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Gallop rhythm (11)  Increase capillary refill time (6.9)

Elevated JVP (5.1) Sunken eyes (3.4)

Leg oedema (2.3) Dry axilla (2.8)
Hypotension (2.0)  Dry tongue/mucus membranes (2.1)
Wheeze (0.5) Postural pulse increase (1.7)
Ascites (0.33) Postural hypotension (1.5)

Values in brackets are positive likelihood ratios.




Hyponatremia AHD

Facilitator Guide
Thursday 2/7/19
1:10-1:30 Theory Burst

1:30-2:20 Cases 1-2
2:20-2:30 BREAK

2:30-2:45 Questions for the Expert

2:45-3:15 Cases 3-4
3:15-3:30 Questions for the expert
Case 1:

45-yo male h/o HTN, CAD admitted with weakness and dizziness for 3 days. He has had abdominal pain, nausea, vomiting and diarrhea for 5 days. He notes that he recently went swimming in a lake in Kentucky with his family. Medications include ASA, metoprolol and simvastatin. 
On exam vitals: T 100.1, BP 98/69, P 103, RR 18, SaO2 98% on RA. He appears uncomfortable, mucus membranes are dry. Cardiac exam is significant for tachycardia. He has diffuse abdominal tenderness without rebound or guarding. There is decreased skin turgor. There are no focal neurologic deficits, although he has difficulty standing and ambulating.

Labs:
       123 |   85  |  37     <   98 
                    12.3 \ 11.3/  120   

               4.3  |   20  |   1.7                                         /36.9\

1. How would you approach this patient’s problem? What work up would you do? How would you characterize this patient’s hyponatremia?
Push them to identify a problem list that includes, acute kidney injury, anion gap acidosis, anemia, thrombocytopenia. This ought to be concerning for E Coli 0157.  You should order a stool culture.  ON to hyponatremia 

Labs to order:  Serum Osm, U Osm , ,TSH,U na,  could consider cortisol, and uric acid.  Also maybe smear given anemia, concern for HUS. 
Potential question for expert:  do we really need to always get serum osm, and cortisol and TSH? 

1. Determine osmolality-- ****Tell them  Serum Osm is 264 *****
a. is this hypeosmolar or hypoosmolar hyponatremia? 

i. Normal 280-290, hypoosmolar <280 , high >290
b. Look for another source of increased osmolality (glucose, mannitol, sucrose)

2. Determine volume status

a. history of volume loss (vomiting and diarrhea), hypotension, tachycardia, dry mucous membranes
b. elevated BUN
c. Discuss the difference between dehydration and hypovolemia. 

3. Is this acute or chronic

a. <48 hours = acute ,  if unsure it should be considered acute because one must recognize/ not underestimate the associated increased risk of CPM.
b. >48 hours = chronic
4. How bad is it? 
a. Severe < 120 
UNa 16 mEq/L 

U Osm 616
This person has acute, hypoosmotic hypovolemic hyponatremia

- point out that UOsms are high because water is being reabsorbed. 

How would you interpret these lab results instead ?

1) UNa  60 meq/L 

UOsm 300 

This person is still likely hypovolemic but the kidneys are not appropriately retraining urine Na And not appropriately holding onto ADH .  This would be more concerning for progression to ATN.  
2) UNa  60 meq/L 

UOsm 800 

This person is still likely hypovolemic but the kidneys are not appropriately retraining urine Na And responding by increasing ADH levels: could be adrenal insufficiency, he could be on a diuretic? (HCTZ)

.  

2. They received 2 boluses of NS in the ED and are admitted. What is the next step in management? What things are you monitoring for in their illness? What is your goal serum sodium? What level of care  would you put them in?
1. Volume re-expansion with isotonic saline (normal saline, LR, normosol).
a. It is probably not necessary to bolus unless hypotensive or concern for septic shock. Maintenance fluids would be better in this scenario. 
***Note we are not going to talk about specific formula for calculating based on goal rate s but could ask expert OR see example in the back if you want****
2. Recognize this is acute hypoosmotic hyponatremia:
a.  raise the serum sodium in a slower fashion so as to avoid osmotic demyelination syndrome a.k.a. central pontine myelinolysis
To avoid CPM, goal serum sodium correction should be NO MORE than: 

0.5 mEq/L/hr or 10-12 mEq/L/day, 18 aEq/L in 48 hours

the GOAL should be 6-8 meq/L/day

b. This person should have a spodium rechecked every 2 hours  for the first ~ 12 hours of his admission to ensure we are note overcorrecting given his generous fluids boluses in the ED.  

