
Sean M Bagshaw, MD, MSc

Division of Critical Care Medicine

University of Alberta

CCCF

Oct 27, 2015

I Suggest…

Abnormal

Saline



2015 Disclosures

• Salary support: Canada/Alberta government

•Grant support: Canada/Alberta government

• Speaking honoraria/travel: academic institutions/medical 

centers

• Speaking/consulting/travel from: Baxter Healthcare

(makers of 0.9% saline, Ringer’s Lactate, plasmalyte)

• Steering Committee: Spectral Medical Inc.

•Data Safety Monitoring Committee: La Jolla 

Pharmaceutical



Learning Objectives

• Review a brief history of modern 

day fluid therapy

• Build an argument why 0.9% 

saline is NOT normal



• William O’Shaughnessy - made the following 

observations from patients dying from cholera:

1. The blood drawn in the worst cases of  the cholera, 

is unchanged in its anatomical or globular structure.

2. It has lost a large proportion of  its water…

3. It has lost also a great proportion of  its NEUTRAL 

saline ingredients.

4. Of  the free alkali contained in the healthy serum, not a 

particle is present in some cholera cases…

5. Urea exists in the cases where suppression of  urine has been 

a marked symptom

6. All the salts deficient in the blood, especially the carbonate of  

soda…

• First proposed the “…injection of  highly-

oxygenated salts into the venous system” in 

Dec 10, 1831 (Lancet)

• Later recommended: “..injection into the 
veins of  tepid water holding a solution of  the 
normal salts of  the blood…”

• This may have been the “intellectual leap” 

from oxygenation theory to the primacy of  salt 

and water replacement



Cholera Epidemic - Leith Infirmary 1831-32 

Dr. Thomas A. Latta – “pioneered the use of  

intravenous saline solution in the treatment of  cholera”



“The most wonderful and 

satisfactory effect is the 

immediate consequence of  the 

injection.”

“The solution that was used 

consisted of  two drachms of  

muriate, and two scruples of  

carbonate of  soda to sixty 

ounces of  water. It was at the 

temperature of  108 or 110o”

“The quantity necessary to be 

injected will probably be found 

to depend upon the quantity of  

serum lost...”

Lewins: London Medical Gazette 1832



Lancet 1832

“A suitable clinical 

investigation is required to 

resolve between such 

conflicting authorities the 

mass of  the profession is 

unable to decide; and thus, 

instead of  any uniform 

mode of  treatment, every 

town and village has its 

different system or systems, 

while the daily lists of  

mortality proclaim the 

general inefficiency of  the 

whole.”



First Clinical Use of  the 

Term “NORMAL SALINE”

“When therefore…he 

became prostrate and 

pulseless, he was ordered 

transfusion of  “normal 

saline” solution1 in order to 

restore the fluid lost”

(1 The formula is three 

drachms of  chloride of  

sodium, eighteen grains of  

chlorate of  potash, nine 

grains of  phosphate of  soda 

and sixty grains of  

bicarbonate of  soda, in three 

pints of  distilled water) 

Churton: Lancet 1888



Sydney Ringer

1834-1910

Alexis Hartmann

1898-1964



Crystalloid Solutions

Plasma 0.9% saline Ringers Plasmalyte

[Na+] 136-145 154 130 140

[K+] 3.5-5.0 0 4 5

[Ca+] 1.1-1.25 0 1.5 0

[Mg+] 0.7-1.0 0 0 3

[Cl-] 98-106 154 109 98

[HCO3-] 24-29 0 0 0

[Acetate] - 0 0 27

[Gluconate] - 0 0 23

[Lactate] 0.5-2.2 0 28 0

Calories (kcal) - 0 9 21

SID 40 0 29 50

Osmolality 280-300 308 258 272





15 bags ≈ 9 g NaCl (3.6 g Na)



0.9% Saline is NOT Normal

• 0.9% saline contains Na+ and Cl- in equal 

quantities (154 mEq/L ~ SID 0) unlike plasma

• Adding 0.9% NaCl to plasma increases the 

relative [Cl-] more than that of [Na+]

• 0.9% saline contributes to a reduction in 

plasma SID and leads to an “iatrogenic” 

hyperchloremic metabolic acidosis



• 8 fold difference 

in afferent 

arteriolar diameter 

within physiologic 

chloride range

Hansen et al Hypertension 1998



Wilcox et al J Clin Invest 1983

Fluid Type ∆ RBF (Dog Kidneys)

Na Cl -14.4 (9.2)

Na Acetate +27.6 (17.7)



• Population: 12 adult male volunteers

• Design: Randomized blinded cross over study 

• Intervention: 2 L 0.9% saline or Plasma-lyte 148 

infused over 1 hr.

