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Hyponatremia: The Big Picture

The clinical 
algorithm

Greenberg
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There are many out there…

Up-to-date

Let’s walk through an NCCU example case
• 58 yr old man comes in with diffuse SAH

• Na starts to downtrend on daily BMP
• 141, 137, 132…
• What could be going on?
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Sx to look out for:
• mild ([Na] < 130 mEq/L) or gradual hyponatremia: 
anorexia, headache, difficulty concentrating, irritability, 
dysgeusia, and muscle weakness. 

• severe (< 125 mEq/L) or a rapid drop (> 0.5 mEq/hr:) 
neuromuscular excitability, cerebral edema, muscle 
twitching and cramps, nausea/vomiting, confusion, 
seizures, respiratory arrest and possibly permanent 
neurologic injury, coma or death.

Chronicity

< 48 hours is considered acute

>48 hours duration or of unknown duration is chronic

hyponatremia that occurs outside the hospital is usually 
chronic and asymptomatic except in marathoners and 
MDMA (“ecstasy”) drug users
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Our own NCCU guidelines

CNS Etiologies of SIADH
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CNS Etiologies of CSW
Any intracranial disease that results in renal salt loss, producing hyponatremia and a decrease in 
extracellular fluid volume

>thought to be secondary to natriuretic factor or direct neurological manifestations

>also many camps that believe this to be an extension of SIADH despite the clinical algorithms we use 
to differentiate between them 

The simplified diagnostic W/U for Low Na

Serum 
osmolality

Urine 
osmolality

Volume 
status Urine Na
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But the system is dynamic, not steady-state

Let’s reframe the W/U in terms of RAAS & ADH
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Let’s go back to our case

• We know his sodium is low, and we are worried about CSW or 
SIADH

• What do we want to measure next? (for any hyponatremia pt)

First: Is it “true” hyponatremia?

Serum 
osmolality

Urine 
osmolality

Volume 
status Urine Na
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True hyponatremia==low serum osmolality (<280) 

This makes sense when we look at the equation for 
serum osmolality:

SOsm= 2 [Na+] + [Glu]/18 + [BUN]/2.8

BUT: if not low osmscould be hyponatremia w/ other 
osmoles at play
-hyperglycemia, high BUN

-ETOH, toxic alcohol, iodinated contrast

Note: Serum osmolality should not be measured serially unless you think 
there has been a major change in the system

Side note: what the heck is pseudohyponatremia?

Water content of plasma is 93% and solute content is 7%

When sodium level is measured, the serum sample is diluted and then 
corrected by that factor of 0.93.

If the solute content is much higher (high triglycerides or protein levels), 
then that correction factor is off and the measured sodium is not correct, 
so you can get ”low” sodium and normal or elevated osms.

Fun fact of the day: in the 50s serum sodium was measured by a process 
known as flame emission spectrophotometry (FES), in which a diluted 
sample of serum was sprayed across a flame.
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Our patient has a low serum osm of 274 (<280)

So now we know that there is a true hypo-osmolar 
hyponatremia 

What’s next?

What is the ADH Activity

Serum 
osmolality

Urine 
osmolality

Volume 
status Urine Na
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ADH secretion stimulates 
reabsorption of free water 
in collecting duct, resulting 

in high urine Osm in 
response to high serum 

Osms

Our patient’s urine 
osmolality was 292 
(high, >100)

What do we check 
next?
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What is the RAAS Activity

Serum 
osmolality

Urine 
osmolality

Volume 
status Urine Na

RAAS pathway activated by decreased renal perfusion 
& decreased serum sodium
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Our patient’s urine sodium was 44

Where in the 
clinical algorithm 

could we have 
gotten tripped up?

SIADH cs CSW?

23

24



Penn State College of Medicine
Continuing Education
Sixth Annual Neurocritical Care Conference-D7018-24-Y

October 18, 2024
Mallory Peterson, MD, PhD

Handouts are intended for use by participants of this conference. 
Unauthorized distribution or use is prohibited. Any names or ages used on the upcoming slides are fictitious and 

not referring to an actual patient.

Uric Acid = 2.9
FeUricAcid = 7.69
FeNA=0.6

Hold up: If CSW has low volume then shouldn’t uric 
acid be high in CSW???
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Physiologic Hyponatremia Algorithm

Serum 
osmolality

•Is this true 
hypo-osmolar 
hyponatremia, 
i.e. are there 
other 
osmotically 
active solutes 
at play

Urine osmolality

•What is the 
ADH activity?

Urine Na

•What is the 
RAAS activity? 
If ADH is 
active , this 
tells us if the 
ADH activity is 
appropriately 
high

Uric Acid

•This gives us 
a better idea 
of estimated 
arterial blood 
volume. If low, 
then most 
likely diluted 
due to high 
EABV

FeUric Acid

•If this 
improves with 
resolution of 
hyponatremia, 
then most 
likely SIADH 
vs CSW 
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Pivoting
• How can we treat hyponatremia in SIADH other than with fluid 

restriction, 3%, 23.4%, mannitol, et

ADH secretion stimulates 
reabsorption of free water 
in collecting duct, resulting 

in high urine Osm in 
response to high serum 

Osms
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The role of tolvaptan

Dual benefit in treating hyponatremia & addressing 
brain edema?
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Back to the basic tx paradigm

This is all good and nice, but…
• Most of our SAIDH pts in the ICU have SAH and we need to 

maintain at least euvolemia to decrease the risk of vasospasm

• So at the end of the day discerning SIADH from CSW tends to be 
more academic and doesn’t really help guide tx all that much in 
many of our pts
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Pro-tip for tx mild SIADH
• Predictors if fluid restriction will work: generally if patient is excreting free 

water
• Urine-to-plasma electrolyte ratio:

• (Urine Sodium + Urine Potassium)/Serum Sodium
• if <1 (actively excreting free water), will likely respond to fluid restriction
• if >1 (retaining free water), will likely NOT respond to fluid restriction alone

• Urine osmolality
• if UOsm <500 (rule of thumb), the patient will likely respond
• if UOsm >500 (rule of thumb), the patient will likely NOT respond to fluid restriction alone

• Salt tabs:
• Doses commonly prescribed are often not high enough, and if we increase dosing, 

can often lead to medical side effects (e.g. HTN)
• Makes patients thirsty and they will just drink more water
• Retrospective cohort study shows modest (5.2 mEq/L) improvement in serum 

sodium in euvolemic hyponatremia after 48 hr tx

Discussion & Questions
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