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TBW, 42L, 60%  Body wt

ICF, 28L(2/3rd, ) ECF,14L(1/3rd,)

Extra vascular
Interstitial 10.5 L

Intravascular
Plasma 3.5L

üECF osmolality = ICF osmolality

üNo Barrier for water between ECF and ICF Compt.

üWater is govern by osmotic force

üPlasma Fluid 85% in venous side and 15% in arterial            

circulation



Å> 95% Na+ located in ECF

ÅElectrolyte composition of plasma and 

interstitial fluid are essentially equal( 

Except Gibbs Donnad effects)

ÅS. Na+(135-145mmol/L)

ÅTotal ECF sodium= 140 X14=1960mmol

ÅTotal ICF sodium=10 X 28= 280mmol

ÅAsymmetric distribution Na +-K+ Pump.



Osmolality:  Solute or particle 

concentration of a fluid is know as its 

osmolality ( mosmol /Kg)

Or

The Number of solute particle( mosmol ) 

dissolved in a kilogram of water.

ÅNa salts accounts >90% ECF osmolality

ÅGlucose, Urea< 3%.



ÅSolute concentration( osmolalities ) of 
ECF=ICF

ÅOsmolalities are identical, the solute 
compositions ECF and ICF vastly 
different.

ÅTransient inequalities are rapidly 
abolished by water movement

ÅPlasma osmolality = Effective osmols + 
ineffective osmols .



ÅBrain is vulnerable to force that 

expands or contracts its volume.

ÅBrain is tightly and rigidly anchored in 

cranial vault.

ÅHypo tonicity : Causes cerebral odema



HYPERTONICITY: 

Cause shrink of brain tearing its bony 

attachment.

üBoth may causes osmotic stress of brain 

and tragic outcome

üTherefore, symptoms of Na+ disorders are 

CNS



ÅConc. of Na + (serum sodium) implies 

relative amounts of sodium to water

ÅDoes not mean that absolute amount 

or volume of water either



ÅNa+ balance: by tight control of  renal 

excretion

ÅRenal excretion of Na+: achieved by 

activation of receptor(volume) which 

response to extracellular volume 

rather than change of Na +

concentration



Plasma Volume: 
ü prime importance of Na+ volume

Change in circulatory volume: Triggers

Ç renal, 

Çendocrine, 

ÇCNS, 

Çbehavioral mechanism regulates Na+ balance.



Extra renal
1.Baro receptors( Intravascular receptor)
üLow venous pressure

üHigh Arterial Pressure

2. Sympathetic Nerve activity

3. ANP(arterial natriuretic Peptide)

Intrarenal
1. Adrenergic Nerve in kidney

2. Renin-angiotensin -aldosteron .



Low venous Pressure: Cardiac artial 

myocyte

Distension/ stress atria:

üInhibition sympathetic

üƃADH

üƃ Renin Secretion

üƁANP secretion



High arterial pressure: Located

üAortic arch

üCarotid sinus

üJGA

Increased arterial pressure: 

üƃSympathetic flow.



Renal nerves 

Adrenergic  acts major regulatory of Na +

excretion by modifying tubular reabsorbtion. 

Nerves are present in afferent and efferent 

arterioles, JGA and PCT.



Stimulation of nerves

ÅƃGFR

ÅƃNa+ excretion

ÅƁNa+ absorption( directly PCT)



Acts as important antinatriuretic in response to renal 

hypoperfusion , Secreted from granular cells of JGA

Function of angiotension II: 
ÅƁNa+ Absorption

ÅƁAldoesteron secretion

ÅƁSystemic BP by vasoconstriction

ÅRegulate GFR(depending on concentration)



