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Temperature control after cardiac arrest

NEJM. 2021 Jun 17;384(24):2283-2294



Major Clinical Trials for temperature control after 

cardiac arrest

20212013 20192002

TTM Trial HYPERION Trial

TTM2 Trial

HACA study group NEJM, N=275

OHCA due to shockable rhythm

33 °C vs 37 °C
Favorable neurologic outcome (90 

days) : 55% vs 39%

Bernard et al. NEJM, N=77

OHCA due to V-fib

33 °C vs 37 °C
Favorable neurologic outcome   

(at discharge) : 49% vs 26%

Nielsen et al. NEJM, N=939

OHCA with presumed cardiac cause

80% were shockable

33 °C vs 36 °C
All cause mortality (through the end 

of the trial) : 50% vs 48%

Lascarrou et al. NEJM, N=584 

OHCA and IHCA, non-shockable

74% were OHCA

33 °C vs 37 °C
Survival c favorable neurologic 

outcome (90 days) : 10.2% vs 5.7%

Dankiewicz et al. NEJM, N=1,861 

OHCA with presumed cardiac cause

74% were shockable 

33 °C vs normothermia <37.8 °C
Death from any cause (6 month) : 

50% vs 48%



TTM-2 Trial

▪ Design: International, multicenter, open-label, 

investigator-initiated, randomized, superiority trial

▪ Population: OHCA irrespective of the initial rhythm 

(n=1,861)

▪ Period: Nov 2017 ~ Jan 2020 

▪ Intervention vs. control: 33°C vs. targeted 

normothermia (< 37.8°C)

▪ Primary outcome: 6-month mortality

NEJM. 2021 Jun 17;384(24):2283-2294



No significant difference between hypothermia and 

normothermia in 6-month mortality

265/925 (50%) vs 446/925 (48%)



No difference in functional outcome, but arrythmias 

were more common in hypothermia group



ERC-ESICM guidelines on temperature control after 

cardiac arrest in adults

Intensive Care Med 2022 Mar;48(3):261-269



Fluid in ICU

JAMA. 2021 Sep 7;326(9):818-829

NEJM. 2022 Mar 3;386(9):815-826 



Normal saline vs Balanced solution?

▪ SPLIT trial (JAMA, 2015)

▪ No difference in AKI, new RRT or mortality. 

▪ SMART trial (NEJM, 2018)

▪ Favor of balanced solutions in the composite outcome of death from any cause, new RRT, or 

persistent kidney dysfunction.
JAMA. 2015 Oct 27;314(16):1701-10 (SPLIT) 

N Engl J Med. 2018 Mar 1;378(9):829-839 (SMART )

Hyperchloremic metabolic acidosis Kidney injury

0.9% Normal Saline



BaSICS Trial 

▪ Design: Double-blind, factorial, randomized 

clinical trial

▪ Population: 11,052 patient patients from 75 

participating ICUs in  Brazil

▪ Period: May 2017 ~ March 2020 

▪ Intervention vs. control: 2 different fluid types 

(Plasma-Lyte 148 vs saline solution) and 2 

different infusion rates (333ml/h vs 999ml/h)

▪ Primary outcome:  90-day mortality

JAMA. 2021 Sep 7;326(9):818-829



Balanced solution vs Saline solution

P<.001 for the difference

Median study fluid administered 

during the first 3 days was 2.9 L. 

(total fluid 4.1L)



No difference between balanced and saline in mortality 

90d mortality : Balanced vs Normal saline, 26.4% vs 27.2% 



No difference between balanced and saline in 

outcomes related to renal function



PLUS Trial

▪ Design: Investigator-initiated, double-
blind, parallel-group, randomized, 
controlled trial

▪ Population: 5,037 patients from 53 ICUs 
in Australia and New Zealand

▪ Period: Sep 2017 ~ Dec 2020 

▪ Intervention vs. control: BMES (Plasma-
Lyte 148) vs. saline

▪ Primary outcome: 90-day mortality

NEJM. 2022 Mar 3;386(9):815-826 



Balanced solution vs Saline solution

Median volume of trial fluid was 3.9 L in the 

BMES group and 3.7 L in normal saline group.



