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Sodium Disorders

»Disorders of serum Na* concentration
are caused by abnormalities in water
homeostasis that lead tfo changes In
the relative ratio of Na* to body water.
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WATER BALANCE

To maintain normal Plasma Na
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Disorders of serum Na+ concentration




Hyponatremia




Hyponatremio

»Plasma Nat concentration <135 mmol/L
usually reflects a hypotonic state.

»Most causes of hyponatremia are associated
with a low plasma osmolality.

Glucose BUN

Plasma osmolality = 2 X Na + 18 + 28




Causes of hyponatremio
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Hypotonic Intravenous fluids

LU osmolality<100
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Advanced Renal Failure

®» The iImpairment in free water excretion in advanced
renal failure can lead to the retention of ingested
water and the development of hyponatremia.
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Increased secretion of AVP

» Hypovolemia

» | Tissue perfusion(|EABV)

» A primary TADH
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INa due to Hypovolemia

Anatomy of the Kidney
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\ Assessment of volume status l
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Hypovolemia Euvolemia (no edema) Hypervolemia
* Total body water | » Total body water T » Total body water 77
* Total body sodium 44 * Total body sodium «— » Total body sodium T
UNa >20 UNa <20 UNa >20 UNa >20 UNa <20
Renal losses Extrarenal losses Glucocorticoid deficiency Acute or chronic Nephrotic syndrome
Diuretic excess Vomiting Hypothyroidism renal failure Cirrhosis
Mineral corticoid deficiency Diarrhea Stress Cardiac failure
Salt-losing deficiency Third spacing of fluids Drugs
Bicarbonaturia with Burns Syndrome of inappropriate
renal tubal acidosis and Pancreatitis antidiuretic hormone
metabolic alkalosis Trauma secretion
Ketonuria B IS
Osmotic diuresis \
Cerebral salt wasting
syndrome

Source: D. L. Kasper, A. S. Fauci, S. L. Hauser, D. L. Longo, J. L. Jameson, J. Loscalzo: Harrison's Principles of Internal Medicine, 19th Edition
www.accessmedicine.com
Copyright © McGraw-Hill Education. All rights reserved.
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SIADH

»The osmotic threshold and osmotic response curves
for the sensation of thirst are shifted downward in
patients with SIAD,

»Hyponatremia in patients with SIADH is primarily due
to the intake of water that is not excreted.




Table 45-1 Causes of the Syndrome of Inappropriate Antidiuresis

Malignant
Diseases

Pulmonary Disorders

Disorders of the Central
Mervous System

Drugs

Other Causes

Carcinoma
Lung

Small cell
Mesothelioma
Oropharynx

Gastrointestinal
tract

Stomach
Duocdenum
Pancreas
Genitourinary tract
Ureter

Bladder

Prostate
Endometrium

Endocrine
thymoma

Lymphomas
Sarcomas

Ewing's sarcoma

Cerebrum

Hypothalamus

Infections

Bacternal pneumonia
Viral pneumonia
Pulmonary abscess
Tuberculosis
Aspergillosis
Asthma

Cwystic fibrosis

Respiratory failure associated with
positive-pressure breathing

Pituitary

Brain Stem

Cerebellum

Spinal Cord

Infection

Encephalitis

Meningitis

Brain abscess

Rocky Mountain spotted fever
AIDS

Bleeding and masses
Subdural hematoma
Subarachnoid hemorrhage
Cerebrovascular accident
Brain tumors

Head trauma
Hydrocephalus

Cavernous sinus
thrombosis

Other

Multiple sclerosis
Guillain-Barré syndrome

Shy-Drager syndrome

Drugs that stimulate release of AVP or
enhance its action

Chlorpropamide

S5RIs

Tricyclic antidepressants
Clofibrate
Carbamazepine
Vincristine

Micotine

Marcotics

Antipsychotic drugs
Ifosfamide
Cyclophosphamide
Monsteroidal anti-inflammatory drugs
MDMA (ecstasy)

AVP analogues
Desmopressin

Oxyhtocin

Vasopressin

Hereditary (gain-of-function mutations in the
vasopressin V, receptor)

Idiopathic
Transient
Endurance exercise
General anesthesia
Mausea

Pain

Stress

Small cell
carcinoma




Manifestations of hyponatremia

®» The symptoms of hyponatremia are primarily neurologic,
reflecting the development of cerebral edema within @
rigid skull.

