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Total Body Water



Osmolality
The formula to calculate effective osmolality 
or tonicity is

When add free water ECF crosses the
cell membrane into ICF to equalize ECF 
osmolality TBW expansion and slight
reduction in osmolality.
When add isotonic saline no movement
of water into the cells ECF expansion 
only

2 × [Na+] + glucose/18
(normal range, 275 to 290 mOsm/L).



Osmolar gap
The osmolar gap:

measured osmolality − calculated 
osmolality.

Normal ≈10 mOsm/L.
If it is >15 mOsm/L, it means that a 
nondetectable agent with osmotic 
activity is present.
A consequent osmotic diuresis will 
cause [Na+] deficit with volume 
depletion that should be treated with 
saline solution



Total Body Water

Fluid loss Osmolality

Osmoreceptors in the hypothalamus 
stimulate thirst and the release of 
antidiuretic hormone

urine water reabsorption and 
vasoconstriction.

 Circulating blood volume, low-pressure 
baroreceptors in the great veins and the 
right atrium augment the effect on the 
osmoreceptors,



Hyponatremia
Definetion:

Serum [Na+] <138 mEq/L.
Types:

1. Hyperosmolar hyponatremia:
Plasma osmolaliy [POSM] >295 mOsm/
kg H2O
severe hyperglycemia (increase in 
plasma glucose above the normal level 
of 100 milligrams/dL decreases the 
serum [Na+] by 1.6 mEq/L).
administration of osmotic agents such 
as mannitol, glycerol, and maltose.



Hyponatremia
2. Iso-osmolar hyponatremia:

Plasma osmolaliy 275 - 295 mOsm/kg H2O
occurs in severe hyperproteinemia or 
hyperlipidemia.
Patients are asymptomatic; treatment is not 
needed.

3. Hypo-osmolar hyponatremia:
Plasma osmolaliy <275 mOsm/kg H2O.
Classification:
A. Hypervolemic hypernatremia.
B. Normovolemic hyponatremia.
C. Hypovolemic hyponatremia:

Renal
Extrarenal



Hyponatremia







Clinical Features
Symptoms are effects on the brain.
Divided into:

Mild [Na+] 130-135 mEq/L
Moderate [Na+] 120-130 mEq/L

headache, nausea, disorientation, 
confusion, agitation, ataxia, and 
areflexia.

Sever [Na+] <120 mEq/L
intractable vomiting, seizures, coma, and 
ultimately respiratory arrest due to 
brainstem herniation.



Treatment



Osmotic Demyelination Syndrome
It is caused by rapid correction of 
hyponatremia (>12 mEq/L/24 h) as 
water moves from cells to ECF yielding 
intracellular dehydration.
Risk factors:
– [Na+] <120 mEq/L, chronic heart failure, 

alcoholism, cirrhosis, hypokalemia, 
malnutrition, and treatment with vasopressin 
antagonists such as tolvaptan.

Main symptoms are dysarthria, 
dysphagia, lethargy, paraparesis or 
quadriparesis, seizures, and coma.



Osmotic Demyelination Syndrome
The treatment of [Na+] overcorrection 
consists of:
– Giving 5% dextrose in water at 3 mL/kg/h.
– Loop diuretics.
– Desmopressin.



Hypernatremia
Definetion:

 Serum [Na+] >145 mEq/L and serum 
osmolality >295 mOsm/L.

When [Na+] and osmolality increase, 
normal subjects become thirsty and drink 
free water, and the Na+ level returns toward 
normal.
Any situation that impairs the patient’s 
sense of thirst, limits the availability of 
water, limits the kidney’s ability to 
concentrate urine, or results in increased 
salt intake predisposes the patient to 
hypernatremia.



Hypernatremia





Treatment



Hypokalemia

Definition
serum [K+] of <3.5 mEq/L.





Hypokalemia



Treatment
general principles in hypokalemia 
correction:
1. Use potassium chloride and avoid 

administering K+ in glucose solutions.
2. Maximum recommended [K+] in 500 mL of 

a saline solution is 40 mEq, over 4 to 6 
hours in a peripheral line).

Higher concentrations ues a central line, 
but not exceed 20 mEq/h.

