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Osmolality

Number of particles (osmoles, Osm) dissolved in solution.

» Water moves between body compartments along osmolal gradients from an
area of lower osmolality to an area of higher osmolality

» Only effective osmoles (substances that do not freely cross cell membranes)
induce a water shift

Predominant effective osmole: sodium
Ineffective osmole (does not induce fluid shift): urea

» The body attempts to regulate osmolality primarily via retention or
excretion of water, not osmoles (i.e., sodium, Na+)




Sodium and Water Balance

» Sodium:

» As the major extracellular cation, Na+ is the predominant solute contributing to
osmolality

» Na+ is actively pumped from the intracellular to the extracellular space

» Na+ leaves the body primarily through urinary excretion, which is tightly
regulated

» Serum osmolality may be estimated using the following equation:
» Serum osmolality =

[2xserum Na (mEq/L)]+[blood urea nitrogen (mg/dL)/2.8]+[glucose (mg/dL)/18]




Sodium and Water Balance

» Water:
» Total body water (TBW) represents 60% of body weight in men and 50% in women

» TBW is distributed:
» Intracellular 2/3
» Extracellular 1/3

b Interstitial 3 of extracellular

» Intravascular % of extracellular

Water losses occur via the kidney, Gl tract, skin, and respiratory tract

Renal water excretion is tightly regulated via concentration or dilution of urine
500 to 1000 mL/day lost through skin and respiratory tract (“insensible losses”)

Thirst is an essential mechanism for preventing and correcting a water deficit
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Stimulated by hypovolemia and an elevated serum osmolality




Sodium and Water Balance

» Aldosterone:

» Mineralocorticoid produced in the zona glomerulosa of the adrenal glands

» Major actions are to stimulate Na+ reabsorption and potassium (K+) secretion in
the renal collecting tubule.

» Hydrogen (H+) secretion is increased due to the electronegative lumen generated
by Na+ reabsorption.

» Aldosterone release is stimulated by:
» Hyperkalemia

» Angiotensin

» The renin-angiotensin-aldosterone axis modulates Na+ retention and excretion to
regulate total body volume (and hence blood pressure)




Sodium and Water Balance

» Antidiuretic Hormone (ADH, Vasopressin):
» ADH is the principal hormone regulating osmolality

» ADH increases water reabsorption from the collecting duct lumen back into the
circulation

» ADH present: concentrated urine; smaller urine volume
» ADH absent: dilute urine; larger urine volume

» ADH release from the posterior pituitary is stimulated by:
» Increases in plasma osmolality as small as 1%
» Pain, nausea, multiple medications

» Greater than or equal to 10% decrease in effective circulating volume




Sodium Disorders




HYPONATREMIA




HYPONATREMIA
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Serum Na+ concentration less than 135 mEq/L
Most common electrolyte disturbance in hospitalized patients
Can occur with low, normal, or high total body Na+

hyponatremia requires the presence of too much water relative to the
quantity of total body Na+

Clinical Presentation:
» Not all hyponatremia is symptomatic

» Signs and symptoms are due to swelling of the central nervous system (CNS)

As serum osmolality falls, water shifts intracellularly to an area of higher
osmolality until an osmolal gradient no longer exists




HYPONATREMIA | Clinical Presentation

Signs and Symptoms of Hyponatremia

Mild Moderate Severe
[Na+] = [Na+] = [Na+]
125-135 mEq/L 120-125 mEq/L <120 mEq/L
* Anorexia « Agitation * Seizures
« Apathy « Disorientation « Coma
» Restlessness  Headache » Areflexia
* Nausea » Cheyne-Stokes
« Lethargy respirations
* Muscle cramps * Incontinence

