ALS 2025 CoSTR Appendix A — Evidence to Decision Tables
Mechanical vs. Manual CPR — IHCA Load distributing band (ALS 3002)

QUESTION

Should a load-distributing band mechanical CPR device vs. manual CPR be used for IHCA?

a load-distributing band mechanical CPR device

manual CPR

ROSC; survival to hospital discharge or 30 days or longer; survival with favorable neurological
outcome at hospital discharge, 30 days or longer; resuscitation-related injuries
IHCA

CONFLICT OF None
INTERESTS:

ASSESSMENT

Problem

Is the problem a priority?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No High quality CPR is critical to improving cardiac

0 Probably no arrest outcomes. Use of mechanical CPR has

0 Probably yes increased significantly since the COVID pandemic,

® Yes although the existing treatment recommendation

o Varies suggests against routine use.

o Don't know
Desirable Effects
How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Trivial There were no studies investigating desirable

o Small effects of load-distributing band mechanical CPR in

0 Moderate IHCA.

o Large

o Varies

e Don't know
Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Trivial Limited evidence (one small study) has not found a

e Small significant difference in CPR-related injuries from

0 Moderate the load-distributing band mechanical CPR device

o Large compared with manual CPR, although the point

o Varies estimate for CPR-related injuries was higher.

o Don't know
Certainty of evidence
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

e Very low Very low certainty of effect was found from one
o Low small study.




0 Moderate
o High

o No included studies . .
With manual With

Outcomes CPR

Serious resuscitation-related ' 77 per 1,000
structural visceral damage

(Koster 2017)
Values
Is there important uncertainty about or variability in how much people value the main outcomes?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
0 Important uncertainty or [Survival with favorable neurological outcome is
variability widely regarded as the most critical outcome.
0 Possibly important Opinions vary on the relative importance of

uncertainty or variability outcomes such as ROSC. The outcome of

® Probably no important  [resuscitation-related injuries probably varies
uncertainty or variability  [somewhat, in part based on whether increased
0 No important uncertainty [survival with favorable neurological outcome is
or variability achieved or not.

Balance of effects

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

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
0 Favors the comparison  [The single trial of a load-distributing band CPR

® Probably favors the device compared with manual CPR did not show

comparison either benefit or increased harm from the use of

0 Does not favor either the |mechanical CPR, although it was not powered for

intervention or the clinical outcomes. Indirect evidence from OHCA

comparison trials is mixed.

0 Probably favors the
intervention

o Favors the intervention
o Varies

o0 Don't know

Resources required

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Large costs Cost depends on whether hospitals are already

0 Moderate costs using one of these devices. No studies were

o Negligible costs and identified.

savings

0 Moderate savings
O Large savings

® Varies

o Don't know

Certainty of evidence of required resources

What is the certainty of the evidence of resource requirements (costs)?
UDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS




o Very low

o Low

0 Moderate

o High

e No included studies

Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

0 Favors the comparison
0 Probably favors the
comparison

0 Does not favor either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the intervention
o Varies

e No included studies

Equity
What would be the impact on health equity?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Reduced Because the evidence suggests neither benefit nor

o Probably reduced harm, whether or not use of these devices for

® Probably no impact OHCA is implemented likely would not impact

o Probably increased equity, although purchasing these devices would be

o Increased more difficult in low-resource settings.

o Varies

0 Don't know

Acceptability
Is the intervention acceptable to key stakeholders?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No These devices are already in use in many

o Probably no healthcare settings.

® Probably yes

O Yes

o Varies

o Don't know

Feasibility
Is the intervention feasible to implement?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o No Feasibility will depend on the financial and training

0 Probably no resources of the healthcare system.

0 Probably yes

O Yes

o Varies




o Don't know

SUMMARY OF JUDGEMENTS
JUDGEMENT

PROBLEM Yes

DESIRABLE Don't
EFFECTS know

UNDESIRABLE

EFFECTS Small

CERTAINTY OF

EVIDENCE Very low

Probably no
important
uncertainty
or variability

VALUES

Probably
favors the
comparison

BALANCE OF
EFFECTS

RESOURCES

REQUIRED Varies

CERTAINTY OF
EVIDENCE OF
REQUIRED
RESOURCES

No
included
studies

No
included
studies

COST
EFFECTIVENESS

Probably no
impact

EQUITY

ACCEPTABILITY Probably yes

FEASIBILITY

TYPE OF RECOMMENDATION

Strong Conditional Conditional Conditional Strong
recommendation [l LGELG B recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention

intervention intervention intervention or the
comparison
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CONCLUSIONS

Recommendation

We suggest against the routine use of automated mechanical chest compression devices to replace manual chest
compressions for cardiac arrest (weak recommendation, very low-certainty evidence).

Automated mechanical chest compression devices may be a reasonable alternative to manual chest compressions

in situations where sustained high-quality manual chest compressions are impractical or compromise provider
safety (good practice statement).

ustification

This topic was prioritized by the ALS Task Force due to awareness of a marked increase in the use of mechanical
CPR in several countries since the COVID-19 pandemic, and because the Task Force was aware of new trials. For
the use of a load-distributing band for IHCA, only 1 study was identified and this showed neither benefit nor harm
for the use of a mechanical device for CPR compared with manual CPR). The primary focus of that study was
resuscitation-related injuries. The treatment recommendation and good practice statement are therefore based
primarily on evidence from trials of mechanical CPR for OHCA, or for other types of mechanical CPR devices in the
IHCA setting.

Subgroup considerations

Evidence not available, but consideration of avoiding delays in defibrillation, perhaps by not deploying mechanical
CPR devices until after the first shock for shockable rhythms, is likely important.
Implementation considerations

Not addressed

Monitoring and evaluation

Mechanical CPR devices require training and regular practice to use efficiently.
Research priorities

- Whether mechanical CPR improves outcome from IHCA.

- Whether the possible benefit of mechanical CPR depends on timing of use, cardiac arrest rhythm, or setting.

- Whether one mechanical CPR device is superior to another

- Whether rates of CPR-related injuries from mechanical CPR vary by patients size and age

- The optimal approach to defibrillation (ie whether to pause the device for defibrillation, vs other approaches such
as timing defibrillation with compression phase) when mechanical CPR devices are used
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Mechanical vs. Manual CPR — OHCA load-distributing band (ALS 3002)

QUESTION
Should Load-distributing band device vs. manual CPR be used for OHCA?

manual CPR

ROSC, survival to hospital discharge, 30 days or longer, favorable neurologic outcome at hospital
discharge, 30 days or longer, CPR-related injuries
OHCA

none

ASSESSMENT

Problem

Is the problem a priority?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No High quality CPR is critical to improving cardiac

o Probably no arrest outcomes. Use of mechanical CPR has

o Probably yes increased significantly since the COVID

® Yes pandemic, although the existing treatment

o Varies recommendation suggests against routine use.

0 Don't know

Desirable Effects

How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Trivial One large randomized controlled trial found no

e Small benefit to neurologic outcome or survival using

0 Moderate mechanical CPR whereas another large trial

o Large found worse outcomes. One small trial identified

o Varies a survival benefit from using mechanical CPR.

o Don't know

Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Trivial One small study and one large RCT found no

e Small increased harm from use of mechanical CPR.

0 Moderate

O Large

o Varies

o Don't know
Certainty of evidence

What is the overall certainty of the evidence of effects?
UDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS




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

0 Possibly important
uncertainty or variability

® Probably no important
uncertainty or variability

o No important uncertainty
or variability
Balance of effects
Does the balance between de
UUDGEMENT

Opinions vary on the relative importance of
outcomes such as ROSC. The outcome of
resuscitation-related injuries probably varies
somewhat, in part based on whether increased
survival with favorable neurological outcome is
achieved or not.

RESEARCH EVIDENCE

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Important uncertainty or  |Survival with favorable neurological outcome is
variability widely regarded as the most critical outcome.

sirable and undesirable effects favor the intervention or the comparison?

IADDITIONAL CONSIDERATIONS

o0 Favors the comparison
® Probably favors the
comparison

0 Does not favor either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the intervention
o Varies

o Don't know

Resources required
UUDGEMENT

There were four trials of load-distributing band
devices for OHCA; two were large-scale
randomized controlled trials which were
powered for clinical outcomes, one was a small
randomized controlled trial not powered for
outcomes and one focused primarily on adverse
events (not powered for outcomes). The
additional cost of these devices likely favors use
of manual CPR when feasible.

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

O Large costs

Mechanical CPR devices are expensive, and

e Moderate costs

Some health care systems are

having enough to be present at every OHCA

already using these devices, so




o Negligible costs and event may not be warranted based on the lack of |costs of implementation will vary

savings proven benefit. based on what local practice is
0 Moderate savings currently.

O Large savings

o Varies

0 Don't know

Certainty of evidence of required resources

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

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Very low \We did not look specifically for studies of

o Low resources required.

0 Moderate

o High

e No included studies
Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Favors the comparison

0 Probably favors the
comparison

0 Does not favor either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the intervention

O Varies

e No included studies

Equity

What would be the impact on health equity?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
0 Reduced Because the evidence suggests neither benefit

o Probably reduced nor harm, whether or not use of these devices

® Probably no impact for OHCA is implemented likely would not impact
O Probably increased lequity, although purchasing these devices would
o Increased be more difficult in low-resource settings.

o Varies

0 Don't know

Acceptability
Is the intervention acceptable to key stakeholders?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No These devices are already in use in many

0 Probably no healthcare settings.

® Probably yes

o Yes

o Varies

o Don't know

Feasibility
Is the intervention feasible to implement?



JUDGEMENT

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o No

0 Probably no
0 Probably yes
o Yes

® Varies

o Don't know

Feasibility will depend on the financial and

training resources of the healthcare system.

SUMMARY OF JUDGEMENTS

PROBLEM

DESIRABLE
EFFECTS
UNDESIRABLE
EFFECTS

CERTAINTY OF
EVIDENCE

VALUES

BALANCE OF
EFFECTS

RESOURCES
REQUIRED

CERTAINTY OF
EVIDENCE OF
REQUIRED
RESOURCES

COST
EFFECTIVENESS

EQUITY

ACCEPTABILITY

FEASIBILITY

JUDGEMENT
Yes
Small
Small
Low
Probably no
important
uncertainty
or variability
Probably
favors the
comparison
Moderate
costs
No
included
studies
No
included
studies

Probably no
impact

Probably yes

Varies

TYPE OF RECOMMENDATION




Strong Conditional Conditional Conditional Strong

recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o o o o
CONCLUSIONS

Recommendation

We suggest against the routine use of automated mechanical chest compression devices to replace manual chest
compressions for out-of-hospital cardiac arrest (weak recommendation, very low to moderate certainty
evidence).

We suggest that automated mechanical chest compression devices are a reasonable alternative to manual chest
compressions in situations where sustained high-quality manual chest compressions are impractical or
compromise provider safety (weak recommendation, very low certainty evidence).

ustification

This topic was prioritized by the ALS Task Force due to awareness of a marked increase in the use of mechanical
CPR in several countries since the COVID-19 pandemic, and because the Task Force was aware of new trials.
Although there have now been several trials, the Task Force agreed that meta-analysis would not provide clinically
reliable information, due to the heterogeneity of the trials available. Discussion and rationale for the treatment
recommendations included the following:

- The 3 largest trials, which provide the highest-certainty evidence, were all neutral overall when reporting risk
ratios, showing no benefit or harm from mechanical CPR, compared with manual CPR. One of these trials found a
small significant different in neurological outcome when using an adjusted odds ratio (aOR), with worse outcome
in the group assigned to piston-based mechanical CPR, compared with those assigned to manual CPR.10 The
authors reported this result as both an unadjusted OR (0.77 [0.59-1.02]) and an aOR (0.72 [0.52-0.99]), and it was
not clear which of these was primary. We therefore chose to report the RR for the main result reporting. The task
force discussed that all of these results are very similar. A fourth large trial was stopped early due to decreased
survival to discharge with favorable neurologic outcome.4

- Lower-certainty evidence from other smaller trials was conflicting, with some showing benefit and some showing
harm from mechanical CPR.

- Most trials were done in the out-of-hospital setting. The more limited data for IHCA is also inconsistent. Both
trials were small, with one designed to test feasibility and one to look at adverse effects; thus neither was designed
to compare critical clinical outcomes.

- The task force discussed the pros and cons of pooling studies in meta-analysis extensively, in the end deciding
that heterogeneity was too marked (including devices used, timing of use, and protocols included with use of
mechanical CPR) that pooling results could be misleading.

- For each critical outcome, the lowest certainty of evidence was very low certainty for both IHCA and OHCA.
GRADE advice is to use the lowest certainty of evidence included when wording the treatment recommendation. In
this case, since the amount of higher certainty evidence (moderate and low) for OHCA far outweighed that for
IHCA, the task force did not think using very low certainty as the sole designation for the evidence was
appropriate, and therefore ranges are provided separately for IHCA and OHCA.

- The Task Force discussed concern about the potential for delays in initial defibrillation when attempting to use
mechanical CPR for cardiac arrest with shockable rhythm. One trial conducted subgroup analyses by initial rhythm,
finding that patients with an initial shockable rhythm had lower survival at 30 days if they were randomized to
mechanical CPR with a piston-based device, compared with manual CPR.10 This concern could be avoided by not
deploying a mechanical device until after a first shock (if indicated) is delivered.



- The task force discussed the lack of justification for the cost of mechanical CPR devices and the training required
for their use to be implemented, in light of the evidence suggesting no benefit. However, as there is also no
convincing evidence for, there is insufficient evidence to suggest that healthcare systems already using mechanical
CPR routinely need to change practice.

- The Task Force was in agreement that mechanical CPR is useful in settings where manual CPR either risks provider
safety (eg during transport) or interferes with other potentially life-saving procedures (eg in the cardiac
catheterization lab or during ECMO cannulation).

- There are several mechanical CPR devices available currently, and there is no evidence to favor one over the
other at present.

- The Task Force discussed the importance of training when mechanical CPR devices are used, to minimize pauses
in compressions during placement and to ensure proper placement so that visceral injuries are minimized.

Subgroup considerations

The task force was interested in the effect of CPR devices by initial rhythm, but not studies were identified looking
at this specifically with the load-distributing band devices.
Implementation considerations

Training is crucial when implementing use of these devices, with a focus on minimizing interruptions to CPR when
deploying the device.

Systems should consider cost and the lack of proven benefit in routine use when considering use of mechanical
CPR devices.

Monitoring and evaluation

Research priorities

- Whether the possible benefit of mechanical CPR depends on timing of use, cardiac arrest rhythm, or setting.

- Whether one mechanical CPR device is superior to another

- Whether rates of CPR-related injuries from mechanical CPR vary by patients size and age

- The optimal approach to defibrillation (ie whether to pause the device for defibrillation, vs other approaches such
as timing defibrillation with compression phase) when mechanical CPR devices are used
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Mechanical vs. Manual CPR — IHCA PISTON (ALS 3002)

QUESTION
Should a piston-based mechanical CPR device vs. manual CPR be used for IHCA?
IHCA

a piston-based mechanical CPR device

manual CPR

ROSC ; survival to hospital discharge, 30 days or longer; favorable neurological outcome at
hospital discharge, 30 days or longer; CPR-related injuries
IHCA

TF member K Couper was an author of one of the included trials

ASSESSMENT

Problem

Is the problem a priority?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No High quality CPR is critical to improving cardiac

0 Probably no arrest outcomes. Use of mechanical CPR has

o Probably yes increased significantly since the COVID

® Yes pandemic, although the existing treatment

O Varies recommendation suggests against routine use.

o Don't know

Desirable Effects
How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Trivial

o Small

0 Moderate \We identified 4 studies that addressed

o Large outcomes of PISTON-based mechanical CPR

e Varies devices. Two of these used a LUCAS device and

o Don't know found no evidence of benefit for mechanical

CPR vs manual. 1 small trial used the "thumper"
device which suggested improved outcomes,.
The 4th study only addressed outcomes of
injury and found no difference between a
mechanical device and manual CPR.
Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Trivial One small study directly assessed the incidence

e Small of injuries using a piston-based mechanical CPR

0 Moderate device compared with manual CPR and found

o Large no difference.

o Varies

o Don't know
Certainty of evidence



What is the overall certainty of the evidence of effects?

o No included studies

Values
Is there important uncertainty a
UUDGEMENT

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Very low

o Low EE=l====]

0 Moderate

(o] H|gh ‘Survival to hespital dissharge (Couper 2024, Lu 2810)

2 rndomzed | eeny sedouses ‘Berour ot e ey seHouT nore.
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bout or variability in how much people value the
RESEARCH EVIDENCE

main outcomes?
IADDITIONAL CONSIDERATIONS

O Important uncertainty or
variability

0 Possibly important
uncertainty or variability

® Probably no important
uncertainty or variability

o No important uncertainty or
variability

Balance of effects

JUDGEMENT

Survival with favorable neurological outcome is
widely regarded as the most critical outcome.
Opinions vary on the relative importance of
outcomes such as ROSC. The outcome of
resuscitation-related injuries probably varies
somewhat, in part based on whether increased
survival with favorable neurological outcome is
achieved or not.

RESEARCH EVIDENCE

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

ADDITIONAL CONSIDERATIONS

o Favors the comparison
® Probably favors the
comparison

0 Does not favor either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the intervention
O Varies

o Don't know

JUDGEMENT

None of the trials of the piston-based
mechanical CPR in the IHCA setting found a
benefit over manual CPR, but there was no
harm detected either. The one small study
identified that used the 'Thumper" mechanical
CPR device IHCA suggested better outcomes
with mechanical CPR. The additional cost of
these devices likely favors use of manual CPR
when feasible.

RESEARCH EVIDENCE

Resources required

ADDITIONAL CONSIDERATIONS

O Large costs
® Moderate costs

Mechanical CPR devices are expensive, and
having enough to be present at every IHCA

0 Negligible costs and savings

event may not be warranted based on the lack




0 Moderate savings of proven benefit. There is also a cost associated
o Large savings both with training people to use the devices,

o Varies and maintenance of the devices.

o Don't know
Certainty of evidence of required resources

What is the certainty of the evidence of resource requirements (costs)?
UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Very low

o Low

0 Moderate

o High

e No included studies
Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Favors the comparison

0 Probably favors the
comparison

0 Does not favor either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the intervention

o Varies

e No included studies

Equity

What would be the impact on health equity?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Reduced Because the evidence suggests neither benefit
o Probably reduced nor harm, whether or not use of these devices

® Probably no impact for IHCA is implemented likely would not impact
O Probably increased equity, although purchasing these devices

o Increased would be more difficult in low-resource

o Varies settings.

o Don't know
Acceptability
Is the intervention acceptable to key stakeholders?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o No These devices are already in use in many

0 Probably no healthcare settings.

® Probably yes

O Yes

o Varies

o Don't know

Feasibility

Is the intervention feasible to implement?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No Feasibility will depend on the financial and

0 Probably no training resouirces of the healthcare system.




o Probably yes
o Yes

® Varies

o Don't know

SUMMARY OF JUDGEMENTS
JUDGEMENT

PROBLEM Yes

DESIRABLE

EFFECTS Varies

UNDESIRABLE

EFFECTS Small

CERTAINTY OF

EVIDENCE Very low

Probably no
important
uncertainty
or variability

VALUES

Probably
favors the
comparison

BALANCE OF
EFFECTS

RESOURCES Moderate
REQUIRED costs

CERTAINTY OF
EVIDENCE OF
REQUIRED
RESOURCES

No
included
studies

No
included
studies

COST
EFFECTIVENESS

Probably no
impact

EQUITY

ACCEPTABILITY Probably yes

FEASIBILITY Varies

TYPE OF RECOMMENDATION



Strong Conditional Conditional Conditional Strong

recommendation [l g L GEVR B recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o o o o
CONCLUSIONS

Recommendation

We suggest against the routine use of automated mechanical chest compression devices to replace manual chest
compressions for cardiac arrest (weak recommendation, very low certainty evidence)

We suggest that automated mechanical chest compression devices are a reasonable alternative to manual chest
compressions in situations where sustained high-quality manual chest compressions are impractical or
compromise provider safety (good practice statement).

None of the trials of the piston-based mechanical CPR device (LUCAS) in the IHCA setting found a benefit over
manual CPR, but there was no harm detected either. These were all small and weren't powered to clinical
outcomes. One small study was identified that used the 'Thumper" mechanical CPR device IHCA, and this
suggested better outcomes with mechanical CPR. Overall, the evidence is of very-low certainty. Based on this, and
on the higher-certainty OHCA data also showing not benefit, the Task Force opinion is that manual CPR is likely
favored over mechanical CPR.

Mechanical CPR is reasonable when prolonged resuscitation is needed, or when manual CPR is difficult due to lack
pf personnel or need for transport or procedures during CPR.

Subgroup considerations

No data available

Implementation considerations

Training is crucial when implementing use of these devices, with a focus on minimizing interruptions to CPR when
deploying the device.

Systems should consider cost and the lack of proven benefit in routine use when considering use of mechanical
CPR devices.

Monitoring and evaluation

Research priorities

-Whether devices should be paused for defibrillation, when in use
-Whether outcomes with mechanical CPR vary with institutional experience with the device
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Mechanical vs. Manual CPR — OHCA PISTON (ALS 3002)

QUESTION

Should a piston-based mechanical CPR device vs. manual CPR be used for OHCA?

manual CPR

ROSC; survival to discharge, 30 days or later; survival with favorable neurologic outcome at
hospital discharge, 30 days or later, CPR-related injuries.
OHCA

Helen Pocock was a co-author on one of the randomized controlled trials considered as part of
this systematic review, and therefore did not conduct bias assessment for that trial.

ASSESSMENT

Problem

Is the problem a priority?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No High quality CPR is critical to improving cardiac

o Probably no arrest outcomes. Use of mechanical CPR has

o Probably yes increased significantly since the COVID pandemic,

® Yes although the existing treatment recommendation

o Varies suggests against routine use.

o Don't know
Desirable Effects
How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
® Trivial All studies suggest no benefit to survival with

o Small mechanical CPR. The largest trials providing the

0 Moderate highest-certainty evidence show neither benefit nor

O Large harm for most outcomes, and worse 12 month

o Varies neurological outcome when using statistical method

o Don't know of aOR.

Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Trivial The largest trials providing the highest-certainty

e Small evidence show neither benefit nor harm for most

0 Moderate outcomes, apart from 12 month neurological

o Large outcome where, when thte CACE2 statistical method

o Varies of data analysis was used (giving an aOR), the

o Don't know outcome with mechanical CPR was worse . One

small study found more serious resuscitation-related
structural visceral injury with mechanical CPR.

Certainty of evidence
What is the overall certainty of the evidence of effects?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

e Very low Certainty of evidence varies from very low to
o Low moderate and meta-analysis was not possible due to




0 Moderate
o High
o No included studies

Values

significant heterogeneity. There were five studies in
OHCA; three were large-scale randomized controlled
trials (Rubertsson 2014; Perkins 2014;
Anantharaman 2017), one was a pilot study (Smekal
2011) and one focused primarily on adverse events

(Koster 2017). Both of the latter trials were small.
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Is there important uncertainty about or variability in how much people value the main outcomes?

0 Possibly important
uncertainty or variability

® Probably no important
uncertainty or variability

0 No important uncertainty
or variability

Balance of effects

Does the balance between d
UUDGEMENT

Opinions vary on the relative importance of
outcomes such as ROSC. The outcome of
resuscitation-related injuries probably varies
somewhat, in part based on whether increased
survival with favorable neurological outcome is
achieved or not.

esirable and undesirable effects favor the interventio
RESEARCH EVIDENCE

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Important uncertainty or [Survival with favorable neurological outcome is
variability widely regarded as the most critical outcome.

n or the comparison?
IADDITIONAL CONSIDERATIONS

o Favors the comparison

® Probably favors the
comparison

0 Does not favor either the
intervention or the
comparison

o Probably favors the
intervention

o Favors the intervention

None of the trials of piston-based mechanical CPR in
the OHCA setting found a benefit over manual CPR,
but two suggested possible harm (one large study
found worse 12 month neurological outcome when
the CACE2 statistical method of data analysis was
used, and one small study found more injuries
associated with mechanical CPR). The additional cost
of these devices likely favors use of manual CPR

when feasible.




o Varies
0 Don't know

JUDGEMENT

RESEARCH EVIDENCE

Resources required

IADDITIONAL CONSIDERATIONS

O Large costs

® Moderate costs

o Negligible costs and
savings

0 Moderate savings

O Large savings

o Varies

o Don't know

Certainty of evidence of req

Mechanical CPR devices are expensive, and having
enough to be present at every OHCA event may not
be warranted based on the lack of proven benefit.

uired resources

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

o No included studies
Cost effectiveness

JUDGEMENT

RESEARCH EVIDENCE

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Very low IThis SR didnot include analysis of cost of devices, but

o Low an cost-effective analysis of the Paramedic 2 trial by

o Moderate Wik, 2017 looked at this.

o High

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

IADDITIONAL CONSIDERATIONS

o0 Favors the comparison

® Probably favors the
comparison

0 Does not favor either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the intervention
o Varies

o No included studies
Equity

What would be the impact o
UUDGEMENT

This systematic review didn't include any studies
looking at cost-effectiveness as an outcome, but a
cost effective analysis of the Paramedic trial was
done by Wik, 2017. This demonstrated that patients
in the LUCAS-2 group had poorer health outcomes
(i.e. lower QALYs) and incurred higher health and
social care costs than those in the manual CPR

group.

n health equity?
RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o Reduced

o Probably reduced

® Probably no impact

0 Probably increased

o Increased

o Varies

o Don't know

Acceptability

Is the intervention acceptabl
UUDGEMENT

Purchasing these devices would be more difficult in
low-resource settings.

However, as most of the evidence suggests neither
benefit nor harm for the majority of outcomes,
whether or not use of these devices for IHCA is
implemented likely would not impact equity.

e to key stakeholders?
RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o No
o Probably no
® Probably yes

These devices are already in use in many healthcare
settings.




o Yes
o Varies
0 Don't know

Feasibility
Is the intervention feasible to implement?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No Feasibility will depend on the financial and training

o Probably no resources of the healthcare system.

o Probably yes

o Yes

® Varies

0 Don't know

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM Yes
DESIRABLE Trivial
EFFECTS
UNDESIRABLE Ssmall
EFFECTS
CERTAINTY OF Verv low
EVIDENCE v
Probably no
VALUES |mport.ant
uncertainty
or variability
oy
EFFECTS .
comparison
RESOURCES Moderate
REQUIRED costs
CERTAINTY OF
EVIDENCE OF
REQUIRED Moderate
RESOURCES
oy
EFFECTIVENESS .
comparison
EQUITY Pr?bably no
impact
ACCEPTABILITY Probably yes




FEASIBILITY Varies

TYPE OF RECOMMENDATION

Strong Conditional Conditional Conditional Strong
recommendation (Il LEEL B recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o o o o
CONCLUSIONS

Recommendation

We suggest against the routine use of automated mechanical chest compression devices to replace manual chest
compressions for out-of-hospital cardiac arrest (weak recommendation, very low to moderate certainty evidence).
Automated mechanical chest compression devices may be a reasonable alternative to manual chest compressions
in situations where sustained high-quality manual chest compressions are impractical or compromise provider
safety (good practice statement).

ustification

This topic was prioritized by the ALS Task Force due to awareness of a marked increase in the use of mechanical
CPR in several countries since the COVID-19 pandemic, and because the Task Force was aware of new trials.
Although there have now been several trials, the Task Force agreed that meta-analysis would not provide clinically
reliable information, due to the heterogeneity of the trials available. Discussion and rationale for the treatment
recommendations included the following:

- The 3 largest trials, which provide the highest-certainty evidence, were all neutral overall when reporting risk
ratios, showing no benefit or harm from mechanical CPR, compared with manual CPR. One of these trials found a
small significant different in neurological outcome when using an adjusted odds ratio (aOR), with worse outcome
in the group assigned to piston-based mechanical CPR, compared with those assigned to manual CPR.10 The
authors reported this result as both an unadjusted OR (0.77 [0.59-1.02]) and an aOR (0.72 [0.52-0.99]), and it was
not clear which of these was primary. We therefore chose to report the RR for the main result reporting. The task
force discussed that all of these results are very similar. A fourth large trial was stopped early due to decreased
survival to discharge with favorable neurologic outcome.4

- Lower-certainty evidence from other smaller trials was conflicting, with some showing benefit and some showing
harm from mechanical CPR.

- Most trials were done in the out-of-hospital setting. The more limited data for IHCA is also inconsistent. Both
trials were small, with one designed to test feasibility and one to look at adverse effects; thus neither was designed
to compare critical clinical outcomes.

- The task force discussed the pros and cons of pooling studies in meta-analysis extensively, in the end deciding
that heterogeneity was too marked (including devices used, timing of use, and protocols included with use of
mechanical CPR) that pooling results could be misleading.

- For each critical outcome, the lowest certainty of evidence was very low certainty for both IHCA and OHCA.
GRADE advice is to use the lowest certainty of evidence included when wording the treatment recommendation. In
this case, since the amount of higher certainty evidence (moderate and low) for OHCA far outweighed that for
IHCA, the task force did not think using very low certainty as the sole designation for the evidence was
appropriate, and therefore ranges are provided separately for IHCA and OHCA.