Level of Care?  Would depend on the recheck, if Na < 120 would likely need 1-2 hours labs and ICU level care,  similarly for if they have a significant change on recheck. 
Since you’re on the red team, a bed opens up and you sign this patient out, ending your awareness of this case. 

Case 2: 

81-yo female presents with 1 week of memory disturbance and disorientation. She feels tired and weak, but has no other complaints. She has a history of SDH with seizures, depression, osteoarthritis, hypertension.  Medications include hydrochlorothiazide, carbamazepine, duloxetine and metoprolol. 

Vitals: Temp 99F BP is 120/70 HR 70 sitting, 110/60 HR 80 standing, RR 18 SaO2 98% RA. She appears uncomfortable, mucous membranes are moist. Cardiac exam is significant for tachycardia. She is oriented to person and place but not time. She cannot complete a neurologic exam secondary to inattention, but is moving all four extremities without apparent focal deficit. 
       121 |   85  |  37     <   98 
                    10.3 \ 16.3/  383   

               3.0 |   26  |   1.4                                          /48.9\


1. The ED gave her a 1L of fluids and is admitting her.  Any additional labs you want? What is on your differential the cause of her hyponatremia? 
Acute? Hypoosmotic Euvolemic Hyponatremia – Hypoosmotic Euvolemic Hyponatremia – this is likely multifactorial from medications. Need to rule out hypothyroid, adrenal insufficiency.  It sounds like chronic hyponatremia, but we cannot prove this without recent normal labs.  Would be good to know how recent SDH was as she could have cerebral salt wasting. 
Thiazide induced hyponatremia can be from increased SDH  or hypovolemia.  (In one study approximately 14% of thiazide-treated outpatients had hyponatremia (serum sodium concentration < 135 mmol/L), whereas age > 70 years was associated with a fourfold increase in hyponatremia risk.) 

Point out that NSAIDS can also cause SIADH. If she has arthritis we sure make sure that she isn’t taking any OTCs.  Are any of these medications new? 
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What would you expect her urine studies to look like? 

Would expect to have U OSM high, the urine sodium is unreliable because of diuretic use.  

Push them to discuss the results of her orthostatic vitals.  They are borderline positive if you go by diastolic BP. How should we interpret this?  Note that we generally aren’t great at telling volume status.  Many older adult can give a false positive for a number of reasons including her being on metoprolol and given all other clinical information, she is not hypovolemic.  One blinded examination for patients with hyponatremia was 50% sensitive.  But among the elderly this is not particularly useful in the absence of other symptoms.  
Give them normal thyroid studies,  serum Osm 265 , Uosm: 616 mOsm/kg      UNa: 43 mEq/L
 

Uric acid 3. AM cortisol pending.How will you manage this patient?  What do you expect her next sodium to be ? 

 Her symptoms of reported AMS are somewhat concerning so this history and physical exam are important to determine how her management should look like.  The labs are consistent with SIADH, particularly given her low uric acid ( meaning her blood is overly dilute because of her free water reabsorptions). She should have her sodium rechecked ASAP because she was given fluids in the ED.  
You explain to the ED provider giving signout out that you are concerned her next sodium will likely be LOWER. And given her borderline severe hyponatremia, she may need to go to the ICU.  They ask Why you think this. What is your response:   (This is KEY to thinking about renal physiology.)

HINT:  The amount of solutes in urine drives the excretion of water. 

Review that the concentration of 0.9% sodium chloride  is 154meq/L.

