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physiology of Na regulation

 primary cation in ECF which determines ECF osmolarity

* NA BALANCE REGULATION

1. Na balance (Na excretion = Na intake)

2. Positive Na balance: increase Na retention = Na in ECF — ECF expansion —
Increase blood volume and blood pressure

3. Negative Na balance: increase excretion of Na - decrease Na in ECF — ECF
contraction = decrease blood volume and blood pressure

4. Na is filtered freely from the glomerulus and reabsorbed from the tubular system

5. Some of Na is excreted in urine

o Effective arterial blood volume (EABV)
1. Any change in EC will cause a parallel change in EABV
2. Edema: fluid filtered into interstitial space — increase ECF — increase EABV

(increase BP) — Na excretion altered by kidneys (attempts to restore normal EABV) 4




Renin-angiotensin-aldosterone system

Distal convoluted Afferent artenole
B tubule
. RAASActivators
L BP (renal baroreceptors)
L NaCl delivery | .
- Imacula densa cells) ntensm en——r' Angiotensin | ] '
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physiology of Na regulation

o Atrial Natriuretic peptide (ANP)
 Released from atrial myocytes in response to high blood volume and atrial
pressure

 ANP causes:
1. vasodilation and inhibition of Na+ reabsorption at the renal collecting tubule

2. Dilates afferent renal arterioles and constricts efferent arterioles, promoting
diuresis and contributing to the "aldosterone escape” mechanism.
3. Acts opposite to angiotensin 2

» Brain Natriuretic peptide (BNP)

1. Released from ventricular myocytes in response to increased tension.
2. Similar physiologic action to ANP

3. Useful for diagnosing heart failure




~ physiologyofNaregulation

 Anti diuretic hormone (ADH)

» Source: supraoptic and paraventricular nuclei in posterior pituitary
« Regulates blood pressure (V1-receptors) and serum osmolality (V2-receptors)
« ADH induces reabsorption of water causing:

1. increase in urine osmolarity

2.Decrease in serum osmolarity

Tserum osmolality - D] Hypothalamus' = 4 serum osmolality

| serum volume 1 serum volume

Posterio; \ Medullary collecting duct
pituitary 5 > Aquaporin channels
(storage) /* > ADH s

T urine osmolality

—

1 urine volume




~ physiologyof K+ regulation

« Potassium (K+): primary intracellular cation (98%)
- Regulates intracellular osmolarity

« Concentration gradient across cell membrane establishes resting memlbrane potential, essential for
excitable cell function (e.g. myocardium)

- Potassium (K+) is regulated mainly via Na+/K+ ATPase pump

- Kis filtered freely from the glomerulus and reabsorbed from the tubular system

« Some of Kis excreted in urine

Potassium shifts

 Serum hypoosmolarity \'

Osmotic movement of
H,0 into cell

K* follows (solute drag) . |

!

B-agonists
Insulin

. K*
Extracellular -
Intracellular Reversible H*/K* Reversible H*/K* Nicotinic Ach R
exchanger exchanger
ok K+@
H,0
Digoxin
B-blocker ‘ Acidemia Succinylcholine Cell lysis
Hypoinsulinemia

_J \ ¥ L
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JHypotonic hyponatremia [Serum osmolality <280 mOsm/kg]

* According to ECF volume status:

o hypervolemic hypotonic hyponatremia
o Euvolemic hypotonic hyponatremia
o Hypovolemic hypotonic hyponatremia

Isotonic hyponatremia [serum osmolality (280-295)m0Osm/kg]

JHypertonic hyponatremia [Serum osmolality >295 mOsm/kg]




Hypotonic hyponatremia

Serum osmolality<280 mOms/kg

Hypotonic hyponatremia
(Serum osmolality <280 mOsm per kg)

|

Hypovolemic
(decreased total body water

and sodium level)

!

Euvolemic
(increased total body water, normal
total body sodium level)

!

Urinary sodium
>20 mEq per L

!

Renal loss
Diuretics
Mineralocorticoid
deficiency

I

Urinary sodium
<20 mEq per L

!

Extrarenal loss
Vomiting
Diarrhea

Third spacing

Bowel obstruction

!

Urinary osmolality
>100 mOsm per kg

!

Sendrome of
inappropriate
antidiuretic
hormone secretion
Hypothyroidism
Adrenal
insufficiency
Stress
Drug use

!

Urinary osmolality
<100 mOsm per kg

!

Primary polydipsia

Low solute intake

!

Variable urinary

osmolality

!

Reset osmostat

I

Hypervolemic
(increased total body water)

! !

Urinary sodium

Urinary sodium

<20 mEq per L >20 mEq per L

! !

