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Outline
• Intravenous saline versus balanced salt solutions for resuscitation 

in critically ill patients 
– Old controversy… new data!

• Intravenous fluid volume strategies in management of sepsis
– Reaching a limit of “fine tuning”? 



Balanced Crystalloid versus Saline in 
Critically-ill Patients



Balanced Crystalloid versus Saline in 
Critically-ill Patients

• 72 yo F with HTN, CKD (creatinine 1.3, eGFR
61)
– + prior h/o AKI after complicated ‘CCY -> renal 

replacement
• Now with C Diff colitis and transient hypotension
• Admitted to the ICU, labs notable for:

• Na 135  K 3.9  Cl 98  HCO3 18   BUN 21  Creat 1.9  AG 19, LA 2.9

• Start IVF resuscitation with:
a. Normal Saline (0.9% sodium chloride)
b. D5W + 3 amps of sodium bicarbonate
c. Lactated Ringers solution
d. 4% albumin in sodium chloride



A Quick Word on Colloids
• Saline versus Albumin (4%) Fluid Evaluation (SAFE 

trial)
– N Engl J Med 2004, 350: 2247-56
– 6,997 patients: no difference in 28D mortality, ICU LOS, 

mechanical ventilation days, organ failure

– N Engl J Med 2007, 357: 874-84
– SAFE extension trial, examining TRAUMATIC BRAIN 

INJURY patients 
– 33% mortality with albumin versus 20% with saline

• Hydroxyethyl starch (6% HES) versus Saline
– N Engl J Med 2012, 367: 1901-11
– 7,000 patients: no difference in 90D mortality; 21% increase 

in need for renal replacement with HES



What’s wrong with normal saline?

• Large volume resuscitation with 0.9% NaCl can:
– Cause a hyperchloremic, metabolic acidosis
– Induce renal arterial vasoconstriction
– Worsen hypotension and possibly vasoplegia
– Be associated with acute kidney injury
– And… increased risk of death
– JAMA 2012. 308: 1566

• What other IVF options do we have?

• “Balanced” salt solutions (i.e. mimic plasma)
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LR / PL-A  v  Normal Saline in Critically Ill Patients 
• SMART trial, NEJM 2018, 378: 829
• 15,802 patients admitted to the ICU

– Randomized to:
– NS versus LR (or plasma-Lyte A)

• Major adverse kidney event = new RRT or Cr 2X basline
– Normal Saline 15.4%
– LR or Plasma-lyte 14.3% p=0.04

• In hospital mortality
– Normal Saline 11.1%
– LR or Plasma-lyte 10.3% p=0.06

• No difference in need for renal replacement therapy or 
persistent renal dysfunction



What’s NEW in 2021 - 2022?

Are Balanced Crystalloids Better?

*** Do balanced crystalloids prevent acute kidney injury? ***



Balanced Crystalloid v. Normal Saline in Critical Illness

• New Zealand Intensive Care Society
• N Engl J Med 2022, 386: 815-26

• 5,037 patients across 53 ICUs
– Randomized to:
– Normal Saline versus balanced crystalloid (Plasma-Lyte 148)
– EXCLUDED patients with traumatic brain injury patients or at-risk for 

cerebral edema

• Outcome at 90 days:
– Any cause MORTALITY
– New renal replacement therapy and peak serum creatinine



Balanced Crystalloid v. Normal Saline in Critical Illness
• New Zealand Intensive Care Society
• N Engl J Med 2022, 386: 815-26

• Total IV Fluids



Balanced Crystalloid v. Normal Saline in Critical Illness
• New Zealand Intensive Care Society
• N Engl J Med 2022, 386: 815-26

• 90 Day Mortality



Balanced Crystalloid v. Normal Saline in Critical Illness
• New Zealand Intensive Care Society
• N Engl J Med 2022, 386: 815-26

• AKI and RENAL REPLACEMENT – no difference!



Balanced Crystalloid v. Normal Saline in Critical Illness

• New Zealand Intensive Care Society
• N Engl J Med 2022, 386: 815-26

• Overall, NEGATIVE trial for the use of Balanced Crystalloid in 
critically ill patients



Balanced Crystalloid v. Normal Saline in Critical Illness

• BaSICS Trial
– 75 ICUs in Brazil; 11,052 patients  
– RCT of saline v. balanced crystalloid 

• JAMA 2021, 326(9): 818-29

• Primary outcome at 90 days:
– All-cause MORTALITY
– Many secondary end-points, including renal failure



Balanced Crystalloid v. Normal Saline in Critical Illness

• BaSICS Trial
– 75 ICUs in Brazil; 11,052 patients  
– RCT of saline v. balanced crystalloid 

• JAMA 2021, 326(9): 818-29

Exploratory Analyses
There were no significant between-group differences for the
tertiary outcomes (Table 2). There was no statistically signifi-
cant interaction between fluid type and the primary outcome
according to baseline chloride levels (P = .37; eTable 4 in
Supplement 3). The bayesian network analysis accounting for
the competing events of death or hospital discharge was con-
sistent with a high probability that use of the balanced solu-
tion is associated with a lower Glasgow Coma Scale score (≤12)
for patients that required mechanical ventilation at day 7 (eFig-
ure 4 and eTable 5 in Supplement 3).

Post Hoc Analyses
The results of the post hoc sensitivity analyses appear in
Supplement 3. The sensitivity analyses considering only pa-
tients with known data for the primary outcome or only
patients who did not receive any fluid before randomization
showed no significant difference for the primary outcome.
There was no significant difference for the composite out-
come of mortality and use of kidney replacement therapy dur-
ing hospital stay both in patients who did and those who did
not receive fluids within the 24 hours prior to enrollment
(eTable 6 in Supplement 3) or for the subgroups stratified ac-
cording to KDIGO stage (0, 1, 2, or 3) at enrollment (eTables 7-8
in Supplement 3).

There was no statistically significant difference in the in-
cidence of the composite outcome of death and need for kid-
ney replacement therapy in the hospital or doubling of creati-
nine level (1452/5218 [27.8%] in the balanced solution group
and 1527/5287 [28.9%] in the saline solution group; odds ra-
tio, 0.95 [95% CI, 0.86-1.04]). Other post hoc sensitivity analy-
ses exploring different definitions of acute kidney injury also
rendered results that were not statistically significant (eTable 8
and eFigures 5-6 in Supplement 3). Patients randomized to the
balanced solution group had lower chloride levels than pa-
tients randomized to the saline solution group (Figure 2B and
eFigure 7 in Supplement 3; P < .001). After excluding patients
with traumatic brain injury, the results for the primary, sec-

ondary, and tertiary outcomes were mostly unchanged
(eTable 9 in Supplement 3).

Adverse Events
There were no unexpected treatment-related severe adverse
events in either group.

Discussion
In this randomized clinical trial of critically ill patients requir-
ing fluid therapy, use of a balanced solution did not change
90-day survival compared with saline solution.