- The Task Force discussed concern about the potential for delays in initial defibrillation when attempting to use
mechanical CPR for cardiac arrest with shockable rhythm. One trial conducted subgroup analyses by initial rhythm,
finding that patients with an initial shockable rhythm had lower survival at 30 days if they were randomized to
mechanical CPR with a piston-based device, compared with manual CPR.10 This concern could be avoided by not
deploying a mechanical device until after a first shock (if indicated) is delivered.



- The task force discussed the lack of justification for the cost of mechanical CPR devices and the training required
for their use to be implemented, in light of the evidence suggesting no benefit. However, as there is also no
convincing evidence for, there is insufficient evidence to suggest that healthcare systems already using mechanical
CPR routinely need to change practice.

- The Task Force was in agreement that mechanical CPR is useful in settings where manual CPR either risks provider
safety (eg during transport) or interferes with other potentially life-saving procedures (eg in the cardiac
catheterization lab or during ECMO cannulation).

- There are several mechanical CPR devices available currently, and there is no evidence to favor one over the
other at present.

- The Task Force discussed the importance of training when mechanical CPR devices are used, to minimize pauses
in compressions during placement and to ensure proper placement so that visceral injuries are minimized.

Subgroup considerations

- The Task Force discussed concern about the potential for delays in initial defibrillation when attempting to use
mechanical CPR for cardiac arrest with shockable rhythm. One trial conducted subgroup analyses by initial rhythm,
finding that patients with an initial shockable rhythm had lower survival at 30 days if they were randomized to
mechanical CPR with a piston-based device, compared with manual CPR. This concern could be avoided by not
deploying a mechanical device until after a first shock (if indicated) is delivered.

Implementation considerations

Implementation difficulty would be variable, as several systems already use these devices. Training is important to
minimize interruptions to CPR.

Monitoring and evaluation
Not addressed

Research priorities

- Whether the possible benefit of mechanical CPR depends on timing of use, cardiac arrest rhythm, or setting.

- Whether one mechanical CPR device is superior to another

- Whether rates of CPR-related injuries from mechanical CPR vary by patients size and age

- The optimal approach to defibrillation (ie whether to pause the device for defibrillation, vs other approaches such
as timing defibrillation with compression phase) when mechanical CPR devices are used
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QUESTION

Oxygenation strategy after return of spontaneous circulation (ROSC) in adults with cardiac arrest

Unresponsive adults with sustained return of spontaneous circulation (ROSC) after cardiac arrest
in any setting.
A ventilation strategy targeting specific SpO2 and PaO2 targets.

reatment without specific targets or with an alternate target to the intervention.

W EIN LI I Clinical outcome including survival/survival with a favorable neurological outcome at hospital
discharge/30 days, and survival/survival with a favorable neurological outcome after hospital
discharge/30 days (e.g., 90 days, 180 days, 1 year).

MPre-hospital and ICU settings

ASSESSMENT

Problem
Is the problem a priority?

Judgement Research evidence IAdditional considerations

o No Cardiac arrest, both in and out-of-hospital, is relatively common and
0 Probably no  |has a very high mortality. Previously, both hypoxemia and hyperoxia
o Probably yes  |have been reported to be associated with worse outcome in patients

® Yes who are post-cardiac arrest. Hypoxemia may worsen ischemic brain
o Varies injury and injury to other organs, while hyperoxia may lead to
o Don't know increased oxidative stress and organ damage after reperfusion. New

randomized trials have been published since this topic was last
updated in 2020.

Desirable Effects
How substantial are the desirable anticipated effects?

Judgement Research evidence IAdditional considerations
o Trivial IThe evidence on the effect of different oxygen target on survival and

o Small neurologic outcome is mixed, with inconsistencies across

0 Moderate observational studies and randomized trials in both methodology and

O Large results. Observational studies, identified in the previous review from

o Varies 2020, were all at serious or critical risk of bias, reporting a mix of

e Don't know positive and negative results. Trials conducted in the hospital setting
have generally been more suggestive of benefit from normoxia than
trials conducted in the pre-hospital setting, although many individual
trials have been limited by a small sample size. The pooled results
and the most comprehensive randomized trials in the prehospital
{Bernard 2022 1818} and hospital {Schmidt 2022 1467} settings,
which compared an oxygen saturation of 90-94% to 98-100% and a
PaO, of 9-10 kPa to 13-15 kPa, found no significant evidence favoring
either the higher or lower oxygen targets. One new study identified
this year {Meyer 2024 1} reported 1-year outcomes from the Schmidt
2022 trial and also found no difference.

Meta-analyses for oxygen targets in the pre-hospital setting




Restrictive oxygen
Study or Subgrou Events Total Events

Liberal oxygen

Risk Ratio

Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

1.4.1 Survival to hospital discharge

Kuisma 2006 10 14 10 14 255%
Bray 2018 19 37 13 24 247%
Thomas 2019 10 18 3 17 7%
Bernard 2022 82 214 101 211 421%
Subtotal (95% CI) 283 266 100.0%
Total events 121 127

Heterogeneity: Tau” = 0.06; Chi* = 6.19, df = 3 (P = 0.10); F = 52%
Test for overall effect: Z=0.11 (P =0.91)

1.4.2 Favorable neurological outcome at hospital discharge

Kuisma 2006 8 14 6 14 12.5%
Bernard 2022 78 213 88 210 87.5%
Subtotal (95% CI) 227 224 100.0%
Total events

86 94
Heterogeneity: Tau? = 0.01; Chi* = 1,09, df = 1 (P = 0.30); ¥ = 9%
Test for overall effect: Z = 0.59 (P = 0.56)

Restrictive oxygen
Study or Subgrou Events _ Total Events
1.3.1 Survival to hospital discharge, 28 days, or 30 days

Liberal oxygen

Jakkula 2018 43 61 39 59 22.3%
Young 2020 50 87 38 79 16.9%
Schmidt 2022 288 394 286 395 49.1%
Semler 2022 75 225 26 109 11.7%
Subtotal (95% CI) 767 642 100.0%
Total events 454

Heterogeneity: Tau® = 0.01; Chi? =5.15, df = 3 (P = 0.16); I = 42%
Test for overall effect: Z = 1.26 (P = 0.21)

1.3.3 Survival to 3 months or 6 months

Jakkula 2018 43 61 39 59 20.2%
Young 2020 49 86 32 78 133%
Schmidt 2022 281 394 272 395 50.3%
Crasciolio 2023 51 147 74 185  16.3%
Subtotal (95% CI) 688 717 100.0%
Total events 424 a7

Heterogeneity: Tau® = 0.01; Chi* = 4.70, df = 3 (P = 0.20); " = 36%
Test for overall effect: Z = 0.76 (P = 0.45)

1.3.4 Favorable neurological outcome at 3 months or 6 menths

Jakkula 2018 42 61 36 59 16.1%
Young 2020 35 78 23 72 68%
Schmidt 2022 2n 394 262 395 77.0%
Subtotal (95% CI) 533 526 100.0%
Total events 348 321

Heterogenaity: Tau® = 0.00; Chi* = 2,24, df = 2 (P = 0.33); F = 11%
Test for overall effect: Z = 1.25 (P = 0.21)

Undesirable Effects

1.00[0.63, 1.60)
0.95[0.58, 1.54]
3.15[1.04,9.52)
0.80 [0.64, 1.00)
0.98[0.70, 1.37]

1.3310.63, 2.84)
0.87[0.69, 1.11]
0.92[0.70,1.21]

Risk Ratio

Total Weight M-H, Random, 95% CI
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Meta-analyses for oxygen targets in the ICU setting

Risk Ratio
M-H, Random, 95% CI

1.07 [0.84, 1.36]
1.26(0.93, 1.70]
1.00[0.92, 1.09]
1.40 [0.95, 2.05)
1.10[0.95, 1.27]

1.07 [0.84, 1.38]
1.39[1.01,1.92)
1.04 [0.95, 1.13]
0.87 [0.65, 1.15]
1.05[0.92,1.20]

1.13(0.87, 1.47)
1.40[0.93, 2.13)
1.04 [0.94, 1.14]
1.07 [0.96, 1.20]

How substantial are the undesirable anticipated effects?
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o Don't know

harmful {Bernard 2022 1818}.

Certainty of evidence

What is the overall certainty of the evidence of effects?

IThe undesirable effects of hyperoxia are uncertain due to mixed
results showing either harm (in observational studies included in the
2020 systematic review) or no benefit (in randomized trials).

Judgement Research evidence IAdditional considerations
o Large Although the evidence is of low certainty, it is likely that the

0 Moderate undesirable effects of hypoxia are significant. Furthermore, the

o Small largest randomized trial to inform oxygenation targets in the pre-

o Trivial hospital setting (comparing oxygen saturation targets of 90-94% to

® Varies 98-100%) suggests that early titration to a lower oxygen target is

o High
o No included
studies

Judgement Research evidence IAdditional considerations
o Very low The certainty of evidence varies across the included studies from

o Low very low to moderate.

e Moderate




Values

Oxygenation Targets in the Prehospital Setting

Certainty assessment Patients Effect
Restrictive Relative | Absolute | Certainty
N | Risk of bias | Other h Liberal oxygen (es%cl) | (95% Q1)
Survival to hospital discharge (Kuisma 2006, Bray 2018, Thomas 2019, Bernard 2022)
10 fewer
RR0.98 | per 1,000
4 | notserious | notserious | notserious serious® none }5;/:;]3 }z;’ 7296‘: (0.70to | (from 143 2000
: : 137) |fewer to 177|Moderate
more)
Favorable neurological outcome at hospital discharge (Kuisma 2006, Bernard 2022)
34 fewer
RR0.92 | per 1,000
2 | notserious | notserious | notserious serious® | none (B:;';i:] 2142/3:) (0.70to | (from 126 8680
- : 121) | fewerto gg | Moderate
more)
Survival to 3 months (Thomas 2019)
379 more
RR3.15 | per 1,000
1 | not serious serious?® not serious | very serioust| none (;2/;::] 137"]5;;6) (1.04to (from 7 QO(‘)O
g az. 9.52) moreto | Verylow
1,000 more)
Survival to 12 months (Bernard 2022)
76 fewer
RR0.82 | per 1,000
1 | notserious | notserious | notserious serious? none 7324" 2;2: 512‘%%9? (0.64to | (from 151 2080
(34.6%) 0%) 1.06) | fewerto 25 |Moderate
more)
Favorable neurological outcome at 12 months (Bernard 2022)
47 fewer
RR0.85 | per 1,000
1 | notserious | notserious | notserious serious® none 5;5"25‘;: 5:1’?:66 (0.62to | (from 118 0000
(26:5%) B12%) | 71 17) | fewerto 53 | Moderate
more)
# Resullts differ from RCTs with similar intervention
b Confidence interval included both possible benefit and possible harm
¢ Confidence interval included clear benefit, but the sample size did not meet the optimal information size
Oxygenation Targets in the Hospital Setting
Certainty assessment Patients. | Effect
Certainty
N | Risk of bias Restrictive Liberal Relative | Absolute
oxygen oxygen (95% C1) | (95%C1)
Survival to hospital discharge, 28 days, or 30 days (Jakkula 2018, Young 2020, Schmidt 2022, Semler 2022)
60 mare per
RR 110 1,000
4 | serious | notserious | notserious | serious® | none ‘::;’;7;'7 5[':;":;:)1 (095t | (from 30 QTOO
- - 1.27) |fewerto163| %
more)
Favorable neurological outcome at hospital discharge (Schmidt 2022)
20 more per
RR 1.03 1,000
1 | not serious | notserious | notserious | serious® | none ?2:’3;: 2[:61”]3;? (093t0 | (from 46 S‘mfg
8 - 1.14) | fewer tog3 | VOderate
more)
Survival to 3 months or 6 months (Jakkula 2018, Young 2020, Schmidt 2022, Cresciolio 2023)
29 more per
RR105 | 1,000
4 | serious | notserious | notserious | serious® | none 4;:”:;'5 ?;;";;; (0.92t0 | (from 47 QTOO
- - 1.20) |fewerto11s| %
more)
Favorable neurological outcome at 3 months or 6 months (Jakkula 2018, Young 2020, Schmidt 2022)
43 more per
RR 1.07 1,000
3 | sotous | nocserous | notsrious | seioust | none | /S | 32usas | gty | o, 8000
) . 1.20) |fewerto122
more)
Survival at 1 year (Meyer 2024)
25 more per
RR1.04
- . § 259/394 1,000 {from | @SOO
1 Serious not serious | not serious serious® naone (66%) 249/395 (63%)| (0.94- 38 fewer to Low
1.16)
101 more)
Favorable neurologic outcome at 1 year (Meyer 2024)
36 more per
RR 1.06
- . § ) 246/385 1,000 (from | B0
1| Serious' not serious | not serious serious® none (64%) 233/386 (60%)| (0.94- 36 fewer to Low
1.18)
109 more)

® Included subgroup analyses of RCTs
© Confidence interval included both possible benefit and possible harm
©Post hoc analysis

Is there importan
Judgement

Research evidence

t uncertainty about or variability in how much people value the main outcomes?

IAdditional considerations

o Important
uncertainty or

outcomes.

Survival with favorable neurologic outcome and survival are critical




variability

o Possibly
important
uncertainty or
variability

e Probably no
important
uncertainty or
variability

0 No important
uncertainty or
variability

Does the balance
Judgement

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

Research evidence

IAdditional considerations

o Favors the
comparison
OProbably favors
the comparison
o Does not favor
either the
intervention or
the comparison
e®Probably favors
the intervention
o Favors the
intervention

O Varies

o Don't know

For hyperoxia, studies generally show either association with harm or
no association, but do not generally show association with benefit.
IThe balance of evidence therefore slightly favors a benefit from
normoxia in comparison with hyperoxia.

For hypoxemia, limited evidence favors avoiding hypoxemia, with a
benefit from normoxia. Moreover, some of the randomized trials
conducted in the pre-hospital setting reported more desaturation of
arterial blood in the lower oxygen target groups, and the largest trial
in the pre-hospital setting to inform oxygenation targets (comparing
oxygen saturation targets of 90-94% to 98-100%) suggests that early
titration to a lower oxygen target is harmful {Bernard 2022 1818}.

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

Judgement

Research evidence

IAdditional considerations

O Large costs
0 Moderate
costs

o Negligible
costs and
savings

0 Moderate
savings

O Large savings
o Varies

e Don't know

\We did not identify any studies evaluating the cost of an oxygen
strategy targeting a specific oxygen level. However, as it is the
current standard of care to measure an oxygen saturation
continuously in post-arrest, critically-ill patients, and since a titrated
oxygen approach would lead to the same or decreased oxygen use, it
is likely that an intervention to avoid hyperoxia would not incur
significant cost.

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

In lower resource settings

where pulse oximetry and

arterial blood gas analysis

are not routinely available,
titration of oxygen may be
less feasible.

o High

Judgement Research evidence IAdditional considerations
o Very low We did not identify any studies specifically comparing resources

o Low including costs between the two interventions.

0 Moderate




e No included
studies

Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
Judgement Research evidence IAdditional considerations

o Favors the \We did not identify any studies addressing cost-effectiveness.
comparison

o Probably
favors the
comparison

o Does not favor
either the
intervention or
the comparison
o Probably
favors the
intervention

o Favors the
intervention

o Varies

e No included

studies

Equity

What would be the impact on health equity?

Judgement Research evidence IAdditional considerations
o Reduced \We did not identify any studies addressing the effect of titration of

o Probably oxygen to specific targets on health equity in post-arrest patients. In
reduced resource-poor settings where ICU equipment and oxygen may be of
0 Probably no  [limited supply, titrating to the minimum amount of oxygen needed
impact to maintain a saturation in the normal range could increase equity by
o Probably reserving oxygen for other patients.

increased

o Increased

o Varies

e Don't know

Acceptability
Is the intervention acceptable to key stakeholders?

Judgement Research evidence IAdditional considerations
o No \We have not identified any research that assessed acceptability, but |Although we did not

0 Probably no  [these treatment recommendations do not include any substantial identify any studies

® Probably yes |changes compared to 2020. addressing acceptability, it
o Yes is common practice to

0o Varies decrease FiO; for other

o Don't know critically ill patients once

reliable monitoring of
oxygenation is available.

Feasibility

Is the intervention feasible to implement?
udgement Research evidence Additional considerations




o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Feasibility was not specifically addressed by this review. However,
avoiding hyperoxia should be feasible in most ICU settings where
patients are continually monitored. Decreasing FiO, in the pre-
hospital setting or in the immediate post-arrest period may be less
feasible as measurement of arterial oxygen may be hard to obtain
reliably and could potentially lead to hypoxemia. Some pre-hospital
systems utilize transport ventilators that do not have the capacity to
adjust the fraction of inspired oxygen, which may also limit feasibility
in the pre-hospital setting. There may be significant limitations to
feasibility for many aspects of post-arrest care in resource-poor
settings, but this is not specific to oxygen titration.

SUMMARY OF JUDGEMENTS
Don't
P | P | Y \Vari
robably no robably yes [Yes aries Know
. . Don't
Desirable Effects Small Moderate Large \Varies
know
Undesirabl Don't
MAESIFaBIe Moderate Small Trivial Varies on
Effects know
. No
Certalnty of Low Moderate High included
evidence .
studies
Pose]
. ossibly Probably no No important
important important .
. . uncertainty or
uncertainty or |uncertainty or | ariabilit
variability variability ¥
Does not
Probably favor either |Probably ‘
Balance of the favors the Favors the . Don't
favors the . . . . . . Varies
effects . intervention [intervention [intervention know
comparison
or the
comparison
Negligible ,
Resources Moderate Moderate . . Don't
. costs and . Large savings [Varies
required costs . savings know
savings
i f
e No
. Low Moderate High included
required ;
studies
resources
Does not
favor either
Cost Probably the Probably Favors the . .No
. favors the A . favors the . . \Varies included
effectiveness . intervention | . intervention .
comparison intervention studies
or the
comparison
Probably Frobably no F’robably Increased Varies Don't
reduced impact increased know
Don't
P | P | Y i
robably no robably yes [Yes \Varies Know




No Probably no |Probably yes [Yes \Varies Don't
know

TYPE OF RECOMMENDATION

Strong Conditional Conditional Conditional Strong

recommendation recommendation recommendation for |recommendation for [recommendation for

against the against the either the he intervention the intervention

intervention intervention intervention or the

comparison
o oe lo)
CONCLUSIONS

Recommendations

Oxygen targets
We recommend the use of 100% inspired oxygen until the arterial oxygen saturation, or the partial pressure of

arterial oxygen can be measured reliably in adults with ROSC after cardiac arrest in the pre-hospital setting (strong
recommendation, moderate certainty evidence) and in-hospital setting (strong recommendation, low certainty
evidence).

We recommend avoiding hypoxemia in adults with ROSC after cardiac arrest in any setting (strong
recommendation, very low certainty evidence).

We suggest avoiding hyperoxemia in adults with ROSC after cardiac arrest in any setting (weak recommendation,
low certainty evidence).

Following reliable measurement of arterial oxygen levels, we suggest targeting an oxygen saturation of 94-98% or
a partial pressure of arterial oxygen of 75-100 mm Hg (approximately 10-13 kPa) in adults with ROSC after cardiac
arrest in any setting (good practice statement).

When relying on pulse oximetry, health care professionals should be aware of the increased risk of inaccuracy that
may conceal hypoxemia in patients with darker skin pigmentation (good practice statement).

Since the prior review, the only new evidence identified was a reporting of one-year outcomes from a previously-
included trial. These results were consistent with the shorter-term outcomes included in the prior CoSTR.
Therefore, the ALS Task Force did not think any change to the treatment recommendations was indicated. The
main discussion points informing these treatment recommendations are included below.

The task forces felt that oxygen titration should not be attempted until oxygen levels (arterial oxygen saturation
with a pulse oximeter or partial pressure of oxygen in arterial blood) can be measured reliably. This is most likely to
be an important consideration in the prehospital setting where arterial blood gas analysis is rarely available and
peripheral oxygen saturation may be difficult to obtain consistently. Some of the RCTs conducted in the

prehospital setting reported more desaturation of arterial blood in the lower oxygen target groups, and the largest
RCT to inform oxygenation targets (comparing oxygen saturation targets of 90-94% to 98-100%) suggests that early
titration to a lower oxygen target is harmful {Bernard 2022 1818}. Most patients in the standard care arm of that
RCT received 100% oxygen prior to hospital arrival, rather than titrated levels, due to the introduction of air-mix
mechanical ventilators. Hence, the task forces deemed it acceptable to temporarily target a higher oxygen range to
mitigate the risk of hypoxemia. The task forces discussed whether the evidence favored avoiding any titration of
oxygen in the prehospital setting since most patients in the EXACT trial {Bernard 2022 1818} received 100% oxygen
without titration. However, most thought that once reliable measurement of oxygenation was available, the
evidence only supported not titrating to a lower target range of 90-94%. The separate recommendations for



different settings, with a stronger recommendation for the prehospital setting, were influenced by the evidence of
harm from that same RCT as well as the differing certainty of evidence in the prehospital and ICU studies.

In making the recommendation to avoid hypoxemia, the task forces acknowledges that the evidence is of very low
certainty from observational studies. The task forces concluded that the physiologic basis for hypoxia being
harmful justifies its avoidance, and detection of hypoxemia may be the best surrogate for true hypoxia.

The suggestion to avoid hyperoxemia is based on very low to moderate certainty evidence that showed either
harm (in observational studies included in the 2020 systematic review) or no benefit (in RCTs) from hyperoxemia.
It is important to consider that the RCTs generally compared a conservative oxygen strategy with a liberal oxygen
strategy. Observational studies, which compared oxygen levels rather than strategies, generally defined the
hyperoxemia group as those with PaO, > 300 mm Hg, a level above what many would consider usual care.

The variability in oxygenation targets across RCTs and observational studies makes it difficult to identify an
evidence-based optimal range. However, the task forces recognized the need for more precise guidance than what
has previously been provided. The most comprehensive RCTs in the prehospital {Bernard 2022 1818} and hospital
{Schmidt 2022 1467} settings, which compared an oxygen saturation of 90-94% to 98-100% and a PaO; of 9-10 kPa
to 13-15 kPa, don’t identify a specific optimal arterial oxygen saturation or partial pressure of oxygen but support
normoxemia being safe. Given the absence of conclusive evidence for specific oxygen levels outside the
normoxemia range, the task force agreed that targeting an oxygen saturation of 94-98% or a Pa0O2 target of 75-100
mm Hg (10-13 kPa) is reasonable.

While studies evaluating the accuracy of pulse oximetry in people with different degrees of skin pigmentation were
not part of this systematic review, the systematic review team and task forces are aware of and considered several
such studies that have found a slightly higher risk of occult hypoxemia (pulse oximetry reading of greater than 90%
saturation while arterial oxygen saturation by blood gas is < 88%) in people with darker skin. {Sjoding 2020 2477;
Won 2021 e2131674; Jamali 2022 1951} While none of these studies were done in cardiac arrest patients, the task
forces felt that this issue was important to make medical professionals treating cardiac arrest patients aware of, as
this knowledge could inform decision making about whether to titrate supplemental oxygen. The task forces
provided a good practice statement to highlight this issue, while acknowledging that this evidence was not
formally evaluated as part of this systematic review.

Subgroup considerations

The studies available have included both cardiac arrests in the in-hospital and out-of-hospital seting, and generally
have not analyzed patients separately. No evidence suggesting a differential effect was found.

Implementation considerations

These recommendations have not changed since 2024, so the task force did not think implementation would be a
challenge.

Research priorities

The evidence regarding the effect of targeting different levels of oxygenation in post-arrest patients remains
limited. The following knowledge gaps have been identified:

1. The optimal oxygen target for post-cardiac arrest patients
2. Whether there is a threshold at which hypoxemia or hyperoxemia become harmful
3. The optimal duration for specific oxygen strategies
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Ventilation (PaCO; targets) after ROSC from Cardiac Arrest (ALS 3516)

QUESTION

Carbon dioxide targets after return of spontaneous circulation (ROSC) in adults with cardiac arrest

Unresponsive adults with sustained return of spontaneous circulation (ROSC) after cardiac arrest
in any setting.
A ventilation strategy targeting specific PaCO2 targets.

reatment without specific targets or with an alternate target to the intervention.

W ET I LT (= HIClinical outcome including survival/survival with a favorable neurological outcome at hospital
discharge/30 days, and survival/survival with a favorable neurological outcome after hospital
discharge/30 days (e.g., 90 days, 180 days, 1 year).

Setting: Pre-hospital and ICU settings

ASSESSMENT

Problem

Is the problem a priority?

Judgement Research evidence Additional considerations
o No Cardiac arrest, both in and out-of-hospital, is relatively

0 Probably no common and has a very high mortality. Both hypocapnia and

o Probably yes hypercapnia have previously been thought to be associated

® Yes with worse neurologic outcome in post-arrest patients.

o Varies Hypocapnia can lead to cerebral vasoconstriction, which

o Don't know could lead to decreased perfusion in a brain already at risk

for ischemic injury. Hypercapnia may increase cerebral blood
flow, and thus has been posited as a possible way to mitigate
hypoxic brain injury. However, the effect of hypercapnia in
presence of cerebral edema due to hypoxic-ischemic brain
injury is unclear.

Desirable Effects
How substantial are the desirable anticipated effects?

Judgement Research evidence Additional considerations
O Trivial The evidence from randomized trials and observational

o Small studies is inconsistent. Trials have failed to show any effect

0 Moderate from different carbon dioxide targets. The largest trial to

o Large inform ventilation targets in the hospital setting found no

o Varies significant differences in outcomes from targeting

e Don't know normocapnia (PaCO; of 35-45 mm Hg) and mild hypercapnia

(PaCO; of 50-55 mm Hg). Observational studies have been
evenly distributed in showing benefit, harm, or no effect
associated with hypercapnia. Results for hypocapnia have
also been inconsistent, although no studies have found an
association with benefit.




Hypercapnia  Normocapnia Risk Ratio
Study or Subgroup _Events _Total Ewents _Total Weight M-H, Random, 95% C1
2.1.1 Survival to hospital discharge or 30 days

Risk Ratio
M-H, Random, 95% CI

Eastwood 2016 3 a2 28 41 183% 116087, 1.56)
Jakiula 2018 3% 59 46 61 232% 0.81[0.63, 1.04]
Eastwood 2023 456 823 491  B4O 585% 0.95 [0.87, 1.03]
Subtotal (95% CI) 942 100.0% 0.95[0.82,1.10)
Total events 523 563
Heterogeneity: Tau? = 0.01; Chi* = 3.42, df = 2 (P = 0.18); F = 42%
Test for overall effect: Z = 0.71 (P = 0.48)
2.1.4 Favorable neurological outcome at 6 months
Eastwood 2016 28 42 18 41 8% 125[0.80, 194) —
Jakkula 2018 3 59 43 61 204% 0,84 [0.64, 1.10] .
Eastwood 2023 332 784 30 784 T15% 0.97 [0.87, 1.09] I
Subtotal (95% CI) 865 886 100.0% 0.96 [0.85, 1.10]
Total events 390 41
Heterogeneity: Tau? = 0.00; Chi* = 235, df = 2 (P = 0.31); F = 15%
Test for overall effect: Z = 0.5 (P = 0.58)
05 2

07 1
Normocapnia  Hypercapnia

Undesirable Effects
How substantial are the undesirable anticipated effects?

e Don't know

Certainty of evidence

hypocapnia have also been inconsistent, although no studies
have found an association with benefit. Whether there is a
threshold at which hypocapnia and hypercapnia becomes
harmful remains a knowledge gap.

Judgement Research evidence IAdditional considerations
o Large The available evidence on the effect of hypercapnia or

0 Moderate hypocapnia is inconsistent. Trials have failed to show any

o Small effect from different carbon dioxide targets. Observational

o Trivial studies have been evenly distributed in showing benefit,

oVaries harm, or no effect associated with hypercapnia. Results for

o No included studies

Values

2023 45}.

Ventilation Targets in the Hospital Setting
Certainty assessment Patients Effect
N llskufhhs‘ ‘ | ‘mhar ‘ | s cortanty
Survival to hospital discharge (Eastwood 2016, Jakkula 2018, Eastwood 2023)
30 fewer
3 | not sefious | not serious not serious serious® none 523/924 563/942 ::)RBHZ:: :;f:;n:’?l: 9@@0
(56.6%) (59.8%) 110) | fewertoo| Mederate
more)
|survival to 6 months (Eastwood 2023)
22 fewer
3 | otserios | notserios | otserius | seros | nons | A2/EIS | a5z ?{{5‘ Jiomes | 8880
‘ more)
|Favorable at 6 months 2016, Jakkula 2018, Eastwood 2023)
19 fewer
3 | not serious | notserious | notserious | serioust | mone | 390/865 411/886 :33"5'33 '::r:::nn;): ©000
(45.1%) (46.4%) 110) | fewertods | Moderate
more)

* Confidence interval included both no benefit and possible harm

Judgement Research evidence Additional considerations
o Very low The certainty of evidence from randomized trials is moderate

o Low with the largest trial to-date including 1700 patients in the

e Moderate hospital setting comparing normocapnia (PaCO; of 35-45 mm

o High Hg) to mild hypercapnia (PaCO, of 50-55 mm Hg) {Eastwood

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

0 Possibly important
uncertainty or
variability

Judgement Research evidence Additional considerations
o Important Survival with favorable neurologic outcome and survival are

uncertainty or critical outcomes.

variability




® Probably no
important uncertainty
or variability

0 No important
uncertainty or
variability

Balance of effects
Does the balance betw
Judgement

Research evidence

een desirable and undesirable effects favor the intervention or the comparison?