 Death




HYPONATREMIA

Determine serum osmolality

Y A y

Normal (280-295 mOsm/kg) Low (<280 mOsm/kg) High (>295 mOsm/kg)
Iso-0sMOLAR HYPONATREMIA Hvpo-osMoLAR HypER-0sMoLAR HYPONATREMIA
* Pseudohyponatremia HypoNATREMIA * Hyperglycemia _
* |[so-osmolar infusion of non-Na * Hyper-osmolar infusion of
containing fluid non-Na containing fluid
i vy vy
HypovoLEMIC EuvoLEmic HyPERVOLEMIC
Measure urine sodium Measure urine sodium Measure urine sodium
4 Y Y h Y |
<10 mEa/L >20 mEa/L <10 mEo/L >20 mEa/L <10 MmEo/L >20 mEa/L
Extra-RenAL Losses RenaL Losses » Free water * Hypothyroidism « Congestive » Acute and chronic
* Diarrhea, vomiting * Recent diuretics intoxication * Adrenal insufficiency heart failure kidney disease
* Remote diuretics * Adrenal insufficiency * Reset osmostat » Cirrhosis
* 3rd spacing * Renal tubular acidosis * Syndrome of ¢ Nephrotic
« Salt wasting nephritis inappropriate syndrome
* Partial obstruction antidiuresis (see
Box 32-1)




HYPONATREMIA | Diagnosis and
Evaluation

» Determine osmolality
» Normal

» Pseudohyponatremia: Hyperlipidemia and hyperproteinemia

» can cause an artifactual decrease in measured serum Na+.

» The true serum Na+ concentration is normal.

» Asymptomatic; exclude before pursuing evaluation of hyponatremia
» High

» Osmotically active particles may pull water into the extracellular space, creating a dilutional
hyponatremia

» Examples: glucose, mannitol, maltose

» For every 100-mg/dL increase in glucose above 100, serum Na+ decreases around 1.6 to 2.4
mEq/L

» Low

» Characteristic of most cases of hyponatremia




HYPONATREMIA | Diagnosis and
Evaluation

» Determine volume status
» Findings suggestive of hypovolemia
» Hypotension, tachycardia, dry mucous membranes, skin tenting, absence of edema

» Findings suggestive of hypervolemia

» Edema, elevated jugular venous pressure, crackles, S3 heart sound, pulmonary edema




HYPONATREMIA | Diagnosis and
Evaluation

» Evaluate urine indices

» Can be seen in hypovolemia or hypervolemia (congestive heart failure, cirrhosis)
» Urine Na+ less than 10 mEq/L

» Fractional excretion of sodium (FENa) less than 1%: [(Urine Na + x serum creatinine) / (Serum Na
+ x urine creatinine)] x 100

» Urine osmolality greater than serum osmolality
» Suggestive of euvolemia or recent diuretic use
» Urine Na+ greater than 20 mEq/L
» Special consideration: Syndrome of inappropriate antidiuresis (SIADH)
» Must exclude known stimuli of ADH release before labeling idiopathic
» Must be clinically euvolemic
» Urine sodium greater than 20 mEq/L

» Urine osmolality greater than serum osmolality




HYPONATREMIA | Diagnosis and
Evaluation

Causes of Syndrome of Inappropriate Antidiuresis

>
>
>

Idiopathic
Pulmonary disease

Ectopic ADH fproductlon e.g., small cell
carcmoma of lung)

Infections: meningitis, encephalitis,
abscess, VZV

Vascular: subarachnoid hemorrhage,
CVA, temporal arteritis

Severe nausea/vomiting

Drugs: SSRIs, narcotics,
cyclophosphamide, chlorpropamide

Ecstasy ingestion (aggravated by copious
fluid intake)

>
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HIV

Prolactinoma

Waldenstrom macroglobulinemia
Shy-Drager syndrome

Delirium tremens

Oxytocin

Marathon runner




HYPONATREMIA | Treatment

Treat underlying cause
Hypovolemic hypo-osmolar: Isotonic saline

Hypervolemic hypo-osmolar: Fluid restriction, diuresis, dialysis
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Euvolemic hypo-osmolar: Fluid restriction, consider use of V2 receptor
antagonists, address any contributing medical condition

» V2 receptor antagonists (“vaptans”)
Block the V2 ADH receptor in collecting duct
Only for use in euvolemic (SIADH) and potentially hypervolemic disorders

Results in aquaresis without significant natriuresis

Hyponatremia will reoccur with discontinuation of drug if underlying cause not addressed

vV v.v Vv

Demeclocycline is an older therapy to antagonize ADH action that is rarely used




HYPONATREMIA | Treatment

» Severe CNS symptoms (e.g., seizure, obtundation):