Intravenous fluid composition represents an interesting
target for clinical trials aiming to improve outcomes in criti-
cally ill patients because virtually all patients will receive flu-
ids during their ICU stay. Therefore, even small benefits in the
reduction of mortality and organ failure could have impor-
tant population effects. Balanced solutions are designed to have
a composition closer to blood plasma through use of organic
anions as sodium buffers instead of equimolar chloride.1

Chloride load (and serum chloride levels) have been sug-
gested to be associated with organ failure and mortality in criti-
cally ill patients; solutions with lower chloride concentra-
tions were therefore hypothesized to be related to improved
outcomes through reducing chloride load, although the ex-
act mechanism is unclear.2,4,16

A large cluster-randomized clinical trial (Isotonic Solu-
tions and Major Adverse Renal Events Trial [SMART])5 con-
ducted at a large center reported that balanced solutions were
associated with improvement in a composite outcome of death,
new receipt of kidney replacement therapy, persistent kid-
ney dysfunction censored at 30 days, and hospital discharge.
Another study on patients in the emergency department who
were not critically ill reported a similar reduction for this
outcome.6 However, in another smaller randomized trial,7 there
was no significant between-group difference for survival or
other outcomes. Despite differences in design, a similar

Figure 3. Cumulative Incidence of the Primary Outcome of 90-Day Survival for a Balanced Solution vs Saline
Solution (0.9% Sodium Chloride)
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The median follow-up was 90 days
(interquartile range, 59.2-90.0 days)
for the balanced solution group and
90 days (interquartile range, 54-90
days) for the saline solution group.

Effect of Intravenous Treatment With a Balanced Solution vs Saline Solution on Mortality Original Investigation Research

jama.com (Reprinted) JAMA September 7, 2021 Volume 326, Number 9 825

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Harvard University User  on 11/05/2022



An Additional, NEW Meta-
analysis of Balanced Crystalloids



Balanced Crystalloid v. Normal Saline in Critical Illness

• Hammond, NE et al  NEJM Evidence 2022, 1(2) [DOI: 
10.1056/EVIDoa2100010]

• 13 RCTs of saline versus crystalloid (6 “low-bias” or higher 
quality)

• 35,884 patients

• Outcome at 90 days:

– Any cause MORTALITY NOT clearly different
• Statistical method-dependent SMALL effect on mortality (Bayesian v Frequentist)

– No difference in renal replacement therapy or AKI

– Increased risk of DEATH in traumatic brain injury patients with 
balanced crystalloid (RR 1.26)



Balanced Crystalloid v. Normal Saline in Critical Illness
• Hammond, NE et al  NEJM Evidence 2022, 1(2) [DOI: 10.1056/EVIDoa2100010]



Temperature Management after Return 
of Spontaneous Circulation

Snow Sculpture of Hippocrates 
by Greek-American artists Melissa Vadakara and Marios Tzavellas. February 2021, New York City



Temperature Management after Return 
of Spontaneous Circulation

Zeiner A, Holzer M, Sterz F, Schörkhuber W, Eisenburger P, Havel C, Kliegel A, Laggner AN. Hyperthermia after cardiac arrest is 
associated with an unfavorable neurologic outcome. Arch Intern Med. 2001 Sep 10;161(16):2007-12. 



Temperature Management after Return 
of Spontaneous Circulation

• 45 yo M with HTN who had witnessed arrest at 
home
– Bystander CPR by pt’s wife, followed by EMS
– shockable rhythm
– ROSC obtained after ~10 minutes

• Intubated by EMS for GCS 6
• Admitted to the ICU for post-ROSC care
• Manage temperature with:

a. Cooling pads for target temp 31-32°C
b. Cooling pads for target temp 33-34°C
c. Cooling pads for target temp 35-36°C
d. Cooling pads for target temp ≤ 38°C



Temperature Management after Return 
of Spontaneous Circulation: 2012

Lopez-de-Sa, et al. 
Hypothermia in comatose survivors from out-of-hospital cardiac arrest: pilot trial comparing 2 levels of target temperature. 

Circulation. 2012 Dec 11;126(24):2826-33. 



Temperature Management after Return 
of Spontaneous Circulation

• TTM2 Trial Investigators (International)
• N Engl J Med 2021, 384: 2283-94

• 1,850 patients
– Adults with coma after out-of-hospital cardiac arrest of unknown 

or presumed cardiac etiology
– Randomized to:

• Targeted hypothermia at 33°C
• Normothermia at ≥37.8°C 

• Outcome at 6 months:
1. Any cause MORTALITY
2. Functional outcome by Rankin scale



Temperature 
Management after ROSC

n engl j med 384;24 nejm.org June 17, 20212288

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

for fever. Additional data regarding tempera-
tures and shivering are available in Figures S4 
through S7 and Table S8.

Primary and Secondary Outcomes
Data on the primary outcome were missing for 
11 patients (5 in the hypothermia group and 6 in 
the normothermia group) of 1861 patients over-
all (<1%). At 6 months, 465 of 925 patients (50%) 
in the hypothermia group and 446 of 925 pa-
tients (48%) in the normothermia group had 
died (relative risk with hypothermia, 1.04; 95% 
confidence interval [CI], 0.94 to 1.14; P = 0.37). 
The effect of the temperature intervention on 
death at 6 months was consistent across the 
prespecified subgroups (Fig. 2A) and when as-
sessed in a time-to-event analysis (hazard ratio 
in the hypothermia group, 1.08; 95% CI, 0.95 to 
1.23) (Fig. 3).

Functional outcome was assessed according 
to the modified Rankin scale in 1747 of 1861 
patients (94%) (Fig. S8). A structured assessment 
was performed in a face-to-face interview (72%), 
by phone (23%), or by proxy interview (5%). In 
addition, functional outcome was classified only 
as “good” or “poor” on the basis of telephone 
interviews with relatives and health care provid-
ers and on the basis of medical records in 37 of 
930 patients (4%) in the hypothermia group and 
45 of 931 patients (5%) in the normothermia 
group. In total, functional outcome was assessed 
in 1829 of 1861 patients (98%).

At 6 months, 488 of 881 patients (55%) in the 
hypothermia group and 479 of 866 patients 
(55%) in the normothermia group had a modi-
fied Rankin scale score of 4 to 6 (relative risk 
with hypothermia, 1.00; 95% CI, 0.92 to 1.09). 
In the binary assessment of functional outcome, 
495 of 918 patients (54%) in the hypothermia 
group and 493 of 911 patients (54%) in the nor-
mothermia group had a poor functional out-
come (relative risk in the hypothermia group, 
1.00; 95% CI, 0.91 to 1.08). The effect of the 
temperature intervention on functional outcome 
was consistent across the prespecified subgroups 
(Fig. 2B).

Health-related quality of life as assessed with 
the use of the EQ-5D-5L visual-analogue scale 
was similar in the hypothermia and normother-
mia groups, regardless of whether the patients 
who died were included (with the score on the 
EQ-5D-5L visual-analogue scale set to 0) or only 
those who survived were assessed (mean between-
group difference in patients who survived to 
6 months, −0.8 points; 95% CI, −3.6 to 2.0) 
(Table S9). The distribution of days when the 
patients were alive and out of the hospital was 
similar in the two groups (Fig. S9).

Best–worst and worst–best analyses indicated 
that missing data did not have the potential to 
affect the results of the analyses of both death 
from any cause and functional outcome (Table 
S10). Additional sensitivity analyses are reported 
in Table S11. There were no significant interac-
tions between group assignments in the current 
trial and assignments in the TAME trial for any 
of the outcomes (range of P for interaction, 0.58 
to 0.94) (Table S12).

Figure 1. Body Temperature during the Intervention Period.

