HYPONATREMIA: PEARLS

• Think of changes in sodium as changes in total body water, not sodium

• Symptoms of Hyponatremia

   - Early: nausea, vomiting, fatigue

   - Late (Brain edema): HA, lethargy, seizures, coma, respiratory failure

• ADH 

  - the cause of almost all cases of hyponatremia

  - can be either appropriate in response to ↓ECV, or inappropriate (SIADH)

  - made in neurons of supra optic nuclei in hypothalamus and stored pars nervosa of posterior pituitary

  - released in response to ↑ blood osms (more sens) or ↓ECV (more potent)

  - actions:

       1. kidney: ↑ water permeability in DCT, CD to regulate osmolarity (V2 receptor)

       2. constriction of vascular SM (V1 receptor)

  - inhibited by:

       1. ↓ Sosm

       2. EtOH

       3. ANP

       4. demeclocycline

  - Uosm (range 60-1200) is an indirect functional assay of ADH-renal axis

Assessment of Volume Status

•  Lengthy topic: however, useful to know that a UNa <30 predicted correction of the hyponatremia with isotonic saline (and therefore a diagnosis of volume depletion) with 100% specificity and 80% sensitivity (Am J Med. 1987;83:905-8)

• Treatment

  - Always treat underlying disorder

  - Consider correction of underlying process when you calculate corection rate

  - If symptomatic, remember to correct slowly with max 24h change of  8 meq/l (or 0.5 meq/hr) to avoid central pontine myelinolysis. If asymptomatic, can correct even more slowly than that.

  - CHECK OFTEN!

  - if overcorrection : free water, DDAVP
Sodium Correction Formulas

	                                                                             infusate Na - serum Na

1).  Change in Na from 1L infusate=                    ------------------------------   

                             TBW + 1L
               (Infusate Na + infusate K) – serum Na+

2)  Change in Na from 1L infusate =       ---------------------------------------------------

TBW + 1L

3) Total Body Water = 0.60 x IBW (x 0.85 if female and x 0.85 if elderly)

	Infusate
	Infusate Na+  (mmol / L)
	ECF Distribution, %

	5 % NaCl
	855
	100†

	3 % NaCl
	513
	100†

	NS
	154
	100

	LR
	130
	97

	½ NS
	77
	73

	0.2 % Na in D5
	34
	55

	D5
	0
	40


† - In addition to its complete distribution in the extracellular compartment, this infusate induces an osmotic removal of water from the intracellular compartment

Limits: must consider K, with SIADH will worsen hypo Na if  Uosm > infus Osm, shifts are dynamic, must check often (NEJM 2000;342:1581-89)


Fluid Rate (ml/hr) 


=  TBW x Desired ( Na (mmol/L)
Run time (hrs) x fluid concentration (mmol/L)

Rate for 0.5 mEq/hr (for NS)

=   0.6 x WT(kg) x 12 meq/dl
24 hr x 154 mmol/L

Rate for 0.5 mEq/hr (for 3% NaCl)

=   0.6 x WT(kg) x 12 meq/dl
24 hr x 513 mmol/L

Hypertonic Saline

	Solution
	[Na] (meq/L)
	Osmolarity (mosm/kg)

	0.9% NaCl
	154
	308

	3.0% NaCl
	513
	1026


Dosing of 3.0% NaCl (in SIADH)

Since sodium balance is unaltered in SIADH, the patients are eunatremic.  Thus the rational of treating with hypertonic saline is not to increase total body sodium, but to maintain it, while providing diuretics which will allow the kidney to excrete the abnormaly retained free water.  Hence in order to dose 3.0% NaCl one must monitor urinary losses of sodium;

1. Measure a spot urinary sodium AFTER the first dose of furosemide (0.5-1.0 mg/kg dose)

2. Replace the excreted sodium empirically with 3.0% NaCl started at 50-75 cc/h

3. Adjust the rate of NaCl administration based on the urinary sodium loss, by following spot urines.

Example
· Pt administered 80 mg furosemide diuresed 400 cc/hr urine, with a UNa of 100 meq/L.

· Hence the Na loss is 40 meq/hr (100 x0.4)

· Rate or volume of 3.0% NaCl to be infused:


40 meq/hr = 78 cc/h of 3.0% NaCl


513 meq/L

Free water loss is the difference between urine volume excreted minus volume of saline infused (400 - 78 = 322 cc free water loss) 
























































