Volume expansion Volume + Salt depletion

Both high+ Low 

pressure

Baro receptor response

1.ƃSympathetic flow

2.ƃADH

3.ƃRenin

4.ƁANP

All factors increased 

Na+ excretion

1.ƃRenal blood flow

2.ƃCardiac output

3.ƁNerveactivity

4.ƁRenin

All factors increased 

Na+ absorption



ECF controlled by 3 factors

1. Antidiuretic hormone(ADH or Vasopressin)

2. Thirst mechanism

3. Indirectly mechanism of Na + balance



üOsmotic regulation

üNon osmotic factors
Osmoprotetors òThe AV3V region of brainó

Ç ƁTonicity sensed 
ƃcell volume osmoprotectors

ƁAVP 

Ç ƃTonicity sensed
Ɓcell volume osmoprotectors suppression

ƃ AVP



AVP release supraoptic 5/6 th + 

Paraventicular nucleus 1/5 th

AVPƂƁPermeability of late DCT, CD 

through V2 receptors principal cells



ÇEffective arterial blood volume(EABV)( 
Haemodynamic stimuli, Hypovolemia

ƃCO ;Vasodilatation)

ÇAngiotensin II

ÇANP

ÇNausea

ÇPain

ÇHypoglycemia

ÇPregnancy

ÇDrugs



A reduction 10% ECF may 

triggers ƂADH even in absence of high 

plasma osmolality Ƃ volume 

mediated ADH secretion override the 

powerful osmotic stimuli (progressive 

dilution of fluid) 





ÅKidney excrete 600mosmol solute/day. 
Metabolism of normal diet=600 mosmo l 
solute. Isotonic urine osmolality 300 
mosmol /kg of water.

ü300 mosmol is excreted in= 1 kg of 
water/1 L of urine

ü600mosmol is excreted in=600/300=2 L  
of urine



ÅMaximum urine output= minimum 

urine osmolality=60 mosmol/kg

60mosmol is excreted in= 1 L of urine

600mosmol is excreted in 600/60=10 L 

of urine

10-02= 8 liter of urine.



Cosm : Is the amount of water necessary 

to excrete normal osmotic load in 

urine that is isotonic to plasma.

CH20: is the amount or volume which is 

considered to have been excreted 

free of any solute( Solute free water)



ÅFree water clearance= Urine volume -

osmolar clearance

ÅCH20 =V-Cosm =V- Ucosm.V

ÅPositive C H20 Hyponatraemia

ÅNegative C H20 Hypernatremia.

P



ÅNot a disease but manifested variety of 

disorder

ÅDefinition: Serum Na+ below lower limit 

of normal

ÅSerum Na +135-145)mmol /l)



Treatment  for Hyponatraemia should always 

respect the pathophysiology of disease.

When serum Na + is low cells either swell or 

extrude solute to maintain intracellular and 

extracellular osmolality equal.



ÅHyponatraemia develop quickly over 

several hours. The ability of brain to adopt is 

exceeded and cerebral odema results.

ÅAcute Hyponatraemia(< 48hours) present 

with alarming neurological  findings and 

patients may die brain herniation



Onset of hyponetremia

ü2 days to lose organic osmolytes and 

minimize brain swelling .

Correction of hyponetramia

ü5 days to recover organic osmolytes



ÅBrain cell extrude organic solutes from 

cytoplasm allowing intracellular osmolality

to equel plasma osmolality without a large 

increase in cell water.

ÅPatients with chronic hyponatraemia (>48 

hours to several days) brain swelling is 

minimized and symptoms are modest 

almost never die from brain herniation .



ÅWhen  Chronic hyponatraemia is corrected too 
rapidly brain develop osmotic demyelination
because brain fails to recapture lost organic 
osmolytes is outplaced .

ÅArea is usually pons .

ÅComplication is stereotypical and biphasic

ÅPatients improves neurologically with correction of 
hyponatraemia but after one to several days later 
progressive neurological deficiet emerge. 



ÅSerum Na + <105 mmol /l 

ÅHypokalemia

ÅAlcoholism

ÅMalnutrition

ÅAdvance Liver disease

ÅElderly women on Thiazide

Å Burn Victims







Transtentorial Herniation

ÅHyponatraemia 1 mmol /hour below 120 mmol /L

ÅPatient may die

ÅMedical emergency

Osmotic Demyelination Syndrome

ÅDemyelination

ÅSparing neuron and axons

ÅGradual and prolong hyponatremaia

ÅCentral of basal pons .(CPM).