IAdditional considerations

o Favors the
comparison
OProbably favors the
comparison

o Does not favor
either the intervention
or the comparison
OProbably favors the
intervention

o Favors the
intervention

® Varies

o Don't know

Judgement

IThe balance of effects favors the comparison (normocapnia)
when compared to hypocapnia. The balance of effects favors
neither the comparison nor the intervention when comparing
normocapnia to mild to moderate hypercapnia. This balance
is determined by the failure of randomized trials to show any
difference between carbon dioxide targets, and observational
data that is neutral on hypercapnia compared to
normocapnia, and favors normocapnia over hypocapnia.

Research evidence

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

IAdditional considerations

O Large costs

0 Moderate costs

o Negligible costs and
savings

0 Moderate savings
O Large savings

o Varies

e Don't know

\We did not identify any studies evaluating the cost of a
ventilation strategy targeting one carbon dioxide range over
another, but a significant cost seems unlikely, except in
settings where the costs blood gas analysis are high for the
available resources.

Certainty of evidence of required resources

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

e No included studies
Cost effectiveness

Judgement

Does the cost-effective

Research evidence

Judgement Research evidence Additional considerations
o Very low We did not identify any studies specifically comparing

o Low resources including costs between the two interventions.

0 Moderate

o High

ness of the intervention favor the intervention or the comparison?

IAdditional considerations

o Favors the
comparison

0 Probably favors the
comparison

o Does not favor
either the intervention
or the comparison

\We did not identify any studies addressing cost-
effectiveness.




o Probably favors the
intervention

o Favors the
intervention

o Varies

e No included studies
Equity

Judgement

What would be the impact on health equity?

Research evidence

IAdditional considerations

o Reduced

o Probably reduced
0 Probably no impact
O Probably increased
o Increased

o Varies

e Don't know

Judgement

Targeting a specific carbon dioxide value may be difficult in
settings where blood gas analysis is not available. However,
s measuring carbon dioxide values is not a change from
previous recommendations, we do not think that
recommending a specific target will change existing equity or
inequity.

Research evidence

Acceptability
Is the intervention acceptable to key stakeholders?

IAdditional considerations

o No

0 Probably no
® Probably yes
o Yes

o Varies

o Don't know
Feasibility

Is the intervention feas
Judgement

We have not identified any research that assessed
acceptability, but these treatment recommendations do not
include any substantial changes compared to 2020.

ible to implement?
Research evidence

IAdditional considerations

o No

o Probably no
® Probably yes
o Yes

o Varies

Feasibility was not specifically addressed by this review but
should be feasible in most settings given that this is not a
significant change in recommendation.

0 Don't know

SUMMARY OF JUDGEMENTS

Desirable Effects

Undesirable
Effects

Certainty of
evidence

. Don't
Probably no [Probably yes [Yes Varies Know
. Don't
Small Moderate Large \Varies on
know
Moderate Small Trivial \Varies Don't
know
No
Low Moderate High included
studies
!3055|ny !’robably no |\ important
important important .
. . uncertainty or
uncertainty or luncertainty orvariabilit
variability variability ¥




Does not
favor either
Probably Probably ,
the Favors the . Don't
favors the . . favors the . ) Varies
. intervention |, . intervention know
comparison intervention
or the
comparison
Negligible .
Resources Moderate Moderate . . Don't
. Large costs costs and . Large savings [Varies
required costs . savings know
savings
Certainty of
evidencZof No
. ery low Low Moderate High included
required .
studies
resources
Does not
favor either
Probably Probably No
Cost Favors the the Favors the . X
. ) favors the A . favors the . . \Varies included
effectiveness comparison . intervention | . intervention R
comparison intervention studies
or the
comparison
Probabl Probably no |Probabl . Don't
Reduced ¥ A v . y Increased \Varies
reduced impact increased know
Don't
Probably no |Probably yes |Yes \Varies
¥ vy know
Probably no |Probably yes |Yes \Varies Don't
Y vy know
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for [recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o ° ° o o
CONCLUSIONS

Recommendations

We suggest targeting normocapnia (a partial pressure of carbon dioxide of 35-45 mm Hg or approximately 4.7-6.0
kPa) in adults with ROSC after cardiac arrest (weak recommendation, moderate certainty evidence).

The evidence from RCTs and observational studies is inconsistent. RCTs have failed to show any effect from
different CO2 targets. The largest RCT to inform ventilation targets in the hospital setting found no significant
differences in outcomes from targeting normocapnia (PaCO2 of 35-45 mm Hg) and mild hypercapnia (PaCO2 of 50-
55 mm Hg) {Eastwood 2023 45}. Observational studies have been evenly distributed in showing benefit, harm, or
no effect associated with hypercapnia. Results for hypocapnia have also been inconsistent, although no studies
have found an association with benefit.
Considering the lack of evidence for benefit or harm from targeting CO2 levels above or below the normal range,
the task forces deemed it reasonable to target normocapnia, generally defined as a PaCO2 of 35-45 mm Hg in both
RCTs and observational studies. Notably, the task force is aware of unpublished data from one RCT {Bernard 2022
1818} and observational studies not included in this review {Moon 2007 219; Mueller 2022 120; Kim 2019 1;




Abrahamowicz 2022 3} suggesting that ETCO2 levels may not accurately reflect PaCO2 levels, which may be an
important consideration in the prehospital setting. As with all critically ill patients, there may be specific scenarios
in which CO2 levels may need to be higher or lower than normal to compensate for other ilinesses (e.g., severe
lung injury or metabolic acidosis).

The task forces discussed the possible complication of acidemia from hypercapnia. The presence or absence of
metabolic acidosis requires consideration when choosing a ventilation strategy and PaCO2 target, and metabolic
acidosis is common in post-arrest patients. Additionally, opinions vary on whether arterial blood gas analysis in
patients receiving targeted temperature management should be adjusted for temperature. Approaches to blood
gas interpretation regarding temperature varied across RCTs and observational studies. These variations in
methodology and in definitions of target ranges prohibit the task forces from being able to recommend specific
numbers or a specific method for blood gas analysis for systems implementing these recommendations.

Subgroup considerations

The task forces discussed whether cardiac arrest patients with baseline chronic lung disease and chronic CO2
retention might respond differently to different CO2 targets, however, no evidence addressing this subgroup was
found. The task forces agreed that it would be reasonable to adjust PaCO2 targets in patients with known chronic
CO2 retention (expert opinion).

Implementation considerations

These recommendations have not changed significantly compared to 2020, so the task force did not think
implementation would be a challenge.

Monitoring and evaluation

Research priorities

The evidence regarding the effect of different ventilation targets in post-arrest patients remains limited. The
following knowledge gaps have been identified:

1. Whether there is a threshold at which hypocapnia and hypercapnia becomes harmful

2. The accurate correlation of ETCO; with PaCO; levels

3. The effects of manipulating PaCO; on cerebral blood flow in post-cardiac arrest

4. How PaCO; targets should be adjusted in those with chronic CO, retention

5. Whether arterial blood gas analysis should be adjusted to 37°C or to a patient’s current temperature

REFERENCES SUMMARY
1. Jakkula P, Reinikainen M, Hastbacka J, Loisa P, Tiainen M, Pettila V, Toppila J, Lahde M, Backlund M,
Okkonen M, et al. Targeting two different levels of both arterial carbon dioxide and arterial oxygen
after cardiac arrest and resuscitation: a randomised pilot trial. Intensive Care Med. 2018;44:2112-
2121. doi: 10.1007/s00134-018-5453-9

2. Eastwood G, Nichol AD, Hodgson C, Parke RL, McGuinness S, Nielsen N, Bernard S, Skrifvars MB,
Stub D, Taccone FS, et al. Mild Hypercapnia or Normocapnia after Out-of-Hospital Cardiac Arrest. N
EnglJ Med. 2023;389:45-57. doi: 10.1056/NEJM0a2214552



IV vs. 10 Drugs (ALS 3200)

QUESTION

Should Intraosseous vs. intravenous be used for Cardiac arrest?

Cardiac arrest

Intraosseous

intravenous

30-day survival; Return of spontaneous circulation (any); Return of spontaneous circulation
(sustained); Survival (30-day/ discharge) with favourable neurological outcome; Survival at
hospital discharge; Survival at 3-months; Survival at 6-months; Survival with favourable
neurological outcome at 3-months; Survival with favourable neurological outcome at 6-months;
Health-related quality of life at 3-months; Health-related quality of life at 6-months;

CONFLICT OF
INTERESTS: none

ASSESSMENT

Problem

Is the problem a priority?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o No Drug therapy is a core component of Advanced Life Support.

0 Probably no Current resuscitation guidelines recommend that drugs during

0 Probably yes cardiac arrest are given via the peripheral intravenous route,

® Yes wherever feasible. The intraosseous route is recommended

o Varies only when intravenous access cannot be rapidly achieved.

o Don't know Observational studies suggest the intraosseous route may

facilitate more rapid drug administration. Over recent years,
several studies have reported increased use of intraosseous
access in adult cardiac arrest.

Desirable Effects
How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Trivial Drug therapy, particularly epinephrine, has been shown to

e Small have a large effect on return of spontaneous circulation and

0 Moderate small-moderate effect on 30-day survival. The effect of a

o Large different drug route for administering cardiac arrest drugs is

o Varies likely to be small.

0 Don't know

In our systematic review, point-estimate of each meta-analysis
varied between favouring the intravenous or intraosseous
route, but the findings were typically not statistically
significant. The point estimate typically suggested a small
effect.

Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Trivial In our systematic review, point-estimate of each meta-analysis
e Small varied between favouring the intravenous or intraosseous

0 Moderate route, but the findings were typically not statistically




o Large significant. The point estimate typically suggested a small
o Varies effect. For sustained return of spontaneous circulation, we
o Don't know found a statistically significant small effect in favour of the
intravenous route.

Certainty of evidence

What is the overall certainty of the evidence of effects?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Very low IAcross all outcomes (including the three critical outcomes),

o Low the certainty of evidence was ranked as low or moderate.

e Moderate

o High

o No included

studies

Values

Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Important Our list of incomes comprises all outcomes that were included

uncertainty or in the Core Outcome Set for Cardiac Arrest, namely survival,

variability survival with favourable neurological outcome, and health-

O Possibly related quality of life. These were outcomes that were

important prioritised by members of the public, cardiac arrest survivors,

uncertainty or researchers and clinicians and are categorised as critical

variability outcomes.

® Probably no

important

uncertainty or

variability

0 No important
uncertainty or
variability
Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Favors the In our systematic review, point-estimate of each meta-analysis
comparison varied between favouring the intravenous or intraosseous

o Probably favors [route, but the findings were typically not statistically
the comparison  [significant. The point estimate typically suggested a small
e Does not favor [effect. For sustained return of spontaneous circulation, we

either the found a statistically significant small effect in favour of the
intervention or thelintravenous route.
comparison

o Probably favors
the intervention
o Favors the
intervention

O Varies

o Don't know
Resources required

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

O Large costs There may be variability across settings.
0 Moderate costs




o Negligible costs
and savings

0 Moderate
savings

O Large savings

® Varies

o Don't know

Certainty of eviden

IAcross the world, intravenous vascular access is typically
routinely available and is the default access route in
emergency care.

In many settings, clinicians will be skilled in securing
intraosseous access and equipment will be routinely available.
In these setting, a key consideration will be consumables
required to secure intravenous and intraosseous access. An
intraosseous needle is markedly more expensive than an
intravenous cannula.

In other settings, intraosseous equipment may not be
available to clinicians. In these settings, there would be a need
to provide training and purchase equipment and
consumables.

ce of required resources

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

Cost effectiveness
Does the cost-effec

tiveness of the intervention favor the intervention or the comp

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Very low \We did not specifically search for studies on costs. One trial

o Low (Couper et al 2024) will undertake a health economic

0 Moderate analysis.

o High

e No included

studies

arison?

o Probably favors
the comparison

0 Does not favor
either the
intervention or the
comparison

o Probably favors
the intervention

o Favors the
intervention

o Varies

e No included
studies

Equity

What would be the
UUDGEMENT

analysis.

impact on health equity?
RESEARCH EVIDENCE

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Favors the \We did not specifically search for studies on costs. One trial
comparison (Couper et al 2024) will undertake a health economic

ADDITIONAL CONSIDERATIONS

o Reduced

o Probably
reduced

® Probably no
impact

o Probably
increased

In none of the included trials (or in our meta-analysis) did we
identify any evidence that the effectiveness of the
intervention might vary across population sub-groups.

o Increased




o Varies
0 Don't know

JUDGEMENT

RESEARCH EVIDENCE

Acceptability
Is the intervention acceptable to key stakeholders?

ADDITIONAL CONSIDERATIONS

o No

o Probably no
0 Probably yes
® Yes

o Varies

o Don't know

JUDGEMENT

Both intravenous and intraosseous access are already used
frequently in emergency care.

RESEARCH EVIDENCE

Feasibility
Is the intervention feasible to implement?

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Intraosseous and intravenous access are already routinely
available in many emergency care systems.

There may be systems in which intraosseous has not yet been
implemented and there may be some financial barriers that
influence its implementation.

SUMMARY OF JUDGEMENTS

PROBLEM

DESIRABLE
EFFECTS
UNDESIRABLE
EFFECTS

CERTAINTY OF
EVIDENCE

VALUES

BALANCE OF
EFFECTS

RESOURCES
REQUIRED

CERTAINTY OF
EVIDENCE OF
REQUIRED
RESOURCES

JUDGEMENT

Yes

Small

Small

Moderate

Probably no
important
uncertainty or
variability

Does not
favor either
the
intervention
or the
comparison

Varies

No
included
studies




included
EFFECTIVENESS ¢ u‘ €
studies
EQUITY Prt.Jbany no
impact
ACCEPTABILITY Yes
FEASIBILITY Probably yes
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o o o o
CONCLUSIONS

Recommendation

We suggest IV access, as compared to |0 access, as the first attempt for vascular access during adult cardiac arrest
(weak recommendation, low certainty evidence).

If IV access cannot be rapidly achieved within two attempts, it is reasonable to consider 10 access as an alternative
route for vascular access during adult cardiac arrest (good practice statement).

This topic was prioritized by the ALS Task Force based on the publication (or forthcoming publication) of three
large randomised controlled trials evaluating the clinical effectiveness of an intraosseous vascular access strategy
compared with an intravenous vascular access strategy in adult out-of-hospital cardiac arrest since the last ILCOR
systematic review and CoSTR in 2020.

In considering the importance of this topic, the task force noted that several observational studies have reported
marked increases in the use of the intraosseous route in adult out-of-hospital cardiac arrest over recent years,
despite council guidelines continuing to recommend that the peripheral intravenous route should be the primary
route for drug administration in adult cardiac arrest.

Given the availability of data from large RCTs and challenges in interpreting observational studies due to
confounding and resuscitation time bias, the task force chose to consider only randomized controlled trials.

In making these recommendations, the ALS Task Force considered the following:
o The expected mechanism through which intraosseous drug administration might improve clinical
outcomes is by facilitating faster administration of time-critical cardiac arrest drugs. However, whilst
this effect was observed in an early randomized controlled trial, time to drug administration was
similar between the intraosseous and intravenous groups in all three recent trials.



e The use of intraosseous access did not result in a statistically significant improvement in survival,
survival with favourable neurological outcome, or health-related quality of life at any time-point, in
comparison to intravenous access.

e The three trials were all superiority trial aiming to test the superiority of one group compared
with the other group, such that the absence of an observed effect should not be interpreted as
indicating that an intraosseous vascular access strategy is equivalent to an intravenous vascular
access strategy.

e There was evidence that the use of intraosseous access reduced the odds of achieving sustained
return of spontaneous circulation.

e In emergency care throughout the world, the intravenous route is the standard approach for
administering drugs and fluid.

e There are important cost implications in relation to intraosseous access, both in terms of training
and equipment. Even in settings where intraosseous access is routinely available, the costs of a single
intraosseous needle is markedly higher than a peripheral intravenous cannula.

e Animal data provide some evidence that the pharmacokinetics of drugs administered via the
intraosseous route may be influenced by insertion site (proximal humerus v proximal tibia). The
findings of the systematic review sub-group analyses showed no evidence of an interaction between
site and clinical outcome, with point estimates favoring the proximal tibial route, albeit with very
wide confidence intervals.

e  Previous data suggests that the benefit of amiodarone may be enhanced when given through the
intravenous route. Experts have expressed concern that absorption of lipophilic drugs, such as
amiodarone, may be particularly influenced by intraosseous administration. However, this effect has
not been observed in animal studies.

e Trial sequential analyses suggest that the optimal information size has been reached for small
sized effects (absolute difference of 2%), but not for very small effects.

e The good practice statement reflects the approach taken in two of the included trials, whereby
patients in the intravenous group were protocolized to receive two intravenous vascular access
attempts, and then the route for subsequent vascular access attempts was at the discretion of the
attending clinician.

e There may be patients where IV access is not feasible due to specific patient factors (e.g. the
patient is known to be very difficult to secure IV access) or environmental factors (e.g. very poor
lighting; space constraints). For this small group of patients, it may be reasonable to attempt 10
access first.

e There was an absence of direct evidence for the in-hospital setting, but it was noted that the
question is likely of less relevance to the hospital setting as: 1) A high proportion of patients will likely
have established intravenous access at the time of cardiac arrest, and, 2) For the minority of patients
without established intravenous access, environmental conditions (e.g. space/ lighting) and the
higher number of staff members would likely lead to a high rate of successful intravenous access
attempts.

Research priorities

Where there is a need for intraosseous access, there are limited data on the optimum anatomical site for
insertion.

There are limited data on patient outcome beyond hospital discharge/ 30-days.
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Vasopressors During Cardiac Arrest -Epinephrine vs Placebo (ALS 3208, 3211)

QUESTION

Vasopressors during adult cardiac arrest — Epinephrine vs. no epinephrine

MAIN OUTCOMES:

ASSESSMENT

Problem

JUDGEMENT

Adult individuals with cardiac arrest in any setting (our-of-hospital or in-hospital).

resuscitation.

Epinephrine provided intravenously or intraosseously during cardiopulmonary

resuscitation.

No epinephrine provided intravenously or intraosseously during cardiopulmonary

quality of life at hospital discharge, 30 days, 90 days, 18

Clinical outcome including survival, favorable neurological outcome, and health-related

0 days, and 1 year.

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o No

0 Probably no
o Probably yes
® Yes

o Varies

o0 Don't know

Cardiac arrest, both in the out-of-hospital and in-hospital
setting, is relatively common and carries a very high
morbidity and mortality.

Desirable Effects
How substantial are the desirable anticipated effects?

o Don't know

outcome remains uncertain. The desirable effects appear
more pronounced in non-shockable compared with
shockable rhythms.

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

O Trivial For epinephrine compared with placebo, improvements |Additional considerations that were
o Small in return of spontaneous circulation and survival at raised included the impact of

e Moderate hospital admission are substantial. The improvement in |increased return of spontaneous
(survival) survival (hospital discharge, 30-days, 3 months, 6 circulation on organ donation.

o Large months, and 12 months) is moderate. Whether there is

o Varies improvement in survival with favorable neurological

Epinephrine compared to placebo — Any rhythm (Jacobs

Outcome RR (95% ClI)
Return of spontaneous circulation 3.09
(2.82t03.39
Survival at hospital discharge (1.111';241.86
Favorable neurological outcome at 1.21
hospital discharge (0.90to 1.62

|[Epinephrine compared to placebo — Shockable rhythms

Outcome RR (95% CI)

Return of spontaneous circulation 1.68
(1.48 t0 1.92

Survival at hospital discharge 1.23




(0.94t0 1.62 (from 6 fewer to 60 mor¢)

Favorable neurological outcome at 1.05 4 more per 1,000
hospital discharge (0.76 t0 1.45 (from 21 fewer to 39 morg)
|Epinephrine compared to placebo — Non-shockable rhythms (Jacobs 2011, Perkins 2018)
Outcome RR (95% Cl) RD (95% Cl)
Return of spontaneous circulation 4.45 254 more per 1,000
P (3.91t0 5.08 (from 214 more to 301 mqgre)

. . . 2.56 7 more per 1,000
survival at hospital discharge (1.37t0 4.80 (from 2 more to 16 morg)
Favorable neurological outcome at 1.80 2 more per 1,000

hospital discharge (0.80to 4.07 (from 1 fewer to 9 more|

Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Trivial There is no evidence in clinical trials that epinephrine Epinephrine likely increases the

e Small specifically contributes to cerebral injury beyond its number of survivors with both

0 Moderate effect of increasing overall survival, including in patients [favorable and unfavorable

o Large who may have sustained neurological damage. neurological outcomes, as observed

o Varies Epinephrine compared to placebo — Any rhythm in the PARAMEDIC2 trial.22 This

0 Don't know (Jacobs 2011, Perkins 2018) apparent increase in survivors with
Outcome RR (95% Cl) RD (95% Cl) unfavorable neurological outcome

should not be interpreted as

Favorable

epinephrine directly causing

neurological 4 more per 1,000 .
butcome 1.21 (from 2 fewer to 12 unfavorable neurological outcomes,
ot hospital (0.90to0 1.62) more) but rather reflects its efficacy in
discharge restoring circulation in patients who
Favorable 5 more per 1,000 may already have sustained
neurologic outcome 1.30 (from 1 fewer,to 13 significant cerebral injury due to

g (0.94-1.80) prolonged cardiac arrest.

at 3 months * more)
Favorable 134 5 more per 1,000
neurologic outcome : (from 1 fewer to 13
at 6 months * (0.96 to 1.88) more)

* Perkins 2018 only
Certainty of evidence

What is the overall certainty of the evidence of effects?

o Very low IThe variation in the certainty of

o Low The certainty of evidence varies by outcome. Thereis  [evidence by outcome was largely

® Moderate high certainty of evidence for return of spontaneous due to the event rate for each

(survival) circulation and survival at hospital admission; moderate [outcome. There was higher

o ngh certainty of evidence for survival at hospital discharge, 3 st.atlstlcal power to evaluate

© N? included months, and 6 months; and low to moderate certainty of [differences in r.eturn _°f

studies evidence for favorable neurological outcome at hospital [SPontaneous circulation (a more
discharge, 3 months, and 6 months. common event) than survival with

favorable neurological outcome (a
much less common event). The
Comparison (OHCA) Outcome certainty of evidence for favorable
neurological outcome at 3 months
and 6 months was also lessened by
a loss to follow-up.




Values

Favorable
R neurologic
spontaneo|Survival at al J
us hospital
circulation|discharge outcome
at hospital
discharge
Epinephrine
compared to placebo GBGB.@EB ®060 | 9600
High Moderate |Moderate
— Any rhythm
Epinephrine
compared to placebo '\G/IBGZGB? I\G/IBGZ@? GBGLBOO
— Shockable rhythms oderate jVioderate ow
Epinephrine
compared to placebo| ®ODD | PO (@O0
— Non-shockable High Moderate Low
rhythms

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

® Possibly important
uncertainty or
variability

0 Probably no
important
uncertainty or
variability

0 No important
uncertainty or
variability
Balance of effects

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

O Important A study suggests that patients value survival with The importance of neurological
uncertainty or favorable neurological outcome most highly.3 intact survival is generally agreed
variability upon with recognition that survival

without neurological recovery is an
undesirable outcome for most
patients.

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

o Probably favors
the comparison

o Does not favor
either the
intervention or the
comparison

e Probably favors
the intervention

o Favors the

intervention

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Favors the See above summary of desirable and undesirable Although there was no statistically
comparison effects. significant effect from epinephrine

on survival with favorable
neurological outcome, the
significantly difference in return of
spontaneous circulation and
survival led to the conclusion that
the balance of effects favors the
intervention.




O Varies
o Don't know
Resources required

JUDGEMENT

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

O Large costs

0 Moderate costs

e Negligible costs
and savings

0 Moderate savings
O Large savings

o Varies

o Don't know

JUDGEMENT

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

RESEARCH EVIDENCE

Resources might need to be
allocated to communities that do
not currently have capacity for
administration of epinephrine in
the out-of-hospital setting.

IADDITIONAL CONSIDERATIONS

o Very low

o Low

0 Moderate

o High

e No included
studies

Cost effectiveness
Does the cost-effecti

veness of the intervention favor the intervention or the comparison?

0 Probably favors
the comparison
o Does not favor
either the
intervention or the
comparison

o Probably favors
the intervention
o Favors the
intervention

e Varies

o No included
studies

JUDGEMENT

PARAMEDIC2 trial (99 recipients from 40 donors in the
epinephrine group vs 67 recipients from 24 donors in the
placebo group) (Achana 2020 579). The analysis,
incorporating both direct economic effects of survivors|
and indirect economic benefits of organ donation, yielded
an incremental cost-effectiveness ratio for epinephrine of
GBP 16,086 per quality-adjusted life year gained.

RESEARCH EVIDENCE

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Favors the Epinephrine use was associated with increased donation|Costs are likely to be healthcare
comparison rates in a recent cost-effectiveness analysis of thelsystem specific.

Equity
What would be the impact on health equity?

IADDITIONAL CONSIDERATIONS

o Reduced

o Probably reduced
® Probably no
impact

O Probably
increased

o Increased

o Varies

o Don't know




Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o No

0 Probably no
® Probably yes
o Yes

O Varies

o Don't know

\We have not identified any research that assessed
acceptability. However, the provision of epinephrine is
currently the standard of care and would appear to be
acceptable.

Currently the standard of care is to
provide epinephrine during cardiac
arrest. Differential
recommendations based on rhythm
are also somewhat incorporated
into current practice with
recommendations to provide
defibrillation prior to epinephrine
for patients with shockable
rhythms.

0 Probably no
o Probably yes
® Yes

o Varies

o Don't know

during cardiac arrest.

Feasibility

Is the intervention feasible to implement?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No Currently the standard of care is to provide epinephrine

SUMMARY OF JUDGEMENTS

PROBLEM

DESIRABLE
EFFECTS

UNDESIRABLE
EFFECTS

CERTAINTY OF
EVIDENCE

VALUES

BALANCE OF
EFFECTS

RESOURCES
REQUIRED

CERTAINTY OF
EVIDENCE OF

JUDGEMENT
Yes
Moderate
Small
Moderate
Possibly
important
uncertainty
or variability
Probably
favors the
intervention
Negligible
costs and
savings
No
included
studies




REQUIRED
RESOURCES

COST
EFFECTIVENESS

Varies

Probably no
EQUITY impact
ACCEPTABILITY Probably yes
FEASIBILITY Yes

CONCLUSIONS

Recommendation

We recommend administration of epinephrine during cardiopulmonary resuscitation (strong recommendation, low
certainty of evidence).

For non-shockable rhythms (PEA/asystole), we recommend administration of epinephrine as soon as feasible during
cardiopulmonary resuscitation (strong recommendation, very low certainty of evidence).

For shockable rhythms (VF or pulseless VT), we suggest administration of epinephrine after initial defibrillation
attempts are unsuccessful during cardiopulmonary resuscitation (weak recommendation, very low certainty of
evidence).

We suggest against the routine use of high-dose epinephrine in cardiac arrest (weak recommendation, very low
certainty of evidence).

In making the recommendation for epinephrine during cardiopulmonary resuscitation, we considered the findings
that epinephrine substantially improves both return of spontaneous circulation, mid-term survival, and long-term
survival as compared to placebo. There appears to be a more pronounced effect of epinephrine on return of
spontaneous circulation and survival to hospital discharge in non-shockable rhythms compared to shockable
rhythms, but assessment of these sub-groups should be taken with caution. For non-shockable rhythms, we
recommend administering epinephrine as soon as feasible, given limited alternative interventions in most cases
and chances of survival decreasing rapidly over time. Exceptions may exist where a clear reversible cause can be
rapidly addressed. For shockable rhythms, the studies evaluating administration of epinephrine included protocols
for provision after the third defibrillation. While the optimal timing in relation to defibrillations remains unknown,
we suggest administering epinephrine after initial defibrillation attempts have been unsuccessful.
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Vasopressors During Cardiac Arrest- Epinephrine vs. Vasopressin in Combination with Epinephrine
(ALS 3208, 3212)

QUESTION

Vasopressors during adult cardiac arrest — Vasopressin or vasopressin plus epinephrine compared to

Adult individuals with cardiac arrest in any setting (our-of-hospital or in-hospital).

asopressor or a combination of vasopressors provided intravenously or intraosseously
during cardiopulmonary resuscitation.

No vasopressor, a different vasopressor, a different combination of vasopressors, a
different vasopressor dose, or a different timing of vasopressors provided intravenously or
intraosseously during cardiopulmonary resuscitation.

WA\ 'Kl Uayele] Y| 2HNClinical outcome including survival, favorable neurological outcome, and health-related
quality of life at hospital discharge, 30 days, 90 days, 180 days, and 1 year.

ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o No Cardiac arrest, both in the out-of-hospital and in-hospital
o Probably no  [setting, is relatively common and carries a very high

o Probably yes |morbidity and mortality.

® Yes

o Varies

o0 Don't know

Desirable Effects
How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

O Trivial For both the vasopressin vs epinephrine and the Studies were underpowered

o Small vasopressin plus epinephrine vs epinephrine only preventing definitive conclusions from
0 Moderate comparisons, no study found a significant difference in being drawn from results.

o Large any outcomes between groups.

o Varies

e Don't know

Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Trivial One potential undesirable effect is an increasing

o Small complexity in the cardiac arrest treatment algorithm,

0 Moderate which may not be warranted if there are no differences in

O Large outcomes.

o Varies

e Don't know

Certainty of evidence

What is the overall certainty of the evidence of effects?
UDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS




e Very low

o Low

0 Moderate
o High

0 No included
studies

Values

IThe certainty of evidence varies but is low or very low for
all outcomes.