Shown are body-temperature curves in the hypothermia and normothermia 
groups for the patients in whom a bladder temperature was recorded. The 
median number of temperature recordings was 38 in both the hypothermia 
group and the normothermia group, out of 41 possible recordings. The tem-
perature curves show the means, and the I bars indicate ±2 SD (95% of the 
observations are within the error bars). The median time from cardiac arrest 
to randomization in the trial was 135 minutes.

Bo
dy

 T
em

pe
ra

tu
re

 (°
C

)

38

39

37

35

34

32

36

33

31
0 10 20 30 40

Hours since Randomization

Normothermia group Hypothermia group

The New England Journal of Medicine 
Downloaded from nejm.org at Harvard Library on November 3, 2022. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 

• TTM2 Trial Investigators
• N Engl J Med 2021, 384: 2283-94



The Rankin Score

Saver et al. Standardized Nomenclature for Modified Rankin Scale Global Disability Outcomes: Consensus 
Recommendations From Stroke Therapy Academic Industry Roundtable XI. Stroke 52(9): 3054-3062
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Temperature 
Management after ROSC
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for fever. Additional data regarding tempera-
tures and shivering are available in Figures S4 
through S7 and Table S8.

Primary and Secondary Outcomes
Data on the primary outcome were missing for 
11 patients (5 in the hypothermia group and 6 in 
the normothermia group) of 1861 patients over-
all (<1%). At 6 months, 465 of 925 patients (50%) 
in the hypothermia group and 446 of 925 pa-
tients (48%) in the normothermia group had 
died (relative risk with hypothermia, 1.04; 95% 
confidence interval [CI], 0.94 to 1.14; P = 0.37). 
The effect of the temperature intervention on 
death at 6 months was consistent across the 
prespecified subgroups (Fig. 2A) and when as-
sessed in a time-to-event analysis (hazard ratio 
in the hypothermia group, 1.08; 95% CI, 0.95 to 
1.23) (Fig. 3).

Functional outcome was assessed according 
to the modified Rankin scale in 1747 of 1861 
patients (94%) (Fig. S8). A structured assessment 
was performed in a face-to-face interview (72%), 
by phone (23%), or by proxy interview (5%). In 
addition, functional outcome was classified only 
as “good” or “poor” on the basis of telephone 
interviews with relatives and health care provid-
ers and on the basis of medical records in 37 of 
930 patients (4%) in the hypothermia group and 
45 of 931 patients (5%) in the normothermia 
group. In total, functional outcome was assessed 
in 1829 of 1861 patients (98%).

At 6 months, 488 of 881 patients (55%) in the 
hypothermia group and 479 of 866 patients 
(55%) in the normothermia group had a modi-
fied Rankin scale score of 4 to 6 (relative risk 
with hypothermia, 1.00; 95% CI, 0.92 to 1.09). 
In the binary assessment of functional outcome, 
495 of 918 patients (54%) in the hypothermia 
group and 493 of 911 patients (54%) in the nor-
mothermia group had a poor functional out-
come (relative risk in the hypothermia group, 
1.00; 95% CI, 0.91 to 1.08). The effect of the 
temperature intervention on functional outcome 
was consistent across the prespecified subgroups 
(Fig. 2B).

Health-related quality of life as assessed with 
the use of the EQ-5D-5L visual-analogue scale 
was similar in the hypothermia and normother-
mia groups, regardless of whether the patients 
who died were included (with the score on the 
EQ-5D-5L visual-analogue scale set to 0) or only 
those who survived were assessed (mean between-
group difference in patients who survived to 
6 months, −0.8 points; 95% CI, −3.6 to 2.0) 
(Table S9). The distribution of days when the 
patients were alive and out of the hospital was 
similar in the two groups (Fig. S9).

Best–worst and worst–best analyses indicated 
that missing data did not have the potential to 
affect the results of the analyses of both death 
from any cause and functional outcome (Table 
S10). Additional sensitivity analyses are reported 
in Table S11. There were no significant interac-
tions between group assignments in the current 
trial and assignments in the TAME trial for any 
of the outcomes (range of P for interaction, 0.58 
to 0.94) (Table S12).

Figure 1. Body Temperature during the Intervention Period.

Shown are body-temperature curves in the hypothermia and normothermia 
groups for the patients in whom a bladder temperature was recorded. The 
median number of temperature recordings was 38 in both the hypothermia 
group and the normothermia group, out of 41 possible recordings. The tem-
perature curves show the means, and the I bars indicate ±2 SD (95% of the 
observations are within the error bars). The median time from cardiac arrest 
to randomization in the trial was 135 minutes.
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Hypothermia or Normothermia after Cardiac Arrest

Figure!2.!Subgroup!Analysis!of!Death!from!Any!Cause!and!the!Modified!Rankin!Scale!Score!at!6!Months.
Shown are the results of the analyses of the primary outcome (death from any cause at 6 months) (Panel A) and of 
the secondary outcome of a score of 4 to 6 on the modified Rankin scale (Panel B) in prespecified subgroups. Mod-
ified Rankin scale scores range from 0 to 6, with 0 representing no symptoms, 1 no clinically significant disability,  
2 slight disability, 3 moderate disability, 4 moderately severe disability, 5 severe disability, and 6 death. Relative risks 
are derived from a stratified generalized linear model with trial site as a random intercept. The forest plot shows the 
relative risks for five prespecified subgroups. The horizontal bars represent 95% confidence intervals. The events 
are the total events 6 months after randomization. For unwitnessed cardiac arrests, the time until a return of spon-
taneous circulation (ROSC) was calculated from the time of the emergency call. Shock on admission was defined as 
a systolic blood pressure of less than 90 mm Hg for more than 30 minutes or end-organ hypoperfusion (cool arms 
and legs, urine output <30 ml per hour, and heart rate <60 beats per minute).
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Temperature Management after Return 
of Spontaneous Circulation

• TTM2 Trial Investigators
• N Engl J Med 2021, 384: 2283-94

n engl j med 384;24 nejm.org  June 17, 20212290

T he new engl a nd jour na l  o f medic ine

Adverse Events
Prespecified adverse events are reported in Ta-
ble 2. Arrhythmias resulting in hemodynamic 
compromise were more common in the hypo-
thermia group than in the normothermia group 
(in 24% vs. 17%; P<0.001). There were no signifi-
cant differences in other prespecified adverse 
events. Two unexpected serious, possibly inter-
vention-related adverse events occurred in each 
group: an intravascular deviceÐrelated thrombo-
sis in one patient in the hypothermia group and 
two patients in the normothermia group, and 
bradycardia with worsening hemodynamic func-
tion in one patient in the hypothermia group 
(see the Supplementary Appendix).

Discussion

In this randomized trial, we compared hypother-
mia with normothermia in patients with coma 
who had been resuscitated after out-of-hospital 
cardiac arrest of a presumed cardiac or unknown 
cause. There was no significant difference be-
tween the two groups with respect to death and 
poor functional outcome at 6 months. The dis-
tribution of scores on the modified Rankin scale 

between the groups was similar, as was health-
related quality of life. The results were consis-
tent in the analysis of survival and in prespeci-
fied subgroups.

Our results contrast with findings of prac-
tice-changing trials published in 2002 in which 
a benefit of hypothermia was reported.3,4 Since 
then, there have been changes in standards of 
intensive care that may have influenced interven-
tion effects.20,21 Other explanations would be a 
lower risk of bias in the current trial22 and a lower 
risk of random error with a sample size that was 
five times the combined enrollment of the ear-
lier trials.23,24 Although the patient population 
we studied differed somewhat from those in 
previous trials, our subgroup analyses indicate 
that different eligibility criteria are unlikely to 
explain the discordance.