1. Mixed salt and water depletion

-Loss of salt> water.

ƃ EABV stimulate vasopressin and thirst.

2. Total body water exceeds

simultaneous increase of body solution
ƃEABV stimulate vasopressin

ƃ Water excretion



3. Hyponatremia in absence

ECF volume contraction

ƃ EABV

Renal failure

But  due to 

ƁAVP release

4. Pseudohyponatraemia

Osmolality is normal or increase.



ÇHypotonic Hyponatraemia
üHypovolemic

üHypervolemic

üIsovolemic

ÇHypertonic Hyponatraemia

ÇIsotonic Hyponatraemia



Serum Na +ƃ     : Volume contractionƁADH

TBNa+       ƃ     : Hypotonic Fluid
Oral

Parenteral

ECF         ƃ     : Urinary Na + estimation
Renal

Extra renal



GIT Diarrhoea (Secretory )
ïKidney conserved Nacl

ïUrinary Na+< 10mmol/l

eg . Cholera

Third space loss

Vomiting
ï kidney: Bicarbonaturia , 

ïnon reabsorble anion

Metabolic Alkalosis:
ïObligate cation Na+,

ïUrinary Na+>20mmol/L,

ïUrinary cl -<10mmol/l

Note: Osmotic Diarrhea

eg: Viral Gastroenteritis; Lactulose Ƃ Hypernatraemia



Loop Diuretics: 

Impair  dilution by inhibition Na+  

absorption and impair concentration by 

limiting action of vasopressin

Rarely cause of Hyponatraemia



Thiazide always cause Hyponatraemia :

Impair dilution by inhibiting Na+ absorption  

and do not impair concentration. Therefore 

water retension



Salt losing nephropathy:
ïPolycytic Kidney Disease

ïMedullary cystic disease

ïAnalgesic nephropathy

ïChronic pyelonephrities

ïObstructive uropathy

Renal tubular acidosis(Proximal)
ïLoss of HCO3 in Urine

ïObligate Na + in urine



ÅMinerolo corticoid Deficiency: 
ïUrinary Na+> 20 mmol /L,

ïSerum K+ Ɓ

ïUrea Ɓ

ïCreatinine Ɓ

ÅDiabetes Mellitus: 
ïSodium loss due to Glycosuria , Ketonuria , 

Beta Hydroxy Burate,Aceto acetic acid 
obligate Na+ loss in urine

ÅCerebral salt wasting: ANF/BNF brain



ÅSerum Na+ƃ: Congestive heart failure

ÅTB Na+       Ɓ: Hepatic Cirrhosis

ÅTBW            Ɓ : Nephrotic Syndrome

ÅECF            Ɓ : Renal Failure

ÅOedema



Nephrotic Syndrome
ïHypoalbuminaemia

ïDisplacement of plasma volume

ïNon osmotic ƁADH

Renal Failure
ïResidual nephron reabsorption electrolyte without 

water

ïHyponatraemia daily water intake>water excretion

ïOdema : Na+ Intake> excretion Na+



ÅSerum Na+:     ƃ

ÅTBNa+        : Normal

ÅTBW            :    Normal +Ɓ

ÅOdema : No
Absence of 

ECF contraction

ƃEABV

Renal Failure

But,

Ɓ ADH;ƃ excretion H20



ÅGlucocorticoid : Impair free water clearance Ɓ 

permeability of water in deficiency collecting duct 

in absence of ADH

ÅHypothyroid: ƃCO; ƃRenal flow, ƃ GFR, ƁADH

ÅAcute phychosis :
Å Fluid intake more than 12 litres

Å Greater than renal excetion capacity

Å Ttotal supression ADH



Post Operative: ƁADH

Drug(ADH release agonist): 

üHeloperidol , 

üAmitptylin

üVincristine ,

ü Cyclophosphamide ,

ü Carbamazepin , 

üChlorpropamide



Both in Hypovolemic states 

and in most chronic 

hypervolemic states ADH is 

released through  non 

osmotic mechanism 



ÅWhen vasopressin secretion persists despite of 

normally suppressive effects of hypotonicity causing 

inappropriate concentration of urine.