Outcome
Favorable
Returnofs ival at logi
Comparison (OHCA) |spontaneo urvnv.a at|neurologic
hospital [al outcome
us . .
. . |discharge |at hospital
circulation .
discharge
Initial vasopressin
compared to initial ®e00 8000 I\.IOt
. . Low Very low |applicable
epinephrine
Initial epinephrine
plus vasopressin eO00 OO0 |00
compared to Very low | Very low Low
epinephrine only

The low to very low certainty of
evidence is due largely to inadequate
sample sizes and inconsistency of
results across trials.

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

0 No important
uncertainty or
variability

Does the balance

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

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

O Important A study suggests that patients value survival with The importance of neurological intact
uncertainty or  [favorable neurological outcome most highly.! survival is generally agreed upon with
variability recognition that survival without

® Possibly neurological recovery is an

important undesirable outcome for most
uncertainty or patients.

variability

o Probably no

important

uncertainty or

\variability

intervention or
the comparison
o Probably
favors the
intervention

o Favors the
intervention

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Favors the Given the neutral results and the presumed benefit of As the studies on these comparisons
comparison keeping the recommendations for treating cardiac arrest |are likely underpowered, even when
® Probably as simple as possible, the balance of favorable and pooled, further research should not
favors the unfavorable effects slightly favors epinephrine. be precluded in this area.
comparison

o Does not favor

either the




o Varies
0 Don't know

Resources required
UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

O Large costs
0 Moderate
costs

e Negligible
costs and
savings

0 Moderate
savings

O Large savings
O Varies

o Don't know

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Very low

o Low

0 Moderate
o High

e No included
studies

Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Favors the
comparison

o Probably
favors the
comparison

o Does not favor
either the
intervention or
the comparison
o Probably
favors the
intervention

o Favors the
intervention

o Varies

e No included
studies

Equity

What would be the impact on health equity?
UDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS




o Reduced

o Probably
reduced

® Probably no
impact

o Probably
increased

o Increased

o Varies

0 Don't know

JUDGEMENT

RESEARCH EVIDENCE

Acceptability
Is the intervention acceptable to key stakeholders?

ADDITIONAL CONSIDERATIONS

o No

® Probably no
0 Probably yes
o Yes

o Varies

o Don't know

JUDGEMENT

We have not identified any research that assessed
acceptability. However, the provision of vasopressin is
currently not the standard of care and would likely not be
acceptable.

RESEARCH EVIDENCE

The provision of vasopressin is not
currently part of the algorithm for
treatment of cardiac arrest
internationally, so the education and
associated cost of introducing this
change would likely not be
acceptable, given the neutral results
of available studies.

Feasibility
Is the intervention feasible to implement?

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Vasopressin was previously used more broadly during
cardiopulmonary resuscitation but is currently not the
standard of care.

Implementing the addition of
vasopressin to the treatment
algorithm would require some cost
for both medication and training,
which might be burdensome for some
healthcare systems.

SUMMARY OF JUDGEMENTS

PROBLEM

DESIRABLE
EFFECTS
UNDESIRABLE
EFFECTS

CERTAINTY OF
EVIDENCE

VALUES

BALANCE OF
EFFECTS

JUDGEMENT
Yes
Don't
know
Don't
know
Very low
Possibly
important
uncertainty or|
variability
Probably
favors the

comparison




RESOURCES I::ftl;g;:lj
REQUIRED .
savings
CERTAINTY OF No
EVIDENCE OF included
REQUIRED studies
RESOURCES
ety inc:\ll::‘led
EFFECTIVENESS .
studies
EQUITY Pr?bably no
impact
ACCEPTABILITY Probably no
FEASIBILITY Probably yes

CONCLUSIONS

Recommendation

We suggest against the administration of vasopressin in place of epinephrine during cardiopulmonary resuscitation
(weak recommendation, very low certainty of evidence).

We suggest against the addition of vasopressin to epinephrine during cardiopulmonary resuscitation (weak
recommendation, very low certainty of evidence).

In suggesting that vasopressin not be used in place for or in addition to epinephrine, we are placing value on
keeping the cardiac arrest treatment algorithm simpler when there is no evidence to support increasing complexity
by adding additional medication options.
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Buffering Agents for Cardiac Arrest (ALS 3205)

QUESTION

Should Buffering agents vs. Standard resuscitation (no buffering agents) be used for Cardiac Arrest?

Cardiac Arrest

Buffering agents

Standard resuscitation (no buffering agents)

Long Term Survival with Favorable Neurologic Outcome (clinical trials); Long Term Survival (at
time of hospital discharge or later) (clinical trials); Long Term Survival (at time of hospital
discharge or later) (propensity-matched observational studies); Short Term Survival (survival to
hospital admission (clinical trials); Short Term Survival (survival to hospital admission
(propensity-matched observational studies);

OHCA

ASSESSMENT

Is the problem a priority?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o No Although not recommended in current guidelines, buffering agents are frequently
o Probably no administered in cardiac arrest.

® Probably yes

o Yes

o Varies

0 Don't know
Desirable Effects

How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Trivial If buffering agent administration improved the likelihood of successful resuscitation

o Small (particularly long term survival with favorable neurologic outcomes), this would be highly
0 Moderate desired by most people.

e Large

o Varies

o Don't know
Undesirable Effects

How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

® Large If buffering agent administration reduced the likelihood of successful resuscitation

0 Moderate (particularly long term survival with or without favorable neurologic outcomes), this would
o Small be strongly not desired by most people.

O Trivial

o Varies

o Don't know

Certainty of evidence

What is the overall certainty of the evidence of effects?
UDGEMENT RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS




o Very low

e Low

0 Moderate
o High

o No included
studies

Values

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

Although the data are overall of low certainty, the results of clinical trials and propensity-
matched observational studies consistently show no benefit from buffering agent
administration, though there may be subgroups who benefit or are harmed.

0 Possibly important
uncertainty or
variability

® Probably no
important
uncertainty or
variability

0 No important
uncertainty or
variability
Balance of effects

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

O Important Most people value survival with good neurologic outcome. Agreement is likely less for
uncertainty or survival with poor neurologic outcome, or short-term survival without long term survival.
variability

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

o Probably favors the
intervention

o Favors the
intervention

o Varies

o Don't know
Acceptability

JUDGEMENT

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Favors the Based on current evidence, buffering agent administration likely has little effect on the
comparison desirable outcome (long term survival with favorable neurologic outcome). The effect on
0 Probably favors the[short-term outcomes is uncertain, and it is unclear whether people would prefer or prefer
comparison not to have short term survival without long term survival.

e Does not favor

either the

intervention or the

comparison

Is the intervention acceptable to key stakeholders?

RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o No

o Probably no
0 Probably yes
® Yes

O Varies

o Don't know
Feasibility

Buffering agents are commonly administered for patients in cardiac arrest, despite not being
included in current guidelines.

Is the intervention feasible to implement?

UDGEMENT

RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS




o No

o Probably no
o Probably yes
® Yes

o Varies

o Don't know

Buffering agents are commonly administered for patients in cardiac arrest. The cost is low,
particularly if these agents need to be stocked in resuscitation boxes / carts for special
circumstances, such as hyperkalemia or sodium channel blocker poisoning.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM Probably yes
DESIRABLE Large
EFFECTS &
UNDESIRABLE Laree
EFFECTS g
CERTAINTY OF Low
EVIDENCE
Probably no
important
VALUES .
uncertainty or
variability
Does not
favor either
BALANCE OF the
EFFECTS intervention
or the
comparison
ACCEPTABILITY Yes
FEASIBILITY Yes
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o o o o
CONCLUSIONS

Recommendation

We suggest against the administration of buffering agents such as sodium bicarbonate in the treatment of out-of-
hospital cardiac arrest, unless a special circumstance for its use is present (weak recommendation, low certainty of
evidence).

We suggest against the administration of buffering agents such as sodium bicarbonate in the treatment of in-
hospital cardiac arrest, unless a special circumstance for its use is present (weak recommendation, very low
certainty of evidence).



In making this recommendation we place a higher value on not allocating resources to an ineffective intervention,
which may divert rescuer time from more beneficial interventions.

Subgroup considerations

This evaluation is not intended to address the use of buffering agents / sodium bicarbonate in the treatment of
hyperkalemia (covered by PICO ALS 456) or sodium channel blocker / tricyclic antidepressant poisoning (ALS 429).
Implementation considerations

Current ILCOR guidance (Morrison 2010 S345, PMID 20956256) and international resuscitation council guidelines
and training materials already recommend against the routine administration of buffering agents in cardiac arrest.
Significant re-education would likely be required to change practice. Given that a large clinical trial is underway
(the Bicarbonate for In-Hospital Cardiac Arrest (BIHCA) trial, Aarhus University Hospital, Denmark; NCT05564130),
it may be prudent to defer this action until the results of the trial are known.

Research priorities

Appropriately sized modern RCTs in both the out-of-hospital cardiac arrest and in-hospital cardiac arrest settings
are needed. The BIHCA trial, currently underway, will be the first clinical trial of buffering agent administration for
in-hospital cardiac arrest.
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QUESTION

Should Insulin vs. no treatment be used for the treatment of acute hyperkalemia?

Cardiac Arrest associated with Hyperkalemia — Bicarbonate (ALS 3403)

effect of hyperkalaemia or with the aim of lowering potassium levels

placebo

compared to either no intervention, a different intervention (including a different dose), or

ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

0 Probably no
o Probably yes
o Yes

o Varies

o Don't know

Hyperkalaemia is a common electrolyte disturbance that is
potentially life-threatening. The topic of acute treatment of
hyperkalaemia was formally reviewed almost a decade ago

Desirable Effects
How substantial are the desirable anticipated effects?

o Don't know

JUDGEMENT

Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE (ADDITIONAL CONSIDERATIONS
O Trivial Guidelines for the treatment of hyperkalemia both in non-

o Small arrested and arrested patients is very limited. Hyperkalemia is

0 Moderate life-threatening, why any pharmacological intervention with

o Large the potential to mitigate the effects of hyperkalemia will have a

o Varies moderate effect.

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

None

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

UDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS




o Very low

o Low

0 Moderate
o High

0 No included
studies

Values
Is there important
UUDGEMENT

Table 2.

GRADE

Overview

Question Effect Cerfamty of
evidence
Adults

Intravenous

bicarbonate

50-390 mmol

compared to| mean.0.1 mmol/l

no treatment lower Very low

for the (0.3 lower to 0.1

treatment of higher)

acute

hyperkalemi

a

RESEARCH EVIDENCE

In general there was a lack of
studies including clinical
relevant outcomes and a lack of|
studies conducted.

Only a limited number of
studies has compared different
treatment strategies, providing
little guidance to clinicians in
prioritizing interventions

uncertainty about or variability in how much people value the main outcomes?

ADDITIONAL CONSIDERATIONS

o Important
uncertainty or
\variability

o Possibly
important
uncertainty or
\variability

o Probably no
important
uncertainty or
variability

0 No important
uncertainty or
variability
Balance of effects

IThe primary outcomes reported was change in potassium
levels. Only a limited number of studies reported clinical
relevant outcomes.

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

o Probably favors
the comparison
o Does not favor
either the
intervention or
the comparison
o Probably favors
the intervention
o Favors the
intervention

O Varies

o Don't know

analysis of five studies, which showed no reduction in
potassium levels with sodium bicarbonate.

The decision that there is insufficient evidence to make a
recommendation for or against the routine use of bicarbonate
in cardiac arrest suspected to be caused by acute hyperkalemia
was based on the lack of studies addressing this question and
the general lack of effect of bicarbonate in cardiac arrest
[3](CoSTR Buffering agents ALS TF 483). The decision not to
recommend against bicarbonate was based on the lack of
evidence for harm in the general cardiac arrest population.

UUDGEMENT RESEARCH EVIDENCE (ADDITIONAL CONSIDERATIONS
o Favors the The rationale for recommending against the routine use of
comparison sodium bicarbonate in non-arrest patients is based on a meta-




Resources required
UUDGEMENT RESEARCH EVIDENCE (ADDITIONAL CONSIDERATIONS

O Large costs Bicarbonate is frequently used in clinical practice with a low
0 Moderate costs |cost

o Negligible costs
and savings

0 Moderate
savings

O Large savings

o Varies

o Don't know

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
UUDGEMENT RESEARCH EVIDENCE (ADDITIONAL CONSIDERATIONS

o Very low There are no cost-effectiveness studies
o Low

0 Moderate
o High

o No included
studies

Cost effectiveness

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

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Favors the IThere is no evidence.
comparison

0 Probably favors
the comparison
o Does not favor
either the
intervention or
the comparison
o Probably favors
the intervention
o Favors the
intervention

o Varies

o0 No included
studies

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Reduced No studies identified The drugs are widely available
o Probably at a low costs.

reduced

o Probably no
impact

O Probably
increased

o Increased




O Varies

o Don't know
Acceptability
Is the intervention acceptable to key stakeholders?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No Yes. The recommendation is in line clinical practice.

0 Probably no

o Probably yes

O Yes

o Varies

o Don't know

Feasibility

Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No No evidence but the drugs are already used clinically.

o Probably no
0 Probably yes
o Yes

o Varies

o Don't know

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM Yes
DESIRABLE
EFFECTS Moderate
UNDESIRABLE small
EFFECTS
CERTAINTY OF Very low
EVIDENCE 4
Possibly
VALUES |mport.ant
uncertainty
or variability
Does not
favor either
BALANCE OF the
EFFECTS intervention
or the
comparison
RESOURCES :'sft';g;:ﬁ
REQUIRED .
savings
CERTAINTY OF
EVIDENCE OF Verv low
REQUIRED y
RESOURCES




Does not
favor either
COST the
EFFECTIVENESS intervention
or the
comparison
EQUITY Pr('Jbany no
impact
ACCEPTABILITY Probably yes
FEASIBILITY Yes
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o o o o o
CONCLUSIONS

Recommendation

Patients Without Cardiac Arrest

For the treatment of acute hyperkalemia, we suggest against the routine use of IV sodium bicarbonate (weak
recommendation, low-certainty evidence).

Patients With Cardiac Arrest

For the treatment of cardiac arrest suspected to be caused by acute hyperkalemia, there is insufficient evidence to
make a recommendation for or against the use of IV sodium bicarbonate (weak recommendation, very low—
certainty evidence).

The recommendation regarding sodium bicarbonate is based on the lack of identified studies addressing this
question and the general lack of effect of bicarbonate in cardiac arrest. The decision not to recommend against
was based on the lack of evidence of harm in the general cardiac arrest population.

Research priorities

e The optimal treatment of hyperkalemia during cardiac arrest
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Cardiac Arrest associated with Hyperkalemia — Calcium (ALS 3403)

QUESTION

Should Insulin vs. no treatment be used for the treatment of acute hyperkalemia?

Adults with cardiac arrest and hyperkalemia

Intravenous calcium to mitigate the harmful effect of hyperkalaemia on ECG changes or
arrythmias
no intervention, a different intervention (including a different dose), or placebo

Clinical outcomes (see below), potassium levels, or ECG findings

Adults

CONFLICT OF None
INTERESTS:

ASSESSMENT

Problem

Is the problem a priority?

UUDGEMENT |RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o No Hyperkalaemia is a common electrolyte disturbance that is

0 Probably |potentially life-threatening. The topic of acute treatment of

no hyperkalaemia was formally reviewed in 2015.

o Probably

yes

o Yes

o Varies

o Don't

know

Desirable Effects

How substantial are the desirable anticipated effects?

JUDGEMENT [RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Trivial Guidelines for the treatment of hyperkalemia both in non-arrested

o Small and arrested patients is very limited. Hyperkalemia is life-

0 Moderate |[threatening, why any pharmacological intervention with the

o Large potential to mitigate the effects of hyperkalemia will have a

o Varies moderate effect.

o Don't

know

Undesirable Effects

How substantial are the undesirable anticipated effects?

UUDGEMENT |RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Trivial In patients with cardiac arrest there is evidence to suggest potential

o Small harm of routine administration of calcium. Whether this is true for




0 Moderate
O Large

O Varies

o Don't
know

JUDGEMENT

both non-arrest and arrest patients with hyperkalemia is unknown.

RESEARCH EVIDENCE

Certainty of evidence
What is the overall certainty of the evidence of effects> ...

ADDITIONAL CONSIDERATIONS

o Very low
O Low

0 Moderate
o High

o No
included
studies

Only one retrospective observational study was identified
investigating the effects of calcium on ECG changes in patients
without cardiac arrest (critical risk of bias). Calcium was
administered concurrently with other interventions such as insulin
and glucose. When major rhythm disorders caused by hyperkalemia
were evaluated individually, the administration of calcium did not
show statistically significant improvements in any rhythm

disorders.

In the observational data identified in the systematic review results
from two studies, not deemed suitable for meta-analysis,
demonstrated that administration of calcium was associated with a

Values

higher mortality. (Critical risk of Bias).

In general there was a lack of
studies including clinical
relevant outcomes and a lack of
studies conducted.

There are case reports
published demonstrating an
effect of calcium
administration.

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

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Important
uncertainty
or variability
0 Possibly
important
uncertainty
or variability
o Probably
no important
uncertainty
or variability
o No
important
uncertainty
or variability

Does the bala
UUDGEMENT

The primary outcome of calcium administration is ECG changes.
Only a limited number of studies reported clinical relevant
outcomes.

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

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Favors the
comparison
o Probably
favors the
comparison
o Does not
favor either

The task-force decided to suggest against the routine use of calcium
in patients with hyperkalemia induced cardiac arrest (weak-
recommendation, very low certainty of evidence) based on no
evidence of a protective effect and a potential harmful effect of
routine use in cardiac arrest patients.

the




intervention
or the
comparison
o Probably
favors the
intervention
o Favors the
intervention
o Varies

o Don't
know

JUDGEMENT

RESEARCH EVIDENCE

Resources required

ADDITIONAL CONSIDERATIONS

O Large costs
0 Moderate
costs

o Negligible
costs and
savings

0 Moderate
savings

O Large
savings

o Varies

The cost of calcium is low. The recommendation against the routine
use will like save some resources.

Certainty of evidence of required resources

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

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Very low
o Low

0 Moderate
o High

o No
included
studies

Does the cost
UUDGEMENT

There are no cost-effectiveness studies

Cost effectiveness

-effectiveness of the intervention favor the intervention or the comp
RESEARCH EVIDENCE

arison?
ADDITIONAL CONSIDERATIONS

o Favors the
comparison
o Probably
favors the
comparison
o Does not
favor either
the
intervention
or the

There is no evidence.

The task-force decided to
suggest against the routine use
of calcium in patients with
hyperkalemia induced cardiac
arrest (weak-recommendation,
very low certainty of evidence)
based on no evidence of a
protective effect and a potential
harmful effect of routine use in




comparison cardiac arrest patients. This will
o Probably reduce costs.

favors the
intervention
o Favors the
intervention
o Varies

o No
included
studies
Equity
What would be the impact on health equity?
UUDGEMENT |RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Reduced |No studies identified The drugs are widely available
o Probably at a low costs.

reduced

0 Probably
no impact

o Probably
increased

o Increased
o Varies

o Don't
know
Acceptability

Is the intervention acceptable to key stakeholders?
UUDGEMENT |RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o No Calcium has also been recommended in international guidelines for
0 Probably  [many years despite limited evidence. The decisions to suggest

no against the use of calcium for patients with hyperkalaemia as the

o Probably [cause of the arrest may therefor receive some attention.

lyes

O Yes

o Varies

o Don't
know
Feasibility
Is the intervention feasible to implement?
VUDGEMENT [RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o No It's a recommendation against routine use.
o Probably
no

o Probably
yes

o Yes

O Varies

o Don't
know

SUMMARY OF JUDGEMENTS

JUDGEMENT



PROBLEM Yes
DESIRABLE
EFEECTS Moderate
UNDESIRABLE Ssmall
EFFECTS
CERTAINTY OF Verv low Low
EVIDENCE v
Possibly
VALUES important
uncertainty or
variability
BALANCE OF fpmba'::“’
EFFECTS avors. €
comparison
RESOURCES Don't
REQUIRED know
CERTAINTY OF
EVIDENCE OF Verv low
REQUIRED 4
RESOURCES
e
EFFECTIVENESS .
comparison
EQUITY Pr?bably no
impact
ACCEPTABILITY Probably yes
FEASIBILITY Yes
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o o o o o
CONCLUSIONS

Recommendation

Patients without cardiac arrest:




For the treatment of acute hyperkalemia, there is insufficient evidence to recommend for or against the use of
calcium for the treatment of hyperkalemia (weak recommendation, very low—certainty evidence).

Patients with cardiac arrest:

For the treatment of cardiac arrest suspected to be caused by acute hyperkalemia, there is insufficient evidence to
recommend for or against the use of calcium (weak recommendation, very low—certainty evidence).

The recommendation regarding calcium was based on several considerations:

e Only anecdotal evidence of a protective effect of calcium during hyperkalemia

e  Current guidelines recommend the use of calcium for the treatment of hyperkalemia

e One observational study demonstrating a higher mortality in patients with cardiac arrest receiving

calcium; the study was assessed as having critical risk of bias

e The potential harm of routine calcium administration during out-of-hospital cardiac arrest

e The general recommendation against routine use of calcium during cardiac arrest
The ALS Task Force acknowledges that not recommending calcium administration in cardiac arrest that is
suspected to be caused by acute hyperkalemia challenges current guidelines. The task force recognizes that
distinguishing between noncardiac arrest and cardiac arrest can be clinically challenging, especially for patients in
the peri-arrest phase. The evidence for harm of calcium is based on out-of-hospital cardiac arrest, whereas the
recommendation for in-hospital cardiac arrest patients is based on indirect evidence.

Research priorities

e  The optimal treatment of hyperkalemia during cardiac arrest
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Cardiac Arrest associated with Hyperkalemia — Insulin, Glucose & Salbutamol (ALS 3403)

QUESTION

Should Insulin vs. no treatment be used for the treatment of acute hyperkalemia?

Adults with cardiac arrest and hyperkalemia

Insulin in combination with glucose or salbutamol (inhaled or intravenous) with the aim of

mitigating the harmful effect of hyperkalaemia or with the aim of lowering potassium levels
compared to either no intervention, a different intervention (including a different dose), or
placebo
Clinical outcomes (see below), potassium levels, or ECG findings

Adults

None

ASSESSMENT

Problem
Is the problem a priority?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o No Hyperkalaemia is a common electrolyte disturbance that is
o Probably no  |potentially life-threatening. The topic of acute treatment of
o Probably yes  |hyperkalaemia was formally reviewed almost a decade ago
o Yes

o Varies

o Don't know
Desirable Effects
How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Trivial Guidelines for the treatment of hyperkalemia both in non-

o Small arrested and arrested patients is very limited. Hyperkalemia is

0 Moderate life-threatening, why any pharmacological intervention with the

o Large potential to mitigate the effects of hyperkalemia will have a

o Varies moderate effect.

o Don't know
Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Trivial In the systematic review it was reported that hypoglycemia was

o Small undesirable effect of insulin administration while tachycardia

0 Moderate was an undesirable effect of beta2-agonists.

O Large

o Varies

o Don't know
Certainty of evidence

What is the overall certainty of the evidence of effects?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Very low able 2. GRADE Overview | | In géneral there was a lack of
o Low Studies including clinical




0 Moderate
o High

o No included
studies

Values

ant outcomes and a lack of
ies conducted.

d on data from the current

bw, it is unclear if a higher
2 of the included drugs

Its in a larger decrease in
ssium levels. The doses of

ndividual drugs varied from
y to study and only one
a-analysis compared two
rent doses of insulin with

parable effects.

a limited number of

ies has compared different
ment strategies, providing
guidance to clinicians in
ritizing interventions

Certainty of [rele
uestion Effect
Q evidence stud
Adults Bas
mean 0.7 mmol/| revi
lower dos
) . . . Low
8-12 Lfnlts. of |n.suI|n in (0.9 lower t0 0.6 resy
combination with glucose lower) potd
compared to no treatment mean 0.7 mmol/l the
for the treatment of acute ’ stud
hyperkalemia lower Low met|
(0.9 lower to 0.6 .
diffe
lower)
5 vs. 10 units of insulin in mean 0.0 mmol/I -
combination with glucose higher
& & Very low Onl
for treatment of (0.0 lower to 0.1
. . stud
hyperkalemia higher) L,
Inhaled salbutamol mean 0.9 mmol/| ILiIt;Ie
compared to no treatment lower Very low prio
for the treatment of acute (1.2 lower to 0.7 y
hyperkalemia lower)
Intravenous salbutamol
0.5mg dissolved with mean 1.0 mmol/I
glucose compared to no lower Very low
treatment for the (1.4 lower to 0.6 y
treatment of acute lower)
hyperkalemia
Salbutamol 0.5mg
dissolved in gl d
1950 Ye |n' g uc'os.e an mean.1.2 mmol/I
10 units of insulin in lower
combination with glucose Very low
(1.5 lower to 0.8
compared to no treatment
lower)
for the treatment of acute
hyperkalemia
Salbutamol 0.5mg
dissolved in glucose
- mean.0.3 mmol/I
compared to 10 units of /
. . L lower
insulin in combination Very low
. (0.5 lower to 0.01
with glucose for the
lower)
treatment of acute
hyperkalemia
Combination of 10 units of mean.0.2 mmol/I
insulin and 0.5mg lower
Very low
salbutamol compared to (0.5 lower to 0.06
0.5 mg salbutamol? higher)
Combination of 10 units of| mean.0.45 mmol/|
insulin and 0.5 mg of lower
Very low
salbutamol compared to (0.7 lower to 0.2
10 units of insulin? lower)
a. Insulin was given in combination with glucose and

salbutamol was dissolved in glucose.

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




JUDGEMENT

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o Important
uncertainty or
\variability

0 Possibly
important
uncertainty or
variability

o Probably no
important
uncertainty or
variability

0 No important
uncertainty or
variability

Balance of effects

Does the balance

IThe primary outcomes reported was change in potassium levels.
Only a limited number of studies reported clinical relevant
outcomes. However despite limited evidence for clinical
outcomes, an initial treatment strategy aiming at acutely
lowering extracellular potassium levels seems logical

between desirable and undesirable effects favor the intervention or the comparison?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Favors the IThe potential undesirable effects are minor compared to an

comparison increased risk of cardiac arrest. The recommended drugs insulin

o Probably and beta2-agonists are frequently used in clinical practice with

favors the an acceptable safety profile compared to an increased risk of

comparison cardiac arrest.

o Does not favor

either the

intervention or
the comparison
o Probably
favors the
intervention

o Favors the
intervention

O Varies

o Don't know

Resources required

JUDGEMENT

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

O Large costs
0 Moderate
costs

o Negligible
costs and
savings

0 Moderate
savings

O Large savings
O Varies

o Don't know

IThe recommended drugs insulin and beta2-agonists are
frequently used in clinical practice with a low cost compared to
the costs of a patient developing cardiac arrest.

Certainty of evidence of required resources

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

UDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS




o Very low

o Low

0 Moderate
o High

o No included
studies

JUDGEMENT

Cost effectiveness

IThere are no cost-effectiveness studies.

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

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o Favors the
comparison

o Probably
favors the
comparison

o Does not favor
either the
intervention or
the comparison
o Probably
favors the
intervention

o Favors the
intervention

O Varies

o No included
studies

There is no evidence, but likely favours the intervention by
reducing the risk of cardiac arrest.

Equity
What would be the impact on health equity?

o Probably no
impact

o Probably
increased

o Increased

o Varies

o Don't know

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
0 Reduced No studies identified The drugs are widely available
o Probably at a low costs.

reduced

Acceptability
Is the intervention acceptable to key stakeholders?

o Don't know

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No Insulin and beta2-agonists have been recommended in

o Probably no  |international guidelines for many years despite limited evidence,

o Probably yes |why the recommendation for these drugs should be

o Yes acceptable.

o Varies




Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o No No evidence but the drugs are already used clinically.
0 Probably no
o Probably yes
o Yes

O Varies

o Don't know

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM Yes
DESIRABLE
EFFECTS Moderate
UNDESIRABLE small
EFFECTS
CERTAINTY OF Verv low Low
EVIDENCE v
Possibly
VALUES important
uncertainty
or variability
BALANCE OF f:,z'::tt’:“;
EFFECTS . .
intervention
RESOURCES Moderate
REQUIRED savings
CERTAINTY OF
EVIDENCE OF Very low
REQUIRED v
RESOURCES
cosT v the
EFFECTIVENESS . .
intervention
EQUITY Pr?bably no
impact
ACCEPTABILITY Probably yes
FEASIBILITY Yes




TYPE OF RECOMMENDATION

Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o O O O o
CONCLUSIONS

Recommendation

Patients Without Cardiac Arrest

For the treatment of acute hyperkalemia, we suggest IV insulin in combination with glucose, and/or inhaled or IV
beta2-agonists (weak recommendation, low-certainty evidence).

Patients With Cardiac Arrest

For the treatment of cardiac arrest suspected to be caused by acute hyperkalemia, we suggest IV insulin in
combination with glucose (weak recommendation, very low—certainty evidence).

