	QUESTION

	Mechanical circulatory support after return of spontaneous circulation following cardiac arrest: a systematic review

	POPULATION:
	Adult individuals (≥ 18 years or as defined in individual studies) with circulatory shock after return of spontaneous circulation (ROSC) following cardiac arrest in any setting (in-hospital or out-of-hospital).

	INTERVENTION:
	Management with a mechanical circulatory support device

	COMPARISON:
	Management without a mechanical circulatory support device or usual post-resuscitation care

	MAIN OUTCOMES:
	Primary outcome: survival at hospital discharge/30 days and at the time of the longest follow-up. Secondary outcomes: favorable neurological outcome, quality of life, length of hospital and ICU stay, adverse events/complications (e.g., bleeding, limb ischemia, arrhythmias, recurrent cardiac arrest, acute kidney injury +/- renal replacement therapy, stroke, hemolysis) as defined by study authors.

	SETTING:
	In-hospital


ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Cardiogenic shock affects more than half of patients resuscitated from cardiac arrest and is associated with a high mortality, especially when the underlying cause is a myocardial infarction. In addition to inotropes, vasopressors and revascularization of the infarct-related coronary artery, mechanical circulatory support (MCS) devices can be used to support the circulation, improve cardiac output, and end-organ perfusion in these patients. MCS may also have a role in myocardial protection and limiting further secondary neurological injury from hypoperfusion. MCS devices are being increasingly used in the treatment of acute myocardial infarction-related cardiogenic shock, including patients resuscitated from cardiac arrest, despite conflicting evidence regarding their effect on mortality.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	The evidence on mechanical circulatory support (MCS) in post-cardiac arrest patients with cardiogenic shock is very limited. Randomized trials have been conducted in patients with acute myocardial infarction complicated by cardiogenic shock (AMI-CS), and many of them included a large proportion of resuscitated cardiac arrest patients (up to 92% in one trial). The available randomized trials in AMI-CS were mostly neutral, showing inconsistent direction of effects across outcomes, studies, and types of MCS devices. Similar findings were reported for the subgroup of cardiac arrest patients included in these trials. Recently, a trial involving a microaxial flow pump (Impella CP®) plus standard care, compared to standard care alone, demonstrated its superiority (hazard ratio, 0.74; 95% confidence interval [CI], 0.55 to 0.99; P = 0.04)1. However, cardiac arrest patients who remained comatose after the return of spontaneous circulation were excluded from this trial. An individual patient data meta-analysis of 9 randomized trials that found a benefit of mechanical circulatory support devices in patients with ST-elevation myocardial infarction without resuscitation before arrival of the emergency medical service or only short duration of resuscitation (<10 minutes)2
Table 2. Pooled rates of primary and secondary outcomes in patients receiving mechanical circulatory support versus standard care.
	Outcome
   Subgroup
	N. of
studies
	MCS
	Standard care
	Odds Ratio
(95% CI)
	P for effect
	I2

	Survival at the longest follow-up available, n (%)

	   Resuscitated cardiac arrest with cardiogenic shock
	11*
	190/406 (47%)
	171/410 (42%)
	1.21 (0.91–1.60)
	0.19
	0%

	   Cardiogenic shock with or without prior cardiac arrest
	14
	426/944 (45%)
	385/931 (41%)
	1.17 (0.97–1.42)
	0.10
	0%

	Survival at hospital discharge or 30 days, n (%)

	   Resuscitated cardiac arrest with cardiogenic shock
	6
	208/380 (55%)
	213/386 (55%)
	0.97 (0.73–1.30)
	0.85
	0%

	   Cardiogenic shock with or without prior cardiac arrest
	13
	521/928 (56%) 
	479/914 (52%)
	1.16 (0.97–1.40)
	0.12
	0%

	Survival at 6 months or 1 year, n (%)

	   Resuscitated cardiac arrest with cardiogenic shock
	10*
	188/376 (50%)
	174/381 (46%)
	1.21 (0.87–1.68)
	0.25
	11%

	   Cardiogenic shock with or without prior cardiac arrest
	10
	427/871 (49%)
	389/862 (45%)
	1.18 (0.95–1.46)
	0.11
	8%

	Survival with favourable neurological outcome at the longest follow-up available, n (%)

	   Resuscitated cardiac arrest with cardiogenic shock
	0
	-
	-
	-
	-
	-

	   Cardiogenic shock with or without prior cardiac arrest
	3
	116/281 (41%)
	108/279 (39%)
	1.11 (0.79–1.57)
	0.53
	0%

	Survival with favourable neurological outcome at hospital discharge or 30 days, n (%)