No benefit of BMES compared to saline in 90d mortality

90d mortality : Balanced vs Normal saline, 21.8 % vs 22.0 % 



No significant effect of BMES compared to saline on 

kidney function

BMES Group

(N =2515)

Saline Group

(N =2522)

Odds Ratio

(95% CI)

Absolute Difference

(95% CI)

Receipt of new renal-replacement 

therapy — no./total no. (%)
306/2403 (12.7) 310/2394 (12.9) 0.98 (0.83 to 1.16) -0.20 (-2.96 to 2.56)

Maximum creatinine level in the ICU 

during days 1 to 7 — mg/dl
1.76±1.44 1.75±1.43 0.01 (-0.04 to 0.06)

Maximum increase in creatinine level in 

the ICU — mg/dl 
0.41±1.06 0.41±1.02 0.01 (-0.05 to 0.06)



So then, which fluid do we have to prescribe? 

▪ No measurable risk for administration of 0.9% NaCl when used 

in small to moderate quantities in critically ill patients who are 

at relatively low risk for AKI. 

▪ Do not use balanced solution for traumatic brain injury.

▪ Prefer balanced solution for diabetic ketoacidosis.



Oxygen therapy in ICU
JAMA. 2021 Sep 14;326(10):940-948



Optimal PaO2 ?

Crit Care. 2021 Dec 19;25(1):440

Crit Care. 2008;12(6):R156



Low vs. high oxygenation target

▪ Favorable mortality outcomes for Low oxygenation

▪ OXYGEN-ICU JAMA. 2016;316(15):1583-1589

▪ HyperS2S Lancet Respir Med. 2017;5(3):180-190

▪ No difference between low and high oxygenation in mortality

▪ ICU-ROX NEJM. 2020;382(11):989-998

▪ HOT-ICU NEJM. 2021;384(14):1301-1311

▪ Worrisome safety signal in low oxygenation 

▪ LOCO2 NEJM. 2020;382(11):999-1008



O2-ICU Trial

▪ Design:  multicenter RCT

▪ Population: 400 patients with systematic inflammation (≥ 2 positive SIRS criteria) from 4 ICUs 
in the Netherlands

▪ Period: Feb 2015 ~Oct 2018

▪ Intervention vs. control:  low-normal PaO2 (60-90mmHg) vs high-normal PaO2 (105-135mmHg)

▪ Primary outcome: SOFARANK

▪ Ranking based on the non-respiratory cumulative daily delta SOFA score from day 1 to day 14 

JAMA. 2021 Sep 14;326(10):940-948



Low-normal PaO2 target did not significantly reduce 

organ dysfunction compared with a high-normal target 

SOFARANK Low-normal PaO2 vs High-normal PaO2, -35 vs -40, p=0.06



No differences between low- and high-normal PaO2 target in 

90-day mortality, duration of MV, or ICU LOS



Optimal PaO2 ?

▪ Optimum targets still unknown…

▪ High oxygenation target has no proven benefit and may increase 

morbidity and mortality.

▪ Targeted application of oxygen is needed. 

▪ Ongoing trials of oxygen therapy may provide additional insight. 

▪ Mega-ROX trial (ACTRN12620000391976)



ECCO2R in Hypoxemic respiratory failure

JAMA. 2021 Sep 21;326(11):1013-1023



ECCO2R in Hypoxemic respiratory failure

Intensive Care Med (2019) 45:1451–1453

BMJ 2012;344:e2124



SUPERNOVA Pilot Study 

▪ Phase 2 study to assessed feasibility and safety of ECCO2R to facilitate ultra-protective 
ventilation (VT 4 mL/kg and Pplat ≤ 25 cmH2O) in patients with moderate ARDS (n=95).

