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Intravenous “balanced” solutions include crystalloids

and colloids,

with minimal effect:

on the homeostasis of the extracellular compartment, and 

in particular on

acid–base equilibrium and electrolyte concentrations.

fluids with a low chloride content (Cl-).

Balanced solutions*

*Sydney Ringer and Alexis Hartman developed the physiological salt solution, 
which contains less Cl- and Other electrolytes, now termed as balanced/buffered solution. 
Fluid therapy in ICU- A review 
2024 Medicover Journal of Medicine
10.4103/MJM.MJM_11_24
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there are two main categories of balanced solutions : 

(1) fluids causing a minimal effect on acid–base equilibrium, 

having an electrolyte content with an in vivo strong ion 

difference (SID), i.e., the SID after metabolism of the organic 

anion, close to 24–29 mEq/L;

(2) fluids having a normal or sub-normal Cl- content
(Cl- ≤ 110 mEq/L).
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The three variables regulating the pH of biologic fluids independently are: 

(1)partial pressure of carbon dioxide (PCO2); 

(2)the concentration of non-volatile weak acids (A TOT); 

(3) the strong ion difference (SID) [NaCl (0.9%, 3%, 7.5%) have SID=0]   [ Balanced solution have       

positive value of SID,  27 for Ringer’s solution,   and 50 Acetate Gluconate solution,.

10 Answers to key questions for fluid management in intensive care, Medicina Intensiva, 45 (2021).

These principles clearly suggest that intravenous fluids may affect pH due 

to: 
(i) the specific electrolyte content characterizing the solution, therefore altering the SID

of the extracellular compartment 

(ii) the dilution effect due to the volume infused, thus reducing the concentration 

of A TOT
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The ideal balanced solution should:

leave plasma pH unchanged after its administration, at constant 

PCO2

should have an in vivo SID equal to the baseline concentration 

of HCO3-

SID of the infused fluid > plasma Hco3 Plasma pH Alkalosis

SID of the infused fluid < plasma Hco3         plasma pH Acidosis, 
NaCl 0.9% unbalanced solution
SID, strong ion difference. the difference between the sum of all strong cations and the sum of all strong anions.
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Balanced solution Unbalanced solution

about 10% ↓in plasma volume 
expansion. 

So in near-fatal  hemorrhagic shock, 
a lower dose of balanced solution is 
needed.

NaCl 0.9% causes a higher dose-dependent 
acidosis and hyperchloremia ☛ contraction of 
vascular smooth muscle ➤↓ renal pressure. 
Hyperchloremia cause ↑tubulo-glomerular 
feedback lead to ↓renal cortical perfusion. 

Observational analysis of U.S. insurance data 
showed that the
use of PlasmaLyte versus NaCl 0.9% on the 
first day of major abdominal surgery led to 
significantly less renal failure requiring dialysis

NaCl 0.9%, is slightly hypertonic ➤↑AVP. 

These effects causes ↓excretion of NaCl 0.9% 
as compared to balanced solution. This lead to 
edema, abdominal discomfort and ↓ gastric 
perfusion in surgical patients. 

If we give one volume of fluid what would be the difference:
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Two important and large randomized controlled trials 

comparing the use of balanced solutions and normal saline have been published in the last years. 

The Split study:

multi-center double-blind randomized controlled trial performed on 2092 patients, comparing balanced and 

unbalanced fluids in intensive care units. 

It showed no significant difference in the main outcome, i.e., incidence of acute kidney injury. prior 

administration of PlasmaLyte counterbalanced the effectsof low-dose NaCl 0.9%.

The SMART-trial:

A total of 15,802 patients were randomized to receive either NaCl 0.9% or a balanced solution (Plasma-Lyte

A or Lactated Ringer’s). 

the authors found a small difference in the primary outcome, i.e., the incidence of major adverse kidney 

events within 30 days (composite of death, new renal replacement therapy or persistent renal dysfunction) in 

favor of balance solutions. 

Looking at the overall outcome, it is important to emphasize that there was no reduction of in-hospital 

mortality and that neither the incidence of renal replacement therapy (2.5% vs. 2.9%, p = 0.08) nor the 

incidence of persistent renal dysfunction (6.4% vs. 6.6%, p = 0.60) was statistically significant
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In summary, we can avoid fluid-induced metabolic acidosis and 

excessive chloride loading simply using balanced solutions.

Therefore, the use of balanced solutions, particularly in patients that 

potentially need a significant amount of intravenous fluids, seems to be a 

reasonable pragmatic choice.

On the contrary, saline may be an intuitive choice for patients with 

hypovolemic hyponatremia or hypochloremic metabolic alkalosis and 

cerebral edema(traumatic brain injury, CVA, DKA). 

In any other settings, the most important reason to choose NaCl 0.9% over 

balanced solutions is likely economic in nature. 

Therefore, the patient’s serum chloremia is an important factor to determine 

the appropriate type of fluids.
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