Treatment recommendations were divided into noncardiac arrest and cardiac arrest because the pathophysiology
of the 2 conditions differs making the treatment effect likely different in each group. Additionally, almost all the
evidence identified was in noncardiac arrest patients.

Patients without cardiac arrest: The rationale for combining insulin (and glucose) with inhaled or IV beta2-agonists
is based on a meta-analysis of 50 patients that demonstrated a greater reduction of potassium values with a
combination of therapies compared with insulin alone. Only a few studies compared different treatment strategies
and doses. Specific recommendations on dosing and a ranking of specific interventions are not included.

Patients with cardiac arrest: The recommendation for insulin in combination with glucose is based on indirect
evidence from noncardiac arrest patients.

Beta2-agonists were not recommended based on the following considerations:

e Beta-adrenergic activation is already provided by the administration of epinephrine

e The theoretical potential for harmful effects from excessive beta stimulation during cardiac arrest

e The difficulty of dose titration of IV beta2-agonists during a cardiac arrest

e The general recommendation against tracheal administration of drugs during cardiac arrest due to
unpredictable drug delivery

Research priorities

e  The optimal treatment of hyperkalemia during cardiac arrest
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Opioid Toxicity — Bicarbonate (ALS 3451)

QUESTION

Should Bicarbonate vs. No Bicarbonate be used for adults and children with cardiac arrest secondary to
suspected opioid poisoning ?
Adults and children with cardiac arrest secondary to suspected opioid poisoning

Bicarbonate

No Bicarbonate

Return of Spontaneous Circulation, Survival to Hospital Discharge or 30-days, Survival to Hospital
Discharge or 30-days with Favourable Neurological Status, Long Term Survival, Long Term
Survival with Favourable Neurological Status

In-hospital or out-of-hospital

Opioid toxicity is a common cause of cardiac arrest.

None

ASSESSMENT

Problem

Is the problem a priority?

Uudgement Research evidence IAdditional considerations
o No Opioid toxicity is a major cause of death, and is responsible for

0 Probably no approximately 10% of out-of-hospital cardiac arrests. The

0 Probably yes pathophysiology of opioid-associated cardiac arrest is

® Yes systematically different from cardiac arrests due to primary

o Varies cardiac etiologies, and thus may benefit from different

o Don't know interventions.

Desirable Effects

How substantial are the desirable anticipated effects?

Judgement Research evidence IAdditional considerations
o Trivial There are no randomized controlled trials evaluating bicarbonate

o Small (vs. placebo) for opioid-associated cardiac arrest to inform

0 Moderate questions of benefit or harm. Evidence is limited to a single

o Large observational study, in which the association of bicarbonate

o Varies administration with outcomes was evaluated with a large list of

e Don't know other factors.! Bicarbonate was found to be associated with a

decreased odds of survival to hospital discharge.

Undesirable Effects
How substantial are the undesirable anticipated effects?

Judgement Research evidence IAdditional considerations
o Trivial There have been no randomized controlled trials evaluating

o Small bicarbonate (vs. placebo) for opioid-associated cardiac arrest to

0 Moderate inform questions of benefit or harm. The existing literature is

o Large limited to observational data, with substantial risk of bias.

o Varies

e Don't know




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

Values

Judgement

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

Research evidence

Judgement Research evidence IAdditional considerations
e Very low The overall certainty of evidence is very low for the single

o Low outcome evaluated in the single observational study, due to

0 Moderate indirectness and high risk of bias.

o High

o No included

studies

outcomes?

IAdditional considerations

O Important
uncertainty or
variability

0 Possibly
important
uncertainty or
variability

® Probably no
important
uncertainty or
variability

0 No important
uncertainty or
variability

Balance of effects

Judgement

Previous data have shown that survival is an important outcome
after cardiac arrest.

Does the balance between desirable and undesirable effects favor the intervention or

Research evidence

the comparison?
IAdditional considerations

o Favors the
comparison

o Probably favors
the comparison

e Does not favor
either the
intervention or the
comparison

o Probably favors
the intervention
o Favors the
intervention

o Varies

o Don't know

Currently available data examining the use of naloxone for cardiac
arrest resuscitations are of very low certainty, and thus the
balance between desirable and undesirable effects is unclear. The
single available study is highly confounded by resuscitation time
bias.

Certainty assessment

Incons
istenc

Indireflmpr
ctnes Jecisiolconside
S n

Survival to Hospital Discharge

1 |non- |very|not |seriounot |none [@(OO [CRITI
randolseri [seriou [sb¢  |applid O CAL
misedjous?s abled Very
studi lowab.c
es




Judgement

Cl: confidence interval

Explanations

a. The time of the medication administration was not accounted
for in the analysis. Given that longer durations of resuscitation are
associated with worse outcomes, medications given later in the
resuscitation will be associated with worse outcomes, even if the
drug confers no material benefit (resuscitation time bias).

b. The study was not limited to opioid-associated OHCA, but
rather included a broader population adult EMS-treated OHCA
precipitated by "suspected drug overdose"

c. The single study identified was limited to adults in the out-of-
hospital setting. Therefore, Indirectness is very serious when
considering resuscitation of children and/or resuscitation from in-
hospital cardiac arrest.”

d. Given the heterogeneity of the study populations and designs,
data was not pooled and a pooled estimate was not calculated.
Thus, imprecision is not applicable.

Research evidence

Acceptability
Is the intervention acceptable to key stakeholders?

IAdditional considerations

o No

o Probably no
® Probably yes
o Yes

O Varies

o Don't know

Feasibility

Judgement

Is the intervention f

\We have no evidence to suggest that bicarbonate would not be
acceptable to stakeholders.

easible to implement?
Research evidence

IAdditional considerations

o No

0 Probably no
® Probably yes
o Yes

o Varies

o Don't know

Bicarbonate is readily available to advanced life support
resuscitation teams, and may be provided via the intravenous
routes.

SUMMARY OF JUDGEMENTS

Undesirable
Effects

Certainty of
evidence

Probably no [Probably yes [|Yes

Don't
know

\Varies

Small Moderate Large

Don't

Varies
know

Small Moderate Large

Don't

Varies
know

Low Moderate High

No
included
studies




Possibl Probably no .
. Y A v No important
important important .
. . uncertainty or
uncertainty orfuncertainty or .
L L variability
variability variability
Does not favor
Probabl either the Probabl
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CONCLUSIONS

Recommendation

During advanced life support for cardiac arrest due to opioid poisoning, there is insufficient evidence to
recommend any additional opioid-specific therapies (e.g., naloxone), beyond standard resuscitation care.

e We identified a single observational study in our systematic review, which was limited by serious risk of
bias and indirectness.

e Indirectness: There were no studies which actually examined the population of interest for this
recommendation, i.e., those with opioid-associated OHCA. The single study identified included cases with
“suspected drug overdose”, including all cases with evidence of deliberate or accidental overdose of any
prescribed or non-prescribed drugs, or ethanol. In addition, there were no studies examining in-hospital
cardiac arrest or pediatrics cases, and thus for these populations the evidence is very indirect.

e Bias: Bicarbonate is a medication typically provided after initial resuscitative interventions have failed, and
thus may be a marker of poor prognosis. The single study identified did not account for the specific timing
of bicarbonate administration in analyses, and thus resuscitation time bias is a large limitation.2

e The single study reported that bicarbonate was associated with a decreased odds of survival to hospital
discharge. We found no other evidence to support use of bicarbonate in opioid-associated OHCA
resuscitation.

Subgroup considerations

e Subgroups will be important to evaluate in future randomized controlled trials, however evidence to
consider effectiveness in various subgroups is not currently available.
Implementation considerations

e Further higher quality evidence is required prior to implementation plans.



Monitoring and evaluation

e  Further higher quality evidence is required prior to developing plans for monitoring and evaluation.

Research priorities

e Further research to identify the optimal treatment for opioid-associated cardiac arrest is warranted, given
the high incidence of this condition. Research should include in and out-of-hospital cardiac arrest, and
adult and pediatric populations.

REFERENCES SUMMARY
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Opioid Toxicity — Naloxone (ALS 3451)

QUESTION
Should Naloxone vs. No Naloxone be used for adults and children with cardiac arrest secondary to suspected
opioid poisoning ?

Adults and children with cardiac arrest secondary to suspected opioid poisoning

Naloxone

No Naloxone

Return of Spontaneous Circulation, Survival to Hospital Discharge or 30-days, Survival to Hospital
Discharge or 30-days with Favourable Neurological Status, Long Term Survival, Long Term
Survival with Favourable Neurological Status

In-hospital or out-of-hospital

Opioid toxicity is a common cause of cardiac arrest

CONFLICT OF
INTERESTS: None

ASSESSMENT

Problem

Is the problem a priority?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No Opioid toxicity is a major cause of death, and is responsible

0 Probably no for approximately 10% of out-of-hospital cardiac arrests.

0 Probably yes The pathophysiology of opioid-associated cardiac arrest is

® Yes systematically different from cardiac arrests due to primary

o Varies cardiac etiologies, and thus may benefit from different

o Don't know interventions.

Desirable Effects

How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Trivial There have been no randomized controlled trials

o Small evaluating naloxone (vs. placebo) for opioid-associated

0 Moderate cardiac arrest to inform questions of benefit or harm.

o Large Although there is a larger body of data demonstrating the

o Varies benefit of naloxone for opioid-induced respiratory

e Don't know depression, the existing literature for management of

opioid-associated cardiac arrest is limited to observational
data, with substantial risk of bias. Naloxone may confer
benefit for opioid-associated cardiac arrest and improve
survival and favourable neurological outcomes, however
this is unknown.

Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Trivial There have been no randomized controlled trials
o Small evaluating naloxone (vs. placebo) for opioid-associated

0 Moderate cardiac arrest to inform questions of benefit or harm. The




o Large existing literature is limited to observational data, with

o Varies substantial risk of bias. There is evidence from animal data
e Don't know showing worsening neurological outcomes among cases
treated with naloxone. Naloxone may also induce
pulmonary edema. Finally, given the task-saturated nature
of cardiac arrest resuscitations, the deployment of any
additional interventions may interfere with or worsen the
quality of standard resuscitation management. Naloxone
may confer undesirable effects for opioid-associated
cardiac arrest, however this is unknown.

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

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
e Very low The overall certainty of evidence is very low for all

o Low outcomes evaluated (including favourable neurological

0 Moderate outcome, survival to hospital discharge, and return of

o High spontaneous circulation). Existing data are severely limited

o0 No included due to indirectness and high risk of bias.

studies

Values

Is there important uncertainty about or variability in how much people value the main outcomes?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Important Previous data have shown that survival and neurological

uncertainty or function are important outcomes after cardiac arrest.

variability

o Possibly

important

uncertainty or

variability

e Probably no

important

uncertainty or

variability

0 No important
uncertainty or
variability

Balance of effects

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

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Favors the Currently available data examining the use of naloxone for
comparison cardiac arrest resuscitations are of very low certainty, and

0 Probably favors [thus the balance between desirable and undesirable
the comparison effects is unclear.
® Does not favor

either the . |impo
A . . Certain
intervention or the Certainty assessment ’ rtanc
comparison \ e

o Probably favors
the intervention




o Favors the
intervention
O Varies

0 Don't know
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Explanations

a. Given that study cases were not limited to those with
opioid-associated cardiac arrest, there is substantial bias
introduced by indication bias: it is likely that prehospital
providers administered naloxone among OHCAs with
evidence of opioid toxicity. Previous data has shown that
OHCAs secondary to opioid toxicity have better outcomes
than those with undifferentiated OHCA, and also those
with non-opioid drug toxicity. Thus, results of the
association of naloxone and outcomes may be simply be
demonstrating an association of opioid-related OHCA and
outcomes, as the drug was likely given to these selected
individuals.

b. The time of the medication administration was not
accounted for in the analysis. Given that longer durations
of attempted resuscitation are associated with worse
outcomes, medications given later in the resuscitation will
be associated with worse outcomes, even if the drug
confers no material benefit (resuscitation time bias).

c. Two reported that naloxone is associated with an
improved odds of survival to hospital discharge, while two

did not detect an association.




d. No studies examining survival specifically included cases
of suspected opioid-associated cardiac arrest. Dhillon
included adult EMS-treated OHCA (with a subgroup of
drug-related OHCA), Quinn included adult EMS-treated
OHCA, Strong 2023 included adult OHCA due to presumed
overdose, and Strong 2024 included adult EMS-
unwitnessed OHCA with initial non-shockable rhythms.

e. All identified studies were limited to adults in the out-of-
hospital setting. Therefore, Indirectness is very serious
when considering resuscitation of children and/or
resuscitation from in-hospital cardiac arrest.”

f. Two studies report that naloxone is associated with an
improved odds of ROSC, while one did not detect an
association.

g. No studies examining ROSC specifically included cases of
suspected opioid-associated cardiac arrest. Dhillon
included adult EMS-treated OHCA (with a subgroup of
drug-related OHCA), Quinn included adult EMS-treated
OHCA, and Strong 2024 included adult EMS-unwitnessed
OHCA with initial non-shockable rhythms.

h. One study reported that naloxone is associated with an
improved odds of favourable neurological outcome at
hospital discharge, while two studies did not detect an
association.

i. No studies examining favourable neurological outcomes
specifically included cases of suspected opioid-associated
cardiac arrest. Strong 2023 included adult OHCA due to
presumed overdose, Strong 2024 included adult EMS-
unwitnessed OHCA with initial non-shockable rhythms,
Love included adult EMS-treated OHCAs with a
documented history or exam consistent with overdose,
family report of overdose, or if the patient had a known
history of substance use

j. Given the heterogeneity of the study populations and
designs, data was not pooled and a pooled estimate was
not calculated. Thus, imprecision is not applicable.

Acceptability
Is the intervention acceptable to key stakeholders?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No \We have no evidence to suggest that naloxone would not

o Probably no be acceptable to stakeholders.

® Probably yes

o Yes

o Varies

0 Don't know

Feasibility

Is the intervention feasible to implement?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No Naloxone may be provided via intranasal, intramuscular,

0 Probably no subcutaneous, intravenous, or intraosseous routes.




® Probably yes Naloxone administration is feasible to implement, similarly
o Yes to other pharmacological resuscitative interventions.
o Varies
o Don't know

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM Yes
DESIRABLE Don't
EFFECTS know
UNDESIRABLE Don't
EFFECTS know
CERTAINTY OF Very low
EVIDENCE y
Probably no
important
VALUES .
uncertainty or
variability
Does not
favor either
BALANCE OF the
EFFECTS intervention
or the
comparison
ACCEPTABILITY Probably yes
FEASIBILITY Probably yes
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o o o o
CONCLUSIONS

Recommendation

During advanced life support for cardiac arrest due to opioid poisoning, there is insufficient evidence to
recommend any additional opioid-specific therapies (e.g., naloxone), beyond standard resuscitation care.
If rescuers are uncertain whether a patient with suspected opioid poisoning is actually in cardiac arrest,

administration of an opioid antagonist (eg, naloxone) is warranted (good practice statement).



. Our aim was to evaluate the evidence of advanced treatments (e.g., intravascular naloxone) that
may confer benefit for those with opioid toxicity and confirmed cardiac arrest. This recommendation is
directed at providers of ALS,tincluding clinicians with expertise with ascertaining pulselessness. However,
if it is there is uncertainty regarding whether a patient is indeed in cardiac arrest vs. respiratory
depression/apnea, implementing recommended treatments for respiratory depression/apnea (eg.
naloxone) is warranted

. This recommendation is not intended to inform the provision care by individuals without training
to ascertain pulselessness. For these rescuers, when attending to patients with opioid toxicity it may be
difficult or impossible to distinguish between an obtunded patient with respiratory depression/apnea vs. a
patient in true cardiac arrest. In these scenarios, please refer to the ILCOR CoSTR “Resuscitation care for
suspected opioid-associated emergencies (BLS #811)”.2

. Opioids suppress the respiratory drive, leading to hypoxia, and subsequent cardiac arrest.
Naloxone is an effective reversal agent for opioid-induced respiratory depression, however its effectiveness
in cardiac arrest is unclear, particularly when artificial respiration is provided.? Animal models have shown
that naloxone may improve the probability of ROSC over standard resuscitation (even in the absence of
opioids),*® however other data suggests opioid-reversal may worsen cerebral injury.”8

. We identified several observational studies in our systematic review, however which were limited
by serious risk of bias and indirectness.
. Indirectness: There were no studies which actually examined the population of interest for this

recommendation, i.e., those with opioid-associated OHCA. Some studies included undifferentiated OHCAs,
%11 and others included cases with suspected drug-overdose!?* (including a wide array of prescription and
non-prescription drugs, as well as ethanol). In addition, there were no studies examining in-hospital cardiac
arrest or pediatrics cases, and thus for these populations the evidence is very indirect.

° Bias: Previous studies have shown that drug-related OHCA is associated with improved outcomes
compared to undifferentiated OHCA'>', and that opioid-related OHCA is associated with improved
outcomes compared to other drug-related OHCAs?’. Drug-related cases are more likely to be treated with
naloxone than undifferentiated OHCA,® and opioid-related OHCA are more likely to be treated with
naloxone than other drug-related cases. Thus, treatment with naloxone may simply be a marker of opioid
toxicity and its apparent superior prognosis, rather than providing any actual benefit. In addition, existing
studies did not account for the specific timing of naloxone administration in analyses, and thus are limited
by resuscitation time bias.!®

. We acknowledged that cardiac arrest resuscitations are task-saturated endeavors with multiple
competing priorities.! We did not believe that the very low certainty evidence regarding the benefit of any
opioid-specific ALS intervention was sufficient to recommend incorporating into ALS algorithms, given the
risk of interfering with other evidence-based interventions. Given the uncertain state of the evidence, there
is also a possible risk of harm.

Subgroup considerations

. Subgroups will be important to evaluate in future randomized controlled trials, however
evidence to consider effectiveness in various subgroups is not currently available.
Implementation considerations

. Further higher quality evidence is required prior to implementation plans.

Monitoring and evaluation

. Further higher quality evidence is required prior to developing plans for monitoring and
evaluation.
Research priorities

° There were no randomized controlled trials that evaluated naloxone, in comparison to placebo,
for suspected opioid-associated cardiac arrest. Given the equipoise and high incidence of cases, an RCT is
urgently needed to answer this question
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11.
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17.

18.

. There was no evidence available for in-hospital cardiac arrest or pediatric cardiac arrest
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Mechanical Circulatory Support Post-resuscitation (ALS 3505)

QUESTION

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

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).
Management with a mechanical circulatory support device

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

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.

In-hospital

ASSESSMENT

Is the problem a priority?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o No Cardiogenic shock affects more than half of patients resuscitated from cardiac arrest and is

o Probably no  |associated with a high mortality, especially when the underlying cause is a myocardial infarction.
o Probably yes  |In addition to inotropes, vasopressors and revascularization of the infarct-related coronary

® Yes artery, mechanical circulatory support (MCS) devices can be used to support the circulation,

o Varies improve cardiac output, and end-organ perfusion in these patients. MCS may also have a role in
o Don't know 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?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Trivial IThe evidence on mechanical circulatory support (MCS) in post-cardiac arrest patients with

e Small cardiogenic shock is very limited. Randomized trials have been conducted in patients with acute
0 Moderate myocardial infarction complicated by cardiogenic shock (AMI-CS), and many of them included a
O Large large proportion of resuscitated cardiac arrest patients (up to 92% in one trial). The available

o Varies randomized trials in AMI-CS were mostly neutral, showing inconsistent direction of effects across

o Don't know 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). 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)?

Table 2. Pooled rates of primary and secondary outcomes in patients receiving mechanical
circulatory support versus standard care.

Outcome N. o.f Standard Od‘.js P for )

Subgroup studies  MCS care Ratio effect d

(95% Cl)

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

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

Cardiogenic shock with or 14 426/944 | 385/931 (1.17(0.97-| 0.10 | 0%
without prior cardiac arrest (45%) (41%) 1.42)
Survival at hospital discharge or 30 days, n (%)

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

Cardiogenic shock with or 13 521/928 | 479/914 |1.16 (0.97-| 0.12 0%
without prior cardiac arrest (56%) (52%) 1.40)
Survival at 6 months or 1 year, n (%)

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

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

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

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

116/281 | 108/279 [1.11(0.79-] 0.53 | 0%
(41%) (39%) 1.57)

Cardiogenic shock with or 3
without prior cardiac arrest

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

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

Cardiogenic shock with or 3 93/280 103/280 |(0.85 (0.60—| 0.37 0%
without prior cardiac arrest (33%) (37%) 1.21)
Survival with favourable neurological outcome at 6 months or 1 year, n (%)

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

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

Undesirable Effects

How substantial are the undesirable anticipated effects?

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

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Trivial IThe available randomized trials in AMI-CS were mostly neutral, showing inconsistent effects

o Small across outcomes, studies, and types of MCS devices. Similar findings were reported for the

e Moderate subgroup of cardiac arrest patients included in these trials. Recently, a trial involving a microaxial
o Large flow pump (Impella CP®) plus standard care, compared to standard care alone, demonstrated its
o Varies 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




o Don't know 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?
UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Very low IThe certainty of evidence across outcomes is low (downgraded due to indirectness).
® Low

0 Moderate
o High

o No included
studies

Values

Is there important uncertainty about or variability in how much people value the main outcomes?
UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

O Important Survival and survival with favorable neurological outcome are generally accepted as critical
uncertainty or  [outcomes in patients with cardiac arrest. However, some patients, relatives, or clinicians may
variability prioritize neurological outcome and quality of life over survival.

0 Possibly
important
uncertainty or
variability

® Probably no
important
uncertainty or
variability

0 No important
uncertainty or
variability
Balance of effects

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

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Favors the IThe balance of effects favors standard care, especially when mechanical circulatory support
comparison devices are applied in unselected patients, given the increased risk of complications and the lack
© Probably of demonstrated benefits with this approach. However, the balance of effects likely favors the
favors the intervention over standard care when mechanical circulatory support devices are used in
comparison selected patients, where the strategy may offer some survival benefits despite a higher

e Does not favor |occurrence of treatable or reversible complications.

either the

intervention or
the comparison
o Probably
favors the
intervention

o Favors the
intervention

O Varies

o Don't know




Resources required

o Don't know

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Large costs \We found an economic evaluation from the IABP-SHOCK Il trial,® which showed slightly higher

e Moderate but statistically significant healthcare costs. Nevertheless, given the generally high costs

costs associated with therapy for patients requiring mechanical support and the relatively small

e Negligible contribution from intra-aortic balloon pump (IABP) therapy, IABP may still be considered an
costs and economically reasonable and safe strategy, especially if clinical scenarios where IABP provides a
savings benefit can be identified.? We did not identify any other analysis from identified randomized

0 Moderate trials evaluating the cost of a mechanical circulatory support (MCS) device compared to another
savings MCS device or specifically in cardiac arrest patients. However, significant costs seem likely,

O Large savings |especially if routinely applied and for active MCS devices as performed in most included

o Varies randomized trials.

Certainty of evidence of required resources

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

JUDGEMENT

RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Very low

e Low

0 Moderate
o High

o No included
studies

Cost effectiveness

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

IThe 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.

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Favors the \We found an economic evaluation from the IABP-SHOCK Il trial,® which showed slightly higher
comparison but statistically significant healthcare costs. Nevertheless, given the generally high costs

® Probably associated with therapy for patients requiring mechanical support and the relatively small
favors the contribution from intra-aortic balloon pump (IABP) therapy, IABP may still be considered an
comparison economically reasonable and safe strategy, especially if clinical scenarios where IABP provides a
o Does not favor [benefit can be identified.? We did not identify any other analysis from identified randomized
either the trials evaluating the cost of a mechanical circulatory support (MCS) device compared to another

intervention or
the comparison
o Probably
favors the
intervention

o Favors the
intervention

o Varies

o No included
studies

Equity

What would be the impact on health equity?

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.

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Reduced ITreating patients with a mechanical circulatory support (MCS) device may be difficult in low-

® Probably resource settings due to the high cost of devices and consumables and in setting without the
reduced expertise and resources needed.

o Probably no

impact

o Probably




increased

o Increased
O Varies

o Don't know

Acceptability

JUDGEMENT

RESEARCH EVIDENCE

Is the intervention acceptable to key stakeholders?

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Feasibility

JUDGEMENT

Is the intervention feasible to implement?

RESEARCH EVIDENCE

\We have not identified any research that assessed acceptability.

ADDITIONAL CONSIDERATIONS

o No

0 Probably no
0 Probably yes
o Yes

® Varies

o 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

PROBLEM

DESIRABLE
EFFECTS
UNDESIRABLE
EFFECTS

CERTAINTY OF
EVIDENCE

VALUES

BALANCE OF
EFFECTS

RESOURCES
REQUIRED

JUDGEMENT

Yes

Small

Moderate

Low

Probably no
important
uncertainty or
variability

Does not
favor either
the
intervention
or the
comparison

Moderate
costs

Negligible
costs and

savings




CERTAINTY OF

EVIDENCE OF Low

REQUIRED
RESOURCES
Does not
favor either
|
cOST f:x:l:hi the
EFFECTIVENESS . intervention
comparison
or the
comparison
Probably
EQUITY reduced

ACCEPTABILITY Probably yes

FEASIBILITY Varies

TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation (el LB B8 recommendation for | recommendation for
against the against the either the the intervention the intervention
intervention intervention intervention or the
comparison
o o ° o o

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).

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% Cl, 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 syndrome?.



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:
e 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)! 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 arrest!. 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.
e Anindividual 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 patients?.

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 arrest>, 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% Cl 93—
99%) and sensitivity of 12% (95% Cl 7-17%)®. 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 uV, 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—7.7-1° 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 trial?.

In making these recommendations, the task force also considered:

e 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;

e 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 lib,
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 Ill, 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
interventions'?,



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:
e 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)! 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 arrestl. 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.
e Anindividual 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 patients?.

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 arrest®, 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% Cl 93—
99%) and sensitivity of 12% (95% Cl 7-17%)°. 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 WV, 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—7.7-1° 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 trial?.

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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Vasopressor Choice After ROSC from Cardiac Arrest (ALS 3528)

QUESTION

Should noradrenaline vs. adrenaline be used for low blood pressure after return of

spontaneous circulation after cardiac arrest?
oUW (o] \BEN [ow blood pressure after return of spontaneous circulation after cardiac arrest

\E A OB noradrenaline

(00))Y[7:\:{{o]\ B adrenaline

MAIN Thirty day survival; Thirty day or hospital survival (pooled); Good functional outcome at thirty
OUTCOMES: days or at hospital discharge ; Recurrent cardiac arrest; Recurrent cardiac arrest;

SETTING: Pre-hospital or in-hospital

CONFLICT OF none

INTERESTS:

ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e No The majority of patients after cardiac require a
e  Probably no vasopressor for the treatment of low blood
e  Probably yes pressure and achieve the currently recommended
e Yes target of 60-65 mmHg. Many different vasopressor
e Varies are used worldwide including noradrenaline,
e Don't know adrenaline, dopamine, and vasopressin. All these

have slightly different effects. It is currently unclear
if any one of these are preferable in patients after
cardiac arrest given the combination of brain and
cardiac injury.

Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e  Trivial The systematic review identified 7 observational
e Small studies and one randomized study. Based one
e Moderate these it is difficult to assess the possible desirable
e large effects. In general the larger RCT:s in patients
e Varies cared for in the ICU have not shown any large
e Don't know difference in outcome depending on the choice of

vasopressor. Based on the current evidence it is
difficult to assess the desirable effects if there are
any.

Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e  Trivial It is possible that some vasopressors used could
e Small have significant side- effects. But based on the

current evidence it is impossible to estimate.

e Moderate




Large
Varies
Don't know

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

Values

severity of illness is also very variable between
studies.

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Verylow There is one very small RCT. All the other studies
e Low are observational and it is clear that there is
e Moderate confounding by indication i.e. adrenaline may be
e High used in the sicker patients. Even though there are
e Noincluded aims to adjust for this but it is clear that there are
studies residual confounding. The wat of adjusting for

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

Balance of effects

People will value long-term outcome, but we do not
know if the choice of vasopressor really makes a
difference on these. Another studied outcome is
rearrest. This is also important but people would
probably value long- term outcome more.

