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Objectives
Classify different crystalloid solutions used for resuscitation in critically 
ill patients

Examine the evidence evaluating the use of balanced crystalloid 
solutions in critically ill patients



Fluid Choices



Chloride- The Neglected 
Electrolyte
Urinary dilution and concentration

◦ TALH
◦ 2 Cl-:Na+:K+ co-transporter

Glomerular filtration
◦ Macula densa
◦ Tubuloglomerular feedback

pH balance
◦ Bicarbonate transport
◦ Gastric acid secretion

Nerve conduction velocity

Diagnostic evaluations
◦ Volume status
◦ Metabolic alkalosis
◦ Type of acid-base disorder (anion gap)

Metabolic acidosis
◦ Strong ion difference

Systemic hypotension

Inflammation
◦ Increased IL-6/IL-10 ratio
◦ NF-κB DNA binding

Renal effects
◦ Vasoconstriction
◦ Reduced GFR

Reduced splanchnic perfusion

Reduced hemostasis



Effects of Chloride Infusion

Kellum J, et al. Chest 2006; 130: 962- 966Chowdhury A, et al. Ann Surg 2012; 256: 18- 24



KDIGO Definition of AKI

Kidney Intern Supplements; 2012: 2



Chloride Content and Surgery
Observational study

Premier Prospective Comparative 
Database

Major abdominal surgery

0.9% saline vs. balanced solution

467,131 cases
◦ 9,905- balanced solutions
◦ 346,901- 0.9% saline solution

Propensity matched 3:1
◦ 926- balanced solutions
◦ 2778- 0.9% saline solution

Shaw A, et al. Ann Surg 2012; 255: 821-829



Retrospective analysis

109,836 patients

Met SIRS criteria
◦ Tachycardia plus:

◦ Fever or hypothermia
◦ Leukocytosis/leukopenia
◦ Tachypnea/low PCO2

Received > 500 ml
◦ Within 48 hours

APS adjusted mortality

Shaw, et al. Intensive Care Med 2014; 40: 1897-1905

Chloride Load and Mortality



Chloride Restriction and AKI
Prospective sequential pilot study

760 and 773 patients in each 
period

Chloride rich period:
◦ 0.9% saline
◦ 4% gelatin
◦ 4% albumin

Chloride poor
◦ Lactated solution
◦ Plasma-lyte
◦ Chloride-poor 20% albumin

Younos N, et al., JAMA 2012; 308: 1566-1572



Randomized Controlled Trials
What’s the question they’re asking?

◦ Physiological differences
◦ Acute kidney injury
◦ Mortality

Is it the right question to ask?
◦ Is it important from a patient perspective

Are they asking the question in the correct way?
◦ Study design
◦ Patient population

Will you believe the answer to the question at the end?
◦ Inclusion/exclusion criteria
◦ Power



Randomized trial
◦ ANZIC Study group
◦ Masked
◦ Double cross over

2,091 ICU patients
◦ Mostly surgical
◦ Low co-morbidity
◦ Given “as needed”

Outcomes
◦ Stage 2 or 3 AKI

◦ Overall 9% incidence

◦ RRT
◦ Overall 3% incidence

Buffered Solution vs. Saline 
SPLIT Study

Young, et al. JAMA 2015; 314: 1701-1710



How SPLIT Were They Really?

Young, et al. JAMA 2015; 314: 1701-1710



SALT Trial
Cluster randomized cross over

974 adult ICU patients

Saline vs. LR or plasmalyte
◦ Alternated monthly
◦ Software tools within EHR

Primary outcome
◦ Proportion of crystalloid that was 

saline

Secondary outcome: MAKE30
◦ Death
◦ Dialysis
◦ Persistently reduced eGFR

Semler M, et al. Am J Respir Crit Care Med 2017; 195: 1362-1372



SALT-ED Trial- Not ICU
13,347 ED patients

Non-critically ill
◦ Transferred to non-ICU setting

Single center cross over design
◦ 16-month period

Balanced vs. crystalloids
◦ LR or Plasma-Lyte A vs. saline
◦ Alternate months

Primary endpoint
◦ Hospital-free days (alive after discharge before 

day 28)

Secondary endpoint
◦ MAKE (at 30 days)

