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+ Fluids are drugs

+ Basic physiological points

+ Available IV fluid 

+ Fluid therapy ; evidence based 

approach

Objectives



+ Fluids are probably the most commonly 
administered intravenous treatment in inpatient 
care. Because of their excellent safety profile, 
until recently fluid solutions were not 
considered  “medications”

+ Recent evidence has altered our view on the 
different types of fluids available for fluid 
therapy .

Fluids are Drugs



+ Intravenous fluids should be seen as drugs 

affecting the cardiovascular, renal, 
gastrointestinal and immune systems and 
should therefore not be administered “blindly”

+ Specific disease states may  require different 
fluid therapy >> No fluid is ideal for all disease 
conditions at all times.

Fluids are Drugs



+Evidence from perioperative settings with 
fluid therapy has associated with several 
unfavorable outcomes, including acute 
kidney injury (AKI), respiratory 
complications, increased lengths of stays, 
admission costs and 30-day-mortality 
rates.

Fluids are Drugs



+ Because of the possibilities of multifactorial errors 
and harmful effects, it is recommended to use the 
right type of fluid, in the right volume at the right 
time, by the right route (in a similar way as using 
any other pharmacological prescription antibiotics or 
drugs), and tailor the fluid therapy to meet the 
patient’s individualized needs which reduces the risks 
and improves the outcome ( one size don’t fit all ).

Fluids are Drugs



>> Distribution of body fluid in adult

+ Total body water ( TBW) content is about 60% 
of body weight in a young adult male and about 
50% in a young adult female

+ Total body water is commonly divided into two 
volumes: the intracellular fluid (ICF) volume and 
the extracellular fluid (ECF) volume 

+ ICF is defined as all the body water within 
cells. The ICF is normally two third of total 
body water and 40% of total body weight. Water 

balance regulates the ICF volume.

Basic physiological points



+ECF is defined as all body water outside the 
cells - within the tissue spaces (interstitial 
fluid), the blood vessels (intravascular fluid 
or plasma), and the lymphatic vessels 
(lymph). The ECF is normally one third of 
total body water and 20% of total body 
weight.

+ ECF is subdivided into extravascular 
(interstitial) fluid (3/4th of ECF or 15% of 
total body weight) and plasma or 
intravascular volume (1/4th of ECF,  or 5% 
of total body weight).

Basic physiological points



+ Fluid and electrolytes Movement :-

● The movement of water and electrolytes 
between ICF and ECF compartments is 
regulated to stabilize their distribution and 
the composition of body fluids

●The cell membranes that separate fluid 
compartments are selectively permeable. 
Water passes freely and readily through cell 
membranes in response to changes in solute 
concentration; therefore, the osmolalities in 
all compartments are equal.
 

Basic physiological points



+ Two major determinants of 

water and electrolyte 
movements from one 
compartment to another are 
hydrostatic pressure and 
oncotic pressure.

+ Major water retaining 
solutes in ECF, ICF, and 
intravascular compartments 
are sodium, potassium, and 
plasma protein, respectively.

+ IONS >> Cations and 
Anions



Basic physiological points



+ Effect of fluid infusion:-

Basic physiological points



+ Classification:-
A- Based on Composition:-

1- Crystalloids                                  2- Colloids
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B-Based on Osmolality:-
1- Isotonic  Crystalloid fluid:-
-Normal saline. 
-Ringer lactate.
-Ringer acetate.
-Plasmalyte

2- Hypotonic Crystalloid fluid:-
- NaCl 0.45%

3-Hypertonic Crystalloid Fluid:-
- Nacl 3%
- Dw 5% in 0.9% salin
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C- Based on buffer and electrolytes :-

1- Dextrose and Nacl solution ( Un balanced )
- Dw 5% -Dw 10% - Dw 25%
- Nacl 0.9% - 3% - 0.45%
- DW 5% Nacl 0.45%
- DW 5% Nacl 0.9 %

2- Balanced Crystalloids:-
- Ringer
- Ringer lactate
- Ringer Acetate
- Plasmalyte
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A - Isotonic saline

>> Advantages:-

+ Availability

+ Compatibility  compatible with the co-infusion of blood products 
and medications like ceftriaxone.

+ Volume expansion: With 154 mEq/L of sodium, it effectively 
expands intravascular volume and corrects hypotension.
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A - Isotonic saline

>> Advantages:-

+  Safe for specific conditions:-

- Brain injury (as the osmolarity of normal saline is 308 mOsm/L (compared to 
normal plasma osmolality of about 285 mOsm/kg), its use for resuscitation in 
neurological patients is without the risk of cerebral edema.

