BLS 2721 CPR in Microgravity Environments (SyR)
Evidence to Decision Table (EtD)
	QUESTION

	CPR techniques for cardiac arrest in microgravity environments

	POPULATION:
	Adults and children experiencing cardiac arrest in microgravity environments

	INTERVENTION:
	CPR techniques developed for microgravity (e.g., the Reverse Bear Hug method, Evetts–Russomano method) or mechanical CPR devices

	COMPARISON:
	A different CPR technique

	MAIN OUTCOMES:
	Critical outcomes: Survival at 30 days or hospital discharge with a favorable neurological outcome, and survival at 30 days or hospital discharge
Important outcomes: Return of spontaneous circulation (ROSC), any measure of CPR quality (e.g., chest compression depth, rate, recoil), injuries to rescuers, rescuers fatigue

	SETTING:
	Microgravity environments

	PERSPECTIVE:
	

	BACKGROUND:
	This nodal review, conducted by the Basic Life Support (BLS) and Advanced Life Support (ALS) Task Forces, is the first systematic review on cardiopulmonary resuscitation (CPR) in microgravity environments undertaken by the International Liaison Committee on Resuscitation (ILCOR). There was no prior ILCOR review on this topic, and the search strategy was developed in collaboration with an information specialist from Monash University and informed by search strategies used in previous systematic and scoping reviews on similar topics.

This topic was prioritized by BLS and ALS Task Forces based on the recent growth in commercial space tourism, planned crewed missions to the Moon and Mars, and the publication of guidelines by several international organizations, including the European Resuscitation Council (ERC), addressing resuscitation in space. 

	CONFLICT OF INTERESTS:
	Stevan Gilmore is an employee of National Aeronautics and Space Administration (NASA) and has published a manuscript related to CPR techniques in microgravity conditions which is included in this review. No other COI. His employment and intellectual COIs were managed by prohibiting his participation in hierarchical selection and data abstraction and Task Force meetings.


ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
X Yes
○ Varies
○ Don't know

	Standard CPR relies on gravity to provide stability for both rescuers and patients.1,2,3 In zero-gravity or microgravity environments, such as during spaceflight or aboard orbiting space stations, standard terrestrial CPR methods are unlikely to be effective.4 Without gravity or appropriate restraint, the first chest compression may produce reciprocal motion that causes the rescuer and patient to drift apart. Compression depth may also be inadequate because terrestrial CPR relies partly on the rescuer’s body weight, whereas compressions in microgravity rely more heavily on upper-limb muscle contraction. Therefore, the rescuer and patient must be secured to each other using parts of the rescuer’s body, such as the legs, or physically restrained against fixed surfaces within the spacecraft. Therefore, non-standard methods may be required to deliver effective chest compressions to patients in cardiac arrest. 

	


	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial 
○ Small
X Moderate
○ Large
○ Varies
○ Don't know

	CPR quality
We identified very-low-certainty evidence (downgraded due to serious risk of bias, inconsistency, indirectness, and imprecision) for the important outcome of CPR compression quality from six simulation studies and one animal study.4,5,8,12,15-17

Standard Side Straddle vs Handstand:
Two studies compared the Standard Side Straddle method with the Handstand method during microgravity produced by parabolic flight.4,5 In the manikin study, the Handstand method produced substantially greater compression depth than the Standard Side Straddle method (40.1 ± 5.1 vs 19.8 ± 11.2 mm), while compression rates were similar (98.3 ± 6.3 vs 100.0 ± 3.0 compressions/min, respectively).4 In the swine study, CPR effectiveness was evaluated indirectly using physiological parameters, including end-tidal carbon dioxide (EtCO₂), oxygen saturation, and intra-arterial blood pressure.5 The study found no significant differences in these physiological parameters between the two methods. Overall, the Handstand method produced greater compression depth in the manikin study; however, this was insufficient to meet chest compression depth criteria of 50-60 mm. The animal study suggested that the two methods produced comparable short-term physiological effects.

Waist Straddling vs Handstand:
One study compared the waist-straddling method with the Handstand method and assessed chest-compression quality.4 The Handstand method was superior for achieving greater compression depth; however, this was insufficient to meet chest compression depth criteria of 50-60 mm, whereas compression rate was comparable between the two methods and achieved the recommended compression rate of 100-120 compressions/min.