	   Resuscitated cardiac arrest with cardiogenic shock
	0
	-
	-
	-
	-
	-

	   Cardiogenic shock with or without prior cardiac arrest
	3
	93/280 (33%)
	103/280 (37%)
	0.85 (0.60–1.21)
	0.37
	0%

	Survival with favourable neurological outcome at 6 months or 1 year, n (%)

	   Resuscitated cardiac arrest with cardiogenic shock
	0
	-
	-
	-
	-
	-

	   Cardiogenic shock with or without prior cardiac arrest
	2
	110/268 (41%)
	104/266 (39%)
	1.09 (0.77–1.54)
	0.64
	0%


Abbreviations: MCS, mechanical circulatory support; CI, confidence interval
*including pooled data of 6 randomized trials from an individual patient-data meta-analysis by Thiele et al. 2024.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	The available randomized trials in AMI-CS were mostly neutral, showing inconsistent effects across outcomes, studies, and types of MCS devices. Similar findings were reported for the subgroup of cardiac arrest patients included in these trials. Recently, a trial involving a microaxial flow pump (Impella CP®) plus standard care, compared to standard care alone, demonstrated its superiority (hazard ratio, 0.74; 95% confidence interval [CI], 0.55 to 0.99; P = 0.04) (Moller 2024). However, cardiac arrest patients who remained comatose after the return of spontaneous circulation were excluded from this trial. Complications such as bleeding, limb ischemia, hemolysis, the need for renal replacement therapy, and sepsis were more frequent in patients treated with MCS compared to standard care. The increased complication rates were consistent across studies and outcomes, especially in patients treated with active MCS (e.g., microaxial flow pump).

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	The certainty of evidence across outcomes is low (downgraded due to indirectness).

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or variability
○ No important uncertainty or variability
	Survival and survival with favorable neurological outcome are generally accepted as critical outcomes in patients with cardiac arrest. However, some patients, relatives, or clinicians may prioritize neurological outcome and quality of life over survival.

	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
● Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know
	The balance of effects favors standard care, especially when mechanical circulatory support devices are applied in unselected patients, given the increased risk of complications and the lack of demonstrated benefits with this approach. However, the balance of effects likely favors the intervention over standard care when mechanical circulatory support devices are used in selected patients, where the strategy may offer some survival benefits despite a higher occurrence of treatable or reversible complications.

	Resources required

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
● Moderate costs
● Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know
	We found an economic evaluation from the IABP-SHOCK II trial,3 which showed slightly higher but statistically significant healthcare costs. Nevertheless, given the generally high costs associated with therapy for patients requiring mechanical support and the relatively small contribution from intra-aortic balloon pump (IABP) therapy, IABP may still be considered an economically reasonable and safe strategy, especially if clinical scenarios where IABP provides a benefit can be identified.3 We did not identify any other analysis from identified randomized trials evaluating the cost of a mechanical circulatory support (MCS) device compared to another MCS device or specifically in cardiac arrest patients. However, significant costs seem likely, especially if routinely applied and for active MCS devices as performed in most included randomized trials.

	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
○ No included studies
	The certainty of evidence of resource required is low for intra-aortic balloon pump (downgraded for indirectness). We have not identified any other research that assessed resource required.

	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
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	We found an economic evaluation from the IABP-SHOCK II trial,3 which showed slightly higher but statistically significant healthcare costs. Nevertheless, given the generally high costs associated with therapy for patients requiring mechanical support and the relatively small contribution from intra-aortic balloon pump (IABP) therapy, IABP may still be considered an economically reasonable and safe strategy, especially if clinical scenarios where IABP provides a benefit can be identified.3 We did not identify any other analysis from identified randomized trials evaluating the cost of a mechanical circulatory support (MCS) device compared to another MCS device or specifically in cardiac arrest patients. However, significant costs seem likely, especially if routinely applied and for active MCS devices as performed in most included randomized trials.

	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
● Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know
	Treating patients with a mechanical circulatory support (MCS) device may be difficult in low-resource settings due to the high cost of devices and consumables and in setting without the expertise and resources needed.

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	We have not identified any research that assessed acceptability.

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Feasibility was not specifically addressed by this review but in included trials mechanical circulatory support (MCS) was feasible. However, we recognize that performing MCS requires special resources and skills that may be not available or feasible in every setting. 


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

	○ 
	○ 
	● 
	○ 
	○ 



CONCLUSIONS
	Recommendation

	We suggest against the routine use of mechanical circulatory support devices in patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation (weak recommendation, low certainty of evidence).
We suggest considering mechanical circulatory support devices in highly selected patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation, in settings where this can be implemented (weak recommendation, low certainty of evidence).
When a mechanical circulatory support device is used, we suggest monitoring for adverse events and complications to allow their rapid identification and treatment (good practice statement).