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

Probably favors|
the

comparison
Does not favor
either the
intervention or
the
comparison
Probably favors
the
intervention
Favors the
intervention
Varies

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e  Favors the Based on the current evidence we do not know what
comparison the optimal vasopressor is patients after cardiac arrest.




e Don't know
Resources required

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e large costs All vasopressors are fairly cheap. But we found no study
e Moderate that has assessed costs of a specific vasopressor choice
costs after cardiac arrest.
e Negligible costs
and savings
e Moderate
savings
e large savings
e Varies

e Don't know
Certainty of evidence of required resources

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Verylow We found no studies that have assessed resources
o Low required based on the choice of vasopressor. The
e Moderate resources required are likely to be very similar
e High between the drugs included in this review.

e Noincluded
studies
Cost effectiveness

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e  Favors the We found no studies that have assessed resources
comparison required based on the choice of vasopressor. The

e Probably favors | resources required are likely to be very similar
the comparison | between the drugs included in this review.

e Does not favor
either the
intervention or
the comparison

e  Probably favors
the intervention

e  Favors the
intervention

e Varies
e Noincluded
studies
Equity
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Reduced Itis likely that all it would be possible to use any of
e Probably these vasopressor in most setting if there would be
reduced evidence to suggest superiority of a specific drug.

e  Probably no
impact




e  Probably

increased
e Increased
e Varies

e Don't know
Acceptability

Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e No The use of a vasopressor is standard practice in the
e Probably no ICU. For the patient the choice of which is probably
e Probably yes not going to make any difference.
e Yes
e Varies

e Don't know

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e No The use of the type of vasopressors are probably
e  Probably no feasible to implement in most hospitals. In the pre-
e  Probably yes hospital setting the situation may be a bit different.
o Yes
e Varies

e Don't know

SUMMARY OF JUDGEMENTS
JUDGEMENT

PROBLEM Yes
DESIRABLE Small

EFFECTS

UNDESIRABLE Small
EFFECTS
CERTAINTY OF Very low
EVIDENCE
Important
uncertainty or
VALUES variability
Does not
favor
BALANCE OF either the
EFFECTS interventio
n or the
comparison

RESOURCES Don't know
REQUIRED




CERTAINTY OF
EVIDENCE OF No
REQUIRED Very low Low Moderate High include
RESOURCES d
studies
Probably Does not Probably
COST Favors the| favors the favor either favors the Favors the No
AR IR  compariso compariso the interventio interventio [Varies included
S n n intervention n n studies
or the
comparison
EQUITY Reduced Probabl Probably Probably Increased  |Varies|Don't know
y no increased
reduced impact
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 Conditional Conditional Conditional Strong
recommendation recommendation [ELINIUEEEHEIR{#H recommendation for | recommendation for
against the against the either the the intervention the intervention

intervention intervention

intervention or the
comparison

Recommendation
CONCLUSIONS

There is insufficient evidence to recommend a specific vasopressor to treat low blood pressure in patients after
cardiac arrest.

Justification

There was disagreement among the ALS TF and therefore the type of TR was voted on. The TR that got the
most votes was chosen. The voting was close with 9 votes favoring no recommendation and 7 votes favoring
recommending the use of noradrenaline as the first choice.

Subgroup considerations

There is currently no evidence suggesting a different effect in a certain subgroup.
Implementation considerations

It would probably be easy to implement in most settings.
Monitoring and evaluation

Research priorities

There is limited data on this topic. There is a need for larger trials on this topic.
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QUESTION

POPULATION:

Neuroprotective Drugs (ALS 3507)

Should [intervention] vs. [comparison] be used for [health problem and/or population]?

Patients with return of spontaneous circulation (ROSC) after cardiac arrest

Y S ai(e)\'BY Any specific neuroprotective drug therapy administered after ROSC

COMPARISON:

Placebo or another drug

MAIN
OUTCOMES:

Mortality at 30-days, hospital discharge or 180 days
Functional outcome at 30-days, hospital discharge or 180 days

SETTING:

Out-of-hospital or in-hospital cardiac arrest

BACKGROUND:

Brain injury after cardiac arrest is a major problem. No treatment exists at the moment.

CONFLICT OF
INTERESTS:

None

ASSESSMENT

Problem

Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

e No

e  Probably no
e  Probably yes
o Yes

e Varies

e Don't know

Cardiac arrest is a major health problem and many
patients die in the intensive care unit or in the
hospital with hypoxic brain injury. Currently there
are no specific treatments available that alleviate
brain injury and care is largely supportive. A
treatment that alleviates brain injury would be of
great importance.

Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Trivial According to the evidence no pharmacological
e Small treatment has been shown to have any
e Moderate beneficial effect on Neither survival nor
e Llarge functional outcome in patients after cardiac
e Varies arrest. The conducted trials are

e Don't know

Undesirable Effects

How substantial are the undesirable anticipated effects?

fairly small and rule out fairly large effects. But the
conducted trial

sequential analyses have not identified any

clear need to for larger trials on drugs such as
steroids, coenzyme-Q10 and thiamine.

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Trivial Thus far the conducted trials are small so whether
e Small these drugs have important side-effects are
e Moderate unknown. It is also possible that a drug that saves
o large lives in a patient with severe brain injury can lead to
e Varies the survival of patients with a poor functional

e Don't know




outcome. Whether this is true is not possible to
know given the current available evidence.
Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Verylow Most conducted studies are small and single center
e Low decreasing the certainty of evidence.
e Moderate
e High
e Noincluded
studies

Values

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Important As the current evidence suggest no effect there
uncertainty or is probably no clear difference in how people
variability value these results. This is especially true for
e  Possibly important| coenxyme-Q10 which is currently not used in
uncertainty or routinely in ICUs. With
variability regards to steroids and thiamine the situation is
e  Probably no different, these drugs
important are commonly used and these are cheap drugs.
uncertainty or Therefore one could argue that why not use
variability these even based on very limited evidence, if
e Noimportant there is limited risk of harm. However, the risk of
uncertainty or harm is possible with both steroids and thiamine
variability and therefore probably most clinicians would favor
not using these drugs routinely without better
evidence.

Balance of effects

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Favors the The evidence does not suggest the beneficial effect
comparison of any neuroprotective drug on outcome in patients

e  Probably favors with ROSC after cardiac arrest. As these drugs are
the comparison not routinely used in other critically ill patients,

e Does not favor there is the possibility of harm most clinicians
either the probably would favor the comparison i.e. not giving
intervention or the | these drugs.
comparison

e  Probably favors
the intervention
e  Favors the
intervention
e Varies
e Don't know
Resources required

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS




e large costs Poor neurologic recovery is costly after cardiac
e Moderate costs arrest. Most neuroprotective drugs included in the
e Negligible costs review are cheap and probably

and savings easy to administer favoring their use. But as side-
e Moderate savings | effects and poor recovery is possible we do not
e Large savings know about the resources required.
e Varies

e Don't know
Certainty of evidence of required resources

What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

e Verylow No studies have assessed costs.

o low

e Moderate

e High

e Noincluded

studies

Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e  Favors the No studies have assessed cost-effectiveness.
comparison

e  Probably favors
the comparison

e Does not favor
either the
intervention or the
comparison

e  Probably favors
the intervention

e  Favors the
intervention

e Varies
¢ Noincluded
studies
Equity
What would be the impact on health equity?
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Reduced We do not know as we have not identified

e Probably reduced |any drug thatimproves outcome.
e  Probably no

impact
e  Probably
increased
e Increased
e Varies

e Don't know
Acceptability

Is the intervention acceptable to key stakeholders?



JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

e No
e  Probably no

o Yes

e Varies

e Don't know
Feasibility

JUDGEMENT

e  Probably yes

Is the intervention feasible

We do not know as we do not know if these drugs
work.

to implement?
RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

e No
e  Probably no

e  Probably yes

Most studies interventions involve the
administration of intravenous drugs. It is likely
that this therapy would be feasible in most

e VYes settings.
e Varies
e Don't know
SUMMARY OF JUDGEMENTS

PROBLEM

DESIRABLE
EFFECTS
UNDESIRABLE
EFFECTS
CERTAINTY OF
EVIDENCE

VALUES

JUDGEMENT

Very low

Possibly
important
uncertainty or
variability

BALANCE OF
EFFECTS

Favors the
comparison

RESOURCES
REQUIRED

Don't know

CERTAINTY OF
EVIDENCE OF REQUIRED
RESOURCES

No
included
studies

COST
EFFECTIVENESS

No
included
studies

EQUITY

Don't know

ACCEPTABILITY

Don't know

FEASIBILITY

Probably
yes




TYPE OF RECOMMENDATION

Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the the intervention the intervention

intervention intervention intervention or the
] comparison ° .

Recommendation

There is insufficient evidence to recommend the use of any specific drug therapy for comatose survivors of cardiac
arrest. (weak recommendation, very low certainty evidence)
Justification

Our systematic review of the evidence has not identified any drug that improves outcome in patients after cardiac

Q
=S
=
[0
(%]
—

Subgroup considerations
We have not identified any sub-group differences.
Implementation considerations

We have not identified any drug therapy that works and therefore we cannot evaluate implementation. But the
administration of intravenous drugs is common practice and is likely to be easy to implement.
Monitoring and evaluation

Research priorities

There is a need for larger multicenter trial evaluating the effect of various drugs on outcome in patients with
return of spontaneous circulation after cardiac arrest.

REFERENCES SUMMARY

Abramson et al for the Brain Resuscitation Clinical Trial | Study Group. Randomized clinical study of
thiopental loading in comatose survivors of cardiac arrest. N Engl J Med. 1986;314(7):397 -
403. https://doi.org/10.1056/NEJM198602133140701

Abramson et al. for the Brain Resuscitation Clinical Trial Il Study Group. A randomized clinical study of a
calcium-entry blocker (lidoflazine) in the treatment of comatose survivors of cardiac arrest. N Engl J Med.
1991;324(18):1225-31. https://doi.org/10.1056/nejm199105023241801

Arola 0OJ, Laitio RM, Roine RO, Gronlund J, Saraste A, Pietila M et al. Feasibility and cardiac safety of inhaled
xenon in combination with therapeutic hypothermia following out-of-hospital cardiac arrest. Critical Care
Medicine. 2013;41(9):2116-24. https://doi.org/10.1097/CCM.0b013e31828a4337

Berg KM, Grossestreuer AV, Balaji L, Moskowitz A, Berlin N, Cocchi MN et al. Thiamine as a metabolic
resuscitator after in-hospital cardiac arrest. Resuscitation. 2024;
198:110160. https://doi.org/10.1016/j.resuscitation.2024.110160

Bjelland TW, Dale O, Kaisen K, Haugen BO, Lydersen S, Strand K et al. Propofol and remifentanil versus
midazolam and fentanyl for sedation during therapeutic hypothermia after cardiac arrest: a randomised
trial. Intensive Care Medicine. 2012;38(6):959-67. https://doi.org/10.1007/s00134-012-2540-1



https://doi.org/10.1056/NEJM198602133140701
https://doi.org/10.1056/nejm199105023241801
https://doi.org/10.1097/CCM.0b013e31828a4337
https://doi.org/10.1016/j.resuscitation.2024.110160
https://doi.org/10.1007/s00134-012-2540-1

Cariou A, Deye N, Vivien B, Richard O, Pichon N, Bourg A et al. Early High-Dose Erythropoietin Therapy After
Out-of-Hospital Cardiac Arrest: A Multicenter, Randomized Controlled Trial. Journal of the American College
of Cardiology. 2016;68(1):40-9. https://doi.org/10.1016/].jacc.2016.04.040

Coppler PJ, Gagnon DJ, Flickinger KL, ElImer J, Callaway CW, Guyette FX et al. A multi-center, randomized,
double blinded, placebo-controlled trial of amantadine to stimulate awakening in comatose patients
resuscitated from cardiac arrest. Clin Exp Emerg Med. 2024;11(2): 205-

12. https://doi.org/10.15441/ceem.23.158

Damian MS, Ellenberg D, Gildemeister R, Lauermann J, Simonis G, Sauter W, et al. Coenzyme Q10 combined
with mild hypothermia after cardiac arrest: a preliminary study. Circulation. 2004;110(19):3011—-
6. https://doi.org/10.1161/01.CIR.0000146894.45533.C2

Dezfulian C, Olsufka M, Fly D, Scruggs S, Do R, Maynard C et al. Hemodynamic effects of IV sodium nitrite in
hospitalized comatose survivors of out of hospital cardiac arrest. Resuscitation. 2018;122:106—
12. https://doi.org/10.1016/j.resuscitation.2017.11.055

Donnino MW, Andersen LW, Berg KM, Chase M, Sherwin R, Smithline H et al. Corticosteroid therapy in
refractory shock following cardiac arrest: A randomized, double-blind, placebo-controlled, trial. Critical
Care. 2016;20:82. https://doi.org/10.1186/s13054-016-1257-x

Donnino MW, Berg KM, Vine J, Balaji L, Berlin N, Cocchi MN et al. Thiamine as a metabolic resuscitator after
out-of-hospital cardiac arrest. Resuscitation.
2024;110158. https://doi.org/10.1016/j.resuscitation.2024.110158

Forsman M, Aarseth HP, Nordby HK, Skulberg A, Steen PA. Effects of Nimodipine on Cerebral Blood Flow and
Cerebrospinal Fluid Pressure After Cardiac Arrest: Correlation With Neurologic Outcome. Anesthesia &
Analgesia 1989; 68(4):436-43.

Francois B, Cariou A, Clere-Jehl R, Dequin PF, Renon-Carron F, Daix T et al. Prevention of Early Ventilator-
Associated Pneumonia after Cardiac Arrest. N Engl J Med. 2019;381(19):1831—
42. https://doi.org/10.1056/NEJM0a1812379

Gando S, Tedo I. Increased neutrophil elastase release in patients with cardiopulmonary arrest: role of
elastase inhibitor. Intensive Care Medicine. 1985;21(8):636—-40. https://doi.org/10.1007/bf01711540

Gueugniaud PY, Gaussorgues P, Garcia-Darennes F, Bancalari G, Roux H, Robert D et al. Early effects of
nimodipine on intracranial and cerebral perfusion pressures in cerebral anoxia after out-of-hospital cardiac
arrest. Resuscitation. 1990;20(3):203-12. https://doi.org/10.1016/0300-9572(90)90003-w

Hirsch KG, Abella BS, Amorim E, Bader MK, Barletta JF, Berg K et al. Critical Care Management of Patients
After Cardiac Arrest: A Scientific Statement From the American Heart Association and Neurocritical Care
Society. Circulation. 2024;149(2):e168-200. https://doi.org/10.1161/CIR.00...

Holmberg MJ, Andersen LW, Moskowitz A, Berg KM, Cocchi MN, Chase M et al. Ubiquinol (reduced
coenzyme Q10) as a metabolic resuscitator in post-cardiac arrest: A randomized, double-blind, placebo-
controlled trial. Resuscitation. 2021;162:388-95. https://doi.org/10.1016/j.resuscitation.2021.01.041

Kordis P, Bozic Mijovski M, Berden J, Steblovnik K, Blinc A, Noc M. Cangrelor for comatose survivors of out-
of-hospital cardiac arrest undergoing percutaneous coronary intervention: the CANGRELOR-OHCA study.
Eurolntervention. 2023;18(15):1269-71. https://doi.org/10.4244/E1J-D-22-00675

Laitio R, Hynninen M, Arola O, Virtanen S, Parkkola R, Saunavaara J et al. Effect of Inhaled Xenon on Cerebral
White Matter Damage in Comatose Survivors of Out-of-Hospital Cardiac Arrest: A Randomized Clinical Trial.
JAMA. 2016;315(11):1120-8. https://doi.org/10.1001/jama.2016.1933

Lee BK, Cho IS, Oh JS, Choi WJ, Wee JH, Kim CS et al. Continuous neuromuscular blockade infusion for out -
of-hospital cardiac arrest patients treated with targeted temperature management: A multicenter


https://doi.org/10.1016/j.jacc.2016.04.040
https://doi.org/10.15441/ceem.23.158
https://doi.org/10.1161/01.CIR.0000146894.45533.C2
https://doi.org/10.1016/j.resuscitation.2017.11.055
https://doi.org/10.1186/s13054-016-1257-x
https://doi.org/10.1016/j.resuscitation.2024.110158
https://doi.org/10.1056/NEJMoa1812379
https://doi.org/10.1007/bf01711540
https://doi.org/10.1016/0300-9572(90)90003-w
https://doi.org/10.1161/CIR.0000000000001163
https://doi.org/10.1016/j.resuscitation.2021.01.041
https://doi.org/10.4244/EIJ-D-22-00675
https://doi.org/10.1001/jama.2016.1933

randomized controlled trial. PLoS ONE.
2018;13(12):e0209327. https://doi.org/10.1371/journal.pone.0209327

Llitjos JF, Sideris G, Voicu S, Bal Dit Sollier C, Deye N, Megarbane B et al. Impaired biological response to
aspirin in therapeutic hypothermia comatose patients resuscitated from out-of-hospital cardiac arrest.
Resuscitation. 2016;105:16-21. https://doi.org/10.1016/j.resuscitation.2016.04.027

Longstreth WT Jr, Fahrenbruch CE, Olsufka M, Walsh TR, Copass MK, Cobb LA. Randomized clinical trial of
magnesium, diazepam, or both after out-of-hospital cardiac arrest. Neurology. 2002;59(4):506—
14. https://doi.org/10.1212/wnl.59.4.506

Mentzelopoulos SD, Malachias S, Chamos C, Konstantopoulos D, Ntaidou T, Papastylianou A et al.
Vasopressin, steroids, and epinephrine and neurologically favorable survival after in-hospital cardiac arrest:
A randomized clinical trial. JAMA. 2013;310(3):270-9. https://doi.org/10.1001/jama.2...

Mentzelopoulos SD, Pappa E, Malachias S, Vrettou CS, Giannopoulos A, Karlis G et al. Physiologic effects of
stress dose corticosteroids in in-hospital cardiac arrest (CORTICA): A randomized clinical trial. Resusc Plus.
2022;10:100252. https://doi.org/10.1016/j.resp...

Metz CA, Stubbs DF, Hearron MS. Significance of infarct site and methylprednisolone on survival following
acute myocardial infarction. J Int Med Res. 1986;14 Suppl 1:11-4.

Mentzelopoulos SD, Zakynthinos SG, Tzoufi M, Katsios N, Papastylianou A, Gkisioti S et al. Vasopressin,
epinephrine, and corticosteroids for in-hospital cardiac arrest. Archives of Internal Medicine.
2009;169(1):15-24. https://doi.org/10.1001/archin...

Meyer ASP, Johansson Pl, Kjaergaard J, Frydland M, Meyer MAS, Henriksen HH et al. Endothelial Dysfunction
in Resuscitated Cardiac Arrest (ENDO-RCA): Safety and efficacy of low-dose lloprost, a prostacyclin
analogue, in addition to standard therapy, as compared to standard therapy alone, in post-cardiac-arrest-
syndrome patients. American Heart Journal. 2020;219:9-20. https://doi.org/10.1016/j.ahj.2019.10.002

Meyer MAS, Wiberg S, Grand J, Meyer ASP, Obling LER, Frydland M et al. Treatment Effects of Interleukin-6
Receptor Antibodies for Modulating the Systemic Inflammatory Response After Out-of-Hospital Cardiac
Arrest (The IMICA Trial): A Double-Blinded, Placebo-Controlled, Single-Center, Randomized, Clinical Trial.
Circulation. 2021;143(19):1841-51. https://doi.org/10.1161/circulationaha.120.053318

Moskowitz A, Andersen LW, Rittenberger JC, Swor R, Seethala RR, Kurz MC et al. Continuous neuromuscular
blockade following successful resuscitation from cardiac arrest: A randomized trial. Journal of the American
Heart Association. 2020;9(17):e017171. https://doi.org/10.1161/JAHA.120.017171

NCT03079102. Inhaled Nitric Oxide After Out-of-Hospital Cardiac Arrest
(2017) https://clinicaltrials.gov/sho... [Internet]. Available from: Study Details | Inhaled Nitric Oxide After
Out-of-Hospital Cardiac Arrest | ClinicalTrials.govLast accessed 24t April 2024.

NCT01319110, Beth Israel Deaconess Medical Center N. Coenzyme Q10 in Post-Cardiac Arrest Cerebral
Resuscitation (2011) Available from: Study Details | Coenzyme Q10 in Post-Cardiac Arrest Cerebral
Resuscitation | ClinicalTrials.gov Last accessed 24t April 2024.

Nolan JP, Sandroni C, Bottiger BW, Cariou A, Cronberg T, Friberg H et al. European Resuscitation Council and
European Society of Intensive Care Medicine guidelines 2021: post-resuscitation care. Intensive Care Med.
2021;47(4):369-421. https://doi.org/10.1007/s00134...

Obling LER, Beske RP, Meyer MAS, Grand J, Wiberg S, Nyholm B et al. Prehospital high-dose
methylprednisolone in resuscitated out-of-hospital cardiac arrest patients (STEROHCA): a randomized
clinical trial. Intensive Care Med. 2023;49(12):1467-1478 https://doi.org/10.1007/s00134-023-07247-w



https://doi.org/10.1371/journal.pone.0209327
https://doi.org/10.1016/j.resuscitation.2016.04.027
https://doi.org/10.1212/wnl.59.4.506
https://doi.org/10.1001/jama.2013.7832
https://doi.org/10.1016/j.resplu.2022.100252
https://doi.org/10.1001/archinternmed.2008.509
https://doi.org/10.1016/j.ahj.2019.10.002
https://doi.org/10.1161/circulationaha.120.053318
https://doi.org/10.1161/JAHA.120.017171
https://clinicaltrials.gov/show/NCT03079102
https://clinicaltrials.gov/study/NCT03079102
https://clinicaltrials.gov/study/NCT03079102
https://clinicaltrials.gov/study/NCT01319110
https://clinicaltrials.gov/study/NCT01319110
https://doi.org/10.1007/s00134-021-06368-4
https://doi.org/10.1007/s00134-023-07247-w

Pakdaman H, Gharagozli K, Karamiani F, Shamsi Goushki M, Moini S, Sobhanian A et al. MLC901 in hypoxic-
ischemic brain injury patients: A double-blind, randomized placebo-controlled pilot study. Medicine
(Baltimore). 2023;102(23):e33914. https://doi.org/10.1097/md.0000000000033914

Panchal AR, Bartos JA, Cabafas JG, Donnino MW, Drennan IR, Hirsch KG et al. Part 3: Adult Basic and
Advanced Life Support: 2020 American Heart Association Guidelines for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care. Circulation. 2020;142(16_suppl_2):5366—

468. https://doi.org/10.1161/CIR.00...

Pansiritanachot W, Vathanavalun O, Chakorn T. Early post-resuscitation outcomes in patients receiving
norepinephrine versus epinephrine for post-resuscitation shock in a non-trauma emergency department: A
parallel-group, open-label, feasibility randomized controlled trial. Resuscitation Plus.

2024;17:100551. https://doi.org/10.1016/j.resplu.2024.100551

Penn J, Douglas W, Curran J, Chaudhuri D, Dionne JC, Fernando SM et al. Efficacy and safety of
corticosteroids in cardiac arrest: a systematic review, meta-analysis and trial sequential analysis of
randomized control trials. Crit Care. 2023;27(1):12. https://doi.org/10.1186/s13054...

Perkins GD, Neumar R, Hsu CH, Hirsch KG, Aneman A, Becker LB et al. Improving Outcomes After Post-
Cardiac Arrest Brain Injury: A Scientific Statement From the International Liaison Committee on
Resuscitation. Circulation. 2024;Epub ahead of print. https://doi.org/10.1161/CIR.00...

Pradita-Ukrit S, Vattanavanit V. Efficacy of Thiamine in the Treatment of Postcardiac Arrest Patients: A
Randomized Controlled Study. Crit Care Res Pract. 2020:2981079. https://doi.org/10.1155/2020/2981079

Privsek M, Strnad M, Markota A. Addition of Vitamin C Does Not Decrease Neuron-Specific Enolase Levels in
Adult Survivors of Cardiac Arrest—Results of a Randomized Trial. Medicina.
2024;60(1):103. https://doi.org/10.3390/medicina60010103

Ribaric SF, Turel M, Knafelj R, Gorjup V, Stanic R, Gradisek P et al. Prophylactic versus clinically -driven
antibiotics in comatose survivors of out-of-hospital cardiac arrest-A randomized pilot study. Resuscitation.
2017;111:103-9. https://doi.org/10.1016/j.resuscitation.2016.11.025

Roine RO, Kaste M, Kinnunen A, Nikki P, Sarna S, Kajaste S. Nimodipine After Resuscitation From Out-of-
Hospital Ventricular Fibrillation: A Placebo-Controlled, Double-Blind, Randomized Trial. JAMA.
1990;264(24):3171-7. https://doi.org/10.1001/jama.1990.03450240073043

Ruijter BJ, Keijzer HM, Tjepkema-Cloostermans MC, Blans MJ, Beishuizen A, Tromp SC et al. Treating
Rhythmic and Periodic EEG Patterns in Comatose Survivors of Cardiac Arrest. N Engl J Med.
2022;386(8):724-34. https://doi.org/10.1056/NEJM0a2115998

Steblovnik K, Blinc A, Mijovski MB, Fister M, Mikuz U, Noc M. Ticagrelor Versus Clopidogrel in Comatose
Survivors of Out-of-Hospital Cardiac Arrest Undergoing Percutaneous Coronary Intervention and
Hypothermia: A Randomized Study. Circulation. 2016;134(25):2128-

30. https://doi.org/10.1161/CIRCULATIONAHA.116.024872

Stockl M, Testori C, Sterz F, Holzer M, Weiser C, Schober A et al. Continuous versus intermittent
neuromuscular blockade in patients during targeted temperature management after resuscitation from
cardiac arrest-A randomized, double blinded, double dummy, clinical trial. Resuscitation. 2017;120:14—
9. https://doi.org/10.1016/j.resuscitation.2017.08.238

Tamura T, Suzuki M, Homma K, Sano M, lizuka R, Narimiya H et al. Efficacy of inhaled hydrogen on
neurological outcome following brain ischaemia during post-cardiac arrest care (HYBRID Il): a multi-centre,
randomised, double-blind, placebo-controlled trial. eClinicalMedicine.

2023;58:101907. https://doi.org/10.1016/j.eclinm.2023.101907

Thel MC, Armstrong AL, McNulty SE, Califf RM, O’Connor CM. Randomised trial of magnesium in in-hospital
cardiac arrest. The Lancet. 1997;350(9087):1272—6. https://doi.org/10.1016/5S0140-6736(97)05048-4



https://doi.org/10.1097/md.0000000000033914
https://doi.org/10.1161/CIR.0000000000000916
https://doi.org/10.1016/j.resplu.2024.100551
https://doi.org/10.1186/s13054-022-04297-2
https://doi.org/10.1161/CIR.0000000000001219
https://doi.org/10.1155/2020/2981079
https://doi.org/10.3390/medicina60010103
https://doi.org/10.1016/j.resuscitation.2016.11.025
https://doi.org/10.1001/jama.1990.03450240073043
https://doi.org/10.1056/NEJMoa2115998
https://doi.org/10.1161/CIRCULATIONAHA.116.024872
https://doi.org/10.1016/j.resuscitation.2017.08.238
https://doi.org/10.1016/j.eclinm.2023.101907
https://doi.org/10.1016/S0140-6736(97)05048-4

Wang D, Jiang Q, Du X. Protective effects of scopolamine and penehyclidine hydrochloride on acute cerebral
ischemia-reperfusion injury after cardiopulmonary resuscitation and effects on cytokines. Exp Ther Med.
2018;15(2):2027-31. https://doi.org/10.3892/etm.2017.5646

Wiberg S, Hassager C, Schmidt H, Thomsen JH, Frydland M, Lindholm MG et al. Neuroprotective Effects of
the Glucagon-Like Peptide-1 Analog Exenatide after Out-of-Hospital Cardiac Arrest: A Randomized
Controlled Trial. Circulation. 2016;134(25):2115-24. https://doi.org/10.1161/CIRCULATIONAHA.116.024088

Zhang Q, Li C, Shao F, Zhao L, Wang M, Fang Y. Efficacy and Safety of Combination Therapy of Shenfu
Injection and Postresuscitation Bundle in Patients With Return of Spontaneous Circulation After In-Hospital
Cardiac Arrest: A Randomized, Assessor-Blinded, Controlled Trial. Critical Care Medicine. 2017;45(10):1587—
95. https://doi.org/10.1097/ccm.0000000000002570



https://doi.org/10.3892/etm.2017.5646
https://doi.org/10.1161/CIRCULATIONAHA.116.024088
https://doi.org/10.1097/ccm.0000000000002570

Organ Donation After Cardiac Arrest (ALS 3600)

QUESTION

Organ Donation from Donors with Cardiac Arrest

POPULATION: Adults and children who are receiving solid organ transplantation in any setting

[\ A3, 1 [e)\'B Transplantation of an organ retrieved from a donor who, following cardiac arrest, received
cardiopulmonary resuscitation (e.g., donation after initial successful cardiopulmonary
resuscitation or after unsuccessful cardiopulmonary resuscitation).

(o0]\Y[-7.\:{({e]\'BB Transplantation of an oran retrieved from a donor who did not receive cardiopulmonary
resuscitation.

MAIN Primary outcome: graft function or recipient survival at the longest follow-up available.
OUTCOMES: Secondary outcomes: graft function or recipient survival at 30 days and 1 year.

SETTING: In-hospital or out-of-hospital cardiac arrest

ASSESSMENT

Problem

Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o No There is currently a mismatch between organ availability and

o Probably no | demand worldwide. Only a minority of this demand can be met by
o Probably yes [ donations from living donors, and only for some organs, such as

® Yes kidneys. Therefore, the contribution from deceased donors is

o Varies crucial. Patients who do not recover after cardiac arrest represent
o Don't know [ a potential source of organ donation. This can occur when patients
die after initial successful resuscitation from cardiac arrest because
of brain death (donors after death by neurological criteria, DBD) or
following withdrawal of life-sustaining treatment (WLST) because
of predicted poor outcome (controlled donors after cardiac death,
cDCD)[1]. In other patients, cardiac death is pronounced at the end
of an unsuccessful resuscitation attempt (uncontrolled donors
after cardiac death uDCD). With organs from donors who have had
cardiopulmonary resuscitation, there is concern that whole-body
ischemia-reperfusion injury can result in significant extracerebral
organ damage, making organs unsuitable for transplantation or at
risk of worse outcomes and complications for the recipient.

Given the important worldwide implications, we aim to assess
whether organs retrieved from donors who died after sudden
cardiac arrest and received cardiopulmonary resuscitation (i.e.,
donation after initial successful cardiopulmonary resuscitation or
after unsuccessful cardiopulmonary resuscitation) have
comparable outcomes compared to organs retrieved from donors




Desirable Effects

who did not suffer a cardiac arrest (i.e., living donors or DBD
donors).

