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OSMOLALIT Y AND VOLUME STATUS
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Normal serum osmolallty is usually[282 +/- 2|lmOsm/ kg H20. If no osmolal
gap exists from an acid alcohol ingestion, then measured osmolality should
be equal to calculated osmolallty, WhICh is (roughly):
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o Osmcalc = 2[Na+] + ( glucose[18) (BUNZZ g) "W
If glucose and(BUN lare normal, use 2 X (Na+] to quickly see if the patient's
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Antidiuretic hormone (ADH) is the common term for arginine vasopressin
(AVP). ADH is the primary regulator of renal water excretion; it is a
neurohypophysial hormone that acts on the late distal tubule and cortical
collecting duct to increase water permeability and mediate the urine
concentration.




7 ADH levels are regulated by several mechanisms. The 2 most
important are: R bty — elame AD 2

1) Osmoreceptors in th hypothalam\usrf
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2) Volume (s%retch) receptors in the le (and possibly in the
pulmonary veins) and blood ve;;eISabcw-Lw&a

The strongest stimulant for,ADH release is significant volume loss

resulting i e.g., hemorrhage. This stimulates both
the stretch receptors and baroreceptors.

plasma osmolality is a weaker but more sensitive stimulus for
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Arterial Baroreceptor Reflex Pathways
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Figure 3. A sudden decrease in arterial pressure decreases baroreceptor
firing, which activates sympathetic neurons and inactivates vagal neurons in
the medulla. The resulling increases in CO and SVR act as a negative
feedback mechanism to attenuate the fall in artenal pressure.




BARORECEPTOR REFLEX

4 Stretch on carotid sinus baroreceptors
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Volume status of the patient with a sodium abnonnality is critical in
determining the treatment. In general, if the patient is edematous, there is
volume overload. If the patient has the clinical signs of volume loss, there
is a volume deficit. If there is neither of these, the patient is considered
euvolemic.

Remember these clinical clues to hypovolemia: tachycardia, narrowed pulse
pressure, orthostatic hypotension, and resting tachycardia with
hypotension. Central venous pressure is low.



(&) ECF Volume Excess: Hypervolemia 3¢

Cardiovascular | Respiratory Skin Neurologic | Other
Changes | Changes Changes Changes | Changes
o 1 Pulse: full 1 respiratory Edematous Altered LOC.~  Urine:
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Image 4: Signs and symptoms of Hypervolemia



HYPONATREMIA
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Hyponatremia

Serum sodium < 135 mEq per L

Symptomatic (e.g.. confusion, ataxia, seizures,
obtundation, coma, resparatory depression)

Sewvere hyponatremia (see Figure 2)

Asymptomatic or mild symptoms
(e.q., headache, lethargy, dizziness)

Determine serum osmolality

v

Normal
280 to 285 mOsm per kg

Isotonic hyponatremia
{pseudohyponatremia)

.

Low
< 280 mOsm per kg

Hypotonic hyponatremia

Assess volume status

Assess for hyperproteinurnia

or hyperlpidema

Evaluate vital signs, orthostatics, jugular venous
pressure, skin turgor, mucous membranes, peripheral
edema, and bloocd urea nitrogen and uric acid levels

High
> 285 mOsm per kg

Hypertonic hyponatremia

Assess for hyperglycemia, check for
mannitol or sorbitol use or recent
administration of radiocontrast media

Hypovolemic {decreased total
body water and sodium level)

Urninary sodium Urinary sodium
> 20 mEqg per L < 20 mEqg per L

v v

Renal loss {(e.g., Extrarenal loss
from diuretics (eg.. from

or mineralo- vomiting, diarrhea,
corticosd third spacing, or
deficiency) bowel obstruction)

Isotonic saline Isotonic saline

(see Table 1 {see Table 1
for specific for specific
treatments) treatments)

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

Urinary sodium usually > 20 mEq per L

Urinary osmolality
> 100 mOsm per kg

Syndrome of
inappropeiate anti-
diuretic hormone
secretion, hypo-
thyrosdism, adrenal
insufficency,
stress, drug use

Fluid restriction

treatments)

'

Urinary Y
< 100 mOsm per kg

Primary polydip-
s:a, low solute
intake (beer poto-
mania syndrome)

Fluid restriction
{see Table 1

for specific
treatments)

Flusd restriction
(see Table 1
for speafic
treatments)

v

Hypervolemic (increased
total body water)

I
v .