Our findings are consistent with those of a 
recent trial in which hypothermia at 33¡C, as 
compared with normothermia at 37¡C, in patients 
with nonshockable rhythms was not shown to 
reduce mortality.5 That trial indicated that hypo-
thermia may improve functional outcomes, but 
this finding was based on a small number of 
events and was not replicated in the subgroup 
of patients with initial nonshockable rhythm in 
our trial.

The results of the current trial are broadly 
consistent with the results of our previous TTM 
(Target Temperature Management 33¡C versus 
36¡C after Out-of-Hospital Cardiac Arrest) trial.6 
The combined results of the two trials imply a 
low likelihood of any meaningful clinical im-
provement with hypothermia as compared with 
normothermia, since 36¡C may be considered to 
be the lower boundary of normothermia.

It is physiologically plausible that the interval 
between a cardiac event and the initiation of 
hypothermia is related to potential benefits of 
the intervention, a hypothesis that is supported 
by experiments in animals.25 In our trial, patients 
were cooled at a similar or faster rate than that 
in most previous trials.3,5-7 Since all participating 
sites in our trial had previous experience with 
the use of hypothermia, and a large percentage 
of the patients in our trial underwent randomiza-
tion at cardiac arrest centers, the cooling rates 
we observed were probably faster than those that 
are feasible in current clinical practice.

Figure!3.!Probability!of!Survival!until!180!Days!after!Randomization.

Shown are KaplanÐMeier estimates of the probability of survival until 180 
days after randomization among patients assigned to undergo hypothermia 
or normothermia. Data are for the 1850 patients for whom survival status 
(including time of death) was available. Data were censored according to 
the last day of follow-up.
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41% Rankin score ≤2

16% significant arrythmia

50% Mortality 
41% Rankin score ≤2
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Temperature Management after Return 
of Spontaneous Circulation

• CAPTIAL CHILL Trial (Ottowa, Canada) 
• JAMA. 2021;326(15):1494-1503 

• 367 patients
– Single center study
– Adults with coma (GCS ≤8) after out-of-hospital cardiac arrest 
– Randomized to:

• Targeted hypothermia at 31°C
• Normothermia at 34°C 

– DOUBLE-BLINDED 
– Withdrawal of care at the discretion of the multidisciplinary team

• Outcome at ~ 6 months:
1. Any cause MORTALITY –or– poor functional outcome by DRS
2. 19 secondary outcomes 



Temperature Management after Return 
of Spontaneous Circulation

of arrest was cardiac in !" .#% of patients in the $%¡C group
and in !& ." % in the $& ¡C group (eTable %in Supplement ' ).
Immediate coronary angiography was performed in !# .$% of
patients in the $%¡C group and in !" .#% in the $& ¡C group
(eTable ' in Supplement ' ). Percutaneous coronary interven-
tion was performed in (" .$% and () .#% of patients, respec-
tively. Mechanical support with an intra-aortic balloon was
required for " .%% and %*.#% of patients, respectively. Con-
comitant medications and procedures in the intensive care
unit are listed in eTable $ in Supplement ' .

Target Temperature Management
The median temperature at the time of randomization was
$( .' ¡C in both groups. Figure ! depicts the temperature
curves for the ' groups expressed as medians and IQRs. The
median time from randomization to target temperature
achievement was '*) minutes in the $%¡C group and %'*
minutes in the $& ¡C group.

Outcomes
Primary Outcome
Follow-up information at %)* days was available for $"" of
$"# patients. The primary outcome occurred among )! of
%)&patients (&) .&%) randomized to the $%¡C group and
among )$ of %)$patients ( &( .&%) randomized to the $& ¡C
group (risk difference, $.* % [ !( % CI, +#.' % to %$.' %]; RR,
%.*# [!( % CI, * .)" -%.$$]; P = .(" ) (Table ! ). The lack of a sig-
nificant difference in the primary outcome was consistent
after adjusting for baseline covariates (eTable & in Supple-
ment ' ) as well as across all subgroups, as illustrated in the
eFigure in Supplement ' .

Secondary Outcomes
Secondary outcomes are listed in Table ' . All-cause mortality
at %)* days was &$.( % in the $%¡C group and &%.* % in the $&¡C
group (risk difference, ' .( % [!( % CI, +#." % to %'." %]; RR, %.*"
[!( % CI, * .)$ -%.$( ]; P = ."$ ). The Kaplan-Meier curves for prob-
ability of survival at %)* days for all patients randomized to a
target temperature of $%¡C or a target temperature of $&¡C are
shown in Figure " (HR, %.*! [ !( % CI, * .)* -%.(* ]; P = .() );
Figure $ also shows the curves for patients presenting with a
shockable rhythm (HR, %.'* [ !( % CI, * .)' -%.#$]; P = .$&) and
for those presenting with a nonshockable rhythm (HR, * .#)
[ !( % CI, * .&$-%.&$]; P = .&* ). There was evidence supporting
the proportional hazards assumption ( P = .&! ).

The median length of stay in the intensive care unit was
longer in the $%¡C group compared with the $& ¡C group ( %*
days vs # days, respectively; P = .**& ). Otherwise, there were
no significant differences in secondary outcomes between the
' groups (Table ' ).

Nonprespecified Outcomes
Among patients surviving to %)* days, poor neurologic out-
come, as measured by a DRS score greater than ( , was
recorded for ) .#% in the $%¡C group and #.&% in the $& ¡C
group (risk difference, %.$% [!( % CI, +" .%% to ) ." %]; RR, %.%#
[!( % CI, * .&#-' .!%]; P = .#&). The breakdown of neurologic
scores is shown in eTable ( in Supplement ' . Likewise, no dif-
ference was found between the ' groups when poor neuro-
logic outcome was defined as a score of & to " at %)* days on
the Modified Rankin Scale ( &( .! % vs. &$.#%, respectively;
risk difference, ' .' % [!( % CI, +) .* % to %'.&%]; RR, %.*( [!( %
CI, * .)& -%.$' ]; P = .#" ).

Figure 2. Median Body Temperature During the Intervention in Patients Randomized to Moderate Hypothermia (31 ¡C) or Mild Hypothermia (34 ¡C)
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The early postresuscitative state of patients and the use of ice packs prior to
arrival at the cardiac center may have contributed to baseline temperatures
being below normal. Randomization was done immediately once the
endovascular device was inserted and shown to be functional. Rewarming was
commenced 24 hours after reaching the target temperature at a rate of
0.25 ¡C/h until 37 ¡C was reached. This temperature was maintained such that
the total period from the onset of rewarming was 48 hours. The curves show

the medians; error bars indicate IQRs. The median time from randomization to
target temperature was 208 (IQR, 163-282) minutes in the 31 ¡C group and 120
(IQR, 80-174) minutes in the 34 ¡C group. Nonadherence to the study protocol
was noted for 7 patients in each group. In addition, per protocol, temperature
was adjusted upward by 3 ¡C for hemodynamic reasons in 31 patients (16.8%) in
the 31 ¡C group and in 10 patients (5.5%) in the 34 ¡C group (P= .001).
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Temperature Management after Return 
of Spontaneous Circulation