Handstand vs Evetts–Russomano: 
Two studies directly compared the Handstand and Evetts–Russomano methods in simulated microgravity.8,12 Overall, the Handstand method consistently generated deeper chest compressions, whereas Evetts–Russomano more consistently achieved the recommended compression rate; neither technique consistently met chest compression depth quality criteria of 50-60 mm.

Handstand vs Reverse Bear Hug: 
Three studies compared the reverse bear hug method with the Handstand method.4,8,12 Overall, the Handstand method consistently produced greater compression depth, while findings for compression rate were inconsistent.

Evetts–Russomano vs Reverse Bear Hug: 
Three studies compared the Evetts–Russomano method with the Reverse Bear Hug method in simulated microgravity.8,12,17 Overall, the Evetts–Russomano method generally produced greater compression depth however this was insufficient to meet quality depth criteria of 50-60 mm, in studies using ground-based body-suspension systems. However, this advantage was not reproduced in the underwater-simulation study, in which neither method reliably produced adequate CPR quality under simulated microgravity.

Cologne vs Schmitz–Hinkelbein:
Two studies compared the Cologne method with the Schmitz–Hinkelbein method using underwater simulation of microgravity.15,17 Overall, the Schmitz–Hinkelbein method demonstrated better compression performance, although neither method consistently provided adequate CPR quality in simulated microgravity.

Cologne vs Evetts–Russomano: 
One underwater-simulation study compared the Cologne and Evetts–Russomano methods.17 Overall, neither method reliably achieved adequate chest-compression quality, and both produced compression rates below the guideline-recommended range.

Cologne vs Reverse Bear Hug: 
The same underwater-simulation study compared the two methods.17 The Cologne method produced a higher median compression rate than the Reverse Bear Hug method, whereas the median percentage of correct compressions was lower with the Cologne method than with the Reverse Bear Hug method.

Evetts–Russomano vs Schmitz–Hinkelbein:
The same underwater-simulation study compared the two methods.17 The Evetts–Russomano method produced a lower median compression rate than the Schmitz–Hinkelbein method, whereas the median percentage of correct compressions was higher with the Evetts–Russomano method.

Reverse Bear Hug vs Schmitz–Hinkelbein: 
The same underwater-simulation study compared the two methods.17 The Reverse Bear Hug method produced a lower median compression rate than the Schmitz–Hinkelbein method, whereas the median percentage of correct compressions was higher with the Reverse Bear Hug method.

Mechanical chest compression device vs Handstand:　
One study compared automatic chest-compression devices with the Handstand method during microgravity produced by parabolic flight.16 Only LUCAS 3 consistently met the recommended compression depth of ≥50 mm. LUCAS 3, EASYPULSE, and the Handstand method delivered rates within the 100-120 compressions/min within guideline range. AUTOPULSE delivered compressions at its fixed operating rate of 80/min.


Rescuer fatigue
For the important outcome of rescuer fatigue, we identified very-low-certainty evidence from two ground-based simulation studies, one underwater study and one animal study.5,8,12,17 The evidence was downgraded because of serious risk of bias, inconsistency, indirectness, and imprecision. Three simulation studies assessed perceived exertion using the Borg scale,19 ranging from 6 (no exertion) to 20 (maximal exertion), and measured rescuer heart rate.8,12,17 One study additionally measured oxygen consumption and minute ventilation.12 The animal study qualitatively described rescuer fatigue during the Handstand and Standard Side Straddle methods in the microgravity environment created with parabolic flights.

Standard Side Straddle vs Handstand:
One animal study compared the Standard Side Straddle method, described in the study as “conventional restrained CPR,” with the Handstand method during parabolic flight.5 Rescuer fatigue was assessed only qualitatively, without a validated scale or other formal measurement. The investigators reported that the Standard Side Straddle method required substantial physical effort and was quickly fatiguing, whereas the Handstand method required less effort and was less fatiguing.

