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Cardiac arrest: how long should we treat?

• When initial resuscitation efforts are 

unsuccessful, the team should decide if and 

how CPR should be continued 

• ERC Guidelines (2015) discontinuation criteria:

– Ongoing advanced life support

– Absence of reversible causes

– Asystole > 20 min.



Reynolds J et al. Circulation 2013; 128:2488-2494

n = 1014

CPR duration and neurological outcome



However…

Goldberger ZD et al Lancet 2012; 380:1473–1481 

n = 64,339 IHCAs

25% achieved ROSC >20 min

12% achieved ROSC >30 min.



Neurological outcome and CPR duration
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Goldberger ZD et al Lancet 2012; 380:1473–1481 



Factors for survival in refractory CA

• Secondary analysis of the ROC-PRIMED trial

– 11,368 OHCAs

– 905 survived w/mRS ≤3

• Primary exposure: duration of resuscitation

• Association tested with logistic regression 

models

Reynolds J et al. Circulation. 2016;134:2084-2094



Results

• Duration of resuscitation was independently 

associated with survival with good 

neurological outcome

• The longest observed CPR duration with good 

neurological outcome was 47 minutes

Reynolds J et al. Circulation. 2016;134:2084-2094



Reynolds J et al. Circulation. 2016;134:2084-2094



Reynolds J et al. Circulation. 2016;134:2084-2094



Conclusions

• Subjects with 

– initial VF/pVT

– witnessed cardiac arrest

– bystander CPR 

• were more likely to survive with favorable 

outcome after prolonged efforts (30-40 

minutes) 

Reynolds J et al. Circulation. 2016;134:2084-2094



How can we continue CPR in 

refractory cardiac arrest?

• Rescuer’s fatigue

• Low cardiac output � organ damage

• Stone heart



Rubertsson S et al JAMA 2014; 311:53-61





Massetti et al. Ann Thorac Surg 2005;79:178–84 

• 40 patients, 5 OHCA

• Mean chest compression duration 105 ± 44 minutes

• 8 (20%) survivors, all CPC 1 at 18 months



e-CPR is resource-intensive

• Average cost per patient € 32,260

• Cost per QALY € 144,413

• Cost per QALY € 30,422 (CPC 1 only)

Buriskova et al. Value in Health 2014; A488

Aubin et al J Am Coll Cardiol HF 2016;4:698–708 







• e-CPR based on the French 2009 guidelines

• n = 32 OHCA, mean age 43.6 ys

– 19 (59.4%) VF/pVT

– 10 (31%) due to intoxication or hypothermia

• 2 (6.2%) survivors

Rousse et al Artif. Organs 2015; doi:10.1111/aor.12655 



French guidelines: still valid?

• Limited evidence (2009)

– Based on expert opinion

• Predictors are those of conventional CPR

– Equally valid for e-CPR?

• ETCO2

– Low sensitivity in pulmonary thromboembolism



D’Arrigo S et al Resuscitation 2017;  121 62–70 



AGE

Determinants of outcome



c-CPR: survival according to age

Radeschi G et al Resuscitation 2017; 119:48-55

OR = 0.93 [0.79-1.08]; p = 0.11OR = 0.93 [0.79-1.08]; p = 0.11

n = 1599



e-CPR: age difference between 

survivors vs. non-survivors

Sandroni C. et al, 2016. Personal communication

8 studies, 577 patients, 2012-2015



Age

• The role of age as an independent predictor of 

survival after c-CPR is debated

• The French 2009 guidelines do not include age 

among selection criteria for e-CPR

• However, patients’ age is low in e-CPR studies

– Mean 54.3 ± 3.2 years in 39 studies (2003-2016)



IHCA survival according to age

Italian Cardiac Arrest Registry, 2016

n = 1599

74 ± 12 y

56 ± 15 y

Wang et al, Resuscitation 2014; 85:1219-24

n = 199



RHYTHM

Determinants of outcome



Rhythm

• VF/pVT is a major predictor of 

survival after c-CPR

– Recent collapse

– Myocardium is viable

– Treatable (DC shock)

• It is recommended for patient 

selection during e-CPR as well



OR for survival after e-CPR in VF/pVT

Sandroni C. et al, 2016. Manuscript in preparation. 



VF/pVT as an outcome predictor:

limited value in e-CPR?

• Selection bias

– Prevalence of VF/pVT in e-CPR studies = 47.3% 

• e-CPR is considered late during resuscitation

– Patients are outside the electrical phase

• Aetiology

– Some reversible causes of prolonged cardiac 

arrest do not present with VF/pVT

39 studies, 3134 patients, 2003-2016



DURATION OF ARREST

Determinants of outcome



Duration 

of arrest

Ann Fr Anesth Réan 2009; 28 :187–190.