• CAPTIAL CHILL Trial (Ottowa, Canada) 
• JAMA. 2021;326(15):1494-1503

Figure 3. Probability of Survival at 180 Days for All Patients, Patients Presenting With a Shockable Rhythm,
and Patients Presenting Without a Shockable Rhythm

0

No. at risk

0 30 60 15012090 180

100

80

P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l, 

%

Days since randomization

60

40

20

Mild hypothermia
Moderate hypothermia 184 104 103 103103103 103

183 110 109 108108108 108

Moderate (31 ¡C)

Mild (34 ¡C)

All patientsA

30

No. at risk

0 30 60 90 120 150 180

100

80

P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l, 

%

Hours since randomization

60

40

20

Mild hypothermia
Moderate hypothermia 158 98 97 979797 97

157 107 106 105105105 105

Moderate (31 ¡C)

Hazard ratio for death, 1.20 (95% CI, 0.82-1.73); log-rank P =.34

Hazard ratio for death, 0.78 (95% CI, 0.43-1.43); log-rank P =.40

Hazard ratio for death, 1.09 (95% CI, 0.80-1.50); log-rank P =.58

Mild (34 ¡C)

Patients with shockable rhythmB

0

No. at risk

0 60 90 120 150 180

100

80

P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l, 

%

Hours since randomization

60

40

20

30

Mild hypothermia
Moderate hypothermia 26 6 6 6 6 66

26 3 3 3 3 33

Moderate (31 ¡C)

Mild (34 ¡C)

Patients with nonshockable rhythmC

Kaplan-Meier curves estimating the
probability of survival at 180 days for
patients randomized to moderate
hypothermia (target temperature of
31 ¡C) or mild hypothermia (target
temperature of 34 ¡C). The follow-up
time for all patients was 180 days.
Initial rhythms were classified as
shockable (ventricular fibrillation or
pulseless ventricular tachycardia) or
nonshockable (asystole or pulseless
electrical activity) on the basis of the
first documented rhythm at the time
of the cardiac arrest.
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Post Hoc Outcomes
Withdrawal of life-sustaining therapy occurred for !" pa-
tients ( ##.$%) in the #" ¡C group and for !% patients ( #%.%%) in
the #& ¡C group (eTable ! in Supplement $). The main reason
for withdrawal of life-sustaining therapy was neurologic fu-
tility. The median time to withdrawal of life-sustaining therapy
was %days in the $ groups ( P = .'( ).

Adverse Events
Deep vein thrombosis occurred in $" of "(& patients ( "" .&%) ran-
domized to the #" ¡C group and in $) of "(# patients ( ") .* %)
randomized to the #&¡C group (risk difference, ) .%% [*%% CI,
+! .) % to ! .* %]; RR, ".)& [*%% CI, ) .%*-".(! ]; P = .(( ). Throm-
bus in the inferior vena cava was documented by abdominal
ultrasound in ' of "(& patients ( #.( %) randomized to the #" ¡C

group and in "& of "(# patients ( ' .' %) randomized to the #&¡C
group (risk difference, +#.* % [*%% CI, +( .! % to ) .* %]; RR, ) .%)
[*%% CI, ) .$"-".$) ]; P = ."" ).

Secondary Analysis
As shown in eTable ' and eTable ( in Supplement $, there were
no differences in the results when the primary outcome was
analyzed for the population that included all patients who were
randomized to a study therapy group, regardless of whether
or not they received the therapy (risk difference, $.&% [*%%
CI, +' .( % to "$.! %]; RR, ".)% [*%% CI, ) .(%-".#) ]; P = .!& ), and
for the population that included all patients who received the
intended study therapy without a major protocol violation or
loss to follow-up (risk difference, &.&% [*%% CI, +! .$% to
"&.' %]; RR, ".") [*%% CI, ) .(( -".#' ]; P = .&$).

Table 2. Primary and Secondary Outcomesa

Outcomes
Moderate hypothermia (31 ¡C)
(n = 184)

Mild hypothermia (34 ¡C)
(n = 183)

Difference, %
(95% CI)

Relative risk
(95% CI) Pvalue

Primary outcome

Death or poor neurologic outcome
(DRS score >5) at 180 db

89 (48.4) 83 (45.4) 3.0 (! 7.2 to 13.2) 1.07 (0.86-1.33) .56

Secondary outcomes

Death during initial hospitalization 80 (43.5) 74 (40.4) 3.0 (! 7.1 to 13.1) 1.08 (0.85-1.37) .56

Death at 30 d 79 (42.9) 73 (39.9) 3.0 (! 7.0 to 13.1) 1.08 (0.84-1.37) .55

Death at 180 d 80 (43.5) 75 (41.0) 2.5 (! 7.6 to 12.6) 1.06 (0.83-1.35) .63

Stroke during initial hospitalization 8 (4.4) 3 (1.6) 2.7 (! 0.8 to 6.2) 2.65 (0.71-9.84) .22

Stroke at 180 d 8 (4.4) 3 (1.6) 2.7 (! 0.8 to 6.2) 2.65 (0.71-9.84) .22

Stent thrombosis 2 (1.1) 4 (2.2) ! 1.1 (! 3.7 to 1.5) 0.50 (0.09-2.68) .45

Seizures 23 (12.5) 13 (7.1) 5.4 (! 0.7 to 11.5) 1.76 (0.92-3.37) .08

Kidney replacement therapy 17 (9.2) 17 (9.3) 0.1 (! 6.0 to 5.9) 0.99 (0.52-1.89) .99

Pneumonia 124 (67.4) 116 (63.4) 4.0 (! 5.7 to 13.7) 1.06 (0.92-1.23) .42

Cardiogenic shock 71 (38.6) 61 (33.3) 5.3 (! 4.6 to 15.1) 1.16 (0.88-1.52) .29

Need for anti-arrhythmic therapyc 56 (30.4) 66 (36.1) ! 5.6 (! 15.3 to 4.0) 0.84 (0.63-1.13) .25

Recurrent cardiac arrest requiring CPR 20 (10.9) 17 (9.3) 1.6 (! 4.6 to 7.7) 1.17 (0.63-2.16) .62

TIMI non-CABG major bleeding
within 7 dd

43 (23.4) 36 (19.7) 3.7 (! 4.7 to 12.1) 1.19 (0.80-1.76) .39

Blood transfusion 36 (19.6) 41 (22.4) ! 2.8 (! 11.2 to 5.5) 0.87 (0.59-1.30) .50

Survivors discharged to home
from hospitale

93/103 (90.3) 99/107 (92.5) 2.2 ( ! 9.8 to 5.4) 0.98 (0.90-1.06) .56

Peak creatine kinase, mean (SD), IU/Lf 3400 (4039) 2882 (3679) 518 (! 277 to 1312) .20

LVEF at 3 d, mean (SD), % 41.6 (13.8) 41.8 (15.1) ! 0.2 (! 3.3 to 2.9) .89

LVEF at 3 mo, mean (SD), %g 46.2 (12.1) 50.7 (13.3) ! 4.5 (! 11.0 to 2.0) .17

Length of stay in unit, median, (IQR), d 10 (7-15) 7 (6-12) 1.4 (! 1.2 to 4.1)h .004

Length of hospital stay, median (IQR), di 22 (16-30) 20 (13-36) ! 0.4 (! 5.1 to 4.3)h .27

Adverse events

Deep vein thrombosis 21 (11.4) 20 (10.9) 0.5 (! 6.0 to 6.9) 1.04 (0.59-1.86) .88

Inferior vena cava thrombus 7 (3.8) 14 (7.7) ! 3.9 (! 8.6 to 0.9) 0.50 (0.21-1.20) .11

Abbreviations: CABG, coronary artery bypass graft surgery;
CPR, cardiopulmonary resuscitation; LVEF, left ventricular ejection
fraction; TIMI, thrombolysis in myocardial infarction.
a Data are expressed as No. (%) of patients unless otherwise specified.