Intensive Care Med (2019) 45:592–600



REST Trial

▪ Design: multicenter, randomized, open-label, pragmatic clinical trial 

▪ Population: 405 ARDS (time from onset of hypoxemia ≤ 48hrs, P/F < 150) from 51 ICUs in 
the UK

▪ Period: May 2016 ~ Dec 2019 

▪ Intervention vs. control:  LTV ventilation facilitated by ECCO2R vs standard care with 
conventional LTV ventilation

▪ Primary outcome: 90d-mortality 
JAMA. 2021 Sep 21;326(11):1013-1023



Interventions

▪ VenovenousECCO2R
▪ TV ≤ 3ml/kg PBW

▪ Pplat < 25cmH2O

▪ Sweep gas 10, blood flow 350~450ml/min

▪ RR < 35/min

▪ pH > 7.20

▪ PaO2 7~10kPa (SpO2 88~95%)

▪ The intervention was continued for at least 48 hours

▪ Standard care
▪ TV 6 mL/kg PBW

▪ PEEP set based on the ARDSNetwork trial

J Intensive Care Soc. 2017 May;18(2):159-169

Ann Intensive Care. 2019 Jul 2;9(1):79



No difference in mortality between ECCO2R  and 

ventilator alone 

90d mortality 41.5% vs 39.5%

RR 1.05 (95% CI 0.83 to 1.33); p=0.68

VFDs 7.1 vs 9.2 days

MD −2.1days (−3.8 to 0.3); p=0.02



Increased adverse events with use of an ECCO2R 

device



Determinants of the effect of extracorporeal

carbon dioxide removal in the SUPERNOVA trial

Intensive Care Med (2019) 45:1219–1230



Ventilatory Variables and mechanical power 

AJRCCM. 2021 Aug 1;204(3):303-311



Driving pressure

NEJM 2015 Feb 19;372(8):747-55

JAMA. 2016 Feb 23;315(8):788-800



Mechanical power

Intensive Care Med. 2016 Oct;42(10):1567-1575

Intensive Care Med. 2018 Nov;44(11):1914-1922



The impact of the specific components of mechanical 

power on mortality

▪ Patient-level data of 4,549 patients, obtained from MIMIC-III database and from six RCTs on 

protective mechanical ventilation.

▪ Only patients under controlled mechanical ventilation were included.

AJRCCM. 2021 Aug 1;204(3):303-311



Logistic regression for mortality

Covariates commonly used over the Models : trial, study arm, respiratory system compliance, ventilatory ratio, 

arterial pH, PaCO2, PaO2/FIO2



Modeled OR for death according to either △P or RR 

X 4



Logistic regression for mortality

Covariates commonly used over the Models : trial, study arm, respiratory system compliance, ventilatory ratio, 

arterial pH, PaCO2, PaO2/FIO2

4DPRR



Isocapnic Curves



Esophageal pressure guided PEEP

AJRCCM. 2021 Nov 15;204(10):1153-1163



EPVent Trial

Log rank p=0.13

Difference in 28-day mortality adjusting for APACHEII: 

RR 0.46 (95%CI 0.19–1.0); p=0.049

NEJM. 2008 Nov 13;359(20):2095-104

PES-guided PEEP vs empiric low PEEP



EPVent-2 Trial

JAMA. 2019 Mar 5;321(9):846-857

PES-guided PEEP vs empiric high PEEP

Control FiO2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

EPVent 5 5-8 8-10 10 10-14 14 14-18 20-24

EPVent-2 5-10 10-18 18-20 20 20 20-22 22 22-24



The post hoc reanalysis of the EPVent-2 trial

AJRCCM. 2021 Nov 15;204(10):1153-1163



Survival analysis by end-expiratory  transpulmonary 

pressure



Treatment effects by APACHE II score



Summary

▪ 1. Temperature control after cardiac arrest

▪ Active fever control, BT <37.7 °C

▪ 2. Fluid in ICU 

▪ Balanced solution = Normal saline 

▪ 3. Oxygen therapy in ICU

▪ Low-normal PaO2 target = High-normal PaO2 target 

▪ 4. ARDS

▪ ECCO2R in Hypoxemic respiratory failure

▪ ECCO2R < Conventional LTV 

▪ Ventilatory Variables and mechanical power 

▪ “Driving pressure” and “RR” are all that matters.

▪ Pes-guided PEEP

▪ Beneficial in patients with less multiorgan dysfunction 

▪ Set PEEP to titrate “End-expiratory PL” close to 0 cmH2O




