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Total body water = 60% of BW

ICF 40% ECF 20%

Water permeable membrane

H2O H2O

osmosis

IVF 5%

ISF 15%

Endothelial
glycocalyx

Starling 
model



Serum osmolality

Normal range 285-305 mOsm/L

(2 x Na) + Glu/18 + BUN/2.8 Effective serum osmolality

“ Tonicity ”

Fluid

Hypotonic

Isotonic

Hypertonic

Cell swelling

Cell shrinking

Normal



Endothelial 
glycocalyx

Nature Reviews Nephrology volume 14, pages541–557 (2018)
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• 1832 : Cholera epidemic, Thomas Latta, Robert Lewins

• 1900 : Identical blood group transfusion

• 1936-1939 : Spanish Civil War, blood transfusion program

• 1939-1945 : Second World War, plasma for volume expansion

• 1941 : attack on Pearl Harbor, human albumin  

Nature Reviews Nephrology volume 14, pages541–557 (2018)

“injecting a weak saline solution into 
the veins of the patient [had] the most 
wonderful and satisfactory effect…”



Fluid = drug

4D

Drug Dosing

Duration De-escalation

- Indication
- Contraindication
- Side effects

- Starting triggers
- Stopping triggers

- Dose
- Timing
- Administration rate

- Withhold
- Withdraw
- Avoid fluid overload

Malbrain et al. Ann. Intensive Care (2020) 10:64



Indications

Malbrain et al. Ann. Intensive Care (2020) 10:64

• Correct an intravascular volume deficit or acute hypovolemia

• Focus on rapid restoration of circulating volume
Resuscitation

• Hemodynamically stable patients that are not able/allowed to 
drink water in order to cover daily requirement of water and 
electrolytes

• Deliver basic electrolytes and glucose for metabolic needs

Maintenance

• Correct existing or developing deficits that cannot be 
compensated by oral intake alone

• Mimic the fluid that has been lost
Replacement



Replacement fluids

• Correct existing or developing 
deficits that cannot be 
compensated by oral intake 
alone

• Mimic the fluid that has been lost

Malbrain et al. Ann. Intensive Care (2020) 10:64



N Engl J Med 2015;373:1350-60.

Benefit
Prevention of 

hospital acquired 
hyponatremia

Risk
- Volume excess
- Hyperchloremia



The ideal

• Predictable and sustainable

• Similar chemical composition to ECF

• Metabolized and excreted without accumulation

• Not produce adverse metabolic or systemic effects

• Cost-effective in terms of improving patient outcomes

Crystalloid
(isotonic)

Blood

Colloid

N Engl J Med 2013;369:1243-51
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Crystalloid
(isotonic)

Colloid

• Solutions of ions
• capable of passing 

through semipermeable 
membranes 

• Suspensions of molecules 
within a carrier solution 

• incapable of crossing the 
intact semipermeable 
capillary membrane

NSS BSS
Albumin

Semi
synthetic

ICF ISF

IVF

Volume sparing effect
1:3 ratio

Evidence from studies
1:1.4 ratio

HES

Gelatin

Dextran



Crystalloid vs Colloid
Albumin HES Colloid

Study SAFE ALBIOS VISEP 6S CHEST CRISTAL

Author
Year

Finfer S
2004

Caironi P
2014

Brunkhorst FM
2008

Perner A
2012

Myburgh JA
2012

Annane D
2013

Design
Multicenter RCT Multicenter RCT

Multicenter, 2-by-2 
RCT

Multicenter, blinded 
RCT

Multicenter, blinded RCT
Multicenter, pragmatic 

RCT

Population ICU Severe sepsis Severe sepsis Severe sepsis ICU ICU

Intervention 
(N)

4% albumin
(3,497)

20% albumin + crystalloid 
(910)

10% HES 
(275)

6% HES 130/0.42
(398)

6% HES 130/0.4
(3,358)

Colloid, 70% use HES
(1,414)

Comparison 
(N)

NSS
(3,500)

Crystalloid
(908)

Ringer’s lactate
(262)

Ringer’s acetate
(400)

NSS
(3,384)

Crystalloid 
(1,413)

Renal outcome

N/A 21.9% vs 22.7% (p=0.71)
34.9% vs 22.8%

(p=0.002)

Doubling Scr
41% vs 35%

(p=0.08)

RIFLE-R: 
54% vs 57.3% (p=0.007)

RIFLE-I: 
34.6% vs 38% (p=0.005)

RIFLE-F: 
10.4% vs 9.2% (p=0.12)

N/A

RRT Duration RRT
0.48 vs 0.39

(p=0.41)