This topic had previously been reviewed for the 2010[2]and
2015[3] ILCOR COSTR. However, a recent ILCOR nonsystematic
review[1] showed that a considerable amount of evidence needing
assessment has been accumulated since then, and a new
systematic review is desirable.

The systematic review included evidence from studies conducted
in adults or children. No date or language limits were imposed.

The primary outcome measure was graft function or recipient
survival at the longest available follow-up. The secondary outcome
measures were graft function or recipient survival at 1 month and
1 year. Subgroup analyses were conducted based on the type or
organ, outcome measure, and donor pathway (DBD or DCD). DCDs
were further divided into uDCD (also classified as Maastricht
category Il donors) and cDCD (also classified as Maastricht
category Ill) donors.

How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Trivial A total of 33 observational studies (25 retrospective and 8 | Most of the evidence
o Small prospective) were identified. Of these, 7 reported on heart | was on heart, liver and
o Moderate donation, 14 on kidney donation, nine on liver donation, three on | kidney transplantation.
o Large pancreas donation, one on lung donation, and one on intestine | Limited evidence was

o Varies donation. Two studies reported more than one organ outcome. | available for lung,

o Don't know

Twenty-six studies included adults, three included children, and
four included a mix of adults and children.

The risk of bias was assessed using the ROBINS-I tool.

The outcomes of graft function or recipient survival at 30 days, 1
year, and the longest available follow-up are reported separately for
each transplanted organ (heart, kidney, liver, lung, pancreas,
intestine).

The outcomes were compared in brain-dead donors (DBD) with
prior cardiopulmonary resuscitation (CPR) vs. DBD without prior
CPR in 22 studies, in donors from uncontrolled donation after
circulatory death (uDCD) vs DBD without prior CPR in eight studies,
in donors from uDCD vs donors from controlled donation after
circulatory death (cDCD) without prior CPR in two studies, and in
donors from cDCD with prior CPR vs DBDs. One study had two
comparison groups (DBDs and cDCDs).

Heart

pancreas and intestine.
Evidence for kidney
and liver transplants
showed worse 30-day
and 1-year function or
survival for grafts
transplanted from
uDCD donors
compared to DBD
donors who did not
undergo CPR.
However, we did not
observe significant
differences in organ
function or survival at
the longest available
follow-up.




For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness) from 7
studies (47,842 patients; six [4-9] enrolling 40,542 adults and one
[10] enrolling 7300 children), which showed no statistically
significant difference in graft or recipient survival in organ
recipients from donors who received CPR versus donors who did
not receive CPR in all studies (OR 1.27 [95% Cl, 0.99 to 1.63]), in
adults-only studies (OR 1.24 [95% Cl, 0.93 to 1.64], and in children
study (OR 1.41 [95% Cl,1.19 to 1.68]).

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
inconsistency and indirectness) from 7 studies (47,854 patients; six
[4-9] enrolling 40,554 adults and one [10] enrolling 7,300 children)
which showed no statistically significant difference in graft or
recipient survival in organ recipients from donors who received
CPR versus donors who did not receive CPR in all studies (OR 1.07
[95% ClI, 0.97 to 1.18]), in adults-only studies (OR 1.06 [95% ClI, 0.96
to 1.18], and in children study (OR 1.14 [95% Cl, 0.85 to 1.53]).

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from 6 studies (46,665 patients;
five [4-8] enrolling 39,365 adults and one [10] enrolling 7300
children) which showed no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received CPR versus donors who did not receive CPR in all studies
(OR, 1.11 [95% CI, 0.96 to 1.28]), in adults-only studies (OR 1.11
[95% CI, 0.95 to 1.29], and in children study (OR 1.11 [95% ClI, 0.70
to 1.74]).

Kidney

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low-certainty
evidence (downgraded for inconsistency and indirectness) from 14
studies (17,839 patients; 12 studies [11-22] enrolling 4,459 adults
and 2 studies [23, 24] enrolling 13,380 adults and children), which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received CPR versus
donors who did not receive CPR in all studies (OR 0.96 [95% Cl, 0.69
to 1.33]), in adults-only studies (OR 1.02 [95% Cl, 0.69 to 1.49], and
in mixed adults and children studies (OR 0,76 [95% Cl, 0.27 to
2.17)).




For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
inconsistency and indirectness) from 10 studies (15,758 patients; 8
studies [11, 12, 14, 15, 18-21] enrolling 2,378 adults and 2 studies
[23, 24] enrolling 13,380 adults and children), which showed no
statistically significant difference in graft or recipient survival in
organ recipients from donors who received CPR versus donors who
did not receive CPR in all studies (OR 0.89 [95% Cl, 0.55 to 1.46]),
in adults-only studies (OR 0.99 [95% ClI, 0.55 to 1.77]).and in mixed
adults and children studies (OR, 0.63 [95% Cl, 0.14 to 2.73]). One
[18] of these studies compared DBDs after ECPR with DBDs who did
not receive ECPR.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from 9 studies (3,279 patients),
8 studies [12, 13, 15, 16, 19-22] enrolling 2,994 adults and one
study [23] enrolling 285 adults and children. These studies showed
worse graft or recipient survival in organ recipients from donors
who received CPR versus donors who did not (OR, 0.45 [95% Cl,
0.25 to 0.81]). However, this was observed only when the
comparison was made between uDCDs vs. DBDs, while it was not
observed when it was made between uDCDs vs. cDCDs or DBDs
after CPR vs. DBDs without CPR.

Liver

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness from 9
studies (3,739 patients; six [11, 25-29] enrolling 3,348 adults, two
[30, 31] enrolling 261 adults and children, and one [32] enrolling
130 children, which showed no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received cardiopulmonary resuscitation versus donors who did not
receive cardiopulmonary resuscitation in all studies (OR 0.88 [95%
Cl, 0.68 to 1.15]), in adults-only studies (OR 0.81 [95% Cl, 0.55 to
1.19], in mixed adults and children studies (OR 1.15 [95% Cl, 0.30
to 4.43]), and in children studies (OR 0.95 [95% Cl, 0.36 to 2.47]).

However, in the subgroup analysis, we observed a worse outcome
when comparing uDCDs to DBDs (OR 0.51 [95% Cl, 0.32 to 0.83]),
while this was not observed when comparing DBDs after CPR to
DBDs without CPR.

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for




inconsistency and indirectness) from 3 studies [11, 25, 27] in 469
adult patients, showing no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received cardiopulmonary resuscitation versus donors who did
not (OR, 0.53 [95% Cl, 0.27 to 1.02]). However, in the subgroup
analysis, we observed a worse outcome when the comparison was
made between uDCDs vs. DBDs (De carlis, Justo) (OR 0.42 [95% ClI,
0.25 to 0.72]), while this was not observed when the comparison
was made between DBDs after CPR vs. DBDs without CPR.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from 7 studies (3,610 patients;
four [26-29] enrolling 3,219 adults, two [30, 31] enrolling 261
adults and children, and one [32] enrolling 130 children), which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received
cardiopulmonary resuscitation versus donors who did not receive
cardiopulmonary resuscitation in all studies (OR 0.84 [95% Cl, 0.45
to 1.59]), in adults-only studies (OR 0.49 [95% Cl, 0.18 to 1.30]), and
in mixed adults and children studies (OR 1.15 [95% ClI, 0.30 to
4.43]), and better in 1 pediatric study (OR 2.23 [95% CI, 1.07 to
4.67]).

Lung

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness) from
one study [33] enrolling 236 adult patients, which showed no
statistically significant difference in graft or recipient survival in
organ recipients from donors who received CPR versus donors who
did not receive CPR (OR, 1.50 [95% ClI, 0.77 to 2.90]).

We found no studies reporting the critical outcome of graft
function or recipient survival at 1 year.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from one study [33], which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received CPR versus
donors who did not receive CPR (OR, 0.67 [95% Cl, 0.38 to 1.19]).

Pancreas

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of




evidence (downgraded for indirectness) from 3 studies (14,043
patients; two [34, 35] enrolled 948 adults and one [24] enrolled
13,095 adults and children. The studies showed no statistically
significant difference in graft or recipient survival in organ
recipients from donors who received CPR versus donors who did
not receive CPR in all studies (OR, 1.01 [95% CI, 0.83 to 1.23]), in
adults-only studies (OR 1.03 [95% CI, 0.62 to 1.72], and in mixed
adults and children studies (OR 1.01 [95% Cl, 0.81 to 1.25]). We
found no studies reporting this outcome in children.

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
indirectness) from one study [24] enrolling 13,095 adults and
children, which showed no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received CPR versus donors who did not receive CPR in all studies
(OR, 1.01 [95% ClI, 0.81 to 1.25]). We found no studies reporting
this outcome in adults only or in children.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for indirectness) from one study [35] enrolling 606 adults, which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received CPR versus
donors who did not receive CPR in all studies (OR, 0.60 [95% ClI,
0.24 to 1.50]). We found no studies reporting this outcome in
children.

Intestine

For the critical outcome of graft function or recipient survival at the
longest follow-up available, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness) from one
study [36] enrolling 67 adults. The study showed no statistically
significant difference in graft or recipient survival in organ recipients
from donors who received cardiopulmonary resuscitation versus
those who did not in all studies (OR, 1.11 [95% Cl, 0.21 to 5.88]).

We found no studies reporting this outcome for the critical outcome
of graft function or recipient survival at 1 year or for the critical
outcome of graft function or recipient survival at 30 days.




Undesirable Effects

How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Trivial We could not identify any remarkable undesirable effect for organ | Given the alternatives

e Small donation from DBDs. For organ donation from uDCD donors, there | of not having a solid

O Moderate is potentially an increased risk of graft failure. organ transplant, i.e.,

o Large lifelong dialysis or

o Varies death from liver failure,

o Don't know

Certainty of evidence

What is the overall certainty of the evidence of effects?

a donation from a
uDCD donor is probably
still preferable.

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Very low The certainty of the evidence was very low because:

® Low

o Moderate 1. All studies were observational

o High 2. We found inconsistencies in the timing of the longest follow-

o No included up (from 7 days to 15 years) and the variables considered for

studies adjustment.

Values

3. There was indirectness:

a. in some studies on organs retrieved from DBD donors,
the timing of cardiac arrest and CPR was unclear (i.e.,
before vs. after death by neurological criteria), so we
cannot completely exclude that in some patients, cardiac
arrest and resuscitation may have followed, rather than
preceded, death by neurological criteria (cardiac arrest in
a brain-dead donor, Maastricht category IV).

b. in some studies on organs retrieved from uDCD donors,
the witnessed status of the original cardiac arrest was not
specified. Therefore, we cannot exclude that in some
patients, CPR was performed on a patient who would not
be otherwise resuscitated (found dead and resuscitated
solely for organ donation; Maastricht | donor).

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Important Organ shortage is an important problem worldwide. We assume

uncertainty or | that the community puts a high value on ensuring that those

variability waiting for a donated organ can benefit from organs donated by

O Possibly those who die after CPR.

important

uncertainty or
variability

The results of our review’s subgroup analysis showed that short- or
middle-term outcomes of organs donated by uDCD donors could




® Probably no
important
uncertainty or
variability

o No
important
uncertainty or
variability

be worse than those of organs donated by DBDs. However, long-
term outcomes were not significantly different, although this
might be due to the smaller number of long-term survivors. In
addition, the advantage of increasing the number of available
organs for patients who need transplants may overcome the
increased risk of short- and long-term failure of grafts from DCD
donors.

Balance of effects

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

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Favors the
comparison
o Probably
favors the
comparison
e Does not
favor either
the
intervention or
the
comparison
O Probably
favors the
intervention
o Favors the
intervention
O Varies

o Don't know

JUDGEMENT

Our review showed no significant overall differences in graft
survival or function between organs retrieved from donors with
and without CPR. Therefore, patients who die after CPR can be
considered suitable organ donors.

RESEARCH EVIDENCE

Resources required

ADDITIONAL CONSIDERATIONS

O Large costs
0 Moderate
costs

o Negligible
costs and
savings

e Moderate
savings

o Large savings
o Varies

o Don't know

Organ donation results in a reduction of costs associated with
morbidity of patients with end-stage organ failure. In a substudy of
the PARAMEDIC2 trial, incorporating the indirect economic effects
of transplanted organs substantially altered the cost-effectiveness
of epinephrine administered to patients in cardiac arrest in favor
of the drug [37]. In that study, the authors did not investigate what
donor type (i.e., DBD or cDCD) contributed to the result.




Certainty of evidence of required resources

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Very low Because our review's overall certainty of evidence of effects is very | Given organ retrieval

O Low low, the certainty of evidence regarding the required resources is processes are already

O Moderate also very low. in place for donors

o High who have not had

o No included CPR, the additional
studies resources for

Cost effectiveness

donation after DBD
or cDCD would be
limited. Significant
additional resource
and ethical issues
would need to be
overcome to develop
a uDCD program.

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

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Favors the
comparison

e Probably
favors the
comparison

e Does not
favor either
the
intervention or
the
comparison

O Probably
favors the
intervention
o Favors the
intervention
o Varies

o No included
studies

Equity

Donation after cardiac arrest results in similar rates of graft
function or survival compared with donation in patients who did
not have cardiac arrest. We conclude that the increased
availability of organs from donors after cardiac arrest is cost-
effective.

What would be the impact on health equity?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Reduced
o Probably

In some healthcare systems, as a result of organ shortage, some
patients may consider traveling abroad to receive the organs they




reduced

O Probably no
impact

e Probably
increased

o Increased

O Varies

o Don't know

Acceptability

need, which may result in considerable additional costs for those
patients. Reducing organ shortage can result in increased equity
and access to transplantation-

Is the intervention acceptable to key stakeholders?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Feasibility

The intervention appears acceptable to the stakeholders.
However, the practice of uDCD may raise ethical concerns in some
countries or communities because of concern that patients with
cardiac arrest are resuscitated for the sole purpose of organ
donation.

Is the intervention feasible to implement?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Donation of organs after CPR probably does not require special
resources in healthcare systems where organ donation is already
implemented. However, the implementation of uDCD requires an
efficient organization to ensure that the process of consent,
diagnosis and organ retrieval is implemented rapidly after an
unsuccessful resuscitation attempt. Donations from DBDs after
CPR require that healthcare professionals are aware of the
possibility that patients with acute hypoxic-ischemic brain injury
(HIBI) evolve to brain death 2-3 days after CPR. Implementing
cDCD after CPR requires that all the necessary procedures to
ascertain poor outcome with a high degree of certainty are
conducted.

SUMMARY OF JUDGEMENTS

PROBLEM

DESIRABLE
EFFECTS

UNDESIRABLE

EFFECTS

JUDGEMENT

Moderate

Moderate




JUDGEMENT

CERTAINTY OF
Very low Low
EVIDENCE
Probably no
important
VALUES porte
uncertainty
or variability
Does not
favor either
BALANCE OF the
EFFECTS intervention
or the
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RESOURCES Moderate
REQUIRED savings
CERTAINTY OF
EVIDENCE OF
Low
REQUIRED
RESOURCES
CoST Probably
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EFFECTIVENESS . .
intervention
Probably
EQUITY increased
ACCEPTABILITY Probably yes
FEASIBILITY Probably yes Varies
TYPE OF RECOMMENDATION
Strong recommendation Conditional Conditional Conditional Strong recommendation for
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CONCLUSIONS

Recommendation

We recommend that all patients who have restoration of circulation after cardiopulmonary resuscitation
and who subsequently progress to death be evaluated for organ donation (strong recommendation,
low-certainty evidence).

Justification

The major concern with organ donation from patients who have undergone CPR is damage to their
organs from ischemia and reperfusion injury. However, the suitability of organs for donation is based on
criteria established by the transplantation team. This review suggests that, once these criteria are met,
transplant organ outcomes are similar regardless of whether the organs come from donors who have
had CPR or not before donation.

We have used the term ‘restoration of circulation’ to include patients who become potential organ
donors after ECPR and are stabilized on VA-ECMO but do not have spontaneous circulation.

Despite the low-certainty evidence, the TF has made a strong recommendation. This is because the TF
values ensuring that those waiting for a donated organ can benefit from organs donated by those who
die after CPR, given that a large number of studies show organ function and recipient outcomes are
similar in CPR+ and CPR- groups.

Subgroup considerations

Nine of the 33 studies in this review compared the outcomes of kidneys and livers transplanted from
patients who died after unsuccessful resuscitation (uncontrolled donors after cardiac death [uDCDs];
Maastricht category IlI) with those of organs transplanted from donors after death by neurological
criteria (donors after brain death [DBDs]; eight studies [13, 14, 19-22, 25, 27] or from donors who die by
cardiac criteria after life-sustaining treatment is suspended because of futility (controlled donors after
cardiac death [cDCDs]: Maastricht category lll; one study [17]). In these studies, the outcomes of organs
transplanted from uDCDs at one month and one year were significantly worse than in the comparator
group.

In uDCD studies, the donors’ witnessed status was not always explicitly reported. Consequently, there
was a chance that some donors were unrecoverable at the arrival of the treating team (found dead) and
that resuscitation was started only with the aim of potential donation (Maastricht category I). Because
of this inconsistency, the Task Force decided not to make any recommendation regarding uncontrolled
organ donors.



Implementation considerations

Donation of organs after CPR probably does not require special resources in healthcare systems where
organ donation is already implemented. However, the implementation of uDCD requires efficient
organization to ensure that the process of consent, diagnosis and organ retrieval is implemented
rapidly after an unsuccessful resuscitation attempt.

Donations from DBDs after CPR require that healthcare professionals are aware of the possibility that
patients with acute hypoxic-ischemic brain injury (HIBI) evolve to brain death 2-3 days after CPR.

Implementing cDCD after CPR requires that all the necessary procedures be conducted to ascertain a
poor outcome with a high degree of certainty [38].

Monitoring and evaluation

Research priorities

e Future studies on DBDs who underwent CPR should clearly identify those who evolved towards
death by neurological criteria after resuscitation, to avoid confusion with DBDs who had cardiac
arrest before organ retrieval.

e Comparative studies are needed to investigate cDCD donation after CPR

e Future studies should investigate the utilization rate of donors who underwent CPR vs those
who did not.

e There are no established criteria to identify the potential for donation in patients who die after
CPR.
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Organ Donation After Cardiac Arrest (ALS 3600)

QUESTION

Organ Donation from Donors with Cardiac Arrest

POPULATION: Adults and children who are receiving solid organ transplantation in any setting




Y S e 'B Transplantation of an organ retrieved from a donor who, following cardiac arrest, received
cardiopulmonary resuscitation (e.g., donation after initial successful cardiopulmonary
resuscitation or after unsuccessful cardiopulmonary resuscitation).

(o0]\Y[-7:\:{{e],'B8 Transplantation of an oran retrieved from a donor who did not receive cardiopulmonary
resuscitation.

MAIN Primary outcome: graft function or recipient survival at the longest follow-up available.
OUTCOMES: Secondary outcomes: graft function or recipient survival at 30 days and 1 year.

SETTING: In-hospital or out-of-hospital cardiac arrest

ASSESSMENT

Problem

Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o No There is currently a mismatch between organ availability and

O Probably no | demand worldwide. Only a minority of this demand can be met by
o Probably yes | donations from living donors, and only for some organs, such as

e Yes kidneys. Therefore, the contribution from deceased donors is

o Varies crucial. Patients who do not recover after cardiac arrest represent
o Don't know [ a potential source of organ donation. This can occur when patients
die after initial successful resuscitation from cardiac arrest because
of brain death (donors after death by neurological criteria, DBD) or
following withdrawal of life-sustaining treatment (WLST) because
of predicted poor outcome (controlled donors after cardiac death,
cDCD)[1]. In other patients, cardiac death is pronounced at the end
of an unsuccessful resuscitation attempt (uncontrolled donors
after cardiac death uDCD). With organs from donors who have had
cardiopulmonary resuscitation, there is concern that whole-body
ischemia-reperfusion injury can result in significant extracerebral
organ damage, making organs unsuitable for transplantation or at
risk of worse outcomes and complications for the recipient.

Given the important worldwide implications, we aim to assess
whether organs retrieved from donors who died after sudden
cardiac arrest and received cardiopulmonary resuscitation (i.e.,
donation after initial successful cardiopulmonary resuscitation or
after unsuccessful cardiopulmonary resuscitation) have
comparable outcomes compared to organs retrieved from donors
who did not suffer a cardiac arrest (i.e., living donors or DBD
donors).

This topic had previously been reviewed for the 2010[2]and
2015[3] ILCOR COSTR. However, a recent ILCOR nonsystematic
review[1] showed that a considerable amount of evidence needing
assessment has been accumulated since then, and a new
systematic review is desirable.




Desirable Effects
How substantial

The systematic review included evidence from studies conducted
in adults or children. No date or language limits were imposed.

The primary outcome measure was graft function or recipient
survival at the longest available follow-up. The secondary outcome
measures were graft function or recipient survival at 1 month and
1 year. Subgroup analyses were conducted based on the type or
organ, outcome measure, and donor pathway (DBD or DCD). DCDs
were further divided into uDCD (also classified as Maastricht
category Il donors) and cDCD (also classified as Maastricht
category Ill) donors.

are the desirable anticipated effects?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

O Trivial

o Small

o Moderate
O Large

o Varies

o Don't know

A total of 33 observational studies (25 retrospective and 8
prospective) were identified. Of these, 7 reported on heart
donation, 14 on kidney donation, nine on liver donation, three on
pancreas donation, one on lung donation, and one on intestine
donation. Two studies reported more than one organ outcome.
Twenty-six studies included adults, three included children, and
four included a mix of adults and children.

The risk of bias was assessed using the ROBINS-I tool.

The outcomes of graft function or recipient survival at 30 days, 1
year, and the longest available follow-up are reported separately for
each transplanted organ (heart, kidney, liver, lung, pancreas,
intestine).

The outcomes were compared in brain-dead donors (DBD) with
prior cardiopulmonary resuscitation (CPR) vs. DBD without prior
CPR in 22 studies, in donors from uncontrolled donation after
circulatory death (uDCD) vs DBD without prior CPR in eight studies,
in donors from uDCD vs donors from controlled donation after
circulatory death (cDCD) without prior CPR in two studies, and in
donors from cDCD with prior CPR vs DBDs. One study had two
comparison groups (DBDs and cDCDs).

Heart

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness) from 7
studies (47,842 patients; six [4-9] enrolling 40,542 adults and one
[10] enrolling 7300 children), which showed no statistically
significant difference in graft or recipient survival in organ
recipients from donors who received CPR versus donors who did
not receive CPR in all studies (OR 1.27 [95% Cl, 0.99 to 1.63]), in

Most of the evidence
was on heart, liver and
kidney transplantation.
Limited evidence was
available for lung,
pancreas and intestine.
Evidence for kidney
and liver transplants
showed worse 30-day
and 1-year function or
survival for grafts
transplanted from
uDCD donors
compared to DBD
donors who did not
undergo CPR.
However, we did not
observe significant
differences in organ
function or survival at
the longest available
follow-up.




adults-only studies (OR 1.24 [95% Cl, 0.93 to 1.64], and in children
study (OR 1.41 [95% Cl,1.19 to 1.68]).

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
inconsistency and indirectness) from 7 studies (47,854 patients; six
[4-9] enrolling 40,554 adults and one [10] enrolling 7,300 children)
which showed no statistically significant difference in graft or
recipient survival in organ recipients from donors who received
CPR versus donors who did not receive CPR in all studies (OR 1.07
[95% Cl, 0.97 to 1.18]), in adults-only studies (OR 1.06 [95% ClI, 0.96
to 1.18], and in children study (OR 1.14 [95% Cl, 0.85 to 1.53]).

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from 6 studies (46,665 patients;
five [4-8] enrolling 39,365 adults and one [10] enrolling 7300
children) which showed no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received CPR versus donors who did not receive CPR in all studies
(OR, 1.11 [95% CI, 0.96 to 1.28]), in adults-only studies (OR 1.11
[95% CI, 0.95 to 1.29], and in children study (OR 1.11 [95% ClI, 0.70
to 1.74]).

Kidney

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low-certainty
evidence (downgraded for inconsistency and indirectness) from 14
studies (17,839 patients; 12 studies [11-22] enrolling 4,459 adults
and 2 studies [23, 24] enrolling 13,380 adults and children), which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received CPR versus
donors who did not receive CPR in all studies (OR 0.96 [95% Cl, 0.69
to 1.33]), in adults-only studies (OR 1.02 [95% Cl, 0.69 to 1.49], and
in mixed adults and children studies (OR 0,76 [95% Cl, 0.27 to
2.17]).

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
inconsistency and indirectness) from 10 studies (15,758 patients; 8
studies [11, 12, 14, 15, 18-21] enrolling 2,378 adults and 2 studies
[23, 24] enrolling 13,380 adults and children), which showed no
statistically significant difference in graft or recipient survival in
organ recipients from donors who received CPR versus donors who
did not receive CPR in all studies (OR 0.89 [95% Cl, 0.55 to 1.46]),
in adults-only studies (OR 0.99 [95% Cl, 0.55 to 1.77]).and in mixed




adults and children studies (OR, 0.63 [95% CI, 0.14 to 2.73]). One
[18] of these studies compared DBDs after ECPR with DBDs who did
not receive ECPR.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from 9 studies (3,279 patients),
8 studies [12, 13, 15, 16, 19-22] enrolling 2,994 adults and one
study [23] enrolling 285 adults and children. These studies showed
worse graft or recipient survival in organ recipients from donors
who received CPR versus donors who did not (OR, 0.45 [95% Cl,
0.25 to 0.81]). However, this was observed only when the
comparison was made between uDCDs vs. DBDs, while it was not
observed when it was made between uDCDs vs. cDCDs or DBDs
after CPR vs. DBDs without CPR.

Liver

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness from 9
studies (3,739 patients; six [11, 25-29] enrolling 3,348 adults, two
[30, 31] enrolling 261 adults and children, and one [32] enrolling
130 children, which showed no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received cardiopulmonary resuscitation versus donors who did not
receive cardiopulmonary resuscitation in all studies (OR 0.88 [95%
Cl, 0.68 to 1.15]), in adults-only studies (OR 0.81 [95% Cl, 0.55 to
1.19], in mixed adults and children studies (OR 1.15 [95% Cl, 0.30
to 4.43]), and in children studies (OR 0.95 [95% Cl, 0.36 to 2.47]).

However, in the subgroup analysis, we observed a worse outcome
when comparing uDCDs to DBDs (OR 0.51 [95% Cl, 0.32 to 0.83]),
while this was not observed when comparing DBDs after CPR to
DBDs without CPR.

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
inconsistency and indirectness) from 3 studies [11, 25, 27] in 469
adult patients, showing no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received cardiopulmonary resuscitation versus donors who did
not (OR, 0.53 [95% Cl, 0.27 to 1.02]). However, in the subgroup
analysis, we observed a worse outcome when the comparison was
made between uDCDs vs. DBDs (De carlis, Justo) (OR 0.42 [95% ClI,




0.25 to 0.72]), while this was not observed when the comparison
was made between DBDs after CPR vs. DBDs without CPR.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from 7 studies (3,610 patients;
four [26-29] enrolling 3,219 adults, two [30, 31] enrolling 261
adults and children, and one [32] enrolling 130 children), which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received
cardiopulmonary resuscitation versus donors who did not receive
cardiopulmonary resuscitation in all studies (OR 0.84 [95% Cl, 0.45
to 1.59]), in adults-only studies (OR 0.49 [95% Cl, 0.18 to 1.30]), and
in mixed adults and children studies (OR 1.15 [95% CI, 0.30 to
4.43]), and better in 1 pediatric study (OR 2.23 [95% Cl, 1.07 to
4.67)).

Lung

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness) from
one study [33] enrolling 236 adult patients, which showed no
statistically significant difference in graft or recipient survival in
organ recipients from donors who received CPR versus donors who
did not receive CPR (OR, 1.50 [95% Cl, 0.77 to 2.90]).

We found no studies reporting the critical outcome of graft
function or recipient survival at 1 year.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from one study [33], which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received CPR versus
donors who did not receive CPR (OR, 0.67 [95% Cl, 0.38 to 1.19]).

Pancreas

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for indirectness) from 3 studies (14,043
patients; two [34, 35] enrolled 948 adults and one [24] enrolled
13,095 adults and children. The studies showed no statistically
significant difference in graft or recipient survival in organ
recipients from donors who received CPR versus donors who did
not receive CPR in all studies (OR, 1.01 [95% Cl, 0.83 to 1.23]), in
adults-only studies (OR 1.03 [95% Cl, 0.62 to 1.72], and in mixed




adults and children studies (OR 1.01 [95% CI, 0.81 to 1.25]). We
found no studies reporting this outcome in children.

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
indirectness) from one study [24] enrolling 13,095 adults and
children, which showed no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received CPR versus donors who did not receive CPR in all studies
(OR, 1.01 [95% CI, 0.81 to 1.25]). We found no studies reporting
this outcome in adults only or in children.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for indirectness) from one study [35] enrolling 606 adults, which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received CPR versus
donors who did not receive CPR in all studies (OR, 0.60 [95% ClI,
0.24 to 1.50]). We found no studies reporting this outcome in
children.