Handstand vs Evetts–Russomano: 
Two studies compared rescuer fatigue between the Handstand and Evetts–Russomano methods in ground-based simulated microgravity.8,12 Overall, both subjective and physiological measures indicated that the Handstand method imposed less rescuer fatigue and physiological workload than the Evetts–Russomano method.

Evetts–Russomano vs Reverse Bear Hug: 
The same two studies compared rescuer fatigue between the Evetts–Russomano and Reverse Bear Hug methods in ground-based simulated microgravity.8,12 Overall, the Evetts–Russomano method was associated with lower perceived exertion but generally greater physiological workload than the Reverse Bear Hug method, indicating that subjective and objective measures of rescuer fatigue were not fully consistent.

	


	Undesirable Effects
How substantial are the undesirable anticipated effects?
	

	JUDGEMENT

○ Trivial
○ Small
○ Moderate
○ Large
○ Varies
X Don't know

	Rescuer injuries
For the important outcome of rescuer injuries, we identified no studies that reported direct rescuer injuries associated with CPR methods in microgravity environments. 
	In theory, CPR methods that were developed for the microgravity environment could cause injuries to the rescuers, cause harms to patients or damage the spacecraft or space stations. One study conducted in space using an actual spacecraft measured cabin carbon dioxide (CO₂) concentrations and vehicle acceleration to assess vehicle impacts.18 The study reported peak CO₂ concentrations exceeding 3.6 mmHg, which triggered a caution threshold, along with vehicle accelerations across all axes. The same study also mentioned that no participants experienced symptoms associated with high CO₂ (e.g., headache).
However, the available evidence is extremely limited, and the risks are still poorly quantified. Although it is not covered in this review, the risks of fire from shock might need to be considered as it would be catastrophic in the microgravity conditions. 

	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	X Very low
○ Low
○ Moderate
○ High
○ No included studies

	The certainty of evidence for all outcomes was very low, downgraded for risk of bias, inconsistency, indirectness, and imprecision. There were no clinical studies. Evidence was limited to six manikin-based simulation studies and one animal study.
	


	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	X Important uncertainty or variability
○ Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
○ No important uncertainty or variability

	No clinical study has examined the impact of the CPR methods in the microgravity environment on survival or neurological outcome and the clinical effects on the CPR methods in the microgravity environment are unknown, thus there is important uncertainty in how much people value the main outcomes. 
	


	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
X Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

	Available evidence that are based on simulation studies showed that the Handstand method, which requires the patient to be stabilized using a Crew Medical Restraint System (CMRS) or comparable restraint setup, produced greater compression depths than the other methods, although the findings for compression rate were not consistent. Also, none of the methods including the Handstand method consistently met current CPR quality metrics for depth and rate across comparisons.

Among methods not requiring a CMRS, the Evetts–Russomano method generally produced greater compression depths and higher compression rates than the Reverse Bear Hug method, although neither method consistently met all CPR-quality targets.
	


	Resources required
How large are the resource requirements (costs)?"

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
○ Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
X Varies
○ Don't know

	Some of the CPR methods in microgravity environments such as the handstand method require CMRS. Since the CMRS is already equipped in the International Space Station (ISS) and similar crew restraint system is available in spacecrafts, it would unlikely require significant additional costs for the implementation besides training.

Regarding the potential implementation of mechanical chest-compression devices in microgravity environments, the task force discussed the substantial costs associated with transporting such devices to the ISS or installing them in other spacecraft. Nevertheless, given that the ISS is already equipped with resuscitation resources, including an automated external defibrillator (AED) and medications such as epinephrine, the addition of a mechanical chest-compression device may warrant consideration.
	


	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
○ High
X No included studies

	There were no economic evaluations of the CPR methods developed for microgravity.

	


	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
X Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies

	There is limited evidence regarding the costs of implementing CPR methods in microgravity. Manual CPR methods that rely on existing restraint systems are likely to be cost-effective because their implementation would require few additional resources beyond training. In contrast, the cost-effectiveness of mechanical chest-compression devices is uncertain because of the additional costs associated with validation and transportation to space.
	


	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
○ Probably reduced
X Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know

	It is unlikely that CPR methods developed for microgravity would enhance equitable access to resuscitation.