» Nausea and malaise, serum sodium concentration falls
below 125 to 130 meqg/L.

» Headache, lethargy, obtundation and eventually seizures,
coma, and respiratory arrest can occur if the serum
sodium concentration falls below 115 to 120 meq/L.
Noncardiogenic pulmonary edema has also been
described.




Manifestations of hyponatremidicontinue)

®» The cerebral adaptation permits patients with chronic
hyponatremia to appear to be asymptomatic.

» This reduction in Iintracellular osmolytes is largely
complete within 48 hrs, the time period that clinically
defines chronic hyponatremia.

» Mild fo moderate hyponatremia may contribute to
fractures In  elderly patients. Patfients  with
hyponatremia are more likely to have osteoporosis

VY than patients without hyponatremia.




Acute vs Chronic Hyponatremia . Serum Na*

+  Symptomatic but less impaired (usually chronic) &y N L
» Life-threatening (usually acute) Onset
Acute (<48 h) Chronic (>48 h) E—

Symptoms include: , | -
Symptoms include: * Nausea/vomitiog amd 5\o g
ymp ' + Confusion or personality changes | "
* Cerebral edema + Fatue .
. i ‘\ 'y
. :lzl:":f; * Headache ,°"‘ “\Q

N * Neurological dysfunction ’

* Increased mortality risk J Fal it es

+ Seizures (with very low serum sodium levels)
s:zgr:?:::::;nvzimfs Rapid correction may cause brain dehydration and

osmotic demyelination syndrome
sequelae . No symptoms

Clinical status

BRAIN, KIDNEY ;

& PERIPHERALS héart., Medscape



Osmotfic
Demyelination
Syndrome (ODS)

» Osmotic Demyelination Syndrome
(ODS) s associated with  rapid
correction of hyponatremia or fluid
shifts, and Is characterized by
neurological involvement related to
pons, brainstem or other areas of the
brain. All possible measures should be
taken to prevent this serious disorder.
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Emergency therapy

®» Severe symptoms

®scizures or obtundation
» Hyperacute

®over just a few hours.

®» 0 4 1o 6 meg/L increase in the Na should be achieved as soon
as possible

100 mL of 3 percent saline given IV bolus

® |f severe neurologic symptoms persist or worsen, or if the serum
sodium is not improving, a 100 mL bolus of 3 percent saline can
be repeated one or two more times at 10-minute intervails.




Non-emergency therapy

» Severe hyponatremia (£120 meq/L):
» A slow |V hypertonic saline at 15 to 30 mL/hour,
» Correction rate of 6 meq/L per day.
» Asymptomatic patients with acute* hyponatremia:
» |V hypertonic saline (60 mL over 10 minutes).

» Two or three additional boluses of 50 to 100 mL of hypertonic saline can be
given if symptoms develop and/or the serum sodium does not improve.

= Should generally receive hypertonic saline.

» the total elevation in serum sodium should be 4 to 6 meq/L

*Hyponatremia developed within the previous 24 hours



Calculation of Na+ deficit

*Na+ deficit = 0.6 x Wt.x (target—plasma Na+)



Hypertonic saline

Indications 3 % saline Rate

Severe symptoms 100 mL IV bolus 4 to 6 meq/L increase as
soon as possible

acute* hyponatremia 50 mL over 10 minutes  total elevation 4 to 6 meq/L

<120 meq/L A slow IV hypertonic Correction rate of
saline at 15 to 30 6 meq/L per day
mL/hour




Rate of Correction

®» [reatment of acute symptomatic hyponatremia should
include hypertonic 3% saline (513 mM) to acutely
increase plasma Na+ concentration by 1-2 mM/h to a
total of 4-6 mM.

» Fvery effort should be made to keep the rise in serum
sodium less than 9 meqg/L in any 24-hour period.




Goal of Therapy

» The goal of therapy should not be a predefined serum
sodium level, as this will lead to overcorrection of
hyponatremia when the serum sodium concentration is
extremely low.