Use of RRT
24.6% vs 21.4%

(p=0.11)

Use of RRT
31% vs 18.8%

(p=0.001)

Use of RRT
22% vs 6%

(p=0.04)

Use of RRT
7% vs 5.8%

(p=0.04)

11.3% vs 11.94%
(p=0.90)

Mortality 28 days:
20.9% vs 21%

(p=0.87)

28 days:
31.8% vs 32%

(p=0.94)

28 days:
26.7% vs 24.1%

(p=0.48)

90 days:
51% vs 43%

(p=0.03)

90 days:
18% vs 17%

(p=0.26)

28 days:
25.4% vs 27%

(p=0.26)



Cochrane Database Syst Rev. 2018 Aug 3;8(8)



Cochrane Database Syst Rev. 2018 Aug 3;8(8)



Recommendation
• No benefit of colloid over crystalloid 

in reducing mortality rates

• HES increase AKI, rate of RRT 

• High cost of albumin

• No benefit of colloid over crystalloid 
in reducing mortality rates

• HES increase AKI, rate of RRT 

• High cost of albumin
Crystalloid as initial fluid resuscitation

SSC guideline 2016

Intensive Care Med (2017) 43:304–377



Ongoing studies – Albumin in septic shock

ALBIOSS-BALANCED

ARISS



• While FFP has been identified as the most effective, further work is needed to 

establish the mechanisms, and to determine whether glycocalyx repair 

improves clinical outcomes. 

• A fluid resuscitation strategy that protects and repairs the endothelial 

glycocalyx may prove to be the most effective
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Crystalloid

Balanced0.9% NaCl

- a/k/a Normal saline
- Na+ 154 mmol/L
- Cl- 154 mmol/L
- SID = 0
- Hyperchloremic metabolic 

acidosis
- Risk of AKI and RRT

- a/k/a Buffered crystalloids
- Low Cl- content
- Replace Cl- with HCO3

- or buffers
- Buffers are metabolized into HCO3

-

- Lactate
- Acetate
- Malate 

- In vivo SID close to 24-29 mEq/L
- Minimal effect on acid-base status

Abnormal

Am J Respir Crit Care Med Vol 199, Iss 8, pp 952–960, Apr 15, 2019



Solute
(mmol/L)

Plasma 0.9% NaCl RLS Acetar Sterofundin
ISO®

Plasmalyte
148®

Na+ 136 – 145 154 130 130 145 140

K+ 3.5 - 5.0 4 4 4 5

Mg2+ 1.0 - 2.0 1 1.5

Ca2+ 2.2 - 2.6 3 2.7 2.5

Cl- 98 – 106 154 109 109 127 98

Gluconate 23

Acetate 28 24 27

Lactate 28

Malate 5

eSID 42 0 28 28 25.5 50

Theoretical 
osmolarity
(mOsm/L)

291 308 273 273 309 295

Measured 
osmolality
(mOsm/kg H2O)

287 286 256 256 287 271

pH 7.35-7.45 4.5-7.0 5.0-7.0 6.7-7.0 5.1-5.9 4.0-8.0



CURRENT MEDICAL RESEARCH AND OPINION, 2017 VOL. 33, NO. 3, 459–471 

Kidney International advance online publication, 9 April 2014; 
doi:10.1038/ki.2014.105



Strong ion difference (SID)

SID = (Na++K++Ca2++Mg2+) - (Cl-+Lactate)SID = (Na++K++Ca2++Mg2+) - (Cl-+Lactate)

Ideal solution : SID = baseline HCO3Ideal solution : SID = baseline HCO3

SID < baseline HCO3SID < baseline HCO3
SID > baseline HCO3SID > baseline HCO3

Acidosis Alkalosis

Malbrain et al. Ann. Intensive Care (2020) 10:64

• 0.9% NaCl  SID = 0

• Large amount > 40 ml/kg/hr or > 3L in 2 hrs

• Hyperchloremic metabolic acidosis

• 0.9% NaCl  SID = 0

• Large amount > 40 ml/kg/hr or > 3L in 2 hrs

• Hyperchloremic metabolic acidosis Guidet et al. Critical Care 2010, 14:325



Malate

AcetateLactate

Bicarbonate

Bicarbonate precursors

Acetate Lactate

Metabolism Fast (min) slow

Tissue (normal) All Liver

Tissue (shock) All -

RQ 0.5 0.67

Oxygen consumption 
(mol O2/mol)