Secondary outcomes were recorded during the initial hospitalization unless
otherwise specified.

b The Disability Rating Scale (DRS) score ranges from 0 to 29, with 29 being the
worst outcome (vegetative state).

c Excluding! -blockers.
d TIMI non-CABG major bleeding was defined as any intracranial bleeding or

clinically overt signs of hemorrhage associated with a decrease in hemoglobin

of ! 5 g/dL (or, when hemoglobin was not available, an absolute decrease in
hematocrit of! 15%). Non-CABG bleeding indicates that bleeding did not take
place in the context of CABG.

e Data missing for 3 patients; unknown if discharged directly to home from
hospital.

f The normal range for creatinine kinase is 30-250 IU/L.
g Data missing for 157 patients.
h Expressed as difference in means (95% CI).
i Excludes rehabilitation and palliative centers.
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The Disability Rating Scale
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Post Hoc Outcomes
Withdrawal of life-sustaining therapy occurred for !" pa-
tients ( ##.$%) in the #" ¡C group and for !% patients ( #%.%%) in
the #& ¡C group (eTable ! in Supplement $). The main reason
for withdrawal of life-sustaining therapy was neurologic fu-
tility. The median time to withdrawal of life-sustaining therapy
was %days in the $ groups ( P = .'( ).

Adverse Events
Deep vein thrombosis occurred in $" of "(& patients ( "" .&%) ran-
domized to the #" ¡C group and in $) of "(# patients ( ") .* %)
randomized to the #&¡C group (risk difference, ) .%% [*%% CI,
+! .) % to ! .* %]; RR, ".)& [*%% CI, ) .%*-".(! ]; P = .(( ). Throm-
bus in the inferior vena cava was documented by abdominal
ultrasound in ' of "(& patients ( #.( %) randomized to the #" ¡C

group and in "& of "(# patients ( ' .' %) randomized to the #&¡C
group (risk difference, +#.* % [*%% CI, +( .! % to ) .* %]; RR, ) .%)
[*%% CI, ) .$"-".$) ]; P = ."" ).

Secondary Analysis
As shown in eTable ' and eTable ( in Supplement $, there were
no differences in the results when the primary outcome was
analyzed for the population that included all patients who were
randomized to a study therapy group, regardless of whether
or not they received the therapy (risk difference, $.&% [*%%
CI, +' .( % to "$.! %]; RR, ".)% [*%% CI, ) .(%-".#) ]; P = .!& ), and
for the population that included all patients who received the
intended study therapy without a major protocol violation or
loss to follow-up (risk difference, &.&% [*%% CI, +! .$% to
"&.' %]; RR, ".") [*%% CI, ) .(( -".#' ]; P = .&$).

Table 2. Primary and Secondary Outcomesa

Outcomes
Moderate hypothermia (31 ¡C)
(n = 184)

Mild hypothermia (34 ¡C)
(n = 183)

Difference, %
(95% CI)

Relative risk
(95% CI) Pvalue

Primary outcome

Death or poor neurologic outcome
(DRS score >5) at 180 db

89 (48.4) 83 (45.4) 3.0 (! 7.2 to 13.2) 1.07 (0.86-1.33) .56

Secondary outcomes

Death during initial hospitalization 80 (43.5) 74 (40.4) 3.0 (! 7.1 to 13.1) 1.08 (0.85-1.37) .56

Death at 30 d 79 (42.9) 73 (39.9) 3.0 (! 7.0 to 13.1) 1.08 (0.84-1.37) .55

Death at 180 d 80 (43.5) 75 (41.0) 2.5 (! 7.6 to 12.6) 1.06 (0.83-1.35) .63

Stroke during initial hospitalization 8 (4.4) 3 (1.6) 2.7 (! 0.8 to 6.2) 2.65 (0.71-9.84) .22

Stroke at 180 d 8 (4.4) 3 (1.6) 2.7 (! 0.8 to 6.2) 2.65 (0.71-9.84) .22

Stent thrombosis 2 (1.1) 4 (2.2) ! 1.1 (! 3.7 to 1.5) 0.50 (0.09-2.68) .45

Seizures 23 (12.5) 13 (7.1) 5.4 (! 0.7 to 11.5) 1.76 (0.92-3.37) .08

Kidney replacement therapy 17 (9.2) 17 (9.3) 0.1 (! 6.0 to 5.9) 0.99 (0.52-1.89) .99

Pneumonia 124 (67.4) 116 (63.4) 4.0 (! 5.7 to 13.7) 1.06 (0.92-1.23) .42

Cardiogenic shock 71 (38.6) 61 (33.3) 5.3 (! 4.6 to 15.1) 1.16 (0.88-1.52) .29

Need for anti-arrhythmic therapyc 56 (30.4) 66 (36.1) ! 5.6 (! 15.3 to 4.0) 0.84 (0.63-1.13) .25

Recurrent cardiac arrest requiring CPR 20 (10.9) 17 (9.3) 1.6 (! 4.6 to 7.7) 1.17 (0.63-2.16) .62

TIMI non-CABG major bleeding
within 7 dd

43 (23.4) 36 (19.7) 3.7 (! 4.7 to 12.1) 1.19 (0.80-1.76) .39

Blood transfusion 36 (19.6) 41 (22.4) ! 2.8 (! 11.2 to 5.5) 0.87 (0.59-1.30) .50

Survivors discharged to home
from hospitale

93/103 (90.3) 99/107 (92.5) 2.2 ( ! 9.8 to 5.4) 0.98 (0.90-1.06) .56

Peak creatine kinase, mean (SD), IU/Lf 3400 (4039) 2882 (3679) 518 (! 277 to 1312) .20

LVEF at 3 d, mean (SD), % 41.6 (13.8) 41.8 (15.1) ! 0.2 (! 3.3 to 2.9) .89

LVEF at 3 mo, mean (SD), %g 46.2 (12.1) 50.7 (13.3) ! 4.5 (! 11.0 to 2.0) .17

Length of stay in unit, median, (IQR), d 10 (7-15) 7 (6-12) 1.4 (! 1.2 to 4.1)h .004

Length of hospital stay, median (IQR), di 22 (16-30) 20 (13-36) ! 0.4 (! 5.1 to 4.3)h .27

Adverse events

Deep vein thrombosis 21 (11.4) 20 (10.9) 0.5 (! 6.0 to 6.9) 1.04 (0.59-1.86) .88

Inferior vena cava thrombus 7 (3.8) 14 (7.7) ! 3.9 (! 8.6 to 0.9) 0.50 (0.21-1.20) .11

Abbreviations: CABG, coronary artery bypass graft surgery;
CPR, cardiopulmonary resuscitation; LVEF, left ventricular ejection
fraction; TIMI, thrombolysis in myocardial infarction.
a Data are expressed as No. (%) of patients unless otherwise specified.