Urinary sodsum Urinary sodium
< 20 mEq per L > 20 mEqg per L

v

Heart failure, Renal failure
cirrhosis, nephrosis,
hypoalbuminemaa

Flusd and sodhium
restriction, dialysis
(see Table 1 for
specfic treatments)

Diuresss, flusd and
sodium restriction
{see Table 1 for

specific treatments)
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Isoosmolar and Hyperosmolar

- .menzﬂff-“ C 11 potewn
as ' ma\tipe mylowa-

. Isoosmolar hyponatremia: An artifactual decrease in the serum Na+ associated with
a\sV /older lab instruments that miscalculated sodium in settings of high protein (e.g.,
jkw’"myeloma) or lipids. The current standard in laboratory practice is to use

’?'Wb“' ion- speC|f|ckeIectrodes thus eradicating this problem.
A Woees FemiA
o Hyperosmafar Both glucose and mannitol cause an osmotic shift of water out of

ceiis which dilutes plasma Na+. ( elevated BUN )

Remember: For each 10()/“%_nglucgse over 100 mg/dL, the sodium
concentration decreases by 1.6.

Low serum Na+ is the most common electrolyte abnormality. #eswelatity:
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By far, the largest low-Na+ subgroup is the hypoosmolar group. Note that the
terms hypo osmolar and hypotonic are interchangeable.

The low osmolality causes water movement into cells, leading to intracellular
swelling, which may result in neuromuscular excitability, seizures, and
coma-usually when the Na+ falls acutely ( < 120). If the sodium level
decreases slowly, the cells re-equilibrate and do not swell enough to cause
these symptoms. The hypoosmolar group is further subdivided by volume
status: low, high, and normal.
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Always think of the serum sodium concentration as the ratio of total
body sodium to water, with increased total body water content as the key
disorder in most cases of hyponatremia. Therefore, hypotonic
hyponatremia is a water problem. Whenever the serum sodium is low, it
means the patient has more water relative to total body sodium either
from loss of sodium, true water excess, or total body sodium excess that is
exceeded by water excess.

In the patient with hypotonic low Na+, the first thing to do is assess the
volume status, which is done clinically.

Volume status essentially reflects total body sodium content.
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Low Osmolality ... Low Volume (Hypovolemia) mesue the urne volume.

Low-volume patients have lost both water and Na+, but more Na+ than water.
This has several causes:
o Diuretics +wyesknl ovsructin  [renalloy’)

* Gl losses (Vomiting and diarrhea) ot venal osy  Cutine vilume > 27
e Third spacing of fluid "

(\.\( wna
e Adrenal InSUffICIEHCY (Add*s dlsease) o censl )osy Tufivie viluwa €267

In primary adrenal insufficiency, both cortisol and aldosterone are deficient.
The low aldosterone causes renal Na+ wasting and decreased K+ and H+
excretion, resulting in hypovolemia (sometimes with hypotension),
hyperkalemia, and metabolic acidosis. The low cortisol stimulates ADH
production, resulting in hyponatremia.
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Low Osmolality ... High Volume (Hypervolemia)

High-volume hyponatremic patients usually retain water and Na+, but more
water than Na+. These patients have dependent edema and JVD.

Causes of low osmolality, high-volume status include:

e Edema-forming states: heart failure, cirrhosis, and nephrotic syndrome _lye-«toumens
|

e Kidney failure: acute or chronic

C renul (e

ertra vewa\ i



Normal treatment is restriction of water and Na+.

Lithium and demeclocycline can improve hyponatremia by inducing
tubular resistance to ADH, but should not be used routinely because they
can lead to chronic kidney disease. Also, avoid chronic, oral thiazide
diuretics because they impair urinary-diluting ability, which can worsen
hyponatremia. Loop diuretics can be very effective in patients with
high-volume hyponatremia.

It's easy to precipitate acute kidney injury with rapid diuresis of a
high-volume cirrhotic patient. Cirrhotics tend to have a low GFR, even with
a normal serum creatinine.

They have decreased muscle mass, so a decrease in their GFR is not
necessarily reflected in their serum creatinine concentration.
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Low Osmolality ... Normal Volume (Euvolemia)

SIADH euovilemic hypntonic hyprnadremia & 10DH [Concentrated orine)

Normal-volume patients usually have SIADH or are taking drugs that either mimic ADH or cause ADH
release.

Know that pain and chronic nausea are potent natural stimulators of ADH release.

Normal-volume hyponatremia also can be caused by psychogenic polydipsia (but in a patient with
normal renal function and solute intake, it takes over 15 Llday of water intake to produce
hyponatremia), hypothyroidism, and isolated glucocorticoid deficiency.

