Hernández-Tejedor, 2025
	Inclusion: Non-traumatic OHCA; age ≥18; persistent arrest 3 min after early ETI. Exclusion: Traumatic; ETI >8 min; ROSC before/within 3 min of ETI.
	Mean age 65 ± 16 years; 22.8% women.
	ETI within first 8 min; blood sample taken 15 min after ETI.

	Kim, 2025
	Inclusion: Non-traumatic OHCA; age >18; treated at tertiary ED. Exclusion: Trauma; DNR; IHCA; pre-arrival ROSC; MV technical failure.
	Mean age ~67.5 years; ~63% male.
	EMS compression time ~23 min; ED compression time ~18–27 min.

	Turowski, 2025
	Inclusion: Non-traumatic OHCA; age ≥18; received CPR and ETI during CPR; documented ventilation strategy. Exclusion: Traumatic; missing RACA score.
	Mean age 69–71 years; 67–74% male.
	Ventilation time to ROSC: median 8–14 min; to termination: 20–24 min.

	Tangpaisarn, 2023
	Inclusion: Non-traumatic refractory arrest; age ≥18; ETI performed in ED. Exclusion: Trauma; field ETI; DNR; ROSC before randomization.
	Median age 62 years; 57% male.
	Arrest to intubation: median 22–30 min; intubation to ABG: 5–7 min.

	Shin, 2024
	Inclusion: Medical OHCA; age 18–90; transported to ED receiving CPR. Exclusion: Trauma; early termination; prehospital ROSC; surgical airway.
	Median age 72–75 years; 76.7% male.
	No-flow 3 min; Low-flow 22–27 min; ED arrival to ETI: 1 min.

	Lotfi, 2025
	Inclusion: ICU patients with neurological disorders; age ≥18; cardiopulmonary arrest. Exclusion: Trauma; pregnancy; CHF; suspected COVID-19.
	Mean age ~69 years; 57–68% male.
	VBG taken at CPR start and 1 min post-ROSC.


Panel B. Clinical outcome event counts
	Study
	ROSC
	Sustained ROSC
	Survival to discharge
	Favorable neurological outcome
	Notes

	
	MV
	BVM
	MV
	BVM
	MV
	BVM
	MV
	BVM
	

	Johannigman, 1995
	—
	—
	—
	—
	—
	—
	—
	—
	Survivors: 3/64 (MV) vs 3/58 (BVM); survival time point not explicitly defined.

	Hernández-Tejedor, 2023
	43/71
	40/79
	—
	—
	15/71
	14/79
	—
	—
	Not included in the survival-to-hospital-discharge meta-analysis because of population overlap with Hernández-Tejedor, 2025.

	Malinverni, 2024
	146/298
	971/2268
	—
	—
	—
	—
	32/298*
	215/2268*
	

	Hernández-Tejedor, 2025
	144/245
	136/276
	—
	—
	42/245
	30/276
	34/245**
	26/276**
	

	Kim, 2025
	94/261
	82/261
	—
	—
	22/261
	10/261
	10/261†
	4/261†
	

	Turowski, 2025
	944/2140
	418/1055
	—
	—
	—
	—
	—
	—
	Discharge data were available only for a subset and were not included in the survival-to-hospital-discharge meta-analysis.

	Tangpaisarn, 2023
	15/30
	13/30
	NR‡
	NR‡
	5/30
	3/30
	2/30§
	0/30§
	Sustained ROSC was prespecified, but no separate duration definition or event count distinct from ROSC was reported.

	Shin, 2024
	17/30
	13/30
	13/30¶
	11/30¶
	—
	—
	—
	—
	

	Lotfi, 2025
	—
	—
	—
	—
	—
	—
	—
	—
	No clinical survival outcome reported; physiological outcomes only.


* CPC 1–2 at 30 days. † CPC 1–2 at hospital discharge. ** CPC 1–2 at hospital discharge or 28 days, as reported by Hernández-Tejedor et al. ‡ Tangpaisarn et al. prespecified sustained ROSC as a secondary outcome, but the published report did not provide a separate sustained-ROSC duration definition or event count distinct from ROSC. § CPC 1–2 at 28 days. ¶ Sustained ROSC defined as ROSC maintained for ≥20 minutes.
Abbreviations: BVM, bag-valve-mask ventilation; CPC, Cerebral Performance Category; MV, mechanical ventilation; n/N, number of events/total number of patients; NR, not separately reported; ROSC, return of spontaneous circulation.
Figure S1. Sensitivity analysis of the primary outcome of return of spontaneous circulation (ROSC) after replacing propensity-score–matched data from Kim et al. (2025) with unmatched data.
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Table S3. Support judgment for risk of bias assessment 
	First author, year
	Support for judgment