	


	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
X Probably yes
○ Yes
○ Varies
○ Don't know

	Because astronauts typically receive medical training, including resuscitation training, even when they have limited or no prior medical background, and because the International Space Station is already equipped with medical equipment, the adoption of microgravity-specific CPR techniques may be acceptable to relevant stakeholders. However, acceptability was not directly evaluated in the included studies.

	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
○ Yes
○ Varies
X Don't know

	There is limited evidence regarding the feasibility of CPR methods in microgravity, particularly within the broader chain of survival and in relation to the care required after successful initial resuscitation, including basic and advanced life support. These aspects require further study.
	



SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know



TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	○
	X
	○ 





CONCLUSIONS
	Recommendation

	1. We suggest that, for adults in cardiac arrest in a microgravity environment, the patient is restrained on a Crew Medical Restraint System (CMRS) or equivalent fixed surface as soon as possible, and that chest compressions are given using a method proven to provide guideline compliant compression rate and depth in microgravity when the cabin layout permits (good practice statements).
2. We suggest that, until the patient can be restrained, chest compressions are given using a method in which the rescuer stabilizes the patient with their own body and the method has been proven to provide guideline compliant compression rate and depth in microgravity (good practice statement).
3. We suggest that a mechanical chest compression device that has been proven to deliver guideline-compliant compression depth in microgravity may be used when available and when sustained high-quality manual chest compressions are impractical (good practice statement).

	Justification

	· We identified no eligible clinical studies and identified one animal study and six simulation studies evaluating a total of seven techniques and the use of mechanical chest compression devices in microgravity environments; the certainty of evidence for all CPR techniques was very low. No studies were identified for chest compressions in children 
· The review identified two categories of non-standard CPR techniques that can be performed in microgravity environments, namely, CPR techniques not requiring Crew Medical Restraint System (CMRS) and CPR techniques requiring CMRS. The major advantage of CPR techniques that do not require the CMRS is that they can be performed without additional equipment. However, these techniques are difficult to sustain for an extended period and are considered temporary measures. In contrast, the Handstand method, which requires CMRS, provide higher-quality compressions but cannot be initiated until the patient is moved to the area equipped with CMRS. Thus, CPR methods not requiring CMRS would still play a role as a temporary measure until the patient is moved to the area with CMRS. 
· Regarding CPR quality, we recognized that the currently available evidence is extremely limited and is based on simulation studies, highlighted by the absence of clinical studies. Only a limited number of studies directly compared CPR methods in simulated microgravity settings. None of the methods consistently met current CPR quality metrics for depth and rate across comparisons. The Handstand method, which requires the patient to be stabilized using a CMRS or comparable restraint setup, produced greater compression depths than the other methods, although the findings for compression rate were not consistent. However, a CMRS is not available in many locations; for example, it is installed only in the U.S. laboratory module of the International Space Station (ISS). Among techniques that do not require CMRS, the Evetts–Russomano method generally produced greater compression depths and higher compression rates than the Reverse Bear Hug method in studies using ground-based body-suspension systems.8,12 However, in the underwater-simulation study, neither method reliably produced high-quality CPR in simulated microgravity.17 As such, it might be reasonable to start with Evetts–Russomano method, then transition to Handstand method when the patient is moved to the place where CMRS is available, which is consistent with recommendations in the guideline from the German Society of Aerospace Medicine and the European Society of Aerospace Medicine Space Medicine Group.21
· We recognized that the feasibility of the Handstand method depends on cabin configuration. One study conducted during actual spaceflight aboard the Dragon spacecraft, which has less cabin space than the International Space Station, evaluated a technique similar to the Handstand method.18 The study was not included in the analysis because it did not compare different CPR methods. In the study, astronauts were positioned upside down, with their buttocks and legs braced against the cabin ceiling; the precise configuration varied by seat location. Using a CPR Adult Manikin Bellows Piston with Clicker, all four astronauts achieved the target compression rate, with individual rates ranging from 102 to 114 compressions/min. However, one operator stopped after approximately 45 seconds because of an inability to use the legs effectively for force generation and substantial arm fatigue. In the Discussion, the authors noted that shorter astronauts performed compressions with their arms more fully extended above their heads, in a position comparable to a shoulder press, whereas taller astronauts held their arms farther in front of their bodies, in a position comparable to a push-up. These observations suggest that the interaction between operator anthropometry and cabin geometry may influence positioning and fatigue.
· Regarding the potential implementation of mechanical chest-compression devices in microgravity environments, the task force discussed the substantial costs associated with transporting such devices to the ISS or installing them in other spacecraft. Nevertheless, given that the ISS is already equipped with resuscitation resources, including an automated external defibrillator (AED) and medications such as epinephrine, the addition of a mechanical chest-compression device may warrant consideration.
· The task forces discussed the timing of transferring patients from microgravity to a 1G environment, given that studies have consistently shown that delivering high-quality CPR in microgravity is more difficult and causes greater rescuer fatigue than delivering CPR in a 1G environment.7,9–13 For example, in a 3-minute evaluation of the Evetts–Russomano method, mean Borg scores increased from 13.3 in the first minute to 17.9 in the third minute during simulated microgravity, compared with an increase from 9.1 to 10.8 during terrestrial CPR.7 Mean rescuer heart rate increased concurrently from 153.9 to 174.5 beats/min during simulated microgravity, compared with an increase from 110.9 to 114.8 beats/min during terrestrial CPR. Additionally, Menon et al. evaluated a method similar to the Handstand method during actual spaceflight as discussed above and reported that one of four astronauts was unable to complete the full 2 min of compressions due to significant fatigue.18 Strategies for transferring patients to a 1G environment would differ substantially depending on the spaceflight context, such as short-duration commercial spaceflights versus crewed missions to the Moon or Mars. Each context would therefore require specific logistical considerations.
· Regarding rescuer injuries, we identified no evidence from the seven included studies on injuries directly attributable to CPR methods in microgravity environments. The study conducted by Menon et al. during actual spaceflight assessed spacecraft-related effects by measuring cabin carbon dioxide (CO₂) concentrations and vehicle acceleration.18 Cabin CO₂ concentrations peaked above 3.6 mm Hg, triggering a caution threshold, and accelerations were detected along all three axes. No crew members reported symptoms potentially associated with elevated CO₂ concentrations, including headache. Additional research is needed to characterize the safety of CPR methods, potential rescuer injuries, and environmental hazards during resuscitation in microgravity.
· The task forces also discussed the need for future reviews of other core components of resuscitation, including, but not limited to, defibrillation and ventilation, as well as the availability of medical equipment and training needs. There was discussion regarding very early use of an AED given the challenges of providing effective chest compressions. In addition, the task forces considered whether specific outcomes applicable to cardiac arrest in microgravity should be developed, such as “survival to Earth.”