Secondary outcomes were recorded during the initial hospitalization unless
otherwise specified.

b The Disability Rating Scale (DRS) score ranges from 0 to 29, with 29 being the
worst outcome (vegetative state).

c Excluding! -blockers.
d TIMI non-CABG major bleeding was defined as any intracranial bleeding or

clinically overt signs of hemorrhage associated with a decrease in hemoglobin

of ! 5 g/dL (or, when hemoglobin was not available, an absolute decrease in
hematocrit of! 15%). Non-CABG bleeding indicates that bleeding did not take
place in the context of CABG.

e Data missing for 3 patients; unknown if discharged directly to home from
hospital.

f The normal range for creatinine kinase is 30-250 IU/L.
g Data missing for 157 patients.
h Expressed as difference in means (95% CI).
i Excludes rehabilitation and palliative centers.
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Sepsis patients receive how much volume from:

IVF RESUSCITATION?

TOTAL FLUIDS (IV meds, enteral, etc)?

4 - 6 L / 5 days

10 – 15 L / 7 days



Lower versus Higher IV Fluid Volumes in Sepsis
• 2011, early observations: Vasopressin in Septic Shock Trial 

(VASST) patient analysis 

• Crit Care Med 2011, 39: 259-65
• 778 septic patients

– Retrospective analysis of net fluid balance and 28D mortality
– Analysis corrected for age and APACHE II score 

0.71L and 1.5L 2.8L and 8.1L 4.9L and 13L 8.1L and 20L



Lower versus Higher IV Fluid Volumes in Sepsis
• 2011, early observations: Vasopressin in Septic Shock Trial 

(VASST) patient analysis 

• Crit Care Med 2011, 39: 259-65
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Lower versus Higher IV Fluid Volumes in Sepsis

• 2016, Conservative v Liberal Approach to Fluid Therapy in 
Septic Shock (CLASSIC): feasibility trial 

• Intensive Care Med 2016, 42: 1695-1705

• 151 septic patients
– After initial resuscitation (30 ml/Kg IVF) and with persistent shock, 

patients enrolled to conservative fluid management v usual care
– IVF boluses of 250 – 500cc were only permitted in the conservative arm if 

there were ongoing markers of hypo-perfusion

• Lactate >4 mmol/L; MAP < 50 mmHg; Mottling above the knees; oliguria 
(UOP < 0.1 ml/Kg) 



Lower versus Higher IV Fluid Volumes in Sepsis
• 2016, Conservative v Liberal Approach to Fluid Therapy in 
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Lower versus Higher IV Fluid Volumes in Sepsis

• 2016, Conservative v Liberal Approach to Fluid Therapy in 
Septic Shock (CLASSIC): feasibility trial 

• Intensive Care Med 2016, 42: 1695-1705



Restriction of IV Fluids in Septic Shock: 2022

• Conservative v Liberal Approach to Fluid Therapy in Septic 
Shock (CLASSIC): full RCT 2022 

• N Engl J Med 2022, 386: 2459-70

• 1554 septic patients; 31 ICUs in Europe

– After initial resuscitation (30 ml/Kg IVF) and with persistent shock, 
patients enrolled to conservative fluid management v usual care



Restriction of IV Fluids in Septic Shock: 2022

• Conservative v Liberal Approach to Fluid Therapy in Septic Shock 
(CLASSIC): full RCT 2022 

• Patients in the conservative arm could receive an IVF bolus of 250 –
500cc with one of the following:

• Severe hypoperfusion or severe circulatory impairment defined by 
either:
– Lactate > 4 mmol/l 
– Mean arterial blood pressure < 50 mmHg
– Mottling beyond the kneecap
– Urinary output less 0.1ml/kg bodyweight/h

• Overt fluid losses (e.g. vomiting, diarrhea, drain losses, bleeding
• If the enteral route for water or electrolyte solutions is 

contraindicated
• Correct dehydration or electrolyte imbalances
• Ensure a total fluid input of 1L / 24 hours



Restriction of IV Fluids in Septic Shock: 2022
• Conservative v Liberal Approach to Fluid Therapy in Septic Shock 

(CLASSIC): full RCT 2022 
• IV Fluid Volumes

Total IVF at 90D



Restriction of IV Fluids in Septic Shock: 2022



Restriction of IV Fluids in Septic Shock: 2022



Restriction of IV Fluids in Septic Shock: 2022
• Conservative v Liberal Approach to Fluid Therapy in Septic Shock 

(CLASSIC): full RCT 2022 

• No difference in 90 D mortality
• No difference in AKI, ischemia (limb, intestinal, cardiac)
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• !"#"$%&'(&#&%)*+#,)&(-+#.)/+$-($+)(%#&"*#,(-.0&*/+*()+(
$+*1"#(-"#/$&(2+*(345(*&-.-%/)")/+$(/$(%*/)/%"##,(/##(0")/&$)-
– Unclear role in special clinical circumstances, such as diabetic 

ketoacidosis

• 62)&*(*&).*$(+2(-0+$)"$&+.-(%/*%.#")/+$7(1+*)"#/),(*")&-(
"*&(8/98("$'(2.$%)/+$"#(+.)%+1&-(2+*(-.*:/:+*-("*&(8/98;
– Target temperature less than 38°C does not change outcomes

• 3$()8&(%+$)&<)(+2(9&$&*"##,(#+=&*(345(:+#.1&(
*&-.-%/)")/+$(2+*(-&0)/%(-8+%>7(?(@AB(+:&*(C('",-7(2.*)8&*(
345(:+#.1&(*&-)*/%)/+$('+&-($+)(/10*+:&(1+*)"#/),
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LR / PL-A  v  Normal Saline in Critically Ill Patients 
• SMART trial, NEJM 2018, 378: 829
• 15,802 patients admitted to the ICU

– Randomized to:
– NS versus LR (or plasma-Lyte A)

• Outcome at 30 days (composite):
– Major Kidney Event = new renal replacement therapy or creatinine 2X baseline
– Death from any cause

IVF Volume



LR / PL-A  v  Normal Saline in Critically Ill Patients 
• SMART trial, NEJM 2018, 378: 829

• Results…
• Major adverse kidney event

– Normal Saline 15.4%
– LR or Plasma-lyte 14.3% p=0.04

• In hospital mortality
– Normal Saline 11.1%
– LR or Plasma-lyte 10.3% p=0.06

• No difference in need for renal replacement therapy or 
persistent renal dysfunction

Similar results in NON-critically ill patients (accompanying study in NEJM)

*** Do balanced crystalloids prevent acute kidney injury? ***
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• Lactated Ringers (mmol):
– Na+ 130 
– Cl- 109
– Lactate (Na+) 28
– K+ 4
– Ca++ 1.5
– Osmolality 273
– pH 6.9

• Plasma-lyte A (mmol):
– Na+ 140
– Cl- 98
– Acetate 27
– Gluconate 23
– K+ 5
– Mg++ 1.5
– Osmolality 290
– pH 7.4

Plasma osmolality:  ~285 – 300

LR slightly hypotonic: concerns in brain injury / edema

Hyperkalemia a relative contraindication to LR/PL-A
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The Citric Acid Cycle 
consumes H+ 1:1, 

effectively generating 
HCO3-



Balanced Crystalloid v. Normal Saline in Critical Illness
• New Zealand Intensive Care Society
• N Engl J Med 2022, 386: 815-26

• 90 Day Mortality



Balanced Crystalloid v. Normal Saline in Critical Illness

• New Zealand Intensive Care Society
• N Engl J Med 2022, !"# : 815-26

• Serum Chemistries

• Expected impacts of balanced 
crystalloids versus saline on blood 
pH and serum chloride
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Temperature 
Management 
after Return of 
Spontaneous 

Circulation

n engl j med 384;24 nejm.org  June 17, 20212286

T he new engl a nd jour na l  o f medic ine

Table!1.!Baseline!Characteristics!of!the!Intention-to-Treat!Population.*

Characteristic
Hypothermia!