	Johannigman, 1995
	D1. (Confounding): Serious Risk. The study was non-randomized, and while some baseline factors (age, bystander CPR) were similar, the authors note that EMS units may have non-randomly assigned the TV to known cardiac arrests, which is a critical confounding factor related to prognosis. Crucially, the analysis did not adjust statistically (e.g., via regression or matching) for any baseline or time-varying confounders, using only ANOVA. 
D3. (Selection): Serious Risk. Participants were selected into the final analysis based on successful ET intubation (a post-baseline event) and cardiac arrest status (SBP ≤50 mmHg, a post-baseline measurement). This introduces bias by selecting a cohort based on post-intervention characteristics, a major source of bias in observational studies. 
D5. (Missing Data): Serious Risk. Only 76 of 160 patients had ABG data, and only 52 were in the final cardiac arrest ET-tube comparison groups. Missingness was primarily due to discontinuation of CPR or inability to draw arterial blood due to poor perfusion. Missing data is strongly linked to the outcome (death/poor prognosis), biasing the remaining sample toward survivors or those with better circulation.

	Hernández-Tejedor, 2023
	D1. (Confounding): Serious Risk. Assignment (IPPV vs. Bag) was quasi-experimental (clinical decision/availability). The model for clinical outcomes omitted adjustment for crucial prognostic confounders like age, no-flow time, and low-flow time. 
D3 & 5. (Selection & Missing Data): Serious Risk. High attrition (209 excluded out of 359 registered). 70 patients were excluded due to "very early recovery" (ROSC before 3 min post-ETI), introducing severe immortal time bias. 131 patients were excluded due to failure to obtain the control ABG sample. 
D4. (Deviations): Low Risk. The study was pragmatic; deviation (using >1 method) led to exclusion from the cohort, but this was not bias arising from the study being done in an experimental context (Variant A applies).

	Malinverni, 2024
	D1. (Confounding): Moderate Risk. Used a two-level mixed-effects logistic regression model adjusting for an extensive list of prognostic factors, including age, sex, initial rhythm, no-flow duration, low-flow duration, OHCA location, mechanical CPR use, and Rankin status before arrest. Although adjustment for measured confounders was comprehensive, this observational registry study remains susceptible to residual confounding from unmeasured or incompletely measured variables, which cannot be fully excluded.
D2 & 3. (Classification & Selection): Low Risk. Classification (CPV vs. MBV) relied on documented registry data. 
D4. (Deviations): Low Risk. This was a retrospective registry analysis; the study was not undertaken in an experimental context where deviations would arise due to the study processes itself. 
D. 5 & 6 (Missing Data & Outcome): Low Risk. No imputation was performed. ROSC and CPC 1–2 outcomes were objective and standard registry endpoints, collected prospectively, minimizing detection bias.
D7. (Selection of Reported Result): Moderate Risk. No publicly available study protocol or statistical analysis plan was identified to verify that the reported analyses and outcomes were prespecified. Although there was no direct evidence of selective reporting, the absence of a protocol precluded a low-risk judgment.

	Hernández-Tejedor, 2025
	D1. (Confounding): Moderate Risk. Assignment was quasi-experimental, leading to risk of unmeasured confounding. 
D3 & 5. (Selection & Missing Data): Serious Risk. 193 patients were excluded due to "very early recovery" (ROSC before 3 min post-ETI), introducing severe selection/immortal time bias. 
D4. (Deviations): Moderate Risk. The study introduced CCSV, a novel, manufacturer-specific ventilation method for which staff received specific training. While the assignment was pragmatic, the introduction of a new, studied intervention risks study personnel consciously or unconsciously undermining implementation neutrality of the comparator groups. 
D6. (Outcome Measurement): Moderate Risk. CPC 1–2 is subjective, and assessor blinding to the prehospital ventilation mode is not mentioned.

	Kim, 2025
	D1. (Confounding): Moderate Risk. Used propensity score matching (PSM) and subsequent logistic regression, achieving balance after adjusting for sex, age, witnessed cardiac arrest, bystander CPR, initial rhythm, no-flow time, and total chest compression time. However, as with all observational studies, propensity score matching can only account for measured confounders; residual confounding from unmeasured variables cannot be completely excluded.
D3. (Selection): Moderate Risk. Two MV patients were excluded because they were switched back to BV due to failure to consistently attain 50% of the target tidal volume, which is an exclusion based on a post-intervention measure, risking selection bias. 
D4. (Deviations): Low Risk. This was a retrospective study based on hospital protocol changes implemented due to the COVID-19 pandemic; it was not conducted in an experimental context where deviations arise from the study design itself.