» Small (4 o 6 meg/L) increases in the serum sodium
concentration are sufficient; larger increases offer no
therapeutic advantage and only increase the risk of
osmotic demyelination.




Fluid restriction

®» [or the freatment of symptomatic or severe
hyponatremia in edematous states (such as heart failure
and cirrhosis), SIADH, and advanced renal impairment.

» |n general, fluid infake should be less than 800 mL/day.




Hypernatremia




Hypernatremio

» Plasma Nat concentration >145 mmol/L

®» Hypernatremia = hyperosmolality

Fixed number of ICF particles— /ICF Volume
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Response to tNa:

> Thirst

»AVP
Ll U vol + 1 Uosm




Etiology

Na

» Water loss:

= The majority of cases

Water

» Sodium gain




Efiology Sodium gain:

« Hypertonic NaCl

« NaHCO3

+ Ingestion of sodium

Na

Warter loss:

* Insensible losses
e Gl tract
 Renal water loss




MNa due to Water loss

Anatomy of the Kidney
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lApprooch To Hypernatremia
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SourceEs: Lanmgs DL, Faucl AS, EaspsEr L, Hausesr SL, JameEson JL, Lascalzs 1: Harrisan's
Frinciplhes of frrernal Medicine, 18th Edibion: www . acoess rmmed iclne . oo

Copywright & The MoeGransy-Hill Companless,. Imnc. Al rghts resaerved.



Approach to hypernatremia

eDiarrhea & vomting
ePolyuria
eFever

e ¢Salt intake

eHyper & hypovolemio

| oU/A=>SG=1.010
N (Uosm=10*35=350)




CLINICAL FEATURES

The major symptoms of hypernatremia are neurologic and include
altered mental status, weakness, neuromuscular irritability, focal
neurologic deficits, and occasionally coma or seizures.

A decreased brain cell volume is associated with an increased risk
of subarachnoid or infracerebral hemorrhage.

Osmotic damage to muscle membranes can lead to
hypernatremic rhabdomyolysis.



Remember

Persistent hypernatremia should not occur

in patients who are alert, have an intact

thirst mechanism, and have access to

water.




Treatment Of Hypernatremio




Treatment of Hypernatremia

Correct hypernatremia slowly to avoid
cerebral edema

Typically replacing the calculated free

water deficit over 48 h
N\

The plasma Na+ concentration should be |
corrected by no more than 10 mM/ad




TABLE 45-3 Management of Hypernatremia

Water Deficit

1. Estimate total-body water (TBW): 50% of body weight in women
and 60% in men

2. Calculate free-water deficit: {([INa*]-140)/140} x TBW
3. Administer deficit over 48—72 h, without increasing the plasma
Na- concentration by >10 mM/24 h

Ongoing Water Losses
4. Calculate electrolyte-free water clearance, C H_O:
Vii-U U
C¢H20 . ( P‘ + !)
NE
where V is urinary volume, U, Is urinary [Na‘], U, is urinary [K*], and
Py, IS plasma [Na’]
Insensible Losses
5. <10 mL/kg per day: less if ventilated, more If febrile

Total

6. Add components to determine water deficit and ongoing water
loss; correct the water deficit over 48—72 h and replace daily
water loss. Avoid correction of piasma [Na“] by >10 mM/d




. ‘ Calculation of Water Deficit
In case of sodium and water deficit
(Plasma Sodium-140)
Water Defict = —m—ovoou-— . XTBW
140
» Ongoing losses (insensible, renal) need to be added.



Treatment of Hypernatremia

» Safest route of administration of water is by mouth
or via a nasogastric fube.

» 59 dextrose in water or half-isotonic saline can be
given intfravenously.




Treatment of Hypernatremia

= CDI:
» Desmopressin
» |ow-salt diet + low-dose thiazide diuretic
= Stimulate AVP secretion or enhance its action:

» Chlorpropamide, clofibrate, carbamazepine, NSAIDs

= NDI:
» |ow-salt diet + low-dose thiazide diuretic
= NSAIDs
» Amiloride:
= NDI who need to be on lithium

» The nephrotoxicity of lithium requires the drug to be taken up into
collecting duct cells via the amiloride-sensitive Na+ channel.