Heart failure Renal failure
Cirrhosis
Nephrosis

Hypoalbuminemia




A-Hypervolemic hypotonic hyponatremia ==
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A-Hypervolemic hypotonic hyponatremia "




B- Euvolemic hypotonic hyponatremia ===




C- Hypovolemic hypotonic hyponatremia ==




C- Hypovolemic hypotonic hyponatremia «fa




~ Diagnosis&Treatment:

Subtype

Diagnosis

Treatment

Hypovolemic Hypotonic
Hyponatremia

- Signs of dehydration:
hypotension, tachycardia.-
Urine sodium: <20 mmol/L in
non-renal loss, >20 mmol/L in
renal loss.

- Volume resuscitation: Normal
saline 0.9%.- Treat underlying
cause (discontinue diuretics,
treat Addison’s disease).

Euvolemic Hypotonic
Hyponatremia

- No signs of dehydration or
overload.- Urine sodium: >20
mmol/L, high urine osmolality in
SIADH.

- Fluid restriction: 1-1.5 L/day.-
Treat underlying cause (e.qg.,
SIADH, adrenal insufficiency,
hypothyroidism).

Hypervolemic Hypotonic
Hyponatremia

- Signs of fluid overload: edema,
ascites, JVD.- Urine sodium:
<20 mmol/L in heart failure,
cirrhosis, nephrotic syndrome.

- Fluid and sodium restriction.-
Diuretics (e.g., furosemide).-
Treat underlying condition (e.qg.,
heart failure, cirrhosis).




")) Isotonic hyponatrenda pseudo hyponatremia)  C°

Overview:
Normal level of Na+ & Normal H20 volume

Increased level of: Triglycerides(Hyper_lipidemia)
Protein (Multiple myeloma)

* These factors lead to false lab results

decreased Na+ result
Mechanism:Traditional sodium measurement methods : These assume plasma

is composed of 93% water and 7% non-water components. When lipids or
proteins are excessively elevated, they dilute the plasma water portion,
resulting in falsely low sodium readings.




Diagnosis:

1. Serum osmolality:normal osmolality (280-295mOsm/kg)
2. plasma lipid & protein levels:elevated triglycerides & immunoglobulin proteins

Treatment:

1. Hyperlipidemia:lifestyle modification or lipid lowering medications(eg:statins)
2. Hyperproteinemia :Treat the underlying disease(eg:chemotherapy for multiple

myeloma)
3. Avoid unnecessary sodium correction : because plasma water sodium

concentration is normal




Hypertonic hyponatremia

Caused by the presence of osmotic substances that increase plasma
osmolality then cause an osmotic shift of water out of cells. The dilution of
plasma sodium leads to hyponatremia

These substances include:

- Glucose-Hyperglycemia
- Mannitol, sorbitol, glycerol, maltose
- Radiocontrast agents




- Hypertonichyponatremia

** Diagnosis:

Elevated serum osmolality
Elevated serum glucose

s Treatment

1-Treat the underlying causes:
Hyperglycemia:Use insulin therapy
Mannitol or contrast agent exposure:stop or adjust the use of the

osmotic agent

2-sodium correction:
Gradually to avoid osmotic demyelination syndrome

3- monitoring for neurological symptoms




% Symptoms usually begin when the Na+level falls to <120mEq/L
s Symptoms:-

1- Neurological symptoms: caused by osmotic water shifts which lead to increased
ICF volume -Brain edema
Headache, muscle twitching, hyperactive deep tendon reflex
Increased ICP,Coma,Seizure
2-Gl symptoms: vomiting ,watery diarrhea
3-Cardio Vascular symptoms: HTN due to increased ICP
4- Increased salivation & lacrimation

5 Oliguria progressing to anuria (maybe reversible) l l l




Hypernatremia

« General Features of hypernatremia

» Defined as Na > 145 mEq/L

* Hypernatremia is much less common than hyponatremia and nearly always
indicates a water deficit.

« Hypernatremia is always associated with high osmolarity which stimulate thirst
center in the brain making the patient thirsty so hypernatremia doesn’t occur
unless the patient experiences one of the following:

1. The thirst center doesn’t stimulate water intake or there is limited access to water

2.The patient lost a lot of fluids ( Febrile illness, burns, diarrhea, diuretics)




» Hypernatremia =

* Clinical features

« Symptoms of hypernatremia are non- specific
1.Irritability, confusion, stupor, and coma
2.Convulsions occur in severe hypernatremia.