	Turowski, 2025
	D1 (Confounding): Moderate Risk. Confounding was addressed by comparing observed ROSC (ROSCobs) with RACA-predicted ROSC (ROSCexp), which incorporates numerous measured prognostic factors (e.g., age, initial rhythm, time variables). However, despite comprehensive adjustment using the RACA model, residual confounding from unmeasured or unavailable variables inherent to this observational registry study cannot be excluded.
 D3 & 5. (Selection & Missing Data): Moderate Risk. The analysis was restricted to a complete case cohort (N=3,195 included from N=7,353 ETI patients) due to missing RACA scores or ventilation data (57% attrition). This large exclusion due to data availability risks selection bias. 
D4. (Deviations): Low Risk. This was a retrospective analysis of a national registry. Ventilation strategy was physician-determined as part of routine care, thus deviations were not due to an experimental context.
D7. (Selection of Reported Result): Moderate Risk. No publicly available study protocol or statistical analysis plan was available to confirm that the reported analyses were prespecified. Therefore, selective reporting could not be confidently excluded, and this domain was judged to be at moderate risk of bias

	Tangpaisarn, 2023
	D1 (Randomization): Used online computer program with opaque sealed envelopes for concealment. This ensures the generation of a random sequence and its concealment. 
D2 (Deviations): Unblinded trial design. Analysis performed in an intention-to-treat manner. Zero patients were excluded post-randomization. 
D3: 60 patients randomized, and all 60 were included in the final analysis. 
D4 (Measurement): Primary outcome (PaO₂) is measured objectively by ABG. Secondary outcomes (CPC/survival) were collected by a blinded team. 
D5 (Selection): Prospectively registered (TCTR20211113002) and the primary outcome was reported as specified.

	Shin, 2024
	D1 (Randomization): Random assignment 1:1 using a sealed envelope, suggesting adequate concealment. 
D2 (Deviations): MV/BV comparison is inherently unblinded. Analysis was implicitly ITT, with exclusions being of ineligible participants pre-analysis. 
D3 (Missing Data): 60 patients enrolled, and 60 analyzed for the primary outcome (ROSC), meeting the "all, or nearly all" criterion. 
D4 (Measurement): ROSC is an objective outcome (return of palpable pulse). 
D5 (Selection): Registered (NCT05550454) and reported the pre-specified primary outcome.

	Lotfi, 2025
	D1 (Randomization): Block randomization with a block size of six was generated via www.sealedenvelop.com, ensuring a random sequence and allocation concealment. Baseline characteristics were confirmed to be homogeneous. 
D2 (Deviations): Assesses the effect of assignment to intervention. While providers were inherently unblinded, deviations (switching ventilation mode) were based on clinical necessity (e.g., low SpO2​ or alarms). The analysis was an appropriate intention-to-treat (ITT) analysis, including all 61 randomized patients. 
D3 (Missing Data): Data for the primary outcome (PO2​) were reported for all 61 patients (MV n=31, Manual n=30), meeting the "all, or nearly all" criterion. 
D4 (Measurement): The outcome (PO2​) is an objective laboratory measurement using a calibrated blood gas analyzer (GEM 2000), making it unlikely to be influenced by assessor awareness. 
D5 (Selection): The trial was prospectively registered (IRCT20240106060630N1), and the primary VBG outcomes were pre-specified and reported.




Table S4. Summary of Findings (GRADE): Mechanical Ventilation vs Bag-Valve-Mask Ventilation During Cardiopulmonary Resuscitation
	Outcome
	Anticipated Absolute Effects
	Relative Effect (95% CI)
	No. of Participants (Studies)
	Certainty of Evidence (GRADE)
	Comments

	Return of spontaneous circulation (ROSC)
	BVM (control): 25% ROSC (typical OHCA baseline); Mechanical ventilation: 30% ROSC (absolute +4.8%)
	OR 1.26 (1.13–1.41)
	7,201 patients (7 studies)
	Low
	Downgraded for risk of bias (observational predominance) and imprecision (small RCTs). No heterogeneity (I² = 0%).

	Survival to hospital discharge
	BVM (control): 10.9% survival; Mechanical ventilation: 16.2% survival (approximately +5.3% absolute)
	OR 1.74 (1.16–2.60)
	1,103 patients (3 studies)
	Low
	Evidence was predominantly observational, with only one small RCT. The randomized estimate was imprecise, although no statistical heterogeneity was observed (I² = 0%).
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