– Repeated one-week later with other fluid

• Outcomes: Serial weight, serum biochemistry, urine 

physiology and renal blood flow using MRI

Registered at ClinicalTrials.gov NCT01087853

Chowdhury et al 2012 Ann Surg



Serum Chloride Strong Ion Difference

Chowdhury et al 2012 Ann Surg



Renal Blood Flow ∆ Renal Cortex Perfusion

Chowdhury et al 2012 Ann Surg



n=30 (15 mL/kg) 0.9% NS PL-148

Δ [Cl-] +6.9* +0.6 

Δ [HCO3-] -4.0* -0.7

Δ BE -5.0* -1.2

Metabolic Acidosis is Iatrogenic!



O’Malley et al Anesth Analg 2005

• Population: Adult kidney transplant recipients

• Design: Randomized controlled trial

• Intervention: Ringer’s Lactate

• Control: 0.9% saline

• Outcome: sCr 72 hr post-op + serum [K+]



0.9% saline

(n=26)

RL

(n=25)
p

sCr (72 hr post-op) (µmol/L) 203 185 0.7

pH (end of  surgery) 7.28 7.37 <0.001

[Cl-] (end of  surgery) 111 106 <0.001

Metabolic acidosis (n, %) 8 (31) 0 (0) 0.004

[K+] > 6 mmol/L (n, %) 5 (19) 0 (0) 0.05

O’Malley et al Anesth Analg 2005



• Setting: Single center, blinded, 

randomized controlled trial 

• Population: 65 major trauma 

patients

• Intervention: Initial resuscitation 

with 0.9% saline vs. plasmalyte

• Outcome: Δ SBE in first 24 hrs 

(primary); Δ pH, serum 

electrolytes, fluid balance, resource 

utilization, mortality (secondary)

Young et al Ann Surg 2014



Young et al Ann Surg 2014

0 gm replaced

4 gm replaced



SPLIT_Young et al JAMA 2015

• Design: Double-blind, cluster, 

randomized, double-crossover 

trial (comparative effectiveness)

• Setting: 4 ICUs in NZ

• Population: Patients admitted 

requiring crystalloid fluid therapy 

were eligible; excluded if 

established AKI receiving RRT

• Intervention: 0.9% saline vs. PL

• Primary Outcome: AKI

• Secondary Outcomes: RRT use 

and in-hospital death

Overview of  crossover design



SPLIT_Young et al JAMA 2015

• This was a comparative effectiveness trial 

primarily aimed at detecting whether there was 

toxicity/harm associated with 0.9% saline.

• Findings would suggest, in low acuity critically ill 

patients at low to moderate risk for AKI, who are 

predominantly post-operative, a relatively small 

total dose of 0.9% saline compared with balanced 

crystalloid (2 L), does not appear hazardous.



When Should We Use 0.9% Saline?

• There is a growing body of “circumstantial” 

evidence of potential harm with 0.9% saline, 

with no clear evidence of comparative 

benefit…

• Rarely ~ perhaps almost never

• Traumatic brain injury or intracranial 

hypertension management

• Severe HCl losses (vomiting; excess NG loss)



Summary…

• 0.9% saline can contribute to altered serum [chloride]

• Serum [chloride] modulatory function in the kidney

• Choice of fluid can influence acid-base homeostasis → 

alter clinical course/outcome (observational data)

• Chloride-rich fluid can negatively impact kidney 

function (likely dose/volume dependent)

• No compelling evidence 0.9% saline is beneficial

• However, no RCT showing improved outcomes with 

balanced crystalloid solutions compared with 0.9% 

saline – WHICH IS NOT NORMAL



Thank You For Your Attention!

Questions?

bagshaw@ualberta.ca