 This means a osmolality ( dissolve solutes /L ) of 308mmol/kg  ->>( 154 from Na and 154  from Cl)
The Urine Osm take this concentration and increase it as  water is reabsorbed to a concentration of 616 mmol/kg.  
This means about half of the water will be reabsorbed further diluting sodium in the blood (O.5L) 
You explain this to the ED, and luckily she has not received the bolus yet.  They stop it, and recheck her sodium and it is 123.  How are you going to manage this patient? 

1. Serum sodium checks q2-4 hours for the first 12 hours. 

2. Stop diuretic, and other medications causing 
a. Discuss would you stop her carbamazepine?

3. Water restriction

a. How much? 1.2 L is a good place to start,  people don’t like <1L 

b. U OSM > 500 indicates more ADH expression and more likely to fail with salt restriction alone. 

c.  depends on her previous intake, but shoot for intake  <500 expected UOP + insensibles) 
4. Diet: remember that solutes drive water excretion
5. Replace her K:   sodium potassium exchange helps increase sodium 

6. Salt tabs 1g TID:  

7. Neuro checks

After several days of the above treatment, her serum sodium is 124 and has not increased in 24 hours. From the following, select which other options for treatment would you use next?
· Loop diuretics to help with free water excretion

· Demeclocycline: Inhibits renal response to ADH. Often takes 1-2 weeks to work. SE: Photosensitivity, teratogenic, expensive

· Vaptans (Vasopressin receptor antagonists): Block mainly V2 receptors in renal tubule ( decreased insertion of aquaporin channels into collect duct ( Dec absorption of water. Vaptans are very expensive, have drug-drug interactions and can cause hypovolemia. 

Diuretics are what got you into this in the first place. Avoid Lasix because is it unclear how she will respond. Demeclocycline is nephrotoxic, not a great choice.  You could consider a vaptan, but would talk to renal about this first. 

BREAK!

Part 2 : Complete this Graphic organizer: 
	Hypoosmotic hyponatremia with:
	Hypovolemia
	Euvolemia
	Hypervolemia

	Body Na+
	Low low 
	normal
	High

	Body H20
	low
	high
	Extra high


Case 3: 
A 65 yo male presents with increasing SOB, fatigue, PND and edema. Past history includes CAD s/p CABG 5 years ago, long standing HTN, T2DM.  Vitals show BP90/60   HR 100  RR 20  SaO2 88% on RA. On cardiac exam, there is elevated JVD and an S3. There are b/l rales and 2+ pitting edema to the mid-thigh b/l. CXR shows b/l pleural effusions, cardiomegaly. EKG shows left axis deviation, wide QRS of 160. 
       122 |   85  |  37     <   98 
                    10.3 \ 16.3/  383   

               3.6  |   26  |   1.4                                          /48.9\

1. How would you characterize this type of hyponatremia? What is on your differential diagnosis for this type of hyponatremia?
Patient is volume overloaded on exam, PND, JVD, pitting edema, pleural effusions.

This patient has hypervolemic hyponatremia. 

Ddx includes HF, Cirrhosis, Acute or Chronic Kidney Disease including nephrotic syndrome

2. Hyponatremia is an independent indicator of a poor prognosis in patients with cirrhosis and CHF. Discuss why this makes sense.  VP release from angiotensin II and arterial underfilling. 
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4. What will the urine sodium, urine osms likely be? 
	Etiology
	What is happening here?
	Uosm
	UNa

	CHF
	Decreased CO ( Dec effective circulating volume ( Dec GFR ( Body perceives hypovolema ( Inc ADH ( Inc plasma free water 
	>100
	< 10

	Cirrhosis
	Peripheral vasodilation ( Dec effective circulating volume ( Dec GFR ( Body perceives hypovolema ( Inc ADH ( Inc plasma free water
	>100
	< 10

	Nephrotic syndrome
	Hypoalbuminema ( Dec oncotic pressure (Dec. ECV ( Dec GFR ( Body perceives hypovolema ( Inc ADH ( Inc plasma free water 
	>100
	< 10* If tubules still intact