ÅMost common cause hyponatraemia in hospitalized 

patient.

Common Cause:

1. Malignancies( Bronchogenic Ca, Most common)

2. Pulmonary disease

3. CNS disorder



ÅHyponatraemia with  hypoosmolality

ÅNo evidence of hypovolemia or hypervolemia

ÅNormal renal, Adrenal and thyroid function

ÅUrinary Osmolality> 100mosmol/Kg

ÅUrinary Na+> 20mmol/L( Absent on very low Na+ 

diet)



Asymptomatic
ÅNausea

ÅMalaise

Volume Status

ÅPostural Status

ÅJVP

ÅOdema

ÅTendon Reflex

ÅD/D (1) CVD    (2) Psychiatric Disorder



Neurological
ÅHeadache

ÅDisorientation

ÅAgitation

ÅConfusion

ÅStupor

ÅConvulsion, Comma



1. History

2. Physical Exam

3. Investigation

(i) Plasma osmolality

(ii) Urine osmolality

(iii) Urine Na + concentration

(iv) Urine K+ concentration

(v) Serum Uric acid

(vi) BUN



Plasma Osmolality

Normal Low High

Isotonic 
Hyponatraemia

Hypotonic 
Hyponatraemia

Hypertonic 
Hyponatraemia

ECF volume depletion 
(Dehydration)

ECF volume Excess 
(Oedema)

ECF Normal 
(No Oedema)

ÅHyperproteinaemia
ÅHyperlipidaemia ÅHyperglycaemia



Urinary
Na+<10mml/L 

Extra Renal Loss

HypovolemicHypotonic 
Hyponatraemia

Urinary 
Na+>20 mml/L 

Renal Loss

ECF volume depletion 
(Dehydration)

ECF volume Excess 
(Oedema)

ECF Normal 
(No Oedema)

ÅVomiting
ÅDiarrhoea
ÅThird space
ÅBurns
ÅTraumatic
ÅPancreatitis

ÅDiuretics
ÅSalt losing nephritis
ÅHypoaldosterinisom
ÅVomiting
ÅRTA type II
ÅSevere metabolic acidosis



Urinary
Na+<10mml/L 

HypervolemicHypotonic 
Hyponatraemia

Urinary 
Na+>20 mml/L 

ECF volume depletion 
(Dehydration)

ECF volume Excess 
(Oedema)

ECF Normal 
(No Oedema)

ÅNephroticsyndrome
ÅCirrhosis of liver
ÅCardiac failure

ÅAcute + Chronic Renal 
failure



IsovolemicHypotonic 
Hyponatraemia

Urinary 
Na+>20 mml/L 

ECF volume depletion 
(Dehydration)

ECF volume Excess 
(Oedema)

ECF Normal 
(No Oedema)

ÅGlucocorticoiddeficiency
ÅHypothyroids
ÅPhychosis
ÅDrugs
ÅSIADH



Depends: 
(i) Cause

(ii) Rapidity of development

(iii) Status of ECF

(iv) Clinical Symptoms

(v) Prevention



ÅAcute (<24 hrs.):

Cerebral edema, seizures, death due to herniation 
especially in young women and children

Chronic(>48 hrs.):

Adaptations minimize brain cell swelling but 
reversibly alter neurologic function

üNausea and vomiting

üConfusion & personality changes

üGait disturbances

üSeizures with very low serum sodium values



Rapid Correction

Acute hyponatremia : Generally well 
tolerated

Chronic hyponatremia (>48 hrs.):

Delayed onset of neurological 
deterioration associated with pontine and 
extrapontine demyelination



Limits are not goals

ÁTarget Rx to stay well clear of limits
ü6 to 8 mEq/L daily

ÁUse special care in patients at high 
risk of ODS
ü4 to 6 mEq/L daily



ÅPrompt treatment to avoid brain 

injury

ÅƁSerum Na+ 1 to 2 mmol /L per 

hour until improved

ÅAfter increase of Serum Na+ 6 -8 

mmol /L, Correction should be 

slowed.