Causes of SIADH include the following:
"¢ CNS disease (e.g., meningitis), wfectis-, enchyphali ¥is
% Lung disease (e.g., pneumonig) ~r¢lesie ADH— STADR-
e Neoplasms (especially small cell lung cancer)
% Drugs C release poB - ACTH
G camshkmés.

STADH
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Most common drugs associated with SIADH:
’o\'f‘)\{. NSAIDS o mephire - ankibiskie @22
. be Dimbetu Weprdas- + Qartwl Cowyulsion
e SSRis— ol o bt e
daare ) .
e Carbamazepirié and oxcarbazepine —
e Psychotropic drugs: haloperidol, amitriptyline Ciricgxe ami depressart]
* |V cyclophosphamide~—
* VincristineNinblastine .—
* Cisplatin «— fot e Dbt mciprs-

* Chlorpropamide (now rarely used)
e Ecstasy (methylenedioxymethamphetamine)




Drugs (Enhance ADH release or effect)
Anti-diabetic drugs

Chlorpropamide
Anti epileptic drugs

Carbamazepine, oxcarbazepine

Sodium valproate

Selective serotonin reuptake inhibitors (eg, fluoxetine, sertraline)
Anti cancer drugs

Vincristine, vinblastine, vinorelbine

Cisplatin, thiothixene

Melphalan, ifosfamide, methotrexate

Cyclophosphamide- intravenous
Antipsychotic drugs

Thioridazine

Haloperidol

Amitriptyline

Monoamine oxidase inhibitors
Pain killers

Opiates

Nonsteroidal antiinflammatory agents
Exogenous hormone administration

Vasopressin, desmopressin (dDAVP) or oxytocin
Miscellaneous

Interferon-alpha, interferon-gamma

Bromocriptine

Amiodarone

Ciprofloxacin

High-dose imatinib

“Ecstasy” (methylenedioxymethamphetamine)!7-20i

SIADH: Syndrome of inappropriate secretion of anti diuretic hormone



Diagnose SIADH by comparing the urine and serum osmolalities. The normal
response to hyponatremia would be to excrete free water in the urine;
e.g., healthy patients would have a low serum osmolality and a low urine
osmolality (< 200 mOsrn/L) because they are making dilute urine; this is
what you see in psychogenic polydipsia. In SIADH, however, the urine is
inappropriately concentrated (> 250 mOsm/L) in the setting of a low
serum osmolality. The patients are not excreting free water, so the serum
osmolality is low, but the urine osmolality is high.



The mechanism for ADH release in moderate-to-severe hypothyroidism is
decreased cardiac output, which stimulates the carotid baroreceptors.
Rule out hypothyroidism and glucocorticoid deficiency in all patients with
hyponatremia before making a diagnosis of SIADH because both causes
can have low serum osmolalities and high urine osmolalities-more
commonly seen in SIADH. Sometimes you cannot tell the difference using
these tests, so look for the hormone deficiencies in everyone first, before
diagnosing SIADH.



o dN LV Schwartz diagnostic criteria for SIADH
Decreased measured serum osmolality (<275 mOsm/kg H,O)
Clinical euvolemia
Urinary osmolality >100 mOsm /kg H,O
Urinary [Na+] >40 mmol/L with normal dietary sodium intake
Normal thyroid and adrenal function.
Normal renal functions
Exclude use of diuretic agents within the week prior to evaluation
No hypokalemia, no acid base disorders
Supporting diagnostic criteria for SIADH
Serum uric acid<4 mg/dL
Blood urea nitrogen <10 mg/dL
Fractional sodium excretion >1%; fractional urea excretion >55%
Failure to improve or worsening of hyponatremia after 0.9% saline
infusion
Improvement of hyponatremia with uid restriction

SIADH: Syndrome of inappropriate secretion of anti diuretic hormone
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Figure 4-2: Causes of Hypotonic Hyponatremia




Thiazide Diuretics

Thiazides also can cause euvolemic low osmolality hyponatremia via several
possible mechanisms, both ADH-related (by inducing mild volume
depletion and directly stimulating ADH release) and non-ADH-related (by
impairing urinary dilution in the early distal tubule). Elderly patients are
highly susceptible to this effect of thiazides.