3. Reassessing serum [K+]
4. ECG monitoring
5. Add magnesium (20 to 60 mEq/24 h) to 

the infusion for optimize tubular reuptake 
of potassium





Hyperkalemia
Definition:

measured serum [K+] of >5.5 mEq/L.

Due to release of intracellular 
potassium caused by hemolysis.
Clinical manifestations of hyperkalemia 
result from disordered membrane 
polarization.
Cardiac manifestations are the most 
serious.







Treatment
Based on the action mechanism can be 
divided into:

Membrane stabilization (crucial for cardiac 
tissue, must be done immediately),
Intracellular shift of K+,
Removal/excretion of K+ from the body.





Hypocalcemia
[Ca2+] level < 8.8 mg/dL or Ionized 
[Ca2+] level <2.0 mEq/L (<4 mg/dL or 
<1.1 mmol/L).







Treatment
elemental Ca2+ (500 to 3000 mg) orally daily, in one 
dose or up to three divided doses.
IV Ca2+ is recommended only in cases of 
symptomatic or severe hypocalcemia (ionized 
[Ca2+] <1.9 mEq/L or <0.95 mmol/L).
IV Ca2+ gluconate is preferred over IV calcium 
chloride (CaCl2)
(10 to 30 mL of 10% Ca2+ gluconate) given IV over 
10 to 20 minutes and repeated every 60 minutes 
until symptoms resolve or followed by a continuous 
IV infusion of 0.02 to 0.08 mL/kg/h
Hypocalcemia is difficult to correct if 
hypomagnesemia is also present.



Hypercalcemia
[Ca2+] >10.5 mg/dL or an ionized [Ca2+] 
level >2.7 mEq/L.

Mild 10.5 - 11.9 mg/dL;
Moderate 12 - 13.9 mg/dL;
Severe >14 mg/dL

Each 1 g/dL reduction in the serum albumin 
concentration will lower the total calcium 
concentration by approximately 0.8 mg/dL (0.2 
mmol/L) without affecting the ionized calcium 
concentration and, therefore, without producing 
any symptoms or signs of hypocalcemia









Treatment
Symptomatic patients or asymptomatic 
patients with [Ca2+] levels >14 mg/dL 
should receive treatment starting with 
volume repletion.
Administer 0.9% normal saline at 500 to 
1000 mL/h for 2 to 4 hours as tolerated 
by the patient.
3 to 4 L should be given over the first 24 
hours, then 2 to 3 L per 24 hours until a 
urine output of 2 L/d is achieved



Treatment
Furosemide is recommended to 
promote a diuresis of 150 to 200 mL/h, 
which increases the calciuric effect, 
with an initial dose of 20 to 40 
milligrams.
In very severe cases, it will be necessary 
to receive hemodialysis to quickly 
remove Ca2+ from blood.
for hypercalcemia associated with 
malignancy, IV bisphosphonates are 
now considered (Zoledronic acid, 
Calcitonin).



Hypomagnesemia
serum magnesium concentration below 
1.2 mEq/L,







Treatment
Hypokalemia, hypocalcemia, hypophosphatemia are 
present with hypomagnesemia.
Hypocalcemia develops when Mg2+ <1.2 mg/dL.
For asymptomatic patients magnesium supplements 
should be administered orally.
For severe and symptomatic hypomagnesemia, urgent 
IV magnesium sulfate (MgSO4).
In life-threatening conditions (torsades de pointes, 
eclampsia), 1 to 4 grams or 8 to 32 mEq diluted in at 
least 100 mL  over 10 to 60 minutes under continuous 
monitoring.
Spironolactone is effective in maintaining [Mg2+] 
homeostasis as well as in reducing the incidence of 
arrhythmias in congestive heart failure patients



Hypermagnesemia
serum magnesium concentration above 
2.2 mg/dL.







Treatment
Furosemide (40 to 80 mg IV) with fliuds 
may be indicated (no R.F).
Calcium directly antagonizes the 
cardiac effects of magnesium.
10 mL of 10% calcium chloride IV over 2 
to 3 minutes.
Dialysis for patients with renal failure.





TAke A BREATH
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