Duration of arrest before e-CPR 

Significantly shorter in survivors



Duration of arrest before e-CPR

HR of death (multivariable analysis)

Author, year HR p

Wang et al, 2014 1.01 <0.001

Kim et al, 2016 1.05 [1.02 – 1.09] 0.005

Wang C-H et al., Resuscitation 2014; 85:1219-24.

Kim DH et al., J Thor Cardiovasc Surg 2016; 49:273-79.



Chen Y  et al Crit Care Med 2008; 36:2529–2535 



RR = 2.0

RR = 3.4 RR = 5.4

RR = ∞

Cardiac arrest duration and survival: 

c-CPR vs. e-CPR

Chen Y  et al., Lancet 2008; 372: 554–61.

n = 172 propensity -matched patients



OUTCOMES



Mortality after c-CPR
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Mortality after e-CPR
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Mortality after e-CPR: major causes

• Circulatory failure

– No recovery of spontaneous heartbeat

– Low flow

– Circulatory shock



Rates of weaning and survival 

according to arrest duration
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Mortality after e-CPR: major causes

• Circulatory failure

– No recovery of spontaneous heartbeat

– Haemodynamic instability

• Multiorgan failure (MOF)



Prevalence of AKI after c-CPR

Author, year n. pts AKI definition AKI prevalence, n (%)

Mattana, 1993 56 Abrupt rise in serum creatinine 16 (29)

Domanovits, 2001 187 ≥25% CrCl decrease ≤24h 22 (12)

Hasper, 2009 171 AKIN Stage 1-3 67 (39)

Chua, 2012 105 RIFLE Stage 2-3 (I/F) 33 (31)

Yanta, 2013 311 RIFLE Stage 2-3 (I/F) 59 (19)

Tujjar, 2015 582 AKIN stage 1-3 85 (43)

Geri, 2015 82 AKIN Stage 1-3 280 (48)

Kim, 2015 199 KDIGO Stage 1-3 66 (81)

OVERALL 1693 628 (37%)

Predictors of AKI: non-VF/pVT,  longer duration of arrest, higher Cr on admission, post-resuscitation shock

Sandroni C et al. Min Anestesiol 2016; 82:989-99.



• 12 studies, 1763 pts, mostly on V-A ECMO

• Overall mortality 54%

• Major complications:

– Renal failure requiring RRT (52%)

– Bleeding or infection (33%)

– Haemolysis (18%)

– Liver dysfunction (16%)

Zangrillo A et al Crit Care Resusc 2013; 15: 172–178 



SOFA in e-CPR survivors vs. non-survivors

3  studies, 324 patients, 2008-2015



Mortality after e-CPR: major causes

• Circulatory failure

– No recovery of spontaneous heartbeat

– Haemodynamic instability

• Multiorgan failure (MOF)

• Brain injury



Causes of death after c-CPR

Lemiale V et al, Intensive Care Med 2013; 39: 1972–80
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Neurological

Days after ICU admission

%

n =1150 OHCA



Causes of death after c-CPR
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Dragancea I.V. et al., Resuscitation 2013; 84: 337–342 



• 26 studies (23,388 patients)

• Brain death more common in e-CPR vs. c-CPR 

patients (27.9% vs. 8.3%; p <0.001)

• Timing of brain death 3.2 ± 0.4 days after CA

• Overall rate of organ donation 41.8%

Sandroni C. et al. Intensive Care Med 2016; in press.



Conclusions 

• Refractory cardiac arrest has no specific definition

>20 minutes is a possible threshold

• Treatment can be achieved with c–CPR but 

mechanichal CPR is an option

– However, data on its use are still limited

• ECPR is probably the ultimate option for 

refractory CA

– Selected population

– Selection criteria still uncertain



Conclusions - 2

• The duration of cardiac arrest, and the 

consequent severity of anoxic-ischaemic 

injury, is a major determinant of outcome

• Age and initial rhythm appear to be less 

important, but there is a risk of bias.



Conclusions - 3

• As for conventional CPR, cardiac or brain 

dysfunction are major causes of death.

• However, they have different manifestations:

– Cardiac dysfunction occurs as a failure to wean

– Brain injury often occurs as brain death (x 3 more 

common than with conventional CPR)

• Additional causes of death include bleeding 

and multiorgan failure.



Thank you for your attention!

sandroni@rm.unicatt.it





Factors associated with outcome

• Pre-arrest (non-modifiable; patient’s frailty)

– Age, cause of arrest, comorbidities

• Intra-arrest (partly modifiable; EMS response)

– Initial rhythm, duration and quality of c-CPR 

• Post-arrest (mostly modifiable; post-resus)

– Interventions: TTM, coronary reperfusion

– Organ failures



Reynolds J et al. Circulation 2013; 128:2488-2494



IHCA: survival after c-CPR
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IHCA survival: c-CPR vs. e-CPR
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