	Advanced renal failure
	Dec ability to adequately reabsorb sodium and moreso dec ability to excrete free water
	> 100
	> 20


5. What is the appropriate treatment?

1. Fluid restriction
2. Mobilize excess sodium and water with loop diuretics
3. Decrease afterload to increase renal perfusion

His ECHO reveal an EF of 30% and subsequent cardiac cath reveals no significant progression of his CAD. You put him on the appropriate medical therapy and plan for discharge.  He asks you he should expect anything other treatment in the future other than optimizing his medications .
· If he does not respond to maximal medical therapy after 3 months, he would qualify for CRT given his EF and QRS if his NYHA III,IV. 
· Potential Expert question: about tolvaptan use in hyponatremic patients with heart failure.  

Case 4:

A rapid response is called. You run to the patient’s room and find a patient seizing. The RN tells you the patient is chronic alcoholic, malnourished who admitted a few days ago for subarachnoid hemorrhage. You administer lorazepam with no resolution of symptoms. Stat labs are sent and are called back:

       113 |   79   |  37     <   98 
     10.3 \ 14.3/  383   

               3.0  |   26  |   1.4                                          /48.9\

1. What is happening?   Draw a picture is illustrate this.
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-Cerebral edema

Brain water and solute in concentrations in hyponatremia. If normal plasma sodium (Na; A) suddenly decreased, the increase in brain water theoretically would be proportional to the decrease in plasma Na (B). However, because of adaptive loss of cerebral intracellular solute, cerebral edema is minimized in chronic hyponatremia (C). Once adaptation has occurred, a rapid return of plasma Na concentration toward a normal level results in brain dehydration (D). (From Sterns RH: Vignettes in clinical pathophysiology. Neurological deterioration following treatment for hyponatremia. Am J Kidney Dis 1989; XIII: 434–437, with permission.)
2. What is the next step in management (including dosing)?

a. Must give hypertonic saline. At this point it does not matter if hyponatremia is acute or chronic, the patient is having severe symptoms and you must prevent impending herniation

b. Dosing options are:

a. 3% saline – 50-100 cc bolus. Can repeat 1-2 times 10 minutes apart if symptoms persist.
1. What if this patient presented with a headache without a seizure ?
a. 3% saline 2-3 cc/kg/hour  (or 2% here ) 
3. What are your goals of treatment?

1. Goal is to reduce symptoms.
2. Not exceed correction of 4-6 mEq/L of sodium in the first several hours (usually enough to resolve symptoms)

i. Check sodium q 1-2 hours

ii. Note: In an emergent situation, hypertonic saline can be given through a peripheral IV. However, afterwards should obtain central access if continued hypertonic saline needed. 

 You correct him to a Na 119 over the next 6 hours and he feels better. His labs improve the next day to Na of 126 and 134  the following day.  Go you! Two days later,  you are planning on discharging him but his overnight RN notes that he has been more confused and aspirated his morning meal. What are you concerned about?
This person has developed CPM due to correcting his sodium too quickly. correction. Note that symptoms are delayed 2 days to 2 weeks so symptoms should not guide management. The damage is already done. Symptoms can include: 
· Cranial nerve palsies

· Dysphagia

· Seizure/ AMS 

· Focal weakness, locked in syndrome

What factor put a person at increased risk for CPM? Why do these risk factors make sense physiologically?  

· Na< 105, Burns , Liver transplant , Alcoholism, Anorexia, malnutrition, Good GFR 

· CPM is caused by shearing of axonal myelin layers due to dessication of the cell. Most of these risk factors have to do with the patient having other decreased solutes that are unrecognized. As the concentration of these things normalize (albumin, K, etc,) also normalize the increase osmotic pull makes the cells more likely to dessicate when the intracellular [osm] is catching up with interstitial [osm]

Have them draw what this might look like. 
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Having an elevated BUN is protective for developing CPM? Why?

 The elevated BUN serves as an osmotic buffer, and is usually from dehydration so as Na increases, BUN decreases. 

How would this change your management?

These individuals should have a lower target of 4-6 meq/L/day