Intestine

For the critical outcome of graft function or recipient survival at the
longest follow-up available, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness) from one
study [36] enrolling 67 adults. The study showed no statistically
significant difference in graft or recipient survival in organ recipients
from donors who received cardiopulmonary resuscitation versus
those who did not in all studies (OR, 1.11 [95% Cl, 0.21 to 5.88]).

We found no studies reporting this outcome for the critical outcome
of graft function or recipient survival at 1 year or for the critical
outcome of graft function or recipient survival at 30 days.




Undesirable Effects

How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Trivial We could not identify any remarkable undesirable effect for organ | Given the alternatives

e Small donation from DBDs. For organ donation from uDCD donors, there | of not having a solid

O Moderate is potentially an increased risk of graft failure. organ transplant, i.e.,

o Large lifelong dialysis or

o Varies death from liver failure,

o Don't know

Certainty of evidence

What is the overall certainty of the evidence of effects?

a donation from a
uDCD donor is probably
still preferable.

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Very low The certainty of the evidence was very low because:

® Low

o Moderate 4. All studies were observational

o High 5.  We found inconsistencies in the timing of the longest follow-

o No included up (from 7 days to 15 years) and the variables considered for

studies adjustment.

Values

6. There was indirectness:

a. in some studies on organs retrieved from DBD donors,
the timing of cardiac arrest and CPR was unclear (i.e.,
before vs. after death by neurological criteria), so we
cannot completely exclude that in some patients, cardiac
arrest and resuscitation may have followed, rather than
preceded, death by neurological criteria (cardiac arrest in
a brain-dead donor, Maastricht category IV).

b. in some studies on organs retrieved from uDCD donors,
the witnessed status of the original cardiac arrest was not
specified. Therefore, we cannot exclude that in some
patients, CPR was performed on a patient who would not
be otherwise resuscitated (found dead and resuscitated
solely for organ donation; Maastricht | donor).

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Important Organ shortage is an important problem worldwide. We assume

uncertainty or | that the community puts a high value on ensuring that those

variability waiting for a donated organ can benefit from organs donated by

O Possibly those who die after CPR.

important

uncertainty or
variability

The results of our review’s subgroup analysis showed that short- or
middle-term outcomes of organs donated by uDCD donors could




® Probably no
important
uncertainty or
variability

o No
important
uncertainty or
variability

be worse than those of organs donated by DBDs. However, long-
term outcomes were not significantly different, although this
might be due to the smaller number of long-term survivors. In
addition, the advantage of increasing the number of available
organs for patients who need transplants may overcome the
increased risk of short- and long-term failure of grafts from DCD
donors.

Balance of effects

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

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Favors the
comparison
o Probably
favors the
comparison
e Does not
favor either
the
intervention or
the
comparison
O Probably
favors the
intervention
o Favors the
intervention
O Varies

o Don't know

JUDGEMENT

Our review showed no significant overall differences in graft
survival or function between organs retrieved from donors with
and without CPR. Therefore, patients who die after CPR can be
considered suitable organ donors.

RESEARCH EVIDENCE

Resources required

ADDITIONAL CONSIDERATIONS

O Large costs
0 Moderate
costs

o Negligible
costs and
savings

e Moderate
savings

o Large savings
o Varies

o Don't know

Organ donation results in a reduction of costs associated with
morbidity of patients with end-stage organ failure. In a substudy of
the PARAMEDIC2 trial, incorporating the indirect economic effects
of transplanted organs substantially altered the cost-effectiveness
of epinephrine administered to patients in cardiac arrest in favor
of the drug [37]. In that study, the authors did not investigate what
donor type (i.e., DBD or cDCD) contributed to the result.




Certainty of evidence of required resources

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Very low Because our review's overall certainty of evidence of effects is very | Given organ retrieval

O Low low, the certainty of evidence regarding the required resources is processes are already

O Moderate also very low. in place for donors

o High who have not had

o No included CPR, the additional
studies resources for

Cost effectiveness

donation after DBD
or cDCD would be
limited. Significant
additional resource
and ethical issues
would need to be
overcome to develop
a uDCD program.

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

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Favors the
comparison

e Probably
favors the
comparison

e Does not
favor either
the
intervention or
the
comparison

O Probably
favors the
intervention
o Favors the
intervention
o Varies

o No included
studies

Equity

Donation after cardiac arrest results in similar rates of graft
function or survival compared with donation in patients who did
not have cardiac arrest. We conclude that the increased
availability of organs from donors after cardiac arrest is cost-
effective.

What would be the impact on health equity?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Reduced
o Probably

In some healthcare systems, as a result of organ shortage, some
patients may consider traveling abroad to receive the organs they




reduced

O Probably no
impact

e Probably
increased

o Increased

O Varies

o Don't know

Acceptability

need, which may result in considerable additional costs for those
patients. Reducing organ shortage can result in increased equity
and access to transplantation-

Is the intervention acceptable to key stakeholders?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Feasibility

The intervention appears acceptable to the stakeholders.
However, the practice of uDCD may raise ethical concerns in some
countries or communities because of concern that patients with
cardiac arrest are resuscitated for the sole purpose of organ
donation.

Is the intervention feasible to implement?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Donation of organs after CPR probably does not require special
resources in healthcare systems where organ donation is already
implemented. However, the implementation of uDCD requires an
efficient organization to ensure that the process of consent,
diagnosis and organ retrieval is implemented rapidly after an
unsuccessful resuscitation attempt. Donations from DBDs after
CPR require that healthcare professionals are aware of the
possibility that patients with acute hypoxic-ischemic brain injury
(HIBI) evolve to brain death 2-3 days after CPR. Implementing
cDCD after CPR requires that all the necessary procedures to
ascertain poor outcome with a high degree of certainty are
conducted.

SUMMARY OF JUDGEMENTS

PROBLEM

DESIRABLE
EFFECTS

UNDESIRABLE

EFFECTS

JUDGEMENT

Moderate

Moderate




JUDGEMENT

CERTAINTY OF
Very low Low
EVIDENCE
Probably no
important
VALUES porte
uncertainty
or variability
Does not
favor either
BALANCE OF the
EFFECTS intervention
or the
comparison
RESOURCES Moderate
REQUIRED savings
CERTAINTY OF
EVIDENCE OF
Low
REQUIRED
RESOURCES
CoST Probably
favors the
EFFECTIVENESS . .
intervention
Probably
EQUITY increased
ACCEPTABILITY Probably yes
FEASIBILITY Probably yes Varies
TYPE OF RECOMMENDATION
Strong recommendation Conditional Conditional Conditional Strong recommendation for
against the intervention recommendation against |recommendation for either [T EVT R &1 1 the intervention
the intervention the intervention or the intervention
comparison
@) O O ©)




CONCLUSIONS

Recommendation

We recommend that all patients who have restoration of circulation after cardiopulmonary resuscitation
and who subsequently progress to death be evaluated for organ donation (strong recommendation,
low-certainty evidence).

Justification

The major concern with organ donation from patients who have undergone CPR is damage to their
organs from ischemia and reperfusion injury. However, the suitability of organs for donation is based on
criteria established by the transplantation team. This review suggests that, once these criteria are met,
transplant organ outcomes are similar regardless of whether the organs come from donors who have
had CPR or not before donation.

We have used the term ‘restoration of circulation’ to include patients who become potential organ
donors after ECPR and are stabilized on VA-ECMO but do not have spontaneous circulation.

Despite the low-certainty evidence, the TF has made a strong recommendation. This is because the TF
values ensuring that those waiting for a donated organ can benefit from organs donated by those who
die after CPR, given that a large number of studies show organ function and recipient outcomes are
similar in CPR+ and CPR- groups.

Subgroup considerations

Nine of the 33 studies in this review compared the outcomes of kidneys and livers transplanted from
patients who died after unsuccessful resuscitation (uncontrolled donors after cardiac death [uDCDs];
Maastricht category IlI) with those of organs transplanted from donors after death by neurological
criteria (donors after brain death [DBDs]; eight studies [13, 14, 19-22, 25, 27] or from donors who die by
cardiac criteria after life-sustaining treatment is suspended because of futility (controlled donors after
cardiac death [cDCDs]: Maastricht category lll; one study [17]). In these studies, the outcomes of organs
transplanted from uDCDs at one month and one year were significantly worse than in the comparator
group.

In uDCD studies, the donors’ witnessed status was not always explicitly reported. Consequently, there
was a chance that some donors were unrecoverable at the arrival of the treating team (found dead) and
that resuscitation was started only with the aim of potential donation (Maastricht category I). Because
of this inconsistency, the Task Force decided not to make any recommendation regarding uncontrolled
organ donors.



Implementation considerations

Donation of organs after CPR probably does not require special resources in healthcare systems where
organ donation is already implemented. However, the implementation of uDCD requires efficient
organization to ensure that the process of consent, diagnosis and organ retrieval is implemented
rapidly after an unsuccessful resuscitation attempt.

Donations from DBDs after CPR require that healthcare professionals are aware of the possibility that
patients with acute hypoxic-ischemic brain injury (HIBI) evolve to brain death 2-3 days after CPR.

Implementing cDCD after CPR requires that all the necessary procedures be conducted to ascertain a
poor outcome with a high degree of certainty [38].

Monitoring and evaluation

Research priorities

e Future studies on DBDs who underwent CPR should clearly identify those who evolved towards
death by neurological criteria after resuscitation, to avoid confusion with DBDs who had cardiac
arrest before organ retrieval.

e Comparative studies are needed to investigate cDCD donation after CPR

e Future studies should investigate the utilization rate of donors who underwent CPR vs those
who did not.

e There are no established criteria to identify the potential for donation in patients who die after
CPR.
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Organ Donation After Cardiac Arrest (ALS 3600)

QUESTION

Organ Donation from Donors with Cardiac Arrest

POPULATION: Adults and children who are receiving solid organ transplantation in any setting




Y S e 'B Transplantation of an organ retrieved from a donor who, following cardiac arrest, received
cardiopulmonary resuscitation (e.g., donation after initial successful cardiopulmonary
resuscitation or after unsuccessful cardiopulmonary resuscitation).

(o0]\Y[-7:\:{{e],'B8 Transplantation of an oran retrieved from a donor who did not receive cardiopulmonary
resuscitation.

MAIN Primary outcome: graft function or recipient survival at the longest follow-up available.
OUTCOMES: Secondary outcomes: graft function or recipient survival at 30 days and 1 year.

SETTING: In-hospital or out-of-hospital cardiac arrest

ASSESSMENT

Problem

Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o No There is currently a mismatch between organ availability and

O Probably no | demand worldwide. Only a minority of this demand can be met by
o Probably yes | donations from living donors, and only for some organs, such as

e Yes kidneys. Therefore, the contribution from deceased donors is

o Varies crucial. Patients who do not recover after cardiac arrest represent
o Don't know [ a potential source of organ donation. This can occur when patients
die after initial successful resuscitation from cardiac arrest because
of brain death (donors after death by neurological criteria, DBD) or
following withdrawal of life-sustaining treatment (WLST) because
of predicted poor outcome (controlled donors after cardiac death,
cDCD)[1]. In other patients, cardiac death is pronounced at the end
of an unsuccessful resuscitation attempt (uncontrolled donors
after cardiac death uDCD). With organs from donors who have had
cardiopulmonary resuscitation, there is concern that whole-body
ischemia-reperfusion injury can result in significant extracerebral
organ damage, making organs unsuitable for transplantation or at
risk of worse outcomes and complications for the recipient.

Given the important worldwide implications, we aim to assess
whether organs retrieved from donors who died after sudden
cardiac arrest and received cardiopulmonary resuscitation (i.e.,
donation after initial successful cardiopulmonary resuscitation or
after unsuccessful cardiopulmonary resuscitation) have
comparable outcomes compared to organs retrieved from donors
who did not suffer a cardiac arrest (i.e., living donors or DBD
donors).

This topic had previously been reviewed for the 2010[2]and
2015[3] ILCOR COSTR. However, a recent ILCOR nonsystematic
review[1] showed that a considerable amount of evidence needing
assessment has been accumulated since then, and a new
systematic review is desirable.




Desirable Effects
How substantial

The systematic review included evidence from studies conducted
in adults or children. No date or language limits were imposed.

The primary outcome measure was graft function or recipient
survival at the longest available follow-up. The secondary outcome
measures were graft function or recipient survival at 1 month and
1 year. Subgroup analyses were conducted based on the type or
organ, outcome measure, and donor pathway (DBD or DCD). DCDs
were further divided into uDCD (also classified as Maastricht
category Il donors) and cDCD (also classified as Maastricht
category Ill) donors.

are the desirable anticipated effects?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

O Trivial

o Small

o Moderate
O Large

o Varies

o Don't know

A total of 33 observational studies (25 retrospective and 8
prospective) were identified. Of these, 7 reported on heart
donation, 14 on kidney donation, nine on liver donation, three on
pancreas donation, one on lung donation, and one on intestine
donation. Two studies reported more than one organ outcome.
Twenty-six studies included adults, three included children, and
four included a mix of adults and children.

The risk of bias was assessed using the ROBINS-I tool.

The outcomes of graft function or recipient survival at 30 days, 1
year, and the longest available follow-up are reported separately for
each transplanted organ (heart, kidney, liver, lung, pancreas,
intestine).

The outcomes were compared in brain-dead donors (DBD) with
prior cardiopulmonary resuscitation (CPR) vs. DBD without prior
CPR in 22 studies, in donors from uncontrolled donation after
circulatory death (uDCD) vs DBD without prior CPR in eight studies,
in donors from uDCD vs donors from controlled donation after
circulatory death (cDCD) without prior CPR in two studies, and in
donors from cDCD with prior CPR vs DBDs. One study had two
comparison groups (DBDs and cDCDs).

Heart

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness) from 7
studies (47,842 patients; six [4-9] enrolling 40,542 adults and one
[10] enrolling 7300 children), which showed no statistically
significant difference in graft or recipient survival in organ
recipients from donors who received CPR versus donors who did
not receive CPR in all studies (OR 1.27 [95% Cl, 0.99 to 1.63]), in

Most of the evidence
was on heart, liver and
kidney transplantation.
Limited evidence was
available for lung,
pancreas and intestine.
Evidence for kidney
and liver transplants
showed worse 30-day
and 1-year function or
survival for grafts
transplanted from
uDCD donors
compared to DBD
donors who did not
undergo CPR.
However, we did not
observe significant
differences in organ
function or survival at
the longest available
follow-up.




adults-only studies (OR 1.24 [95% Cl, 0.93 to 1.64], and in children
study (OR 1.41 [95% Cl,1.19 to 1.68]).

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
inconsistency and indirectness) from 7 studies (47,854 patients; six
[4-9] enrolling 40,554 adults and one [10] enrolling 7,300 children)
which showed no statistically significant difference in graft or
recipient survival in organ recipients from donors who received
CPR versus donors who did not receive CPR in all studies (OR 1.07
[95% Cl, 0.97 to 1.18]), in adults-only studies (OR 1.06 [95% ClI, 0.96
to 1.18], and in children study (OR 1.14 [95% Cl, 0.85 to 1.53]).

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from 6 studies (46,665 patients;
five [4-8] enrolling 39,365 adults and one [10] enrolling 7300
children) which showed no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received CPR versus donors who did not receive CPR in all studies
(OR, 1.11 [95% CI, 0.96 to 1.28]), in adults-only studies (OR 1.11
[95% CI, 0.95 to 1.29], and in children study (OR 1.11 [95% ClI, 0.70
to 1.74]).

Kidney

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low-certainty
evidence (downgraded for inconsistency and indirectness) from 14
studies (17,839 patients; 12 studies [11-22] enrolling 4,459 adults
and 2 studies [23, 24] enrolling 13,380 adults and children), which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received CPR versus
donors who did not receive CPR in all studies (OR 0.96 [95% Cl, 0.69
to 1.33]), in adults-only studies (OR 1.02 [95% Cl, 0.69 to 1.49], and
in mixed adults and children studies (OR 0,76 [95% Cl, 0.27 to
2.17]).

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
inconsistency and indirectness) from 10 studies (15,758 patients; 8
studies [11, 12, 14, 15, 18-21] enrolling 2,378 adults and 2 studies
[23, 24] enrolling 13,380 adults and children), which showed no
statistically significant difference in graft or recipient survival in
organ recipients from donors who received CPR versus donors who
did not receive CPR in all studies (OR 0.89 [95% Cl, 0.55 to 1.46]),
in adults-only studies (OR 0.99 [95% Cl, 0.55 to 1.77]).and in mixed




adults and children studies (OR, 0.63 [95% CI, 0.14 to 2.73]). One
[18] of these studies compared DBDs after ECPR with DBDs who did
not receive ECPR.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from 9 studies (3,279 patients),
8 studies [12, 13, 15, 16, 19-22] enrolling 2,994 adults and one
study [23] enrolling 285 adults and children. These studies showed
worse graft or recipient survival in organ recipients from donors
who received CPR versus donors who did not (OR, 0.45 [95% Cl,
0.25 to 0.81]). However, this was observed only when the
comparison was made between uDCDs vs. DBDs, while it was not
observed when it was made between uDCDs vs. cDCDs or DBDs
after CPR vs. DBDs without CPR.

Liver

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness from 9
studies (3,739 patients; six [11, 25-29] enrolling 3,348 adults, two
[30, 31] enrolling 261 adults and children, and one [32] enrolling
130 children, which showed no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received cardiopulmonary resuscitation versus donors who did not
receive cardiopulmonary resuscitation in all studies (OR 0.88 [95%
Cl, 0.68 to 1.15]), in adults-only studies (OR 0.81 [95% Cl, 0.55 to
1.19], in mixed adults and children studies (OR 1.15 [95% Cl, 0.30
to 4.43]), and in children studies (OR 0.95 [95% Cl, 0.36 to 2.47]).

However, in the subgroup analysis, we observed a worse outcome
when comparing uDCDs to DBDs (OR 0.51 [95% Cl, 0.32 to 0.83]),
while this was not observed when comparing DBDs after CPR to
DBDs without CPR.

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
inconsistency and indirectness) from 3 studies [11, 25, 27] in 469
adult patients, showing no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received cardiopulmonary resuscitation versus donors who did
not (OR, 0.53 [95% Cl, 0.27 to 1.02]). However, in the subgroup
analysis, we observed a worse outcome when the comparison was
made between uDCDs vs. DBDs (De carlis, Justo) (OR 0.42 [95% ClI,




0.25 to 0.72]), while this was not observed when the comparison
was made between DBDs after CPR vs. DBDs without CPR.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from 7 studies (3,610 patients;
four [26-29] enrolling 3,219 adults, two [30, 31] enrolling 261
adults and children, and one [32] enrolling 130 children), which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received
cardiopulmonary resuscitation versus donors who did not receive
cardiopulmonary resuscitation in all studies (OR 0.84 [95% Cl, 0.45
to 1.59]), in adults-only studies (OR 0.49 [95% Cl, 0.18 to 1.30]), and
in mixed adults and children studies (OR 1.15 [95% CI, 0.30 to
4.43]), and better in 1 pediatric study (OR 2.23 [95% Cl, 1.07 to
4.67)).

Lung

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness) from
one study [33] enrolling 236 adult patients, which showed no
statistically significant difference in graft or recipient survival in
organ recipients from donors who received CPR versus donors who
did not receive CPR (OR, 1.50 [95% Cl, 0.77 to 2.90]).

We found no studies reporting the critical outcome of graft
function or recipient survival at 1 year.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for inconsistency and indirectness) from one study [33], which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received CPR versus
donors who did not receive CPR (OR, 0.67 [95% Cl, 0.38 to 1.19]).

Pancreas

For the critical outcome of graft function or recipient survival at
the longest available follow-up, we identified very low certainty of
evidence (downgraded for indirectness) from 3 studies (14,043
patients; two [34, 35] enrolled 948 adults and one [24] enrolled
13,095 adults and children. The studies showed no statistically
significant difference in graft or recipient survival in organ
recipients from donors who received CPR versus donors who did
not receive CPR in all studies (OR, 1.01 [95% Cl, 0.83 to 1.23]), in
adults-only studies (OR 1.03 [95% Cl, 0.62 to 1.72], and in mixed




adults and children studies (OR 1.01 [95% CI, 0.81 to 1.25]). We
found no studies reporting this outcome in children.

For the critical outcome of graft function or recipient survival at 1
year, we identified very low certainty of evidence (downgraded for
indirectness) from one study [24] enrolling 13,095 adults and
children, which showed no statistically significant difference in
graft or recipient survival in organ recipients from donors who
received CPR versus donors who did not receive CPR in all studies
(OR, 1.01 [95% CI, 0.81 to 1.25]). We found no studies reporting
this outcome in adults only or in children.

For the critical outcome of graft function or recipient survival at
30 days, we identified very low certainty of evidence (downgraded
for indirectness) from one study [35] enrolling 606 adults, which
showed no statistically significant difference in graft or recipient
survival in organ recipients from donors who received CPR versus
donors who did not receive CPR in all studies (OR, 0.60 [95% ClI,
0.24 to 1.50]). We found no studies reporting this outcome in
children.

Intestine

For the critical outcome of graft function or recipient survival at the
longest follow-up available, we identified very low certainty of
evidence (downgraded for inconsistency and indirectness) from one
study [36] enrolling 67 adults. The study showed no statistically
significant difference in graft or recipient survival in organ recipients
from donors who received cardiopulmonary resuscitation versus
those who did not in all studies (OR, 1.11 [95% Cl, 0.21 to 5.88]).

We found no studies reporting this outcome for the critical outcome
of graft function or recipient survival at 1 year or for the critical
outcome of graft function or recipient survival at 30 days.




Undesirable Effects

How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Trivial We could not identify any remarkable undesirable effect for organ | Given the alternatives

e Small donation from DBDs. For organ donation from uDCD donors, there | of not having a solid

O Moderate is potentially an increased risk of graft failure. organ transplant, i.e.,

o Large lifelong dialysis or

o Varies death from liver failure,

o Don't know

Certainty of evidence

What is the overall certainty of the evidence of effects?

a donation from a
uDCD donor is probably
still preferable.

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Very low The certainty of the evidence was very low because:

® Low

o Moderate 7. All studies were observational

o High 8. We found inconsistencies in the timing of the longest follow-

o No included up (from 7 days to 15 years) and the variables considered for

studies adjustment.

Values

9. There was indirectness:

a. in some studies on organs retrieved from DBD donors,
the timing of cardiac arrest and CPR was unclear (i.e.,
before vs. after death by neurological criteria), so we
cannot completely exclude that in some patients, cardiac
arrest and resuscitation may have followed, rather than
preceded, death by neurological criteria (cardiac arrest in
a brain-dead donor, Maastricht category IV).

b. in some studies on organs retrieved from uDCD donors,
the witnessed status of the original cardiac arrest was not
specified. Therefore, we cannot exclude that in some
patients, CPR was performed on a patient who would not
be otherwise resuscitated (found dead and resuscitated
solely for organ donation; Maastricht | donor).

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Important Organ shortage is an important problem worldwide. We assume

uncertainty or | that the community puts a high value on ensuring that those

variability waiting for a donated organ can benefit from organs donated by

O Possibly those who die after CPR.

important

uncertainty or
variability

The results of our review’s subgroup analysis showed that short- or
middle-term outcomes of organs donated by uDCD donors could




® Probably no
important
uncertainty or
variability

o No
important
uncertainty or
variability

be worse than those of organs donated by DBDs. However, long-
term outcomes were not significantly different, although this
might be due to the smaller number of long-term survivors. In
addition, the advantage of increasing the number of available
organs for patients who need transplants may overcome the
increased risk of short- and long-term failure of grafts from DCD
donors.

Balance of effects

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

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Favors the
comparison
o Probably
favors the
comparison
e Does not
favor either
the
intervention or
the
comparison
O Probably
favors the
intervention
o Favors the
intervention
O Varies

o Don't know

JUDGEMENT

Our review showed no significant overall differences in graft
survival or function between organs retrieved from donors with
and without CPR. Therefore, patients who die after CPR can be
considered suitable organ donors.

RESEARCH EVIDENCE

Resources required

ADDITIONAL CONSIDERATIONS

O Large costs
0 Moderate
costs

o Negligible
costs and
savings

e Moderate
savings

o Large savings
o Varies

o Don't know

Organ donation results in a reduction of costs associated with
morbidity of patients with end-stage organ failure. In a substudy of
the PARAMEDIC2 trial, incorporating the indirect economic effects
of transplanted organs substantially altered the cost-effectiveness
of epinephrine administered to patients in cardiac arrest in favor
of the drug [37]. In that study, the authors did not investigate what
donor type (i.e., DBD or cDCD) contributed to the result.




Certainty of evidence of required resources

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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Very low Because our review's overall certainty of evidence of effects is very | Given organ retrieval

O Low low, the certainty of evidence regarding the required resources is processes are already

O Moderate also very low. in place for donors

o High who have not had

o No included CPR, the additional
studies resources for

Cost effectiveness

donation after DBD
or cDCD would be
limited. Significant
additional resource
and ethical issues
would need to be
overcome to develop
a uDCD program.

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

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Favors the
comparison

e Probably
favors the
comparison

e Does not
favor either
the
intervention or
the
comparison

O Probably
favors the
intervention
o Favors the
intervention
o Varies

o No included
studies

Equity

Donation after cardiac arrest results in similar rates of graft
function or survival compared with donation in patients who did
not have cardiac arrest. We conclude that the increased
availability of organs from donors after cardiac arrest is cost-
effective.

What would be the impact on health equity?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Reduced
o Probably

In some healthcare systems, as a result of organ shortage, some
patients may consider traveling abroad to receive the organs they




reduced

O Probably no
impact

e Probably
increased

o Increased

O Varies

o Don't know

Acceptability

need, which may result in considerable additional costs for those
patients. Reducing organ shortage can result in increased equity
and access to transplantation-

Is the intervention acceptable to key stakeholders?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Feasibility

The intervention appears acceptable to the stakeholders.
However, the practice of uDCD may raise ethical concerns in some
countries or communities because of concern that patients with
cardiac arrest are resuscitated for the sole purpose of organ
donation.

Is the intervention feasible to implement?
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Donation of organs after CPR probably does not require special
resources in healthcare systems where organ donation is already
implemented. However, the implementation of uDCD requires an
efficient organization to ensure that the process of consent,
diagnosis and organ retrieval is implemented rapidly after an
unsuccessful resuscitation attempt. Donations from DBDs after
CPR require that healthcare professionals are aware of the
possibility that patients with acute hypoxic-ischemic brain injury
(HIBI) evolve to brain death 2-3 days after CPR. Implementing
cDCD after CPR requires that all the necessary procedures to
ascertain poor outcome with a high degree of certainty are
conducted.
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CONCLUSIONS

Recommendation

We recommend that all patients who have restoration of circulation after cardiopulmonary resuscitation
and who subsequently progress to death be evaluated for organ donation (strong recommendation,
low-certainty evidence).

Justification

The major concern with organ donation from patients who have undergone CPR is damage to their
organs from ischemia and reperfusion injury. However, the suitability of organs for donation is based on
criteria established by the transplantation team. This review suggests that, once these criteria are met,
transplant organ outcomes are similar regardless of whether the organs come from donors who have
had CPR or not before donation.

We have used the term ‘restoration of circulation’ to include patients who become potential organ
donors after ECPR and are stabilized on VA-ECMO but do not have spontaneous circulation.

Despite the low-certainty evidence, the TF has made a strong recommendation. This is because the TF
values ensuring that those waiting for a donated organ can benefit from organs donated by those who
die after CPR, given that a large number of studies show organ function and recipient outcomes are
similar in CPR+ and CPR- groups.

Subgroup considerations

Nine of the 33 studies in this review compared the outcomes of kidneys and livers transplanted from
patients who died after unsuccessful resuscitation (uncontrolled donors after cardiac death [uDCDs];
Maastricht category IlI) with those of organs transplanted from donors after death by neurological
criteria (donors after brain death [DBDs]; eight studies [13, 14, 19-22, 25, 27] or from donors who die by
cardiac criteria after life-sustaining treatment is suspended because of futility (controlled donors after
cardiac death [cDCDs]: Maastricht category lll; one study [17]). In these studies, the outcomes of organs
transplanted from uDCDs at one month and one year were significantly worse than in the comparator
group.

In uDCD studies, the donors’ witnessed status was not always explicitly reported. Consequently, there
was a chance that some donors were unrecoverable at the arrival of the treating team (found dead) and
that resuscitation was started only with the aim of potential donation (Maastricht category I). Because
of this inconsistency, the Task Force decided not to make any recommendation regarding uncontrolled
organ donors.



Implementation considerations

Donation of organs after CPR probably does not require special resources in healthcare systems where
organ donation is already implemented. However, the implementation of uDCD requires efficient
organization to ensure that the process of consent, diagnosis and organ retrieval is implemented
rapidly after an unsuccessful resuscitation attempt.

Donations from DBDs after CPR require that healthcare professionals are aware of the possibility that
patients with acute hypoxic-ischemic brain injury (HIBI) evolve to brain death 2-3 days after CPR.

Implementing cDCD after CPR requires that all the necessary procedures be conducted to ascertain a
poor outcome with a high degree of certainty [38].

Monitoring and evaluation

Research priorities

e Future studies on DBDs who underwent CPR should clearly identify those who evolved towards
death by neurological criteria after resuscitation, to avoid confusion with DBDs who had cardiac
arrest before organ retrieval.

e Comparative studies are needed to investigate cDCD donation after CPR

e Future studies should investigate the utilization rate of donors who underwent CPR vs those
who did not.

e There are no established criteria to identify the potential for donation in patients who die after
CPR.
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