Treatment of Hyponatremia

ol‘fend on HAaCause .
Treat asymptomatic hyponatremia (no CNS changes) based on etiology:

e Normal serum osmolality hyponatremia: This is artifact and does not require
treatment.

e High osmolality hyponatremia: sometimes attributable to glucose or

mannitol. Treating the underlying disease process (e.g., DKA) normalizes
the sodium with time.

e Low osmolality and:
o Hypovolemic: normal saline to replenish deficit
(watch for over-rapid correction!).
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o Hypervolemic: fluid res-t/ri jon(- 800 cc/day) o P\uid resteicyion-

+/-loop diuretics. fiee ¥
o Euvolemic: SIADH is treated with fluid restrictigh (- 800 cc/day). Refractory
cases can be treated with an ADH receptor antagonist, such aslconivaptan)

of{tolvaptan/Treat hypothyroidism or glucocorticoid deficiency with
appropriate replacement. et A Gaone
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If the symptoms of hyponatremia are (e.g., neurologic symptoms such

as Ietharg@gﬂus@n, coma, seizures) and the patient is not hypovolemic,

treat with 3% saline. Correction of hyponatremia should never exceed 9
or CA_\\d cenyral Povlive mydySe —

mEQq/L over 24 hours due to the risk of osmotic demyelination syndrome
(See next slide )'oyno-\k digw ivedie-2 0'9}1 dBr 6 O (RF) Ird e Z B (ool Zi_',- A G-

i;jm'(orw--' 3 e

Q}/OG?J'QJ\.S:—‘_,—J 0\3_?&(-5_‘"&5.@5'_"/ ns ot 125 0 I F\ i \2e OB (el 1235 (o pa Nobdx
n i - o o S S3 L S TS

,g/ B vl 0.0 2 (3 omel C'.J- Qd' Bram Y ¢ anh ewl»acnm (ke 2u-0 Sy (e { OV

Cw, fuafa 6 Ny @sr 252D LW W TR LT ads oZaiy V2o N L I Corr o

« DSVVIQ‘\‘\'Q JZWJ\"W&fv cdﬂc’{oml. s e P"\' Pmsen‘rea\ wikh L'z 120 andwe treatbing ;ﬂ&X“‘ d&j e wd’ beome:- 126 e =

ﬂ/"'“ u“j °)§"UZ{/".G&(@'G-’ t.@"“"“' Pﬂ{"\la-\'-i -ob)q,:\\«r\‘a J U:P\_?m 4'_"‘_}\,/& &
L irreveCsable quade: P\Qa"q'_

Qotarcas® 1.,



. ° 32 . \ . - SCVCY'E. . . d‘_
\oo ct \yeM-C %3’2,/ ﬂsful\ccgr(,lpb >\e ~ o (0oce “Oﬁlt‘-‘;“\'\Q Sn‘mLQ:Q_y & Lme ~e\tae - «]e}\jphnqknm.q(,g}f k—"ﬂ‘

. _ . . h
sre  wAT looct Soperonic Q> 37 (s el -l L\e ¥ I \Ca, severe yPemaicns
e v

[éa= -2 21

el 0 [ L6 N4 33 oy ovceligpertonic Salius $3
Standard therapy: Give enough 3% saline to increase the serum sodium by 6=8_
—_——
mEq/L over 24 hours.

For severe symptoms (seizure, coma), a 100 mL bolus of 3% saline is
recommended to quickly raise the serum sodium by 2-3 mEq/L. If symptoms
persist, 2 more boluses can be given in 10-minute intervals.

For moderate symptoms (confusion, lethargy) and suspected SIADH, hypertonLcK o
saline can also be used. A reasonable initial rate is 0.5-1.0 mL/kg lean body ':fo.aa.:';f);
weight/hour. The serum sodium should be checked frequently (every 2-4
hours) and the rate adjusted to achieve the target correction of 6-8 mEq/L
over 24 hours. Watch carefully for the abrupt onset of a water diuresis, which
can cause the serum sodium concentration to rise too fast, especially in
patients with psychogenic polydipsia, hypovolemic hyponatremia, and
hyponatremia due to thiazide diuretics.



Osmotic demyelination syndrome was previously referred to as central
pontine myelinolysis because it is most prominent in the pons. If the
sodium concentration is raised too rapidly, the cells can shrink (water
rushes out of cells into the blood stream, where the osmolality has risen),
potentially causing this demyelination syndrome. This rare effect is more
likely to occur in the patient with chronic, severe hyponatremia (Na+ < 115
mEq!L for > 2 days) whose sodium is corrected rapidly(> 10 mEq!L over 24
hours). Symptoms are delayed by about a week, compared to the rise in
the sodium concentration, and are usually not reversible. Presentation
includes speech and swallowing difficulties, weakness or paralysis,
cognitive deficits, and coma. Seizures occasionally occur.



A related cause of severe and sometimes symptomatic hyponatremia is
exercise-induced hyponatremia, reported in marathon and other
endurance exercise participants and caused by both nonosmotic
production of ADH and excessive intake of hypotonic fluids.