	


	Justification

	In making a weak recommendation against the routine use of mechanical circulatory support devices in patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation, the task force considered pooled analyses from up to 14 randomized trials showing no difference in survival at various follow-ups (30 days or hospital discharge, 6 months, 1 year, and the longest available) between early routine treatment with a temporary mechanical circulatory support device and standard care in patients with cardiogenic shock, with or without prior cardiac arrest. No randomized trials were specifically designed and powered to assess a benefit in term of critical outcomes (e.g., survival or survival with favorable neurological outcome) in a population of patients with return of spontaneous circulation after a cardiac arrest. All the evidence was indirect, coming from randomized trials in patients with cardiogenic shock (64% [95% CI, 45–80] of patients included were resuscitated from cardiac arrest), except a small (N=60) randomized trial enrolling only patients resuscitated from in-hospital cardiac arrest due to acute coronary syndrome4.

Although overall evidence did not support routine use of mechanical circulatory support devices, there may be certain patients who may benefit, and the task force discussed whether a selected approach to mechanical circulatory support devices in patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation may be considered rather than an unselected approach and made a weak recommendation suggesting the use of mechanical circulatory support devices in highly selected patients. In making this recommendation, the task force considered:
· the results of a randomized trial comparing a microaxial flow pump with standard care alone in infarct-related cardiogenic shock which found improved survival at 180 days (hazard ratio, 0.74; 95% confidence interval, 0.55 to 0.99)1 and the fact that, in this trial, patients resuscitated from cardiac arrest who remained comatose (Glasgow Coma Scale ≤ 8) at hospital arrival were excluded, leaving a 20% of conscious patients resuscitated from cardiac arrest1. Most other trials involving patients with acute myocardial infarction and cardiogenic shock, the prevalence of patients resuscitated from cardiac arrest was high (up to 95% in one trial) and not limited to conscious patients.
· An individual patient data meta-analysis of 9 randomized trials that found a benefit of mechanical circulatory support devices in patients with ST-elevation myocardial infarction without resuscitation before arrival of the emergency medical service or short duration of resuscitation (<10 minutes) but not in the overall population of cardiac arrest patients2.

The task force discussed the lack of evidence on how to select patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation for mechanical circulatory support. Based on the low certainty of evidence from randomized trials and subgroup analyses, the subgroups of patients who may potentially benefit include those with a Glasgow Coma Scale ≤ 8 at hospital arrival, patients with ST-elevation myocardial infarction without prior resuscitation before the arrival of emergency medical services, or those with a short duration of cardiac arrest (<10 minutes). The discussion mentioned also that the cause of death differs in patients with cardiogenic shock, depending on whether they experienced prior cardiac arrest. Hypoxic brain injury is the leading cause of death in those with cardiac arrest, while persistent cardiac failure is the primary cause in those without cardiac arrest. Therefore, in patients at high risk of brain injury, which cannot be addressed by mechanical circulatory support devices, the benefit of these devices may be less apparent. In the CoSTR on predicting good neurological outcomes after cardiac arrest5, the task force found one study that showed a Glasgow Coma Scale motor score of 4–5 assessed at intensive care unit admission predicted favorable outcomes at 3 months, with a specificity of 98% (95% CI 93–99%) and sensitivity of 12% (95% CI 7–17%)6. Other predictors of good neurological outcomes, though not available at admission, included normal neuron-specific enolase blood values at 24–72 hours, an somatosensory evoked potential N20 wave amplitude above 4 μV, a continuous electroencephalogram background without discharges within 72 hours, or the absence of diffusion restriction in the cortex or deep grey matter on magnetic resonance imaging between days 2–7.7–10 The task force agreed that, based on the current level of available evidence, making clear recommendations on how to select patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation for mechanical circulatory support is challenging. There was also a discussion about the risk of prematurely ruling out interventions for patients with possible neurological recovery based solely on early coma, as done in one trial11.

In making these recommendations, the task force also considered:
· that implementation of mechanical circulatory support may incur significant costs and require specialized resources and skills, which may not be available or feasible in all settings;
· the 2023 European Society of Cardiology (ESC) Guidelines for the management of acute coronary syndromes stating that in patients with acute coronary syndrome and severe/refractory cardiogenic shock, short-term mechanical circulatory support may be considered (class of recommendation IIb, level of evidence C) and that the routine use of an intra-aortic balloon pump in patients without mechanical complications is not recommended (class of recommendation III, level of evidence B) and the 2023 International Society for Heart and Lung Transplantation Guidelines for Mechanical Circulatory Support stating that acute mechanical circulatory support should be initiated as soon as possible in patients with cardiogenic shock who fail to stabilize or continue to deteriorate despite initial interventions12.