» Raise Na+ concentration 1 to 2 mEq/L/hr with 3% saline until symptoms abate

» Rate of correction is usually proportional to rate at which hyponatremia
developed

» Chronic hyponatremia (>24-48 hours):

» Raise Na+ concentration 0.5 to 1 mEq/L/hr and no more than 8 to 10 mEq/L in 24
hours

» Acute hyponatremia (<24-36 hours):

» Can raise 1 to 2 mEq/L/hr usually without the need for 3% saline unless severe CNS
symptoms are present

» Rapid correction can result in prompt cerebral dehydration and irreversible
osmotic demyelination of the CNS (i.e., central pontine myelinolysis)




HYPERNATREMIA




HYPERNATREMIA

Serum Na+ concentration greater than 145 mEq/L

Thirst is the major defense against the development of hypernatremia

Usually requires impaired access to water If free access to water is present,
consider impaired thirst mechanism

Most cases occur in hospitalized patients

Classic outpatient presentation: Elderly nursing home resident with
underlying infection




HYPERNATREMIA | Clinical Presentation

Signs and symptoms are due to dehydration of the CNS

» As serum osmolality rises, water flows from inside cells of the CNS into the
extracellular space along the osmolal gradient

» Patients may experience:
» restlessness, irritability, lethargy
» muscle twitching, hyperreflexia, spasticity

» in severe cases, intracranial hemorrhage




HYPERNATREMIA

Hypernatremia

Look for combination of factors

Disorders of fluid intake
» |[mpaired access to water
* Primary hypodipsia

* |ngestion of sea water

-

Disorders of fluid loss

* Diabetes insipidus

* Hypotonic fluid loss
(e.q., diarrhea, sweating, NG
suction, loop diuretics)

* Osmotic diuresis

* 3rd space losses




HYPERNATREMIA | Diagnosis and
Evaluation

» Special consideration: Diabetes insipidus (DI)

Insufficient ADH action leads to polyuria and free water loss
Central: Lack of pituitary ADH production

Nephrogenic: Renal resistance to ADH action

High-normal to high serum Na+ concentration with

low urine osmolality (<300 mOsm/kg)
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Differential diagnosis—Rule out polyuria due to:
» Primary polydipsia
» Diuretics
» Osmotic diuresis (e.g., hyperglycemia)
>

Major causes of DI include pituitary tumor or apoplexy, lithium, hypercalcemia, hyperkalemia,
and pregnancy




HYPERNATREMIA | Treatment

» Address underlying cause
» Overly rapid correction can result in cerebral edema

If evidence of circulatory collapse, first correct hypovolemia with isotonic
saline

» To calculate free water deficit:

Free water deficit = TBW x [(Serum sodium concentration / 140) - 1]

Decrease serum Na+ concentration approximately 0.5 mEq/L/hr and no more
than 8 to 10 mEq/L in 24 hours




Potassium Disorders




POTASSIUM BALANCE

K+ is the major intracellular cation
Intracellular K+ is maintained at a high concentration by the 3Na,2K-ATPase pump
95% to 98% of total body K+ is stored intracellularly

80% of K+ excretion occurs via the kidney, with the remainder in the stool and
sweat

Renal K+ excretion increased by aldosterone
Increased Na+ and water delivery to the distal nephron increases K+ excretion
» Disorders of K+ concentration occur via:

vV vyVvyy

vV Vv

» Gain or loss in total body K+ stores
» Shifts between intracellular and extracellular compartments

» Changes in the electrical potential of cellular membranes lead to the major signs
and symptoms




HYPOKALEMIA




HYPOKALEMIA

» Serum K+ concentration less than 3.5 mEq/L

» In the absence of intracellular shifting, hypokalemia implies low total body
K+ Most commonly results when K+ losses exceed intake

» More rarely may result simply from inadequate daily intake




HYPOKALEMIA | Clinical Presentation

» May result in fatigue progressing to muscle weakness and arrhythmia,
followed by tetany or rhabdomyolysis at K+ less than 2.5 mEq/L and then
paralysis when less than 2 mEq/L