◦ Death 
◦ RRT
◦ Creatinine ≥ 200% of baseline

Self W, et al. N Engl J Med 2018; 378: 819-828



SALT-ED Results

Self W, et al. N Engl J Med 2018; 378: 819-828



SMART Trial- ICU
15,802 ICU patients (single center)

◦ 5 different ICUs

Pragmatic, cluster-randomized, 
multiple-crossover design

Balanced vs. 0.9% saline
◦ LR or Plasma-Lyte A
◦ Median volume 1,100 ml

Primary outcome: 
◦ MAKE at day 30

◦ Death from any cause
◦ RRT
◦ Creatinine ≥ 200% of baseline

Outcome Balanced 
N= 7942

Saline  
N= 7860

Odds 
ratio 
(95% CI)

P value

MAKE 14.3% 15.4% 0.90 
(0.82-
0.99)

0.04

30-day 
mortality

10.3% 11.1% 0.90 
(0.80-
1.01)

0.06

New RRT 2.5% 2.9% 0.84 
(0.68-
1.02)

0.08

Cr ≥ 
200% of 
baseline

6.4% 6.6% 0.96 
(0.84-
1.11)

0.60

Semler M, et al. N Engl J Med 2018; 378: 829-839



SMART Details

Semler M, et al. N Engl J Med 2018; 378: 829-839



So…..
What’s the question they’re asking?

◦ Balanced is better than saline

Is it the right question to ask?
◦ Yes, if important issues are addressed

Are they asking the question in the correct way?
◦ I don’t think so
◦ We need high risk, “high volume” patients

Do I believe the answer to the question at the end?
◦ Kind of because it fits my preconceived notions
◦ Most likely applies to populations not studied so far



How Much Fluid in the Wild?

Rivers E, et al. N Engl J Med 2001; 345:1368



ProCESS Sepsis Trial

Yealy D, et al. N Engl J Med 2014; 370: 1683-1693



ARISE Sepsis Trial

ANZICS Group N Engl J Med 2014; 371: 1496- 1506



ProMISe Sepsis Trial 

Mouncey P, et al. N Engl J Med 2015; 372: 1301-11



Adding It All Up
Study Mortality Pre-

randomized 
fluids (ml)

0-6 hour
fluid (ml)

7-72 hour 
fluid (mL)

Total 
Fluids (ml)

AKI (RRT)

Rivers 46%
(60-day)

? 4,250 9,600 13,850 NR

ProCESS 19% 
(60-day)

2,100 2,800 4,500 9,400 4%

ARISE 19% 
(90-day)

2,500 1,800 4,300 8,600 13.5%

ProMISe 29% 
(90-day)

2,000 1,900 3,800 7,700 13.7%



Apples and Elephants
Study

Total volume 
(ml) RRT

AKI (KDIGO 
stage ≥ 2 Mortality

SPLIT 2,500 3% 9% 8%

SALT 1,520 3.9% 19% 17.5%

SALT-ED 1,100 0.4% 8% 1.5%

SMART 1,100 2.5% 6.5% 10%

Rivers 13,850 NR NR 46%

ProCESS 9,400 4% NR 19%

ARISE 8,600 13.5% NR 19%

ProMISe 7,700 13.7% NR 29%

Barone J. Br Med J 2000; 321: 1569



Summary
High chloride solutions are not physiologic (not normal)
There are established negative effects of chloride administration

◦ Animal studies
◦ Limited human studies

Administration of high chloride containing solutions is associated with 
significant adverse events in large observation trials compared to balanced 
solutions

The negative effects of high chloride containing solutions on clinical 
outcomes in randomized controlled trials are less obvious. 
Randomized controlled trials may not have enrolled the appropriate 
patients.  Overall fluid volumes were low

Really sick patients at risk for AKI (and other complications) who will receive 
large amounts of volume, should receive balanced solutions.



Learning Assessment 
Questions
Which of the following is NOT associated with the administration of high 
chloride containing intravenous solutions?

A. Reduced renal blood flow

B. Development of a metabolic alkalosis

C. Increased production of IL-6 (interleukin 6)

D. Development of AKI (acute kidney injury)

Critically ill patients are less likely to develop AKI (acute kidney injury) when 
fluid resuscitated with 0.9% saline (normal saline).

A. True

B. False
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