Finally, while mechanical circulatory support devices may be considered for highly selected patients, the task force emphasized the need for caution until further evidence becomes available. Given the increased rates of complications—particularly bleeding and limb ischemia—in patients with infarct-related cardiogenic shock treated with mechanical circulatory support devices, especially when venoarterial extracorporeal membrane oxygenation or left ventricular assist devices are used, the task force found it reasonable to issue a good practice statement recommending close monitoring for adverse events and complications if mechanical circulatory support is employed.



	Subgroup considerations

	Although overall evidence did not support routine use of mechanical circulatory support devices, there may be certain patients who may benefit, and the task force discussed whether a selected approach to mechanical circulatory support devices in patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation may be considered rather than an unselected approach and made a weak recommendation suggesting the use of mechanical circulatory support devices in highly selected patients. In making this recommendation, the task force considered:
· the results of a randomized trial comparing a microaxial flow pump with standard care alone in infarct-related cardiogenic shock which found improved survival at 180 days (hazard ratio, 0.74; 95% confidence interval, 0.55 to 0.99)1 and the fact that, in this trial, patients resuscitated from cardiac arrest who remained comatose (Glasgow Coma Scale ≤ 8) at hospital arrival were excluded, leaving a 20% of conscious patients resuscitated from cardiac arrest1. Most other trials involving patients with acute myocardial infarction and cardiogenic shock, the prevalence of patients resuscitated from cardiac arrest was high (up to 95% in one trial) and not limited to conscious patients.
· An individual patient data meta-analysis of 9 randomized trials that found a benefit of mechanical circulatory support devices in patients with ST-elevation myocardial infarction without resuscitation before arrival of the emergency medical service or short duration of resuscitation (<10 minutes) but not in the overall population of cardiac arrest patients2.

The task force discussed the lack of evidence on how to select patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation for mechanical circulatory support. Based on the low certainty of evidence from randomized trials and subgroup analyses, the subgroups of patients who may potentially benefit include those with a Glasgow Coma Scale ≤ 8 at hospital arrival, patients with ST-elevation myocardial infarction without prior resuscitation before the arrival of emergency medical services, or those with a short duration of cardiac arrest (<10 minutes). The discussion mentioned also that the cause of death differs in patients with cardiogenic shock, depending on whether they experienced prior cardiac arrest. Hypoxic brain injury is the leading cause of death in those with cardiac arrest, while persistent cardiac failure is the primary cause in those without cardiac arrest. Therefore, in patients at high risk of brain injury, which cannot be addressed by mechanical circulatory support devices, the benefit of these devices may be less apparent. In the CoSTR on predicting good neurological outcomes after cardiac arrest5, the task force found one study that showed a Glasgow Coma Scale motor score of 4–5 assessed at intensive care unit admission predicted favorable outcomes at 3 months, with a specificity of 98% (95% CI 93–99%) and sensitivity of 12% (95% CI 7–17%)6. Other predictors of good neurological outcomes, though not available at admission, included normal neuron-specific enolase blood values at 24–72 hours, an somatosensory evoked potential N20 wave amplitude above 4 μV, a continuous electroencephalogram background without discharges within 72 hours, or the absence of diffusion restriction in the cortex or deep grey matter on magnetic resonance imaging between days 2–7.7–10 The task force agreed that, based on the current level of available evidence, making clear recommendations on how to select patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation for mechanical circulatory support is challenging. There was also a discussion about the risk of prematurely ruling out interventions for patients with possible neurological recovery based solely on early coma, as done in one trial11.


	Implementation considerations

	The task force recognized that treating patients with a mechanical circulatory support devices may be not feasible in low-resource settings due to the high cost of devices and consumables. The task force also acknowledged that treating patients with a mechanical circulatory support devices requires specialized resources and skills that may not be available or feasible in every setting.



	Monitoring and evaluation

	


	Research priorities

	The evidence regarding the role of mechanical circulatory support devices in patients with cardiogenic shock after cardiac arrest and return of spontaneous circulation remains limited. The following knowledge gaps have been identified:
1. No studies were identified that evaluated the effect of mechanical circulatory support devices on neurologically intact survival in patients with cardiac arrest.
2. Subpopulation of post-cardiac arrest patient in cardiogenic shock that might benefit from mechanical circulatory support
3. The value of mechanical circulatory support devices in patients without acute myocardial infarction-related cardiogenic shock or post-resuscitation shock following cardiac arrest of non-cardiac origin
4. The comparative effectiveness of different mechanical circulatory support devices or combinations of devices (e.g., ECPELLA, BIPELLA)
5. The optimal timing for initiating mechanical circulatory support after the return of spontaneous circulation
6. The ideal settings for implementing mechanical circulatory support in post-cardiac arrest patients
7. The cost-effectiveness of mechanical circulatory support in post-cardiac arrest patients
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