» Cardiac conduction is affected, resulting in T-wave flattening, the
development of U waves, and arrhythmias (e.g., atrial tachycardia,
atrioventricular dissociation, ventricular tachycardia, and ventricular
fibrillation)

» Risk of arrhythmia is increased in the presence of high concentrations of
digoxin

» Hypokalemia may increase the risk of osmotic demyelination when
correcting hyponatremia

» If neurologically stable, correct hypokalemia before correcting
hyponatremia




HYPOKALEMIA

Normal

potassium Potassium
4 mEqg/L 3.5 mEq/L

Potassium
3 mEqg/L

Potassium
2.5 mEg/L




HYPOKALEMIA | Diagnosis and Evaluation

» Evaluate for spurious hypokalemia, intracellular shift, and inadequate
intake

» Spurious hypokalemia due to increased uptake after venipuncture when
leukocytosis greater than 100,000 cells/mm3 is present

» Intracellular shift due to insulin, B-receptor stimulation, or alkalosis

» Classic example of intracellular shifting is hypokalemic periodic paralysis

» Autosomal dominant inheritance—mutations in CACNA1S (Ca2+ channel) or SCN4A
(Na+ channel)

» Onset in childhood to adolescence

» Attacks last for minutes to days and are of longer duration than in hyperkalemic
periodic paralysis

» Acquired form may be seen in thyrotoxicosis




HYPOKALEMIA | Diagnosis and Evaluation

» Renal K+ wasting

» Urine K+ concentration greater than 25 to 30 mEqg/day or spot greater than 20
mEgq/L in the presence of normal urine output

» Extrarenal K+ wasting

» Urine K+ concentration less than 25 to 30 mEqg/day or spot less than 15 mEq/L in
the presence of normal urine output




HYPOKALEMIA

Exclude intracellular shift, inadequate intake,
and spurious hypokalemia

Measure urine potassium Elevated blood pressure
Y Y
Extrarenal losses Renal losses Y
K < 25-30 mEg/day K > 25-30 mEg/day T Renin activity 1 Renin activity
(spot < 15 MEQ/L) (spot > 20 mEQ/L) [ Normal to low blood pressure
| * | |
y A « Renovascular T Aldosterone L Aldosterone 1 !
* Diarrhea, laxatives Normal to low High blood hypertension
» Extreme sweating blood pressure pressure || * Reninoma l l Nscgmﬁ_ll %Ecc:gga:tzd Incgieczsrebgrf;?m
* Primary = Apparent I
hyperaldosteronism mineralcorticoid Y
. m * Renal tubular acidosis Urine chloride Urine chloride
* Anion gap acidosis < 15 mEg/L > 30 mEg/L
. m’i““ (e.g., ketone body excretion)
r;% - + Medications (e.g.,
synd cisplatinum, amphotericin) \i Y
« Diuretics  Diuretics
(remote) (recent)
+ Vomiting * Bartter
+ Nasogastric syndrome
suctioning * Gitelman
syndrome




HYPOKALEMIA | Treatment

» Investigate and treat underlying cause

» Nature of treatment determined by degree of hypokalemia and presence or
absence of symptoms

» Patients at increased risk of arrhythmia (e.g., digoxin therapy, coronary artery
disease) merit more aggressive treatment

» In patients with total body depletion, serum K+ concentration of 3 mEq/L
represents loss of approximately 200 to 300 mEq of K+

» K+ concentration 3 to 3.5 mEq/L: Prevent further K+ loss and consider oral repletion

» K+ concentration less than 3 mEqg/L: Intravenous K+ repletion with cardiac monitoring
should be considered

» Hypomagnesemia and hypocalcemia may render correction of hypokalemia more
difficult and should be addressed prior to K+ repletion

» In patients with impaired renal function, intravenous K+ repletion can lead to
unpredictable serum concentrations and should be utilized with caution




HYPERKALEMIA




HYPERKALEMIA | Clinical Presentation

Serum K+ concentration greater than 5.5 mEq/L

Rarely caused by excess intake alone, as normally functioning
kidneys have a substantial excretory capacity