« Causes of hypernatremia

* Most important ones are:
1.Central diabetes insipidus
2.Nephrogenic diabetes insipidus
3.Impaired thirst in elderly

30x 9.16 Causes of hypernatraemiz:

Antidiuretic hormone (ADH)

deficiency

¢ Pituitary diabetes insipidus (see
p. 641)

latrogenic

¢ Administration of hypertonic
sodium solutions

e Administration of drugs with
a high sodium content (e.g.
piperacillin)

e Use of 8.4% sodium bicarbonate
after cardiac arrest

Insensitivity to ADH (nephro-
genic diabetes insipidus)

e Lithium

e Jetracyclines

Amphotericin B

Acute tubular necrosis
Osmotic diuresis

Total parenteral nutrition
Hyperosmolar hyperglycaemic
state (see p. 725)

Plus

Deficient water intake: impaired
thirst or consciousness
Excessive water loss through
skin or lungs



w Hypernatremia ==

» Diabetes insipidus means loss of ADH effects causing:
1.Polyuria
2.Polydipsia

* Central Diabetes insipidus:

1.There is little or Low ADH

2.I1t's usually due to trauma,Surgery or tumor in the brain but there are many other
causes

* Nephrogenic Diabetes insipidus:

1.ADH is normal but the kidneys don’t response to ADH

2.Resistance to ADH

3.Causes:

* Electrolyte disturbances: Hypercalcemia, Hypokalemia (severe: < 3.0 meq/L)
* Drugs: Lithium, Amphotericin B, and demeclocycline

* Hereditary: ADH Receptor mutation




» Hypernatremia «-

- Diagnosis

« Serum Osmolarity: Hypernatremia or normal sodium
» Urine Osmolarity is low (50-200 mOsm/L)

» Diluted urine: Specific gravity < 1.006

- Water deprivation test

1.After 8 hours of no fluid, urine should be concentrated

2. No increase in urine osmolarity (Urine remains diluted) which excludes primary
polydipsia

- Desmopressin test

1.Desmopressin is ADH analogue which stimulates ADH V2 receptor triggering
water reabsorption and urine concentration

2. Urine osmolarity increase significantly (Concentrated urine) : Central DI

3. Diluted urine : Nephrogenic DI




»Hypernatremia -

 Treatment

» Water (ideally PO)
* |V Fluids (D5W)

 Caution: cerebral edema

1. Occurs with overly-rapid correct of hypernatremia

2. Maximum correction: 12 mEg/L/day

 From high to low, your brain will blow (Cerebral edema)

« Central diabetes insipidus treatment: Desmopressin (DDAVP)

« Desmopressin (DDAVP) doesn’t have any vasoconstrictive effects




» Hypernatremia ==

« Nephrogenicdiabetes insipidus treatment:
. Low sodium d iet Hormones acting on kidne:i R
. Thiazide diuretics: HCTZ

compensatory Na- reabsorption in distal nephron Distal
H : Glomerulus et effect Na* loss and volume loss Cﬂ;"u";:'iﬂw
1.Inhibit NaCl cotransporter | v o
M‘ﬂ&fﬁ'ﬂ; a® convoluted

tubule

2.Loss of a high amount of NaCl s | OGS .
3' ACtlvatlon Of RAAS Angiotensin Il =

Synthesized in response to 4 BP. Causes efferent arteriole
5 constriction — t GFR and 1 FF but with compensatory Na*
4 Rea bsorptl on Of N aa nd wa te r reabsorphon n proximal and distal nephron. Net effect
. preservation of renal function ( F¥) in low-volume state
with simultaneous Na* reabsorption [both proximal
Na'

5.Paradoxical antidiuretic effect e mm—— 3

Parathyroid hormone
Secreted in response to

s plasma (Ca™], 1 plasma [PO4"|,
or { plasma 1,25<0H); Ds

Causes ! [Ca"*| reabsorption (DCT),
i [PO:*) reabsarption (PCT), and

? 1,25-10H); Ds production Collecting
11 C&’* and PO.* absorption from gut duct

« NSAIDs: Indomethacin o ek
» prostaglandins antagonize the effect of ADH
* NSAIDS inhibit renal synthesis of prostaglandins which improves ADH activity

Ascending limb, y
loop of Henle

(permeable 10 Wity

Secreted in response to

i blood volume (via AT Il} and
1 plasma [K* |, causes ! Na°
reabsorption, T K* secretion
t H* secretion

\WH [vasopressin
Secreted in response Lo
t plasma osmolarity and
| blood volume. Binds to
receptors on principal cells,
causng ' number of
aguaporins and T HAO
reabsorption
1 reabsorpbion of urea in
medullary collecting ducts
to maximize corticopapillary
osmobc gradient

&




w Hypernatremia -

« Central vs Nephrogenic diabetes insipidus

Definition Low ADH ADH resistancce
ADH Level LOW NORMAL
Water deprivation test Urine remains diluted Urine remains diluted
Desmopressin test Concentrated urine Diluted urine
HCTZ
Treatment Desmopressin (DDAVP) Indomethacin
Low sodium diet
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