- Hypovolemic hyponatremia
- Metabolic alkalosis. 

+  Glucose-free: Ideal for scenarios with unknown glycemic statuses due to its 
lack of  glucose content.
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A - Isotonic saline
>> Disadvantages :-

The use of normal saline can be harmful, as it is neither “normal” 
nor “physiological” 

Nonphysiological composition: Normal saline differs from the 
balanced crystalloid Ringer’s lactate in 3 key aspects:-

1- It has a significantly higher chloride concentration (154 versus 109 
mEq/L).

2- It lacks a buffer, essential for maintaining pH.

3-It does not contain several electrolytes, like potassium and 
calcium, that are present in plasma.
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A - Isotonic saline

Harmful effects: 
>> Normal saline contains supraphysiologic 
chloride concentrations (154 mEq/L) -50% 
higher than human serum chloride concentration>>
 The infusion of large volumes of this high chloride-
containing fluid can lead to hyperchloremic 
acidosis, an increased risk of acute kidney injury 
; a greater need for renal replacement therapy, 
higher hospital mortality , coagulopathy , 
hyperkalemia, and more pronounced interstitial 
fluid retention 
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                                  B. Balanced crystalloids

 (buffered or chloride-restrictive solutions or balanced 
salt solutions)

 Balanced crystalloids are more physiological than 
normal saline and are increasingly advocated as a 
first-line resuscitation fluid 
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B. Balanced crystalloids
 

Advantages:-

-Balanced electrolyte composition
are formulated to closely mirror the electrolyte 
composition, osmolality, and pH of human plasma, 
enabling the administration of large volumes without 
the risk of electrolyte disturbances.

-Reduces the risks of hyperchloremia and its 
harmful effect
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B. Balanced crystalloids
           

-Provides buffer to prevent or correct metabolic acidosis
>> Balanced crystalloids has source of bicarbonate (e.g., 
lactate and acetate) that are metabolized into 
bicarbonate, helping to correct metabolic acidosis. This 
buffering effect is a significant advantage over normal 
saline, which lacks this buffering capacity.

-The infusion of Ringer’s lactate does not induce lactic 
acidosis. The avoidance of this solution due to fears of 
exacerbating lactic acidosis is based on a misunderstanding 
>> Na Lactate.
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B. Balanced crystalloids

Safety in hyperkalemia

98% of potassium is distributed within the intracellular 
compartment, and serum potassium levels are significantly 
influenced by a change in pH that shifts potassium. 

Acidosis triggers a shift of potassium from the intracellular 
fluid (ICF) to the extracellular fluid (ECF).

Since Ringer’s lactate rectifies acidosis, it not only prevents 
hyperkalemia but can actually reduce serum potassium levels, 
supporting its safety for patients with hyperkalemia. 

So, we can conclude that Ringer’s lactate is safer than normal 
saline in hyperkalemia.
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                                     B. Balanced crystalloids

Safety in neurological disorders:-
RL is a hypotonic fluid with a plasma osmolarity of 273 
mOsm/L, lower than the normal plasma osmolality of about 
285 mOsm/kg. 

Because of its hypotonicity, RL can cause or exacerbate 
cerebral edema and should, therefore, be avoided in cases 
with a risk of raised intracranial pressure, such as aneurysmal 
subarachnoid hemorrhage (aSAH), traumatic brain injury 
(TBI), and in patients undergoing neurosurgery.
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B. Balanced crystalloids

Use in liver disorders:-

The lactate in RL is primarily metabolized into bicarbonate in 
the liver. The administration of RL is not an absolute 
contraindication for patients with liver dysfunction or 
cirrhosis, and its clinical impact remains unknown . 

However, for those with severe or frank liver failure or post-
liver transplantation, where a significant reduction in lactate 
metabolism is observed, acetate-buffered solutions are 
often preferred over lactate-buffered ones . 
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B. Balanced crystalloids

Balanced crystalloids, like PlasmaLyte, contain acetate instead 
of lactate, and acetate metabolism occurs in all body tissues 
and is not limited to liver tissues So, PlasmaLyte can be used 
instead of RL in severe liver diseases.