Mild elevations (5.5-6 mEq/L): Usually asymptomatic

Greater than 6.5 mEqg/L: Progressive weakness, muscle aches, areflexia,
paresthesia’s, electrocardiogram (ECG) Changes

Greater than 7 mEq/L: Paralysis, respiratory failure, life threatening arrhythmias

vV vy VvyYyy
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ECG changes are not a sensitive marker for presence or severity of hyperkalemia
» 6 to 7 mEq/L: Peaked T waves (height >5 mm)

» 7 to 8 mEq/L: Widening of QRS complex, prolonged P-R interval with flattening of P
wave

» Greater than 8 mEq/L: Atrial standstill, progressive QRS widening[ and fusion with T
wave to form sine wave pattern, ventricular tachycardia and fibrillation




HYPERKALEMIA

Potassium 6—-7 mEg/L Potassium 7-8 mEg/L Potassium >9 mEq/L

Lead |
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HYPERKALEMIA | Diagnosis and
Evaluation

» Evaluate for extracellular shift and pseudohyperkalemia

» Pseudohyperkalemia may occur with:
» Hemolysis during venipuncture
» Leukocytosis greater than 100,000 cells/mm3 or

» thrombocytosis greater than 500,000 cells/mm3. Plasma (as compared to serum)
K+ should be normal.

» Classic example of extracellular shifting is hyperkalemic periodic paralysis
» Autosomal dominant inheritance—mutation in SCN4A Na+ channel
» Onset early in life

» Attacks more frequent and of shorter duration than with hypokalemic periodic
paralysis




HYPERKALEMIA | Diagnhosis and
Evaluation

Evaluate for mechanisms of impaired renal excretion
Calculate transtubular potassium gradient (TTKG):
TTKG = (Urine K/ Plasma K) / (Urine Osm / Plasma Osm)

Value less than 5 suggests hypoaldosteronism or K+ secretory defect in setting
of urine Na+ greater than 25 mEq/L and urine osmolality greater than plasma

osmolality
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» True utility of TTKG, however, is often quite limited




HYPERKALEMIA

Rule out pseudohyperkalemia

1

medications
* Blood transfusion

* Heparin
» Aldosterone resistance
— Sickle cell, renal obstruction
— Potassium-sparing diuretics
— Trimethoprim, pentamidine
* Hyporenin hypoaldosteronism
— Diabetes mellitus
—Type IV RTA
— NSAIDs, cyclosporine,
B-blockers
» Ureterojejunostomy
» Pseudohypoaldosteronism
— Genetic mutation (3 types)

Y "
Increased Decreased Extracellular
ingestion/administration excretion shift
» Potassium-containing » Adrenal insufficiency * Cell lysis
salt substitutes * ACE-l, ARB, direct renin —Rhabdomyolysis
* Potassium-containing inhibitor —lschemia

—Hemolysis/tumor lysis

+ Non-organic acid acidosis

* Hypertonicity
—Hyperglycemia, mannitol

* Hyperkalemic periodic
paralysis

* [3--Receptor blockade

* g-Adrenergic receptor
stimulation

* Succinylcholine




HYPERKALEMIA | Treatment

» For K+ greater than 6.5 mEq/L or in the presence of ECG changes, administer
IV calcium to decrease myocardial excitability

» Decrease intake of K+
» Examine medications and dietary factors high in K+

» Avoid medications that inhibit K+ secretion

» Shift K+ intracellularly
» Correct hyperglycemia, if present

» 10 units of regular insulin administered intravenously with an ampule of 50%
dextrose in water (D50W) to prevent hypoglycemia

» Consider IV bicarbonate, although effectiveness is marginal




HYPERKALEMIA | Treatment

» Increase K+ elimination from the body

» Oral or rectal administration of a K+ exchange resin, sodium polystyrene sulfonate
(SPS). One gram binds approximately 1 mEq K+ in vivo.

» SPS is ineffective in patients with prior colectomy
» Loop diuretics may be of utility in a stable patient with mild hyperkalemia

» Dialysis if severe and life-threatening




Thank You
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