ÅCorrection 0.5 mmol /L per Hour

Å< 10mmol/L on first day

Å<6mmol/L Thereafter

ÅNormal level within 7 days

ÅHypertonic Saline dangerous for 

fluid overload.



Acute Hyponatraemia

Urgent  correction  by 4 to 6 mmol /l 
increase in serum Na + to prevent brain 
herniation and cerebral ischaemia .

Severe Symptoms:
ï100 ml of 3% Nacl infused  I/V  over 10 minute  

X  3 as needed.

Mild to moderate Symptoms:
ï3% Nacl infused at 0.5 to 2 ml/kg/hour

American Journal of Medicine ., 2013



ÅSerum Na+ < 120 mmol /l of > 48 hours.

ÅMinimum correction of serum Na+ by 4 -

8 mmol /l per day

ÅHigh risk ODS:

8 mmol /l per day

ÅLow risk ODS: 

10-12 mmol /l in any 24 hour

18 mmol /L in any 48 hours

Expert Panel Recommendation to avoid osmotic demyelinationsyndrome(OSD)



Å0.9% normal Saline or Sodium 

bicarbonate 1.26%

ÅPotassium & Steroid when indicated.

ÅDanger hypotonic  fluid, ƃ ADH, 

Excrete(body+ administered  fluid)

ÅRapid correction is avoided(CPM).



ÅRestriction salt & Water

ÅCareful use of diuretics

ÅThiazide should be avoided .



ÅRestriction of fluid 800 -1000 ml daily

ÅEffectiveness,( weight reduction, Ɓ Na+)

Å200-300 ml, 3 -5% Nacl . Over 3 to 4 

hours+ Frusemide

ÅDemethyl chlortetracycline or Lithium.

ÅCorrect the cause

ÅV2 receptor antagonist



Euvolemic and Hypervolemic

Patients

1. Tolvapton V2 receptors     oral       FDA & 

EMA

2. Conivaptan V2 and V1a        I/V            FDA

3. Lixivaptan

4. Satavaptan



United States Expert 
Panel 

Am J Med 2013;126:S1-S42

European 
Guidelines

NephrolDialysis Transpl2014; 
29:i1-i39

Severe 
Symptoms

Bolus 3% NaCl(100 
ml over 10 min) 3-
times as needed.

Bolus 3% NaCl(150
ml over 20 min) 2-3 
times as needed.

Moderate 
Symptoms

Continuous infusion 
3% NaCl(0.5-2 

ml/kg/ hr)

Bolus 3% NaCl(150 
ml 3% over20 min 

once)



American Expert Panel

Goal: 4 to 6 mEq/L increase in serum sodium 
concentration

ü2 to 3 ml/kg bolus of 3% saline for severe 
symptoms (repeated if necessary) or

üInfusion of 3% saline @ 1 to 2 ml/kg/ hr for 2 
to 3 hours

Verbalis . Am J Med 2013; 126: S1 -S42



Infusate InfusateNa+ mmol/L

5% Naclin water 855

3% Naclin watre 513

0.9% Naclin water 154

wƛƴƎŜǊΩǎ [ŀŎǘŀǘŜ {ƻƭǳǘƛƻƴ130

0.45% Naclin water 77



ÅA patient weight 70 kg. Serum Na+ is 115 
mEq/L.

ÅThe access water that needs to correct 
the hyponatraemia to 130mEq/L

ÅTBW= BW in Kg X 60%=70 ɡ0.6=42L

ÅExcess water =TBW-[( actual plasma 
Na+/ desired Na+) X TBW)]

ÅExcess water =42 -[(115/130)(42)]=42L -
37.3L=4.8L.



Å70kg man, serum Na+ 110 mmol /l, desired 
Na+ 130mmol/l

ÅSodium requirement  = TBW X (desired 
serum [Na +]- current [Na +]
ÅSodium requirement  = 42 X (130 -110)

=42 X 20

=840mEq

This required sodium may be provided  by:

1. 1 L of 5% normal Nacl

2. 1.7 L of 3% Nacl

3. 5 L of 0.9% Nacl


