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Objectives

1. Fluid is a drug. We should give the appropriate dose and type.

Objectives

Fluid = Drug



Objectives

1. Synthesize the existing data on fluid type

2. Discuss the literature on optimal fluid volume and timing in early sepsis 
resuscitation

3. Build an approach to fluid resuscitation in sepsis

Objectives
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Fluid Flavors



Goldilocks PrincipleSMART & SALT-ED

Semler et al. & Self et al. NEJM 2018

Pragmatic, cluster-randomized trial

Single center

>15,000 patients

Balanced fluid vs. saline

Median fluid volume: 1L

Little contamination



Goldilocks PrincipleSMART Sepsis 

Brown et al. AJRCCM 2019

Sepsis Subgroup (N=1641)

• MAKE-30
• Saline: 40%
• Balanced: 35%

• 30-day mortality
• Saline: 31%
• Balanced: 26%



Goldilocks PrincipleBaSICS Trial 
11,051 patients; 75 ICUs

4.1L over first 3 days

Higher mortality in TBI subgroup
• Balanced: 31%
• Saline: 21%

27%

26%

Zampieri et al. JAMA 2021



Goldilocks PrinciplePLUS Trial 

5037 patients; 53 ICUs

4.1L over first 3 days

Balanced = Plasma-Lyte 148

Pre-randomization fluids
• 1L saline
• 631 ml balanced
• 39% received >500 ml of “other group”

Finfer et al. NEJM 2021



Goldilocks PrincipleSystematic Review & Meta-Analysis 

“The estimated effect of using balanced crystalloids versus 
saline in critically ill adults ranges from a 9% relative 
reduction to a 1% relative increase in the risk of death, 
with a high probability that the average effect of using 
balanced crystalloids is to reduce mortality.”

Hammond et al. NEJM Evidence 2022.



Goldilocks PrincipleA proposal…

Why? $$
Winner



Goldilocks PrincipleMaybe Saline or Plasma-Lyte?
Hypochloremic metabolic 

alkalosis Brain Injury

Hyperkalemia

Blood & Medication 
Compatibility



Goldilocks PrincipleMaybe Saline?
Hypochloremic metabolic 

alkalosis Brain Injury

Hyperkalemia

Blood & Medication 
Compatibility

X
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Fluid Volume 
& Timing



Goldilocks PrincipleBaSICS Trial – Part 2

11,051 patients; 75 ICUs

4.1L over first 3 days

Type Rate
Balanced Control (999 ml/hr)

Saline Slower (333 ml/hr)

No difference in 90-day mortality (27 vs 27%)

Zampieri et al. JAMA 2021



Goldilocks PrincipleCENSER Trial

Permpikul et al. AJRCCM 2019

310 patients with sepsis & hypotension

Early norepinephrine vs standard treatment

Primary outcome: shock control by 6 hours
• Early norepinephrine: 76%
• Standard: 48%

Key Secondary Outcomes
• Less pulmonary edema
• Fewer arrythmias
• No difference in total fluid volume
• No other safety differences (e.g., ischemia)
• Trend toward lower mortality (16 vs 23%)



CLOVERS trial
Non-blinded Phase III RCT

50 US hospitals

NHLBI PETAL Network

Calculated Sample Size: 
2320 patients

Outcome: 90-day mortality

Stopped for futility
1566 patients enrolled

SBP <100 or MAP <65 
After 1-3L

+ Antibiotics

RANDOMIZE

Liberal 
Fluid

Restrictive
Fluid

• Initial 1+1L bolus
• 500 ml as needed
• Rescue vasopressors

• Start vasopressor
• Rescue fluid



Infection + Hypotension and/or Hypoperfusion

Volume tolerance likely? 

Lactated Ringer’s bolus

Perfusion adequate?
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Take Home
1. Fluid is a drug. Prescribe as needed.

2. Balanced fluids may *modestly* improve outcome. But 
why not?

3. Less is probably more. 

4. No one-size-fits all approach; important to have a 
framework and individualize.



Thank you!

Nick Johnson, MD
nickj45@uw.edu

@NickJohnsonMD