2 3

Myocardial depression, 
vasodilatation

++ -

Hyperglycemia

Lactate assay



Study SPLIT SALT SALT-ED SMART

Author Year
Country

Paul Y 2015
New Zealand

MW Semler 2015
USA

WH Self 2018
USA

MW Semler 2018
USA

Design
Multicenter RCT

Double blind
Single center RCT Single center, crossover RCT Single center, crossover RCT

Population Mixed ICU Medical ICU ER + Ward (Non-ICU) ICU

Intervention (N)
Volume

Plasma-Lyte148 (1,067)
2,000 ml (1,000-3,500)

LRS or Plasma-Lyte A (520)
1,617 ml (500-3,628)

LRS or Plasma-Lyte A (6,708)
1,089 ml (1,000-2,000)

> 2,000 ml = 32.9%

LRS or Plasma-Lyte A (7,942)
1,000 ml (0-3,210)

Comparison (N)
Volume

0.9% NaCl (1,025)
2,000 ml (1,000-3,250)

0.9% NaCl (454)
1,424 ml (500-3,377)

0.9% NaCl (6,639)
1,071 ml (1,000-2,000)

> 2,000 ml = 32.4%

0.9% NaCl (7,860)
1,020 ml (0-3,500)

Composite 
outcome

MAKE-30*
24.6% vs 24.7%

(p=0.98)

MAKE-30
4.7% vs 5.6% (p=0.01)

OR 0.82 (0.70-0.95)

MAKE-30
14.3% vs 15.4% (p=0.04)

OR 0.90 (0.82-0.99)

Renal outcome
Incidence of AKI

9.6% vs 9.2%
(p=0.77)

AKI stage 2 or greater
26% vs 28.4% (p=0.39)

AKI stage 2 or greater
8.0% vs 8.6% (p=0.14)

AKI stage 2 or greater
10.7% vs 11.5% (p=0.09)

RRT
Use of RRT

3.3 vs 3.4 (p=0.91)
Use of RRT

4.6% vs 3.1% (p=0.22)
Use of RRT

0.3% vs 0.5%
Use of RRT

2.5% vs 2.9% (p=0.08)

Mortality
28 days:

7.6% vs 8.6% (p=0.40)
30 days:

13.8% vs 15% (p=0.62)
30 days:

1.4% vs 1.5%
30 days:

10.3% vs 11.1% (p=0.06)

*MAKE-30 : death at 30 days, new RRT, final creatinine > 200% of baseline



Ongoing trial: Balanced solutions vs 0.9% NaCl

PLUSPLUS

BaSICSBaSICS



Cochrane Database of Systematic Reviews 2017, Issue 9. Art. No.: CD004089.

Author's conclusion

• Moderate-quality evidence to support the safety of buffered fluids in terms of their low risk of 

precipitating electrolyte disturbance.

• Perioperative buffered fluid resuscitation is associated with hyperchloremic metabolic acidosis 

in a reduced proportion of patients when compared with non-buffered fluid resuscitation.

• Buffered fluids are appropriate for fluid replacement during surgery and should be considered 

especially for patients with, or at risk of, metabolic derangement



• Balanced solutions  avoid fluid-induced metabolic acidosis and excessive chloride loading

• Excessive chloride  detrimental effect on renal function, even at low doses.

• The use of balanced solutions, particularly in patients that potentially need a significant amount 
of intravenous fluids, seems to be a reasonable pragmatic choice.

• Saline considered in hypovolemic hyponatremia or hypochloremic metabolic alkalosis

• The patient’s serum Cl- is an important factor to determine the appropriate type of fluids

Malbrain et al. Ann. Intensive Care (2020) 10:64



• Balanced crystalloids rather than saline may have the potential to reduce morbidity and 
mortality for critically ill patients.

• For patients undergoing major surgery, randomized trials have found that balanced 
crystalloids cause less hyperchloremic metabolic acidosis and reduce the need for 
vasopressors

• Among acutely ill adults in the ED or ICU, data from several recent large randomized trials 
suggest that using balanced crystalloids decreases the risk of death or severe kidney 
dysfunction.

Am J Respir Crit Care Med Vol 199, Iss 8, pp 952–960, Apr 15, 2019



Fluids are drugs

4D

Drug Dosing

Duration De-escalation

- Indication
- Contraindication
- Side effects

- Starting triggers
- Stopping triggers

- Dose
- Timing
- Administration rate

- Withhold
- Withdraw
- Avoid fluid overload

Malbrain et al. Ann. Intensive Care (2020) 10:64



British Journal of Anaesthesia 
113 (5): 740–7 (2014)

Phases of 
fluid therapy
Phases of 

fluid therapy