(N!=!930)
Normothermia!

(N!=!931)

Demographic characteristics

Age Ñ yr 64±13 63±14

Male sex Ñ no. (%) 742 (80) 735 (79)

Medical history

Hypertension Ñ no. (%) 345 (37) 298 (32)

Diabetes Ñ no. (%) 173 (19) 167 (18)

Myocardial infarction Ñ no. (%) 139 (15) 154 (17)

PCI Ñ no. (%) 130 (14) 140 (15)

Coronary-artery bypass grafting Ñ no. (%) 73 (8) 76 (8)

Heart failure Ñ no. (%) 90 (10) 93 (10)

NYHA III or IV heart failure Ñ no./total no. (%)  20/906 (2) 23/904 (3)

Median Charlson comorbidity index (IQR)à 3 (2Ð4) 3 (1Ð4)

Characteristics of the cardiac arrest Ñ no. (%)

Location at cardiac arrest

Place of residence 487 (52) 491 (53)

Public place 338 (36) 320 (34)

Other 105 (11) 120 (13)

Bystander-witnessed cardiac arrest 850 (91) 852 (92)

Bystander-performed CPR 759 (82) 728 (78)

First monitored rhythm Ñ no. (%)

Shockable rhythm 671 (72) 700 (75)

Ventricular fibrillation 576 (62) 585 (63)

Nonperfusing ventricular tachycardia 31 (3) 29 (3)

ROSC after bystander-initiated defibrillation 24 (3) 41 (4)

Unknown rhythm, shock administered 40 (4) 45 (5)

Nonshockable rhythm 259 (28) 231 (25)

Pulseless electrical activity 117 (13) 113 (12)

Asystole 124 (13) 100 (11)

Unknown rhythm, no shock administered 18 (2) 18 (2)

Median time from cardiac arrest to sustained ROSC (IQR) Ñ min¤ 25 (16Ð40) 25 (17Ð40)

Median time from cardiac arrest to randomization Ñ min (IQR) 136 (103Ð170) 133 (99Ð173)

Clinical characteristics on admission

Tympanic temperature Ñ ¡C¦ 35.3±1.1 35.4±1.1

FOUR motor score! 0 0

Bilateral corneal reflexes present Ñ no./total no. (%) 168/511 (33) 194/537 (36)

Bilateral pupillary reflexes present Ñ no./total no. (%) 535/761 (70) 529/776 (68)

Arterial pH** 7.2±0.2 7.2±0.2

Arterial lactate level Ñ mmol/liter   5.9±4.4 5.8±4.2

Shock Ñ no. (%)àà 261 (28) 275 (30)

ST-segment elevation myocardial infarction Ñ no./total no. (%) 379/918 (41) 370/921 (40)

The New England Journal of Medicine 
Downloaded from nejm.org at Harvard Library on November 3, 2022. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 

TTM2 Trial Investigators
N Engl J Med 2021, 384: 2283-94



Temperature Management after Return 
of Spontaneous Circulation

n engl j med 384;24 nejm.org  June 17, 2021 2291

Hypothermia or Normothermia after Cardiac Arrest

Hypothermia did not increase the frequency 
of pneumonia, sepsis, or bleeding, but arrhyth-
mias causing hemodynamic compromise were 
more common in the hypothermia group than 
in the normothermia group. Possible reasons for 
this include electrolyte disturbances, f luid sta-
tus, and a temperature effect on cardiac myo-
cytes.26

Our trial has several limitations. First, to iso-
late the effect of hypothermia, both trial groups 
were treated similarly, except for the tempera-
ture intervention. Elements of standard care in 
the ICU, such as sedation, paralysis, and me-

chanical ventilation, were therefore included in 
the trial protocol in a form that was not neces-
sarily representative of clinical practice. It is 
unclear what influence these elements had on 
the outcomes. The trial also included a conserva-
tive protocol for assessment of neurologic prog-
nosis and guidance for withdrawal of life sup-
port, which may have inf luenced outcomes. 
Second, staff members in the ICU were aware of 
the assigned target temperature during the ICU 
stay. We aimed to minimize this problem by us-
ing outcomes with a low risk of bias, outcome 
assessors who were unaware of the trial-group 

Table!2.!Outcomes!and!Adverse!Events.

Outcome!or!Event
Hypothermia!

(N!=!930)
Normothermia!

(N!=!931)
Relative!Risk!

(95%!CI)* P!Value

Primary outcome: death from any cause at 6 mo  
Ñ no./total no. (%)

465/925 (50) 446/925 (48) 1.04 (0.94Ð1.14) 0.37

Main secondary outcome Ñ no./total no. (%)

Score of 4Ð6 on modified Rankin scale at 6-mo 
follow-up 

488/881 (55) 479/866 (55) 1.00 (0.92Ð1.09)

Poor functional outcome at 6 moà 495/918 (54) 493/911 (54) 1.00 (0.91Ð1.08)

Score on modified Rankin scale at 6-mo follow-up 
Ñ no./total no. (%) 

0 140/881 (16) 148/866 (17)

1 87/881 (10) 80/866 (9)

2 132/881 (15) 127/866 (15)

3 34/881 (4) 32/866 (4)

4 16/881 (2) 20/866 (2)

5 7/881 (1) 13/866 (2)

6 465/881 (53) 446/866 (52)

Serious adverse events Ñ no./total no. (%)

Arrhythmia resulting in hemodynamic com-
promise

222/927 (24) 152/921 (16) 1.45 (1.21Ð1.75) <0.001

Bleeding 44/927 (5) 46/922 (5) 0.95 (0.63Ð1.42) 0.81

Skin complication related to device used for 
targeted temperature management

10/927 (1) 5/922 (<1) 1.99 (0.71Ð6.37) 0.21

Pneumonia 330/927 (36) 322/921 (35) 1.02 (0.90Ð1.15) 0.75

Sepsis 99/926 (11) 83/922 (9) 1.19 (0.90Ð1.57) 0.23

*   The relative risks of death from any cause, a modified Rankin scale score of 4 to 6, and poor neurologic function at 6 months were adjusted 
for the stratification variables. The relative risks of serious adverse events were adjusted for coenrollment status in the Targeted Therapeutic 
Mild Hypercapnia after Resuscitated Cardiac Arrest (TAME) trial, but not for site. The relative risks of skin complications related to the device 
used for targeted temperature management were unadjusted. The widths of the confidence intervals have not been adjusted for multiple 
testing, so the intervals should not be used to infer definitive differences between the groups.

    Scores on the modified Rankin scale range from 0 to 6, with 0 representing no symptoms, 1 no clinically significant disability, 2 slight dis-
ability, 3 moderate disability, 4 moderately severe disability, 5 severe disability, and 6 death. These results are based on data from a struc-
tured interview

à  These results are based on all available data..
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