	Subgroup considerations

	Not applicable

	Implementation considerations

	Some of the CPR methods in microgravity environments such as the handstand method require Crew Medical Restraint System (CMRS). Since the CMRS is already equipped in the International Space Station (ISS) and similar crew restraint system is available in spacecrafts, it would unlikely require significant additional costs for the implementation besides training.  

Regarding the potential implementation of mechanical chest-compression devices in microgravity environments, the task force discussed the substantial costs associated with transporting such devices to the ISS or installing them in other spacecraft. Nevertheless, given that the ISS is already equipped with resuscitation resources, including an automated external defibrillator (AED) and medications such as epinephrine, the addition of a mechanical chest-compression device may warrant consideration.




	Monitoring and evaluation

	Not applicable

	Research priorities

	1. There was a lack of clinical studies evaluating different CPR techniques in a microgravity environment. The TF acknowledged that clinical studies may be challenging to complete.
2. No studies of CPR techniques in microgravity in children. 
3. Evidence was limited regarding the quality of CPR during prolonged resuscitation in microgravity. Several studies evaluated CPR techniques only briefly because of limitations in sustaining microgravity, restricting the applicability of their findings to prolonged resuscitation.
4. Few studies assessed the duration or clinical impact of interruptions in chest compressions associated with positioning rescuers and configuring equipment during the transition to equipment-assisted resuscitation.
5. The time required to retrieve, deploy, and apply the Crew Medical Restraint System and other resuscitation equipment, and the clinical impact of interruptions in chest compressions in spacecraft with limited cabin space, remain uncertain.
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