Caution: Metabolic alkalosis can occur in patients with severe 
liver failure and cirrhotic patients due to vomiting, nasogastric 
suction, diuretics, and hypovolemia. It can promote ammonia 
production and predispose the development of hepatic 
encephalopathy. Therefore, balanced fluids that provide 
buffers and can aggravate metabolic alkalosis should be 
avoided in such patients.
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Crystalloid VS Colloid

Resuscitation fluid therapy



The recent ESICM guidelines, in general, prefer 
the use of crystalloids over colloids for volume 
expansion during resuscitation, particularly 
for hypovolemia not caused by bleeding

Crystalloid VS Colloid

Resuscitation fluid therapy



Conclusions: In patients in the ICU, there was no significant 
difference in 90-day mortality between patients resuscitated with 
6% HES (130/0.4) or saline. However, more patients who received 
resuscitation with HES were treated with renal-replacement 
therapy.

Crystalloid VS Colloid

Resuscitation fluid therapy



Hydroxyethyl starch is harmful; 

Hydroxyethyl starch (HES) was once the most commonly 
used colloid, but due to its adverse effects,Current 
recommendations are against its use. 

HES is currently indicated as a rescue therapy for treating 
hypovolemia induced by acute blood loss when 
crystalloids alone are insufficient with low dose < 30 ml / 
kg with close observation of renal function

Crystalloid VS Colloid

Resuscitation fluid therapy



ALBUMIN

Resuscitation fluid therapy



Balanced vs Unbalanced

Resuscitation fluid therapy



SMART Trial 2018:- Avery larg study Among 15802 critically ill 
adults, The use of balanced crystalloids for intravenous fluid 
administration resulted in a lower rate of mortality , new renal-
replacement therapy, or persistent renal dysfunction than the use 
of saline

Balanced vs Unbalanced

Resuscitation fluid therapy



PLUS Study 2022 >> 5000 patients
No evidence that the risk of death or acute kidney injury 
among critically ill adults in the ICU was lower with the

 use of balanced crystaloid than with saline.

Balanced vs Unbalanced

Resuscitation fluid therapy



FRONT MED 2023
Conclusion: Not any statistically significant difference in 
mortality rates, hospital LOS, ICU admission, mechanical ventilation, 
oxygen therapy and RRT between sepsis patients receiving lactated 
ringers and normal saline as predominant resuscitation fluid.

Balanced vs Unbalanced

Resuscitation fluid therapy



To date, not a single study has demonstrated the superiority of 
saline over balanced crystalloids in the selection of appropriate 
resuscitation fluids. 

The absence of evidence establishing the superiority of saline indirectly 
reinforces the preference for using balanced crystalloids. 

This is consistent with the existing body of evidence highlighting the 
efficacy of balanced crystalloids in fluid resuscitation, even in the 
absence of high-quality reference evidence.

Further large-scale prospective studies are needed to solidify 
the current guidelines on the use of balanced crystalloids

Balanced vs Unbalanced

Resuscitation fluid therapy
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Maintenance fluid therapy

Sodium balance
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Maintenance fluid therapy





Most of loses 
have 
moderate to 
high sodium 
content

Replacement fluid therapy



Replacement fluid therapy



HTN 3% boluses ( 1.4 - 2.5 ml / kg ) Q 6 hours via 
peripheral ivs has alow risk of complications and 
succefully lowers intracranial pressure in patients with 
neurological emergencies

If you initiate 3% HTS therapy in patient with TBI ; you 
have to check serum Na and osmolarity each 6 hrs to 
target Na = 150- 155 and serum osmolarity =
 315 - 320

Hypertonic saline in TBI



+Fluids are Drugs

+ THE FOUR INDICATIONS OF FLUID THERAPY:

>> There are only 4 indications to give IV Fluids:
  Resuscitation , Maintenance,  Replacement and finally for Nutrition.

+ THE FOUR D’s OF FLUID THERAPY:-

>> We must take in our consideration, the pharmacodynamic and 
pharmacokinetic properties of different fluids and should consider the 
"four D’s" of fluid therapy when treating our patients with : Drug, 
Dosing, Duration, and De-escalation.

Take Home Message



+ Specific disease states may  require different fluid therapy 
>> No fluid is ideal for all disease conditions at all times. 

>> one size not fit all

+ Crystalloid is first line therapy – Colloid is second one

+ Ballanced solution more benificial in selected cases >> 
need more study

+ De-escalation whenever possible: De-resuscitation if fluid 
overload (FO) as FO causes increase morbidity/mortality
Don't forget also Sodium balance

Take Home Message



Thank You
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