3% hypertonic saline should be promptly administered when diagnosed.



HYPERNATREMIA



?Can You Drink Too I\/Iuch Water




Overview

Severe hypernatremia is fairly rare but always represents a water deficit. It
does not occur unless the patient is unable to get to water (debilitated or
H20 unavailable) or the thirst mechanism is defective. Unlike
hyponatremia, these patients are always hyperosmolar, so the 1st step is
determining volume status. Low volume implies water and total body Na+
loss (water deficit exceeding Na+ deficit).

Treat severe hypovolemic hypernatremia with normal saline first to correct
the volume deficit, and only then with hypotonic fluids to further replace
the water deficit.

Remember: Even normal saline has a lower osmolality than serum in a
patient with hypernatremia.



Cellular swelling can occur from too rapid correction of any severe
hyperosmolar state, such as hypernatremia, nonketotic hyperglycemic
coma, and severe uremia. (These are just the variables in the osmolality
equation.) Cellular swelling can cause cerebral edema, seizures, and coma.
So be careful with the fluid rate and measure serum sodium frequently



High-volume hypernatremia:

This is unusual and typically not serious. It most often occurs with
mineralocorticoid excess, such as primary hyperaldosteronism. Usually, the
only time a serious result occurs is after giving large amounts of sodium
bicarbonate or hypertonic saline during advanced cardiac life support.

Treat with loop diuretics and free water.



Normal-volume hypernatremia is most often seen in patients with diabetes insipidus
(01) and reduced access to water (and thus become hypernatremic) but have not
yet developed frank volume depletion.

Typical DI patients with normal access to water have normal or borderline-high serum
Na+ levels because they are constantly drinking water (hyperosmolar, and
therefore always thirsty). Their primary complaint is usually polyuria and
polydipsia.

Think of central DI in the patient with high Na+ and high urine volume who also has a
history of recent neurosurgery, head trauma, or brain cancer/metastases.
Otherwise, Dl is typically nephrogenic DI (also called "ADH resistant").

Nephrogenic DI can be hereditary, with most cases presenting in childhood (mutations
in the vasopressin 2 receptor or aguaporin 2 genes) or due to:

hypercalcemia (serum Ca2+ > 11 mg/dL),
chronic hypokalemia (serum K < 3 mEqg/L),
intrinsic renal disease (especially Sjogren syndrome),

W e

drugs (especially lithium).



? Water Restriction Test

The water restriction test not only diagnoses DI but also
differentiates between central and nephrogenic types.

In a healthy person, when plasma osmolality increases to 295, ADH
level is high and urine is maximally concentrated(> 700 mOsm/L).

In central DI, even with water restriction, the ADH stays low and the
urine dilute.

Treat mild cases of central DI with thiazides and salt restriction.
Chlorpropamide and carbamazepine can be used in cases of partial
central DI, when desmopressin might be too potent or limited in

supply. These drugs stimulate further ADH production if the
patient has a partial defect.



Treat more resistant central DI with oral or intranasal desmopressin
(synthetic vasopressin analog). Because the kidneys immediately
respond to ADH, giving desmopressin results in a quick increase of
the urine concentration and reduction in urine output. The
intranasal preparation is the most potent. Be careful to titrate the
dose properly and counsel the patient to drink only when thirsty,
because volume overload and hyponatremia can easily occur (i.e.,
drug-induced SIADH).



In nephrogenic 01, the ADH is appropriately high, but the urine
is dilute: The collecting duct is resistant to the effect of ADH.
Giving extra ADH (desmopressin) does not increase the
concentration of the urine. Treat nephrogenic DI with
thiazide diuretics or amiloride. NSAIDs are used to treat rare
hereditary forms.

Remember: SIADH (high ADH) usually presents as
hyponatremia with normal volume. DI typically presents as
polyuria/polydipsia, with or without hypernatremia, also
with normal volume!.



Urine Osmolality

Urine osmolality can range from 50- 1,200 mOsm/L. To make sense of the
osmolality, you must also know the urine output (L/d). Multiply the
osmolality x output (1 kg = 1 L) to get total osmoles output per day.
Normal is about 500. This is important in the case of a patient with high
Na+ and high urine output. If the 24-hour solute output is > 900 mOsm,
think of an osmotic cause of the hypernatremia (e.g., hyperglycemia);
whereas in DI, the 24-hour osmoles are normal, so the urine is very dilute.



C Hypernatremia )

Low ECF Volume High ECF Volume
I Na Hwater ftNa twater
Renal losses Non-Renal Salt water drowning
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I Y
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Figure 4-3: Causes of Hypematremia
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